(19)

*EP003289308B1*
(11)

EP 3 289 308 B1

EUROPEAN PATENT SPECIFICATION

(12)

(45) Date of publication and mention

(51) Int Cl.:

(21) Application number: 16722715.6

(86) International application number:

G01B 5/00 (2006.01)
G02B 21/26 (2006.01)

of the grant of the patent:
30.12.2020 Bulletin 2020/53

G01D 5/347 (2006.01)

PCT/JP2016/002128

(22) Date of filing: 21.04.2016

(87) International publication number:

WO 2016/178306 (10.11.2016 Gazette 2016/45)

(54) STAGE APPARATUS, METHOD OF CONTROLLING STAGE APPARATUS, AND MICROSCOPE
SYSTEM
TISCHVORRICHTUNG, VERFAHREN ZUR STEUERUNG EINER TISCHVORRICHTUNG UND
MIKROKOPSYSTEM
APPAREIL À PLATINE, PROCÉDÉ DE COMMANDE D’UN APPAREIL À PLATINE, ET SYSTÈME
DE MICROSCOPE
(84) Designated Contracting States:

AL AT BE BG CH CY CZ DE DK EE ES FI FR GB
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR

(30) Priority: 01.05.2015 JP 2015094441
01.05.2015 JP 2015094443

(43) Date of publication of application:
07.03.2018 Bulletin 2018/10

(73) Proprietors:

EP 3 289 308 B1

• Canon Kabushiki Kaisha
Tokyo 146-8501 (JP)
• Canon Precision Inc.
Hirosaki-shi, Aomori 036-8072 (JP)

(72) Inventors:

• ANDO, Hirotake
Tokyo 146-8501 (JP)
• AIZU, Seiyo
Hirosaki-shi
Aomori 036-8072 (JP)

(74) Representative: TBK

Bavariaring 4-6
80336 München (DE)

(56) References cited:

EP-A1- 2 224 274
JP-A- H11 170 122
US-A1- 2008 040 942

JP-A- S6 297 004
JP-A- 2000 056 834
US-A1- 2011 218 760

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).
Printed by Jouve, 75001 PARIS (FR)

1

EP 3 289 308 B1

Description
[Technical Field]
[0001] The present invention relates to a stage apparatus, a method of controlling a stage apparatus, and a
microscope system.
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[Background Art]
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[0002] Conventionally, a stage apparatus, which can
move to any position instructed by a controller such as
a PC and detect position information of a stage by a sensor and linear scale mounted on axes of a linear stage
that is driven by a motor or the like, is used in various
fields. In this type of stage apparatus, an approach is
often used that uses an incremental scale because of
cost, physical restrictions, and the like, initializes a count
at a specific position (an origin point), and detects a position from the count. In such an approach, because initialization at the origin point is not been performed when
power is initially input, a state in which a current position
is not understood is entered. Therefore, after power activation, firstly there is a need to detect the origin point.
[0003] In addition, if a stage apparatus is used as an
XY-stage for position management in an optical microscope or the like, a design in which the length of a scale
is shortened by handing over reading of the scale to a
plurality of sensors for downsizing of the apparatus can
be considered. In other words, configuration is taken to
continuously detect the position of the stage in the overall
movable range by using a scale shorter than a movable
range of the stage and synthesizing position information
from a plurality of sensors fixed at intervals shorter than
the length of the scale. For synthesis of position information such a plurality of fixed sensors, higher precision
detection of the origin point than of something according
to a sensor and scale pair is necessary, and for this, it is
required that movement be at a low speed at the time of
origin point detection. This is because, in a case of changing between a plurality of sensors, if precision of the initial
detection of the origin point is not high, a changeover
point is not precisely determined.
[0004] As a method of detecting an origin point by an
incremental scale at high speed, in Japanese Patent
Laid-Open No. JP S62-097004 A (hereinafter, Reference
1), in principle, a movement speed of a moving body is
controlled in accordance with which of two regions divided by a reference point the moving body is located in.
However, in Reference 1, to determine the region in
which the moving body is present in, it is necessary to
separately provide a configuration for detecting the region. In addition, Japanese Patent Laid-Open No. JP
2000-056834 A (hereinafter, Reference 2) proposes an
approach in which a movement speed of a moving body
is decelerated at the same time that a vicinity of an origin
point is detected. However, in the approach of Reference
2, a restriction of the origin point position arises in that
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the origin point must be placed at a position such that
the moving body can stop in a mechanically movable
range by the deceleration in accordance with the detection. Furthermore, in Reference 2 it is not possible to
detect the origin point at high precision if the movement
speed of the moving body at the time of the detection of
the origin point is high.
[0005] In addition, in relation to an origin return operation of a moving body in a stage apparatus, a configuration is such that the moving body is caused to move to
the origin point position at high speed by using two sensors - an origin point sensor and an origin point vicinity
sensor - in the above-described Reference 2. Also, Japanese Patent Laid-Open No. JP H11-170122 A (hereinafter, Reference 3) proposes using an origin point sensor
and a position counter (for example, an encoder) to perform position control from the positional relationship of
each sensor without using an origin point vicinity sensor,
to realize movement of a moving body at high speed to
an origin point.
[0006] None of the above-described patents 1-3 commonly use an origin point sensor and a limit sensor stipulating a movement range of a moving body; an origin
point position is arranged to be a position that is separated from a movement limit position (a mechanical limit)
of a moving body. It is often the case that positions of a
limit sensor and a mechanical limit are close. Accordingly, in a stage apparatus that sets a detection point of such
a limit sensor as an origin point, it is difficult to cause the
moving body to move to the origin point position without
contacting the mechanical limit and also at high speed
in a state in which the relation between the mechanical
limit and the current position of the moving body is not
understood. In a stage apparatus that performs high precision position management, contacting the mechanical
limit causes mechanical precision of a positioning apparatus to worsen, and as a result precision of position management worsens. Thus, it is necessary to avoid contact
with the mechanical limit, and also to be able to perform
an origin point movement operation and an origin return
operation at high speed.
[0007] Even in the case of using an incremental-type
scale for control of the moving body in the positioning
apparatus, because position information of the positioning apparatus is initialized at a time of power activation,
an amount of movement to the origin point is unknown.
In the end, in the case of performing origin return with
the detection point of the limit sensor as the origin point,
to prevent the moving body reaching the mechanical limit
and mechanically interfering, it is necessary to cause the
moving body to move to the detection point of a limit
detector by a low-speed feed operation.
[0008] In the above method, because the moving body
is caused to move at low speed, it requires a long time
for origin return. This is even more the case if the movable
range of the moving body is large. Such a long time for
origin return is a factor in causing work efficiency of an
operator to worsen. In addition, when performing high-
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speed origin return and an origin point movement operation under the above conditions, a sensor or the like
becomes necessary in the vicinity of the origin point, a
number of components increases, and affects costs.
[0009] Document EP 2 224 274 A1 discloses an observation device which comprises a stage on which a
fluid vessel containing therein an object to be observed
such as a cell or microorganism is to be placed, an observing part observing the object to be observed, a driving
part performing a stage driving for moving a position of
the stage with respect to the observing part, and a control
part controlling the stage driving performed by the driving
part. The stage driving includes a moving mode for moving the stage toward a predetermined position and a stop
process mode for performing a stop process of stopping
the stage at the predetermined position, and the control
part performs the stop process several times in the stop
process mode, and controls the stage driving so that a
velocity or an acceleration of the stage driving is common
among the stop processes in the stop process mode.
[0010] Document US 2008/040942 A1 discloses a
measurement system for position measurement having
a measurement scale pattern and sensor moveable relative to one another. The measurement scale pattern
has a pattern of features arranged into groups, each
group having a known absolute position. The sensor has
a field of view sufficient to detect one or more features
simultaneously. Relative movement between the sensor
and measurement scale pattern is constrained in two or
more degrees of freedom. A processor determines the
position of the sensor or an object connected to the sensor relative to the measurement scale pattern in at least
one linear and one rotational degree of freedom.
[0011] Document US 2011/218760 A1 discloses a displacement detection apparatus and a method of correcting an error of a scale used for the displacement detection
apparatus. The displacement detection apparatus includes the scale on which marks are disposed, first and
second position detection sensors detecting positions of
the marks, and a processor performing a calculation
processing of an output signal from each of the first and
second position detection sensors. The first and second
position detection sensors are disposed at a distance L
from each other to be movable relative to the scale. The
processor calculates a correction value P’ of a mark pitch
P of the marks using the distance L, a first time TPK
required for K marks of the marks to pass a detection
position, and a second time TL required for a specific
mark of the marks, which are measured at the same time
of the first time TPK, to move the distance L.
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[Summary of Invention]
[0012] It is an object of the invention to provide a stage
apparatus that realizes recovery to an origin point position at high speed and with high precision.
[0013] In addition, it is an object of the invention to provide a stage apparatus that can determine a position of
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a moving body at high speed by using a sensor that restricts a movement range of the moving body.
[0014] These objects are achieved by a stage apparatus according to claim 1. Furthermore, a method of controlling a stage apparatus according to claim 9, a program
according to claim 10, and a microscope system according to claim 11 or claim 12 are provided. Advantageous
further developments are as set forth in the dependent
claims.
[0015] Further features of the present invention will become apparent from the following description of exemplary embodiments with reference to the attached drawings.
[Brief Description of Drawings]
[0016] The accompanying drawings, which are incorporated in and constitute a part of the specification, illustrate embodiments of the invention and , together with
the description, serve to explain the principles of the invention.
[FIG. 1]
A diagram illustrating a basic configuration of a position management microscope system according to
the embodiment.
[FIG. 2]
2a is a diagram illustrating an outer appearance of
a stage mounted to a microscope of embodiments,
2b is a diagram illustrating a top surface of the stage,
2c is a diagram illustrating a magnification of a part
of an area scale.
[FIG. 3]
3a is diagram from the perspective of a lateral face
of the position management surface stage (X-stage),
3b and 3c are diagrams explaining a positional relationship of X-axis and Y-axis sensors with an XY
scale plate.
[FIG. 4]
A diagram illustrating a positional relationship of Xand Y-area scales and X-axis and Y-axis sensors
and a skew sensor.
[FIG. 5]
A diagram illustrating a position management surface stage.
[FIG. 6]
A diagram illustrating a Y-stage.
[FIG. 7]
A diagram illustrating a stage base.
[FIG. 8]
A diagram illustrating an example configuration of a
stage controller according to embodiments.
[FIG. 9]
A diagram illustrating a driving of a position management surface stage during high speed movement according to the embodiment.
[FIG. 10]
A diagram illustrating a positional relationship of a
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scale, a sensor, and an origin point according to the
embodiment.
[FIG. 11]
A flowchart for describing a process for an origin return according to the embodiment.
[FIG. 12]
A block diagram illustrating an example configuration of the stage controller according to another configuration.
[FIG. 13]
A block diagram illustrating a functional configuration
of a stage apparatus according to the embodiment.
[FIG. 14]
14a is a perspective view for explaining a configuration of a mechanical unit 300, and 14b is a perspective view explaining a configuration of a moving body
301.
[FIG. 15]
15a is a diagram explaining a relationship of a mechanical limit and a detection point of a limit detection
sensor, and 15b is a diagram explaining a relationship of a magnet shaft and a coil unit.
[FIG. 16]
A flowchart illustrating a movement operation to the
origin point position of a moving body according to
the embodiment.
[FIG. 17]
17a is a diagram explaining a speed plan for a transition of a moving body to an origin point position
and 17b is a diagram illustrating a detection signal
of a limit detection sensor.
[FIG. 18]
18a is a diagram explaining a speed plan for a transition of a moving body to an origin point position,
and 18b is a diagram illustrating a detection signal
of a limit detection sensor.
[FIG. 19]
A flowchart illustrating an operation to move to the
origin point position of a moving body according to
the embodiment.
[FIG. 20]
20a is a diagram explaining a speed plan for a transition of a moving body to an origin point position,
and 20b is a diagram illustrating a detection signal
of a limit detection sensor.
[FIG. 21]
21 a is a diagram explaining a speed plan for a transition of a moving body to an origin point position,
and 21b is a diagram illustrating a detection signal
of a limit detection sensor.

(First Embodiment)
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[Description of Embodiments]
[0017] Below, a suitable embodiment of the present
invention is described with reference to the attached figures.
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[0018] The present embodiment relates to a stage apparatus that supports position management, and a microscope system that implements high precision position
management of an observation position by comprising
the stage apparatus.
[0019] FIG. 1 is a diagram illustrating a basic configuration of a position management microscope system
(hereinafter referred to as a microscope system 10) according to this embodiment. The microscope system 10
comprises a microscope body 100, a stage 200, an
adapter unit for a camera mount 300, a digital camera
400, and a control unit 500. The microscope body 100 is
an optical microscope. The control unit 500 comprises a
controller 501 and a display 502. The controller 501 includes a CPU (not shown) and a memory (not shown),
and by the CPU executing a program stored in the memory, executes various processes such as an image capturing instruction to the digital camera 400, displaying or
saving of a captured microscope image, a position management of the stage 200, and the like.
[0020] A microscope base stand 121 constituting the
microscope body 100 is a solid main body frame for
mounting various structures of the microscope. An eyepiece microscope base stand 122 is fixed to the microscope base stand 121 and connected to an eyepiece
barrel 123 (binocular in the present example). A light
source box 124 houses a light source (for example a
halogen lamp or an LED or the like) for transmission observation and is mounted on the microscope base stand
121. A Z-knob 125 is a knob for moving a Z-base 130 in
a Z-axis direction (an upward/downward orientation).
The Z-base 130 is mounted to the stage 200 to provide
a position management function. The Z-base 130 is
mounted to the microscope base stand 121 by a Z base
moving mechanism 131 which is for moving the Z-base
130 in a Z-direction in accordance with a rotation of the
Z-knob 125. Reference numeral 126 denotes an objective lens unit, and there are a plurality of types of units in
accordance with optical magnification. A revolver 127
has a structure on which is mounted on a plurality of types
of an objective lens unit 126, and by rotating the revolver
127, it is possible to select a desired objective lens unit
for viewing through the microscope.
[0021] The stage 200, which is a stage apparatus, is
equipped with a slide 700, and includes an XY-stage that
moves in an XY plane including an X-direction and a Ydirection that are orthogonal to each other. The stage
200 has an XY scale plate 210 equipped with high precision scales in X and Y directions for the XY-stage. An
X-knob 201 and a Y-knob 202 are knobs for manually
moving the stage 200 in an X-direction and an Y-direction
respectively. The stage 200 detects the position of the
XY stage by reading the X and Y scales (explained later)
on the XY scale plate 210 by the X and Y sensors (explained later), and notifies it to the controller 501 via a
USB cable 13, for example.
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[0022] An adapter unit 300 is an adapter for a camera
mount, and functions as a mounting portion for mounting
the digital camera 400 via a microscope base stand
mount 128 to the eyepiece microscope base stand 122.
The digital camera 400 is detachably mounted to the microscope body 100 while preserving a predetermined positional relationship with the eyepiece microscope base
stand 122 according to the adapter unit 300 and the microscope base stand mount 128. The digital camera 400
captures a microscope image obtained by the microscope body 100. Since the purpose of the digital camera
400 is to record evidence, the controller 501 is connected
via a USB interface cable 11 for example, and the digital
camera 400 captures an observed image from below the
microscope according to an instruction from the controller
501. The captured observed image is displayed on the
display 502 under the control of the controller 501. The
imaging capabilities of the digital camera 400 include a
still image capturing function and a live image capturing
function for performing a so-called live-view that displays
of an output of an image sensor on a monitor in real-time.
The live image capturing function is of a lower resolution
than that of the a still image capturing function. Also, the
live image capturing function and the still image capturing
function are capable of transmitting a captured image
(moving image, still image) to an external apparatus via
a particular interface (in this embodiment a USB interface).
[0023] FIG. 2 (2a) is a perspective view illustrating a
configuration of the stage 200 that handles position management. In FIG. 2 (2a), a position management surface
stage 220, which is an X-stage, is positioned at the uppermost surface of the stage 200, and moves in the Xdirection above a Y-stage 240. The Y-stage 240 moves
in the Y-direction on a stage base 260. The stage base
260 is fixed above the Z-base 130 of the microscope
body 100. The XY stage is formed by the stage base 260,
the Y-stage 240, and the position management surface
stage 220. The arrangement of the XY scale plate 210
as well as a slide placement unit 600 are fixed in the
position management surface stage 220.
[0024] FIG. 2 (2b) is a diagram illustrating the top surface of the position management surface stage 220. In
the above described top surface of the position management surface stage 220, the slide placement unit 600 and
the XY scale plate 210 are arranged. In the top surface
of the XY scale plate 210, an X-area scale 211 includes
axis information of an X direction used in position management when there is movement the X direction, a Yarea scale 212 includes axis information of a Y direction
used in position management when there is movement
in the Y direction, and an XY crosshatch 213 as an X and
Y axis alignment standard is formed at extremely high
precision. Note, so as to implement the standard of the
high precision position management, a material having
an extremely low thermal expansion coefficient, for example, a synthetic quartz, is used for the material of the
XY scale plate 210 and it is integrally constructed.
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[0025] Also, in the X-area scale 211, the Y-area scale
212, and the XY crosshatch 213 of the XY scale plate
210, nano technology such as a semiconductor exposure
apparatus or the like is used for the manufacture of each
pattern. For example, on top of a quartz wafer, the Xarea scale 211, the Y-area scale 212, and the XY crosshatch 213 consisting of a collection of lines in the X-axis
and the Y-axis are integrally created by nano technology
at a precision of 5nm - 10nm. Note, creation is also possible by drawing the X-area scale 211, the Y-area scale
212, and the XY crosshatch 213 in an exposure apparatus but, ideally, the use of a nano-imprint is realized to
lower costs. Subsequently, the XY scale plate 210 cut
out in a particular shape by machining. For this, perpendicularity of the X-axis and Y-axis can be formed by a
nano level base. Note, it is possible to individually separate, or to individually manufacture, each of the X-area
scale 211, the Y-area scale 212, and the XY crosshatch
213, and to arrange them to have a particular positional
relationship above the position management surface
stage. However, advanced alignment technology for correcting a mechanical error is required for realization
thereof, which becomes a cause of an increase in cost.
[0026] A dashed region denoted by reference number
205 is a microscope observation target region. An observation target region 205 is a range in which the center
position (or the center position of the image sensor of the
digital camera 400 (observation position)) of the objective
lens is moved relative to the XY stage. The observation
target region 205 is of a size that encompasses the slide
700 and the XY crosshatch 213 with leeway. Because of
this, in any condition, the slide 700 and the XY crosshatch
213 can fit into the observation target region 205. In other
words, not only the slide 700 but also the XY crosshatch
213 are arranged so as to make capturing possible by
the digital camera 400 which is an image sensing unit.
[0027] Also, in this embodiment, the top-right end of
the observation target region 205 is made to be a crosshatch origin point on the XY crosshatch, and this is
caused to match with a stage origin point 206. Also, a
state in which the center of an objective lens (or the center
of an image sensor (observation position)) and the stage
origin point 206 match is made to be an XY initialization
position (origin point position) of the stage 200. However,
it goes without saying that another location may be defined as the stage origin point. Note, the X-axis and Yaxis of the stage coordinates, in other words, a stage X
axis 203 and a stage Y axis 204 are parallel to the X and
Y axes of the XY crosshatch 213, respectively.
[0028] FIG. 2 (2c) illustrates an example of a scale pattern of the X-area scale 211. The X-area scale 211 is
formed as a transmissive type diffraction grating by a
light transmissive portion and a light blocking portion, in
the X direction for detecting position, and the light transmissive portions and light blocking portions are respectively lines of width 2mm, and such pairs are arranged
with a pitch of 4mm for example. Note, the scale pattern
may also be a phase grating for which steps are arranged
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such that optical path lengths differ periodically. Also, the
Y-area scale 212 is a scale pattern in the form of the Xarea scale 211 rotated 90 degrees to a Y-axis direction.
[0029] FIG. 3 (3a) is a diagram illustrating the Z direction of the positional relationship between the slide 700,
the X-area scale 211 on the XY scale plate 210, the Yarea scale 212, and the XY crosshatch 213. As illustrated
in FIG. 3 (3a), the position management surface stage
220 and the slide placement unit 600 are designed such
that the upper surface of the XY scale plate 210 and the
upper surface of the slide 700 are within the same plane
at a predetermined precision. As a result, the upper surface of the slide placement unit 600 is lower by the thickness of the slide 700 than the upper surface of the XY
scale plate 210. In this way, in this embodiment, the upper
surface of the XY scale plate 210 (the X-area scale 211,
the Y-area scale 212, and the XY crosshatch 213 arranged on the surface) and the upper surface of the slide
700 are matched (substantially on the same plane). By
doing this, the observation surface, in other words, the
XY position of the upper surface portion of the slide 700,
may be managed with high precision by external position
standards (the X-area scale 211 and the Y-area scale
212). The XY crosshatch 213, for representing the Xarea scale 211 or the Y-area scale 212, is importantly
located within the same plane. Note, in implementation,
the upper surface of the XY scale plate 210 (the surface
on which the marks are arranged) and the upper surface
of the slide 700, may be made to be within a range of
approximately 0.5mm in a Z direction.
[0030] The scale pattern of the X-area scale 211 and
the Y-area scale 212 is read out by detection sensors
fixed in relation to the stage base 260. There are an Xaxis sensor 271a, an X-axis intermediary sensor 271b,
a Y-axis sensor 272a, and a Y-axis intermediary sensor
272b as detection sensors. The X-axis intermediary sensor 271b and the Y-axis intermediary sensor 272b respectively are arranged on the side of the origin point
position with respect to the X-axis sensor 271a and the
Y-axis sensor 272a. Note, as described hereinafter, the
X-axis sensor 271a and the X-axis intermediary sensor
271b are collectively referred to as the X-axis sensors
271a and b, and the Y-axis sensor 272a and the Y-axis
intermediary sensor 272b are collectively referred to as
the Y-axis sensors 272a and b.
[0031] By the foregoing such structure, an XY coordinate of the stage 200 is obtained directly at a high precision corresponding to the observation position itself. In
other words, indirect methods for representing coordinate values by specific single axis coordinates for each
axis (the X-axis and the Y-axis) of the XY stage so as to
obtain an XY coordinate value of the stage that combines
position information for the X direction obtained from a
linear encoder of the X-stage and Y position information
for the Y direction obtained from a linear encoder of the
Y-stage are not used. In this embodiment, movement of
the position management surface stage (X-stage) 220
moving in the XY directions is measured directly by the
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XY scale plate 210. Thus, for example, it is possible to
greatly increase position management precision because it is possible to detect by the detection sensors a
minute positional misalignment in the Y direction when
the position management surface stage 220 moves in
the X direction, and a minute positional misalignment in
the X direction when the Y-stage 240 moves in the Y
direction which accompany a mechanical play or error.
There are two methods, as illustrated in FIG. 3 (3b) and
(3c), for a positional relationship of a Z direction of the
X-area scale 211 and the Y-area scale 212, the X-axis
sensors 271a and b and the Y-axis sensors 272a and b.
In FIG. 3 (3b), the first method, the X-axis sensors 271a
and b, and the Y-axis sensors 272a and b are arranged
on the top side (objective lens side) of the XY scale plate
210. In such a case, it is necessary to arrange a light
shielding film 214 at the lower surface of the XY scale
plate 210. In FIG. 3 (3c), the second method, the X-axis
sensors 271a and b, and the Y-axis sensors 272a and b
are arranged on the bottom side (the Z-base 130 side)
of the XY scale plate 210. In such a case, the light shielding film 214 is installed at the upper surface of the XY
scale plate 210. Note, since the XY crosshatch 213 needs
to be observed by the digital camera 400, a light shielding
film is not arranged at the position of the XY crosshatch
213.
[0032] In the first method, as illustrated in FIG. 3 (3b),
the X-axis sensors 271a and b, the Y-axis sensors 272a
and b are mounted to a lower surface of a sensor attachment component 208 covering the position management
surface stage 220 via an L-type component 207 fixed to
the stage base 260. Each detection surface of the X-axis
sensors 271a and b and the Y-axis sensors 272a and b
faces downward so as to read the Y-area scale 212 and
the X-area scale 211 on the position management surface stage 220. In the second method, as illustrated in
FIG. 3 (3c), the X-axis sensors 271a and b and the Yaxis sensors 272a and b are mounted so that their detection surfaces are facing upward on the stage base
260, and their detection surfaces are at a predetermined
height. The X-axis sensors 271a and b, and the Y-axis
sensors 272a and b on the stage base 260 which is positioned lowest, read the X-area scale 211 and the Yarea scale 212, which are highest, from below through a
hole of a predetermined size arranged in the position
management surface stage 220 and the Y-stage 240.
Note that the present invention may be applied to both
the method illustrated in FIG. 3 (3b) and the method illustrated in FIG. 3 (3c); however, hereinafter, embodiments will be explained employing the second method
illustrated in FIG. 3 (3c).
[0033] Note, the XY direction positioning of the X-axis
sensors 271a and b, and the Y-axis sensors 272a and b
are the same in the first and second methods. The attachment positioning in the Y direction of the X-axis sensors 271a and b is made to be on the X-axis (the stage
X axis 203) which passes through a visual field center
170 of the observation field of the microscope and guar-
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antees X direction position detection precision. The attachment positioning of the Y-axis sensors 272a and b
is made to be on the Y-axis (the stage Y axis 204) which
passes through the visual field center 170 of the observation field of the microscope and guarantees Y direction
position detection precision.
[0034] FIG. 4 (4a) and FIG. 4 (4b) illustrate the relationship between the XY scale plate 210 and each detection sensor. In this embodiment, an approach of having a plurality of X-axis sensors and Y-axis sensors that
read each of the X-area scale 211 and the Y-area scale
212, where an intermediate hand over is performed. By
doing this, the size of the area scale can be narrowed,
and the miniaturization of the stage 200 is made possible.
FIG. 4 (4a) is a case where the visual field center 170 is
in the XY initialization position, and FIG. 4 (4b) is a case
where the visual field center 170 is in the bottom-left end
of the observation target region.
[0035] Also, the X-axis sensors 271a and b and the Yaxis sensors 272a and b are fixed on the stage base 260,
and are capable of detecting movement of the X direction
and the Y direction of the position management surface
stage 220 in relation to the stage base 260. The X-area
scale 211 is fixed to the position management surface
stage 220 which is a movable unit, and is an incremental
scale having a width, in the X-axis direction, of a predetermined length shorter than the movable distance in the
X-axis direction of the position management surface
stage 220. Similarly, the Y-area scale 212 is fixed to the
position management surface stage 220 which is a movable unit, and is an incremental scale having a width, in
the Y-axis direction, of a predetermined length shorter
than the movable distance in the Y-axis direction of the
position management surface stage 220. Also, the X-axis
sensors 271a and b are arranged in the X-axis direction
at an interval smaller than the X-axis direction width of
the X-area scale 211, and read the X-area scale 211.
Also, the Y-axis sensors 272a and b are arranged in the
Y-axis direction at an interval smaller than the Y-axis direction width of the Y-area scale 212, and read the Yarea scale 212. In this fashion, the width (the X direction
length) of the X-area scale 211 is slightly (in this embodiment 2mm) longer than the interval of the X-axis sensors
271a and 271b. Similarly, the width (the Y direction
length) of the Y-area scale 212 is slightly (in this embodiment 2mm) longer than the interval of the Y-axis sensors
272a and 272b. As a result, in this 2mm space, two Xaxis sensors (or two Y-axis sensors) will be present on
the X-area scale (or the Y-area scale) simultaneously.
[0036] Next, the configuration of the stage 200 will be
explained. Firstly, the position management surface
stage 220 as the X-stage will be explained with reference
to FIG. 5. FIG. 5 (5a) is a top view (a view from the perspective of the objective lens side) of the position management surface stage 220 and FIG. 5 (5b) is a backside view (a view from the perspective of the Z-base 130
side) of the position management surface stage 220. In
this embodiment the position management surface stage
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220 includes an X-stage function to move the Y-stage
240 in the X direction.
[0037] So that the X-axis sensors 271a and b and the
Y-axis sensors 272a and b can access the area scales,
apertures 221 and 222 are arranged at positions corresponding to the X-area scale 211 and the Y-area scale
212 of the XY scale plate 210. The sizes of the apertures
221 and 222 are made to encompass the X-area scale
211 and the Y-area scale 212 respectively.
[0038] An aperture 223 is provided in a range where a
condenser lens aperture 224 moves relative to the position management surface stage 220, in a case that the
center of the condenser lens aperture 224 (which has a
size slightly larger than the size of a condenser lens unit
in which the condenser lens is embedded with leeway)
moves relative to the XY stage across the entire region
of the observation target region 205. By the aperture 223,
the condenser lens unit (the housing in which the condenser lens is embedded) does not interfere with the position management surface stage 220 whatever the position of the observation target region 205 that the position management surface stage 220 moves to.
[0039] In the back side of the position management
surface stage 220, 2 X-axis cross roller guides 231 are
arranged in parallel to the X-axis direction. X-axis cross
roller guides 241 are mounted on the Y-stage 240 so as
to face X-axis cross roller guides 231 (FIG. 6), and by
this, the position management surface stage 220 is slidably supported in the X direction by the Y-stage 240. An
X-slider 232 is a moving body of an X-axis drive motor
242 (FIG. 6) embedded in an opposing surface of the Ystage 240, and the position management surface stage
220 is driven in an X-axis direction by the X-axis drive
motor 242. In other words, a linear motor according to
ultrasonic waves, for example, is configured by the Xaxis drive motor 242 and the X-slider 232.
[0040] An X-axis rack gear 233 moves the position
management surface stage 220 in the X-direction by a
rotation of an X-axis pinion gear 244 on the Y-stage 240
which rotates interworking with the X-knob 201. Note,
manual movement in the X direction of the position management surface stage 220 is not limited to the rack and
pinion, for example, a wire and pulley system or the like
is also possible. In any case, the position management
surface stage 220 is movable in the X direction by means
of a manual drive and an electric drive in this embodiment. An X-initial position mark 234 corresponds to the
X direction position of the stage origin point 206 which is
the XY initialization position of the stage 200.
[0041] Next, the Y-stage 240 referenced in FIG. 6 will
be explained. FIG. 6 (6a) is a top view (a view from the
perspective of the position management surface stage
220 side) of the Y-stage 240 and FIG. 6 (6b) is a backside view (a view from the perspective of the Z-base 130
side) of the Y-stage 240.
[0042] In FIG. 6 (6a), the X-axis cross roller guides
241, form a pair with the X-axis cross roller guides 231
arranged on the back-side of the position management
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surface stage 220, and slidably support the position management surface stage 220 in the X-axis direction. The
X-axis drive motor 242 via the X-slider 232 of the position
management surface stage 220 moves the position management surface stage 220 in the X direction. The X-axis
pinion gear 244 is meshed with the X-axis rack gear 233
arranged at the back-side of the position management
surface stage 220, and the position management surface
stage 220 moves in the X-axis direction by rotation thereof. Since the X-axis pinion gear 244 rotates in accordance
with the rotation of the X-knob 201, a user can move the
position management surface stage 220 in the X-axis
direction by operating the X-knob 201. An X initial position
sensor 243 detects an X initial position mark 234 arranged at the back-side of the position management surface stage 220. In this embodiment, for example, the Xinitial position sensor 243 is composed of a transmissive
type photo-interrupter, and the X-initial position mark 234
is composed of a light shielding plate for shielding the
optical axis of the transmissive type photo-interrupter.
The X-initial position sensor 243 and the X-initial position
mark 234 configure an origin point detector for detecting
the origin point position in the X-axis direction set in the
movable range of the position management surface
stage 220 which is a movable unit.
[0043] An aperture 245 is an aperture for the X-axis
sensors 271a and b arranged on the stage base 260 to
access the X-area scale 211 via the aperture 221 of the
position management surface stage 220. Since the Ystage 240 moves in the Y direction of the XY directions
with respect to the stage base 260, the shape of the aperture 245 extends in the Y direction. Similarly, an aperture 246 is an aperture for the Y-axis sensors 272a and
b arranged on the stage base 260 to access the Y-area
scale 212 via the aperture 222 of the position management surface stage 220. Also, an aperture 247 corresponds to the region where the condenser lens aperture
224 moves, in a case that the center (the center of the
condenser lens) of the condenser lens aperture 224
(which has a size slightly larger than the size of a condenser lens unit in which the condenser lens is embedded
with leeway) moved the observation target region 205.
Since the Y-stage 240 as described above moves in the
Y direction of the XY directions, without extending into
the X-axis direction, it has a shape that extends in the Yaxis direction. By the aperture 247, even if the Y-stage
240 moves in the Y direction of the observation target
region 205, it does not interfere with the condenser lens
unit.
[0044] On the back-side of the Y-stage 240 (FIG. 6
(6b)), 2 Y-axis cross roller guides 251 are arranged in
parallel to the Y-axis. Cross roller guides which are paired
with the Y-axis cross roller guides 251 are mounted to
the stage base 260 and, by this, the Y-stage 240 is slidably supported in the Y direction by the stage base 260.
A Y-slider 252 is a moving body of a Y-axis drive motor
264 (FIG. 7) embedded in the opposing surface of the
stage base 260, and the Y-stage 240 is driven in the Y-
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axis direction by the Y-axis drive motor 264. A linear motor according to ultrasonic waves, for example, is configured by the Y-axis drive motor 264 and the Y-slider 252.
[0045] A Y-axis pinion gear 254 rotates in accordance
with the rotation of the Y-knob 202. By the rotation of the
Y-knob 202, a Y-axis rack gear 263 (FIG. 7) fixed to the
top of the stage base 260 moves in the Y-axis direction.
As a result, the user can move the Y-stage 240 in the Yaxis direction by manually are operating the Y-knob 202.
Note, manual movement in the Y direction of the stage
is not limited to the rack and pinion, and for example, a
wire and pulley system or the like is also possible. In any
case, the Y-stage 240 is movable in the Y direction by
means of a manual drive and an electric drive according
to this embodiment. The Y-stage 240, while supporting
the position management surface stage 220, moves in
the Y direction with respect to the stage base 260. A Yinitial position mark 253 is a mark that is arranged in a
position corresponding to the Y direction position of the
stage origin point 206.
[0046] Next, the stage base 260 will be explained with
reference to FIG. 7. FIG. 7 is a top view of the stage base
260 (a view of the stage base 260 from the perspective
of the Y-stage 240 side). On the top of the stage base
260, the X-axis sensors 271a and b for reading the Xarea scale 211 and the Y-axis sensors 272a and b for
reading the Y-area scale 212 are mounted. For each sensor, height is adjusted according to a base (not shown)
to become a predetermined distance with respect to the
X-area scale 211 and the Y-area scale 212 of the XY
scale plate 210 arranged on the position management
surface stage 220. Also, as described above, the X-axis
sensors 271 a and b are arranged on the X-axis passing
through the stage origin point 206, and the Y-axis sensors
272a and b are arranged on the Y-axis passing through
the stage origin point 206.
[0047] Y-axis cross roller guides 262 form a pair with
the Y-axis cross roller guides 251 arranged at the backside of the Y-stage 240, and slidably support the Y-stage
240 in the Y-axis direction. The Y-axis drive motor 264
is a motor for moving the Y-stage 240 (the Y-slider 252)
in the Y direction by electromotion. The Y-axis rack gear
263 moves the Y-stage 240 in the Y direction by the rotation of the Y-axis pinion gear 254. A Y-initial position
sensor 265 detects the Y-initial position mark 253 arranged at the back-side of the Y-stage 240. In this embodiment, for example, the Y-initial position sensor 265
is composed of a transmissive type photo-interrupter,
and the Y-initial position mark 253 is composed of a light
shielding plate for shielding the optical axis of the transmissive type photo-interrupter. The Y-initial position sensor 265 and the Y-initial position mark 253 configures an
origin point detector for detecting the origin point position
in the Y-axis direction set in the movable range of the
position management surface stage 220 which is a movable unit. Also, an aperture 261 corresponds to the condenser lens aperture 224 (which has a size slightly larger
than the size of a condenser lens unit in which condenser
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lens 147 is embedded with leeway). By the aperture 261,
the condenser lens unit does not interfere with the stage
base 260.
[0048] The apertures 261, 247 and 223, along with enabling the condenser lens unit to approach the observation position on the slide from a lower slide surface, also
allow light from the light source focused by the condenser
lens 147 to pass through. Note, it goes without saying
that it is not a problem if the sizes of the apertures for the
condenser lens and the X-axis sensors 271 a and b and
the Y-axis sensors 272a and b arranged at each stage
in the explanation above are large as long as the strength
and precision of the machine are maintained.
[0049] Next, the configuration of a drive control of the
X and Y-axis directions of the stage 200 will be explained.
Note that because the drive control of the Y-axis direction
and the drive control of the X-axis direction are realized
by the same configuration, hereinafter, the drive control
of the X-axis direction will be explained. In FIG. 8, illustrates a block diagram of X-axis control of the stage controller which controls the driving of the stage 200. The
stage controller comprises a stage MPU 280 (Microprocessing unit), and a functional configuration indicated
within the dashed lines indicates the internal processes
of the MPU 280. The X-axis drive motor 242 comprises
a coil that is fixed to the Y-stage 240, and causes a magnet (the X-slider 232) fixed to the position management
surface stage 220 as the X-stage to move. The coil of
the X-axis drive motor 242 is driven by an X-axis drive
circuit 282, and drives the position management surface
stage 220 in the X-axis direction by moving the X-slider
232.
[0050] The X-axis sensor 271a and the X-axis intermediary sensor 271b read the X-area scale 211 disposed
in the XY scale plate 210 on the position management
surface stage 220. The output of the X-axis sensor 271a
and the X-axis intermediary sensor 271b is two sinusoidal
waves of an A-phase and a B-phase which differ by a 90
degree phase. An analog signal of the two outputted Aphase and B-phase of the X-axis sensor 271a are input
into a position signal processing circuit 281a arranged in
the vicinity of the sensor. In the position signal processing
circuit 281a, by performing a general incremental encoder process and dividing processing to digitize the inputted
analog signal, a count value which is a position signal of
a resolving power of the scale pitch or less is generated .
Similarly, the analog signal of the two outputted A-phase
and B-phase of the X-axis intermediary sensor 271b are
input into a position signal processing circuit 281b arranged in the vicinity of the sensor, and converted to a
count value which is the position signal. The outputs of
the position signal processing circuits 281a and b are
connected to the stage MPU 280 by a serial IF 405 such
as a UART and output the position signal according to
constant interval requests from the stage MPU 280.
[0051] Also, the 2 circuits - the position signal processing circuits 281a and b - measure the amplitude of the
A-phase and B-phase signals of the connected sensor
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output, respectively, and performs a determination of
whether or not the scale can be read by whether they are
a predetermined level or less, in otherwords, whether or
not the scale is present over the sensor. A determination
result as to the existence or absence of the scale is sent
to the stage MPU 280 as a scale existence or absence
signal for each position signal at the same time that the
position information is sent by the serial IF 405. Regarding a structure of the data sent by the serial IF 405, for
example, information of 4 Bytes (32 bits) in total - 3 Bytes
(24 bits) of code attached position information and 1 byte
(8 bits) of status information is exchanged. The status
information includes, an ID indicating which sensor the
position came from (2 bits), a scale existence/absence
determination logical value (1 bits), and also an error signal (5 bits).
[0052] The position signals of the 2 output position signal processing circuits 281a and b sent by the serial IF
405 become a combined position signal by a position
signal combining unit 404 within the stage MPU 280 and
are output to a subtractor 402. A target position generation unit 401 inputs the signals of the X-initial position
sensor 243 as an origin point sensor that detects the
origin point position of the X direction, a position signal
sent by the serial IF 405, and an instruction of the movement destination the position management surface stage
220 from the controller 501 via a communication unit 408.
The target position generation unit 401, for example, outputs the target position specified from the controller 501.
The subtractor 402 subtracts a current position which is
an output of the position signal combining unit 404 from
the target position outputted from the target position generation unit 401. To the output of the subtractor 402, in
a drive signal processing unit 403, a filter calculation such
as PID is applied, and that is output as an analog signal
at a constant period by a DA converter (not shown) or
the like of the stage MPU 280, and input to an X-axis
drive circuit 282. The process up to this point is performed
within the interval of one cycle in constant intervals. The
X-axis drive circuit 282 drives an X-axis drive motor in
accordance with a signal from the drive signal processing
unit 403. Thus, the position management surface stage
220 moves to the target position. Note, the position signal
combining unit 404 transmits the position of the position
management surface stage 220 obtained based on the
signals of the X-axis sensor 271a and the X-axis intermediary sensor 271b to the controller 501 via the communication unit 408. The communication unit 408 is connected to the controller 501 by the USB cable 13, for
example.
[0053] Next, internal processing of the position signal
combining unit 404 will be explained. The position signal
combining unit 404 performs a process to handover a
read value of the scale from the 2 sensors (the X-axis
sensors 271a and b) and performs single continuous position output. The handover processing differs before and
after the stage origin point detection processing, and after
the origin point detection processing, the handover is per-
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formed at a predetermined position from the origin point
of the stage (a predetermined count value). In the handover, by adding an increment from the handover position
of the sensor output after handing over to the sensor
position output prior to the hand over, the position signal
is made to be continuous. Also, before detecting the origin point of the stage, the above described determination
result as to the existence or absence of the scale (sent
by the position signal processing circuits 281a and b) is
used to perform connection process. Details will be described later along with an origin point detection sequence.
[0054] As described above, the X-initial position sensor 243 which is an origin point sensor of the X-axis direction is composed of a transmissive type photo-interrupter and is fixed on the Y-stage 240. The origin point
position of the position management surface stage 220
is detected by a light shielding plate mounted to a side
of the position management surface stage 220 (the Xinitial position mark 234) blocking the optical path of a
transmissive type photo-interrupter. Note, for the position
of the origin point, the visual field center 170 is set to a
position such that the state becomes as in FIG. 4 (4a).
[0055] Next, an operation of the target position generation unit 401 will be explained. When the target position
is set from the controller 501, the target position generation unit 401 sets an acceleration and deceleration plan
as shown in FIG. 9 (9a) in accordance with the distance
to the target position. The acceleration and deceleration
plan is configured by an acceleration time period, a period
of constant speed, and a deceleration time period, for
example. The period of constant speed, for example, sets
a constant speed value of an appropriate speed in a
range in which a reading accuracy of the scale is maintained. From a stopped state to the constant speed, the
speed accelerates at a constant acceleration. Also, from
a state of the constant speed to stopping, the speed is
reduced to a stop at a constant acceleration. When a
constant speed and an acceleration are set to be predetermined values respectively, a distance moved in the
acceleration time period (d1), a distance moved in the
period of constant speed (d2), and a distance moved in
the deceleration time period (d3) are determined, and
the sum total of these moving distances (d1+d2+d3) becomes a movement distance from the target position.
This is as in FIG. 9 (9b) when illustrated. FIG. 9 (9b)
illustrates a relationship of a moving time with a moving
distance.
[0056] FIG. 9 (9b), by the target position generation
unit 401 dynamically outputting the values on a curve
which is a control curve representing the control target
position at the time of stage movement control until a
final target position, precise movement control of the
stage is made, and the movement to the final target position is accomplished. Movement control is performed
at a position in accordance with being able to grasp the
value (moving distance) of the position with high precision by the read value of the scale (time management
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does not become high precision). Note, FIG. 9 (9a) is a
trapezoid drive, however, when the distance to the target
position is short, it becomes a triangle drive that does not
have a fixed speed portion (the dashed-dotted line of
FIG. 9 (9a)). The drive control of the position management surface stage 220 of the Y-axis direction is arranged
in the same way as the control of the X-axis direction.
However, the stage MPU 280 may be a combination of
the X-axis and the Y-axis.
[0057] Next, a sequence of movement control in the
origin return of the present embodiment will be described
using FIG. 10 and FIG. 11. FIG. 10, is a figure simply
showing an easily understood movement of the position
management surface stage 220 (the XY scale plate 210)
in the X-axis direction from the perspective of the front
surface of the stage (Y-axis direction). As described
above, the X-area scale 211 is formed above the XY scale
plate 210. The XY scale plate 210 is above the position
management surface stage 220, but is omitted for explaining the movement of the X-axis direction with respect to the stage base 260 in this figure. Also, the Ystage 240 is omitted for the same reason. Above the
stage base 260, the X-axis sensor 271a and the X-axis
intermediary sensor 271b are fixed. The X-initial position
sensor 243 is fixed above the Y-stage 240 (not shown)
as an origin point sensor, however, since it does not move
in the X-axis direction, from the perspective of the front
surface (Y-axis direction), it is always in the same position
with respect to a position management stage base 158.
[0058] In the state immediately after turning on the
power of the stage, four states of FIG. 10 - (10a) to (10d)
- are considered. FIG. 10 (10a) illustrates a case were
the XY scale plate 210 is at the origin point. This is a case
in which, as illustrated in FIG. 4 (4a), the visual field center
170 is a position so to become the origin point of the XY
scale plate 210, and is a position at which a light shielding
plate on the position management surface stage blocks
the X-initial position sensor 243, which is a photo-interrupter. Also, FIG. 10 (10b) illustrates a case of the XY
scale plate 210 from the perspective of above the X-axis
sensor 271a. Also, FIG. 10 (10c) illustrates a case where
the XY scale plate 210 is above both the X-axis sensor
271a and X-axis intermediary sensor 271b. Additionally,
FIG. 10 (10d) illustrates a case where the XY scale plate
210 is only above the X-axis intermediary sensor 271b.
[0059] FIG. 10 (10e) is a figure that illustrates two values of an existence/absence signal for the scale above
the X-initial position sensor 243 and the X-axis intermediary sensor 271b and an existence/absence signal for
the scale above the X-axis sensor 271a. The output of
the origin point sensor in the case that the X-initial position mark 234 (the light shielding plate) on the position
management surface stage 220 is in a position blocking
the X-initial position sensor 243 which is a photo-interrupter is an H-level, and otherwise it is represented as a
L-level. Also, regarding the 2 of the X-axis sensors 271a
and b, cases when the scale is above the sensor is represented as the H-level and cases where it is no are rep-
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resented as the L-level. The scale existence or absence
signal represents a determination result of the existence
or absence of the scale. Also, in the bottom part, the a
region illustrates a region where the X-initial position sensor 243 is the H-level (the state of FIG. 10 (10a)). Also,
a b region illustrates where the X-axis intermediary sensor 271b is the L-level, and the X-axis sensor 271a is the
H-level (the state of FIG. 10 (10b)). Also, a c region illustrates a region where the X-axis intermediary sensor
271b and the X-axis sensor 271a are both the H-level
(the state of FIG. 10 (10c)). Also, a d region illustrates
where the X-axis intermediary sensor 271b is the H-level,
and the X-axis sensor 271a is the L-level (the state of
FIG. 10 (10d)). In a case of any of these states, when
proceeding in the rightward direction (a direction away
from the origin point) of FIG. 10, the position count value
increases and is assumed to move decreasingly in an
opposite case.
[0060] Here, the movement of each region prior to an
origin point detection of the position signal combining unit
404 is explained. After power activation, the position signal combining unit 404, by the stage MPU 280 executing
a particular program, enters an origin point detection
mode, and a connection is performed depending on the
signal for determining the existence or absence of the
scale that the X-axis sensor 271a and the X-axis intermediary sensor 271b output. From a state in which only
one of the sensors of the X-axis sensors 271a and b are
above the scale, when it changes to a state in which the
2 sensors are above the scale, the position signal combining unit 404 obtains a position signal by the adding
the output positions of the sensor that newly become on
the scale to the immediately preceding position signal.
[0061] For example, a case in which initially the state
of FIG. 10 (10b) became the state of FIG. 10 (10c) is
explained. If the position management surface stage 220
is moved in the origin point direction from the state shown
in FIG. 10 (10b), the direction becomes such that the
read position according to the X-axis sensor 271a decreases. Since the read position becomes 0 when power
activation occurs, the position becomes negative by
movement in the origin point direction. When the state
of FIG. 10 (10c) is entered, in other words, from when a
scale existence or absence signal of the X-axis intermediary sensor 271b changes to scale exists (H-level), the
position of the X-axis intermediary sensor 271b similarly
becomes negative. As a result, if the position read by the
X-axis sensor 271a at the moment when the scale existence or absence signal of the X-axis intermediary sensor
271b changed from L-level to H-level is added to the read
position of the X-axis intermediary sensor 271b, it becomes position information from the position at the time
of power activation. Similarly, from the state of FIG. 10
(10d), in a case when the state becomes that of FIG. 10
(10c), the position that is read by the X-axis intermediary
sensor 271b becomes positive. Therefore, from the moment that the state becomes that of FIG. 10 (10c), in
other words, when the scale existence or absence signal
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of the X-axis sensor 271a changes to scale exists (Hlevel), the read position of the X-axis sensor 271a also
becomes positive. As a result, if the read position of the
X-axis sensor 271a is added to the read position by the
X-axis intermediary sensor 271b when the scale existence or absence signal of the X-axis sensor 271a
changed to scale exists (the H-level), it results in position
information from the position at the time of power activation.
[0062] Next, the sequence of origin point detection by
the stage MPU 280 will be explained using the flowchart
of FIG. 11. Note, an operation in the X direction for the
origin return of the position management surface stage
220 is explained below, however, the operation may also
be similarly executed in the Y direction. The origin return
below is executed in the case that the position of the
position management surface stage 220 becomes indefinite and most typically is executed during power activation. However, the origin return may be executed in a
case when the reading value of the scale enters a reset
state for some reason. Alternatively, this may also be
executed if an origin return instruction operation by a user
is detected.
[0063] After power activation, the stage MPU 280 first
confirms (step S51) whether or not the position management surface stage 220 is detected by the X-initial position sensor 243 as the origin point sensor (whether or
not in the range of the origin point sensor). In this embodiment, while the X-initial position sensor 243 is lightshielded by the light shielding plate which is a transmissive type photo-interrupter, the output of the X-initial position sensor 243 becomes the H-level. Accordingly,
whether or not the status is of FIG. 10 (10a) is confirmed
by whether or not the output of the X-initial position sensor
243 is at the H-level. In a case when within the range of
the origin point sensor, since the origin point may be located at low-speed (a time of a switching from the H-level
to the L-level), the process proceeds to step S55. From
these conditions, the stage MPU 280 repeats (step S56)
the process for performing the origin point detection while
moving the position management surface stage 220
(step S55) at a low speed toward the origin point (right
direction in case of Fig. 10(10a)). In this embodiment, at
the timing that the signal from the X-initial position sensor
243 switches from the H-level to the L-level, the position
management surface stage 220 becomes the origin point
position, and the process proceeds to step S57. Note,
configuration may be taken such that after a change from
the H-level to the L-level is detected, the position management surface stage 220 moves in the origin point direction again, and a position at which the signal from the
X-initial position sensor 243 is switched from the L-level
to the H-level is made to be the origin point position.
[0064] Meanwhile, if it is determined that the origin
point sensor is not within range in step S51, the stage
MPU 280 performs a check of the scale existence or absence signal of the X-axis sensor 271a to check whether
or not the scale exists (H-level) (step S52). This can be
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checked by the serial signal of the X-axis sensor 271a
input from the serial IF 405. If the scale exists above the
X-axis sensor 271a (the scale existence or absence signal is at the H-level), the stage MPU 280 performs an
additional check of the scale existence or absence signal
of the X-axis intermediary sensor 271b to check whether
or not the scale is present (H-level) (step S53). This is
also input from the serial IF 405, and can be checked by
the serial signal of the X-axis intermediary sensor 271b.
[0065] By step S53, if it is determined that the scale
exists (the scale existence or absence signal is at the Hlevel) above the X-axis intermediary sensor 271b, the
scale is in the state of FIG. 10 (10c). In other words, the
position management surface stage 220 as the movable
unit is in a position that at which the X-area scale 211
can be read by both the X-axis sensor 271a and the Xaxis intermediary sensor 271b. Since the distance between the X-axis sensor 271a and the X-axis intermediary sensor 271b is a slightly (in this embodiment, for example, 2 mm is used) smaller distance than the width of
the X direction of the X-area scale 211, the position of
the XY scale plate 210 of this state is limited within a
certain degree of precision. As a result, the distance from
this state to the origin point is determined within a certain
degree of precision (for example, under 2 mm) by a design value. Accordingly, from the distance to the origin
point position in a case where the position management
surface stage 220 is in a state, of the states of the X-area
scale 211 detected by both of the X-axis sensor 271a
and the X-axis intermediary sensor 271b, closest to the
origin point position, a distance from which a mechanical
variation for the origin point position is subtracted is set
beforehand as a predetermined distance. Here, the distance to the origin point position in the case of the state
closest to the origin point position is the distance from
the position immediately preceding the change of the
scale existence or absence signal of the X-axis sensor
271a from the H-level to the L-level to the origin point, in
other words, the distance of the region d illustrated in
FIG. 10 (10e).
[0066] The stage MPU 280 sets a position for which
the predetermined distance set as described above is
subtracted from the current position that the X-axis intermediary sensor 271b outputs to the target position. Thus,
the stage MPU 280 performs position control using an
output of the X-axis intermediary sensor 271b, and
moves the position management surface stage 220 at a
high speed to the target position by the trapezoid drive
as shown in FIG. 9 (9a) (step S54). In other words, the
position management surface stage 220 moves a predetermined distance in the direction of the origin point
position. At that time, an X direction position of the position management surface stage 220 is obtained by the
X-axis intermediary sensor 271b.
[0067] Because the distance set in step S54 (the target
position) is always a distance before the origin point,
there is no situation in which the origin point is exceeded
and the device is damaged by bumping into the mechan-
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ical end portion. When the high speed movement completes in step S54, the state becomes such that the position management surface stage 220 is stopped in front
of the origin point. From these conditions, the stage MPU
280 repeats (step S56) the process for performing the
origin point detection while moving the position management surface stage 220 (step S55) at a low speed in the
direction to the origin point. In other words, until it is detected that the position management surface stage 220
has reached the origin point position by the X-initial position sensor 243, the position management surface
stage 220 will move at a lower speed than the movement
in step S54. If there is change in the signal from the Xinitial position sensor 243 (from the L-level to the H-level,
or the opposite), the position management surface stage
220 stops movement as the origin point position is detected. Therefore, the stage MPU 280 initializes (the
counter is set to 0) the position counters according to the
X-axis sensors 271a and b at the origin point detection
point, and the origin point detection is terminated (step
S57).
[0068] Next, a case of a confirmation of whether or not
the scale existence or absence signal of the X-axis intermediary sensor 271b of step S53 is scale exists (H-level)
or scale does not exist (L-level) will be explained. In this
case, the scale is in the state of FIG. 10 (10b), and is in
a state where there only is the X-axis sensor 271a above
the scale. In such a case, the stage MPU 280 starts high
speed movement of the position management surface
stage 220 in the direction of the origin point without establishing a target position (step S58). Note that a position
of the position management surface stage 220 is obtained by the X-axis sensor 271a. In other words, the
acceleration by the acceleration of the trapezoid drive of
FIG. 9 (9a) is started, and a drive to move the position
management surface stage 220 is performed so as to
perform a constant speed drive if the speed reaches
Vmax.
[0069] The stage MPU 280, while moving the position
management surface stage 220, performs confirmation
of whether or not the X-axis intermediary sensor 271b is
above the scale (step S53). Here, the difference from the
case of transitioning from step S52 to step S53 is that
the position management surface stage 220 is already
moving at a high speed. When the X-axis intermediary
sensor 271b is detected to be above the scale (the scale
existence or absence signal is at the H-level), the approximate distance to the origin point position is understood. The stage MPU 280 makes a switch from a high
speed movement where the target is not set to a high
speed movement according to the reading of the position
using the X-axis intermediary sensor 271b for which a
predetermined position is made to be the target, and the
position management surface stage 220 move to in front
of the origin point (step S54). Hereinafter, processing is
performed as explained before in step S55, step S56,
and step S57, and then terminates.
[0070] Next, a case in which the X-axis sensor 271a

23

EP 3 289 308 B1

outputs scale does not exist (L-level) in step S52 is explained. In such a case, the stage MPU 280 performs
confirmation of whether or not the scale existence or absence signal of the X-axis intermediary sensor 271b is
scale exists (H-level) (step S60). Here, a case where it
is determined that the scale does not exist is in fact a
state that never occurs, and an error termination is performed because there is a possibility that some kind of
problem as arisen (step S59).
[0071] In a case that it is determined that the scale
exists from the scale existence or absence signal of the
X-axis intermediary sensor 271b, it is the state of FIG.
10 (10d), and only the X-axis intermediary sensor 271b
is above the scale. In this state, high speed movement
towards the origin point is a risk, since it is not known
how much distance there is from the current position of
the position management surface stage 220 to the origin
point position. Meanwhile, if it is the opposite direction to
the origin point, there is a long movable range. Accordingly, the stage MPU 280, while performing high speed
movement in the opposite direction of the origin point
without establishing a target position (step S61), confirms
whether or not the scale existence or absence signal of
the X-axis sensor 271a is scale exists (H-level) (step
S62). If the X-axis sensor 271a is not above the scale (Llevel), high speed movement continues (step S61). When
the scale existence or absence signal of the X-axis sensor 271a is scale exists (H-level), immediately a deceleration process is performed stopping movement of the
position management surface stage 220 (step S63). Initially, having been at any position, since the speed while
moving at a high speed is different, or, since the position
stopped at by the deceleration process is different, a stop
position of the position management surface stage 220
enters the state of FIG. 10 (10c) or FIG. 10 (10b). As a
result, as the process proceeds to step S53, and as described above, the process for the origin return based on
the current position of the position management surface
stage 220 is performed.
[0072] As described above, by virtue of the stage apparatus and the method of controlling the stage of the
embodiment, whatever state the initial position of the
stage is in at the time of power activation, it is possible
perform a high speed movement to in front of the origin
point and switch to a low speed to perform an origin point
detection. As a result, it is possible to execute at a high
precision the high speed origin point detection. Also, in
this embodiment, using a plurality of sensors to read a
value of the scale by handover, the approximate distance
up to the origin point of the position management surface
stage 220 is determined, a movement is performed at a
high speed to the origin point vicinity, and high precision
origin point detection is performed at a low speed after
movement to the origin point vicinity. For this, without
adding a special configuration for the origin return, an
origin point detecting operation can be performed at a
high speed and accurately. Because of this, it is possible
to shorten the time that the position management surface
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stage 220 can be used, for example, shortening a start
up time of the microscope during power activation.
[0073] Note, in the above described embodiment, regarding the explanation of the origin return of the X-axis
direction, it is similar for the Y-axis direction as well. Also,
in the above described embodiment, the position signal
process of the X-axis sensors 271a and b is performed
for each sensor, and limitation is not made to sending
the position signal by serial IF to the stage MPU 280. For
example, as shown in FIG. 12, an analog output of each
of the X-axis sensors 271a and b may be converted to a
digital signal by an AD converter 407 of the stage MPU
280, and processed by a position signal processing unit
406. In such a case, external processing circuitry can be
reduced and cost reduction becomes possible.
[0074] As in other embodiments, in a case where it a
high speed movement is made (for example, Vmax: a
maximum speed that can be executed safely) until the
X-initial position sensor 243 detects the X-initial position
mark 234, and the X-initial position sensor 243 detects
the X-initial position mark 234, a rapid deceleration may
be performed. In such a case, as the stage is caused to
stop by rapid deceleration, the X-initial position mark 234
becomes a position separated only by predetermined distance Δ from the position detectable by the X-initial position sensor 243. For that reason, the stage is returned
to a position at which the X-initial position sensor 243
can detect the X-initial position mark 234. When a- is
made to be the acceleration for causing the deceleration
of the stage, the X-initial position sensor 243 detects the
X-initial position mark 234 from an elapsed time after the
stage has stopped t1 =Vmax/|a-|. As a result, afterwards,
by moving the stage in the opposite direction from up
until that point by the distance Δ = (Vmax^2) / 2|a-|, the
origin return is realized. Here, the size of the acceleration
of a- can realize the origin return at a high speed by setting
the maximum acceleration that can be applied (note that
in actuality a- takes a negative value). At least, as compared with a case where the position of the origin point
as in the embodiments described above (for example,
referring to FIG. 9) cannot be accurately specified, since
it is possible to have more rapid deceleration, such control contributes to an increase in speed of the origin return. By moving the stage by such control, there is a possibility that the origin return can be performed faster than
in the embodiment as described above. Note that in such
a case, it is necessary to satisfy a mechanical requirement of being able to move the stage in a range of at
least 6Δ from the origin point relative to the x direction.
[0075] Note, as described above, the control (hereinafter, "specific control") performed in the X direction causes the X-initial position mark 234 to move at a high speed
to the position of the X-initial position sensor 243, however, limitation is not made to this, and the specific control
as described above may also be performed in the Y direction. Also, in a different embodiment, for the Y direction, sensors are arranged in a plurality as in the above
described embodiment, however, regarding the X direc-
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tion, the specific control is performed, and, sensors are
not arranged in a plurality as in the above described embodiment, though one sensor may be configured (a configuration in which the connection is not performed). In
short, the specific control, from the relationship of the
positional relationship between the origin point and the
movable range of the stage, the magnitude of the acceleration at which the stage is caused to move, the maximum moving speed of the stage, and the like, may be
used as appropriate.
[0076] Also in a different embodiment, the specific control described above is realized in a different form. The
specific control described above is something in which
in accordance with the X-initial position sensor 243 detecting the X-initial position mark 234 the stage is rapidly
decelerated, and the stage is caused to move in an opposite direction up until that point. In contrast to this in
the present embodiment, if the X-initial position sensor
243 has detected other marks in a known positional relationship with the X-initial position mark 234, the stage
is caused to rapidly decelerate. Here, as the known positional relationship, the distance between the X-initial
position mark 234 and relevant other marks can be made
to be a known value Δ’. In this way, where it is necessary
to move the stage at least 2Δ after the rapid deceleration
in the specific control described above, it is possible to
recover to the origin point by moving at least Δ’ after rapid
deceleration. If 2Δ is a smaller value than Δ’, then the
specific control described above can realize the origin
return at a higher speed. When the relevant Δ’ is of a
slightly larger value than the distance Δ described above,
an origin return can be made to increase in speed. The
distance Δ’ between the X-initial position mark 234 and
the relevant other marks approaches closer than Δ approaches, so the time required for origin return can be
shorter. In this embodiment, it ceases to be necessary
to satisfy the requirement of "being able to move the stage
in a range of at least 6Δ from the origin point relative to
the X direction" as was necessary in the above specific
control. Note, sensors that detects the relevant other
marks may also be arranged separately to the X-initial
position sensor 243. On the other hand, there is merit in
that it is possible to realize a control of an origin return
at high speed with the specific control described above
without increasing a number of marks or sensors.
[0077] Note, in the above described embodiment, the
stage apparatus applied to the microscope described is
not limited this. The present invention is applicable if the
stage apparatus performs position management by reading an incremental scale by sensor. Also, in the above
described embodiment, configuration is taken to mount
the X-axis sensor and the Y-axis sensor to the stage base
260, and read the X-area scale 211 and the Y-area scale
212 formed on the shared XY scale plate 210, but limitation is not made to this. For example, it is possible to
apply the present invention to a normal XY-stage that is
equipped with a sensor that reads the scale of the Xstage on the Y-stage, and is equipped with a sensor that
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reads the scale of the Y-stage on the base stage.
[0078] Also, in the above described embodiment, the
X-axis sensor 271a and the X-axis intermediary sensor
271b (a Y-axis sensor 272a and a Y-axis intermediary
sensor 272b) that hand over the reading of the area scale
are used for implementing speed control as illustrated in
FIG. 10, but limitation is not made to this. Two sensors
arranged so that it is possible to turn the signal on and
off in accordance with the position of the stage, as illustrated in FIG. 10 (10e), may be used.
[0079] By virtue of the first embodiment a high speed
and high precision recovery to the origin point position
can be realized in the stage apparatus.
(Second Embodiment)
[0080] The second embodiment relates to controlling
the position of the moving body by the stage apparatus.
In particular, a stage apparatus for setting an origin point
by controlling the position of the moving body and a method of controlling the same are explained.
[0081] Hereinafter, referring to the attached figures, in
the stage apparatus according to embodiments of the
present invention, a movement operation (origin return
operation and origin point movement operation) to an
initial position of the moving body referring to the attached
figures is explained.
[0082] FIG. 13 is a block diagram for explaining a functional configuration of the stage apparatus in the embodiment. The stage apparatus includes an MPU 1100, a
driving circuit 1200, and a mechanical unit 1300, and
moves a moving body in a predetermined axial direction
in the mechanical unit 1300. The MPU 1100, by executing
a program stored in a memory 1107, realizes various
control comprising each functional unit illustrated in FIG.
13. In the MPU 1100, a speed plan calculation unit 1101
creates (a track calculation) a speed plan (an acceleration and deceleration plan) of a moving body 1301 using
a parameter set in advance, and a target value of a position or a speed. Also, the speed plan calculation unit
1101, when a limit detection signal (hereinafter referred
to as a detection signal) from a limit detector 1306 described later is input, generates the acceleration and deceleration plan (deceleration track) for causing the moving body to stop. A position signal processing unit 1104
processes the position signal fed back from the mechanical unit 1300, and a speed detection unit 1103 calculates
the moving speed of the moving body using the position
signal processed by the position signal processing unit
1104, and a sampling period or an internal clock of the
MPU 1100. Subtractors 1105 and 1106 obtain a deviation
between the acceleration and deceleration plan, and the
current speed and the current position. A drive signal
processing unit 1102 performs a calculation of a PID control or the like from a deviation obtained from the subtractors 1105 and 1106, and determines a manipulated
variable with respect to the driving circuit 1200.
[0083] The driving circuit 1200 drives the mechanical
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unit 1300 in accordance with a manipulated variable input
from the drive signal processing unit 1102. FIG. 14 is a
perspective view illustrating configuration of the mechanical unit 1300. As illustrated in FIG. 14 (14a), the mechanical unit 1300 configures the stage apparatus to
move the moving body 1301 in a predetermined axial
direction. The mechanical unit 1300 is equipped with the
moving body 1301, a scale plate 1302, a base plate 1303,
magnet shaft support portions 1304 and 1305, limit detectors 1306 and 1307 (the sensor of the transmissive
type photo-interrupter in the present example), a magnet
shaft 1308, and a rail 1309. The scale plate 1302 comprises a scale pattern 1316 for position detection. One
of the limit detectors 1306 and 1307 (the limit detector
1306 in this embodiment) also handles the role of the
origin point sensor. The movement direction of the moving body 1301 in this embodiment is for movement in the
positive direction to the side of the limit detector 1306
and for movement in the negative direction to the side
the limit detector 1307.
[0084] As illustrated in FIG. 14 (14b), the moving body
1301 is equipped with a table 1310, a sensor unit 1311,
a coil unit 1312, light shielding plates 1313 and 1314
(referred in FIG. 15), and a slider 1315. The sensor unit
1311 comprises a sensor for reading the scale pattern
1316, and the sensor unit 1311 detects a position of the
predetermined axial direction of the moving body 1301
by reading the scale pattern 1316. A detected position is
output by the sensor unit 1311 as a position signal.
[0085] As illustrated in FIG. 15 (15a) and (15b), in the
mechanical unit 1300, by a current being input into the
coil unit 1312, a force is generated for moving the moving
body 1301 with respect to the magnet shaft 1308, and
with this the moving body 1301 moves along the rail 1309.
Also, the position of a moving body 1301 is consecutively
measured by the scale plate 1302 and the sensor unit
1311. The limit detectors 1306 and 1307 are each a transmissive type photo-interrupter including a light emitter
and receiver, and detect a moving body 1301 by light
shielding plates 1313 and 1314 blocking the optical path
between the light emitter and receivers. The limit detectors 1306 and 1307 output a detected signal (Hi-level)
within a predetermined distance (L0) between the magnet shaft support portions 1304 and 1305 and the coil
unit 1312. The detection signal is at a Hi-level when the
light shielding plate blocks the optical path of the transmissive type photo-interrupter, and otherwise it indicates
a Low-level. The position signal from the sensor unit 1311
is fed back to the position signal processing unit 1104 of
the MPU 1100, and the detection signal from the limit
detectors 1306 and 1307 is fed back to the speed plan
calculation unit 1101 of the MPU 1100.
[0086] FIG. 16 is a flowchart illustrating a movement
operation (namely, an origin return operation and an origin point movement operation) to an initial position of a
moving body 1301 in the mechanical unit 1300. The limit
detectors 1306 and 1307, which are comprised by a
transmissive photo interrupter, detect light-shielding by
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the light shielding plates 1313 and 1314 as described
above. Because of this, the limit detectors 1306 and
1307, from the mechanical limit which is the position of
a mechanical movement limit of the moving body 1301,
detect that the moving body 1301 in the range of the
predetermined distance L0 has been reached. As illustrated in FIG. 15 (15a), in the present example, the position (the mechanical limit) of the movement limit is a
position at which the coil unit 1312 and the magnet shaft
support portion 1304 or 1305 interfere.
[0087] In step S1401, the MPU 1100, when an origin
return operation or an origin point movement operation
is instructed, determines whether or not the limit detector
1306 detects the moving body 1301 (whether the output
of the limit detector 1306 is Hi-level or Low-level). If the
output of the limit detector 1306 is Low-level, specifically,
in a case when the distance from the mechanical limit to
the moving body 1301 is L0 or more, the processing proceeds to step S1402. Meanwhile, if the output of the limit
detector 1306 is Hi-level, specifically, in a case when the
moving body 1301 is at a position that is within L0 from
the mechanical limit, the process proceeds to step S1701
(FIG. 19).
[0088] In step S1402, the speed plan calculation unit
1101, obtains a moving speed that can stop the moving
body 1301 within the predetermined distance by decelerating the moving body 1301 at a predetermined rate of
deceleration. In this embodiment, the speed plan calculation unit 1101, obtains a speed vm from the acceleration
α and the distance L0 from the detection point where the
output of the limit detector 1306 becomes the Hi-level to
the mechanical limit by Equation (1).
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[0089] A maximum speed vm, when the output of limit
detector 1306 becomes Hi-level, is the maximum speed
at which the moving body 1301 can stop without contacting the mechanical limit. In other words, it is possible to
cause the moving body 1301 to stop in a range in which
it does not interfere with the mechanical limit in a case
where movement of the moving body 1301 is controlled
based on the detection signal of the limit detector 1306
if the moving body 1301 can be caused to move at a
speed that does not exceed the maximum speed vm. As
a result, without causing the moving body 1301 to interfere with the mechanical limit, a shortening of the time
period for recovery to the initial position is possible.
[0090] Next, the MPU 1100 executes first movement
processing that moves the moving body 1301 toward the
limit detector 1306 with the moving speed vm as a target,
and causes the moving body 1301 to stop within the distance L0 in accordance with the limit detector 1306 detecting the moving body 1301. The first movement
processing corresponds to step S1403 through step
S1407.
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[0091] First, in step S1403, the speed plan calculation
unit 1101 causes the moving body 1301 to move in the
positive direction, performing an acceleration at the acceleration α until the maximum speed vm, and generates
a speed plan to control the speed to maintain the speed
vm in a case when maximum speed vm is reached, to
cause the moving body 1301 to move. The speed plan
calculation unit 1101, during movement of the moving
body 1301, monitors whether or not the output of the limit
detector 1306 becomes Hi-level (step S1404). When the
output of the limit detector 1306 becomes Hi-level, the
process proceeds to step S1405, and records the position detected at that point in time by the position signal
processing unit 1104 to the memory 1107. To explain
step S1405 more concretely, the position signal processing unit 1104, when the edge triggers a switch (a rise) of
the output of the limit detector 1306 to Hi-level, a current
position Pnow is stored in the memory 1107 as a detection position Plim. Note, the current position Pnow is consecutively measured by the scale pattern 1316 and the
sensor unit 1311. After that, the speed plan calculation
unit 1101 generates a speed plan and causes deceleration (step S1406) of the moving body 1301 by negative
acceleration α (step S1407) to stop.
[0092] After the first movement processing (step
S1403 through step S1407) as above completes, the
MPU 1100 performs an origin return or origin point detection operation by returning the moving body 1301 to
a position (the origin point position) at which the status
of the detection of the moving body 1301 by the limit
detector 1306 switches. The process is illustrated by step
S1408 through step S1417. In this embodiment, a position where the status of the detection of the moving body
1301 by the limit detector 1306 switches, in other words
the origin point position, is made to be a position at which
the status of the detection by the limit detector 1306
switches from Hi (a state in which the moving body 1301
is detected) to Low (a state in which the moving body
1301 is not detected). However, this is not limited to the
origin point position, and the opposite is also acceptable.
In other words, the position may be made to be the origin
point position where the status of the detection by the
limit detector 1306 is switched from Hi (a state where the
moving body 1301 is detected) to Low (a state where the
moving body 1301 is not detected).
[0093] After the first movement processing (step
S1403 through step S1407), in step S1408 and step
S1409, the MPU 1100 executes second movement
processing moving the moving body to a limit detection
position stored in the memory 1107. First, in step S1408,
the speed plan calculation unit 1101 generates a speed
plan for moving the moving body 1301 from the current
position Pnow to the detection position Plim stored in the
memory 1107. Then, in step S1409, the speed plan calculation unit 1101, in accordance with the generated
speed plan, moves the moving body 1301 with the storage position Plim as a target value. Note, the speed plan
calculation unit 1101, determines the speed plan of the
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moving body 1301 based on the parameters which are
obtained as moving distance Pm = |Pnow - Plim|, target
speed v1 = sqrt(Pm x α), and the acceleration a.
[0094] When the above described second movement
processing (step S1408 and step S1409) completes, the
MPU 1100 executes third movement processing (step
S1414 - step S1416) if the limit detector 1306 detects the
moving body 1301 (YES in step S1410) as a result of the
second movement processing. In the third movement
processing, the moving body 1301 moves in a direction
away from the position of the movement limitation, and
the limit detector 1306 is stopped at a position where the
moving body 1301 ceases to be able to be detected (NO
in step S1415). Meanwhile, the result of the second
movement processing, in a case that the limit detector
1306 does not move the moving body 1301 (step S1410),
the MPU 1100 moves the moving body 1301 until detected by the limit detector 1306 (step S1411 through step
S1413). The MPU 1100, after moving the moving body
1301 until detected by the limit detector 1306 (step S1412
is YES) and the moving body 1301 is stopped (step
S1413), executes the third movement processing described above (step S1414 through step S1416). In this
way, movement to the origin point position of the moving
body 1301 is completed, and the MPU 1100 determines
the position of the moving body 1301 of that time to the
origin point (step S1417).
[0095] Below, step S1410 through step S1416 will be
explained in detail. In step S1409, if the output of the limit
detector 1306 is Hi-level (if the moving body 1301 is detected) after the moving body 1301 moves to the detection position Plim, the process proceeds from step S1410
to step S1414. In step S1414, the MPU 1100 moves the
moving body 1301 by a low speed feed in the negative
direction or by a step feed operation. Therefore, when
the output of the limit detector 1306 becomes Low-level,
the process proceeds from step S1415 to step S1416
and the MPU 1100 stops movement of the moving body
1301. For example, in step S1414 and step S1415, configuration is such that the MPU 1100 moves the moving
body 1301 by a predetermined distance according to the
step feed, for example, and determines whether or not
the limit detector 1306 detects the moving body 1301 for
each movement. The shorter the predetermined distance
for which the step feed was performed, the higher the
precision of the origin point position becomes, but more
time for the movement will be required. Also, in step
S1414, even in a case when a low speed movement is
used, while the precision of the origin point position will
increase the lower the movement speed of the moving
body 1301 is made to be, more time will be required for
the movement.
[0096] Meanwhile, if the output of the limit detector
1306 is Low-level (if the moving body 1301 is not detected) the MPU 1100, in step S1411, moves the moving
body 1301 by a low speed feed in the positive direction
or by the step feed operation. Therefore, when the output
of the limit detector 1306 becomes Hi-level, the process
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proceeds from step S1412 to step S1413, and the MPU
1100 stops the moving body 1301. After this, the operation of the above described step S1414 through step
S1416 (third movement processing) is performed. If the
moving body 1301 stops, its position is determined (step
S1416) to be the origin point and the origin return operation or the origin point movement operation is completed.
[0097] FIG. 17 (17a) illustrates a speed plan generated
by the speed plan calculation unit 1101 in a case where
the output of the limit detector 1306 indicates the Hi-level,
in the origin return operation/origin point movement operation explained using the flowchart of FIG. 16, after the
speed of the moving body 1301 has reached vm. Also,
FIG. 17 (17b) illustrates states of Hi and Low of the detection signal according to the limit detector 1306. In step
S1403, the speed plan generated by the speed plan calculation unit 1101, accelerates the moving body 1301 at
the acceleration α (acceleration portion 501), and after
the speed the moving body 1301 has reached the vm
obtained in step S1402, this speed maintains movement
in the positive direction (constant speed portion 1502).
The maximum speed vm is obtained in step S1402. When
the moving body 1301 is detected by the limit detector
1306, the speed plan calculation unit 1101 generates a
plan of a deceleration portion 1503 that decelerates at
the acceleration a, to control the movement of the moving
body 1301. Movement thereafter of the moving body
1301 by an acceleration portion 1501, the constant speed
portion 1502, and the deceleration portion 1503 is first
movement processing. Note, acceleration rate is made
to be α for both the acceleration portion 1501 and the
deceleration portion 1503, and it is possible to further
accelerate movement to the origin point position by the
maximum acceleration possible provided by the mechanical unit 1300. Alternatively, by making the acceleration
rate of the deceleration portion 1503 greater than the
acceleration α used for the calculation of target speed
vm, it is possible to stop the moving body 1301 more
reliably within the distance L0.
[0098] In the second movement processing, the speed
plan calculation unit 1101 generates a speed plan making
the limit detection position stored in the memory 1107
the target, and causes the moving body 1301 to move.
The speed plan is comprised by an acceleration portion
1504 and a deceleration portion 1505 in a negative direction (the direction away from the mechanical limit).
During this time, it is desirable to have a speed plan in
which the acceleration and deceleration of the moving
body 1301 is controlled so that the moving body 1301
can move in the shortest time to the detection position
from the stop position.
[0099] FIG. 18 (18a) illustrates a speed plan of the
moving body 1301 in a case where the output of the limit
detector 1306 indicates the Hi-level prior to the speed of
the moving body 1301 reaching vm. Also, FIG. 18 (18b)
illustrates a state of Hi and Low of the detection signal
by the limit detector 1306. In the first movement process-
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ing, the speed plan switches, in accordance with the detection signal from the limit detector 1306, from the acceleration portion 1601 in which acceleration is by the
acceleration α is in positive direction to a deceleration
portion 1602 in which deceleration is by the acceleration
α. In the second movement processing, the speed plan
calculation unit 1101 generates a speed plan making the
limit detection position stored in the memory 1107 the
target, and causes the moving body 1301 to move. An
acceleration portion 1603 and a deceleration portion
1604 are similar to the acceleration portion 1504 and the
deceleration portion 1505 described above.
[0100] Note, although the light-shielding photo-interrupter is configured for the limit detector in the above
described embodiment, if a mechanism can detect that
the coil unit 1312 is in a range of the distance L0 from
the mechanical limit, any detector type may be used.
[0101] Next, explanation is given with reference to the
flowchart of FIG. 19 for the process for, in step S1401,
the MPU 1100, the limit detector 1306 detecting the moving body 1301 when an origin return operation or an origin
point movement operation is instructed. In such a case,
the process proceeds from step S1401 to step S1701 of
FIG. 19. FIG. 19 is a flowchart for illustrating a control
procedure by the MPU 1100 for a case where the output
of the limit detector 1306 is the Hi-level (a case where
the limit detector 1306 detects the moving body 1301)
when the origin return operation and the origin point
movement operation of the mechanical unit 1300 are instructed.
[0102] The MPU 1100, in step S1701 through step
S1709 executes a fourth movement processing. In the
fourth movement processing, the MPU 1100, in a direction away from the position of the movement limit, initiates
a movement of the moving body so as to move the distance L0 from a current position, and stops the moving
body 1301
-

40

-

in accordance with the movement of the distance L0
completing in the state in which the limit detector
1306 is detecting the moving body 1301, or
in accordance with the limit detector 1306 ceasing
to be able to detect the moving body 1301 prior to
the movement of the distance L0 completing.
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[0103] In other words, in step S1701, the MPU 1100
sets a position, for which the distance L0 which is set
beforehand (refer to FIG. 15 (15a)) is subtracted from
the current position, to the target position. Thus, in step
S1702, the speed plan calculation unit 1101 creates a
speed plan (acceleration and deceleration plan) from the
acceleration a. Note, the speed plan calculation unit
1101, determines the speed pattern based on the parameters which are calculated as moving distance Ptgt =
Pnow - L0, target speed v2 = sqrt(Ptgt x α), and the acceleration a.
[0104] Thus, in step S1703, the speed plan calculation
unit 1101, in accordance with the speed plan generated,
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moves the moving body 1301 in the negative direction.
During this movement, specifically when the output of
the limit detector 1306 becomes Low-level before reaching the target position, the process proceeds to step
S1706 via step S1704 (NO) and step S1705 (NO). In
other words, the MPU 1100 with an edge (falling edge)
of the output of the detection signal of the limit detector
1306 as a trigger, and the process proceeds to step
S1706. In step S1706, the MPU 1100 stores to the memory 1107 as the detection position Plim a current position
Pnow which is measured consecutively by the sensor
unit 1311 and the scale pattern 1316 obtained from the
position signal processing unit 1104. After this, if the moving body 1301 is in a deceleration operation, the process
proceeds from step S1707 to step S1709, and the moving
body 1301 is stopped by continuing to decelerate with a
negative acceleration a. If not, the process proceeds from
step S1707 to step S1708, a deceleration operation at a
negative acceleration α is forcibly performed to stoppage
(step S1709). Also, when the fourth movement processing is completed by the moving body 1301 reaching the
target position set in step S1701, the process proceeds
from step S1704 to step S1712.
[0105] Next, explanation is given for a case in which
the fourth movement processing (step S1701 through
step S1709) completes in the stoppage of step S1709
via step S1706 - S1708, where prior to the moving body
1301 moving the distance L0 (NO in step S1704) the
trailing edge of the detection signal from the limit detector
1306 is detected (step S1705 changes to NO). In such
a case, the MPU 1100 executes fifth movement processing (step S1710 through step S1711) for moving the moving body 1301 in a direction approaching the limit position
(the mechanical limit) until the limit detector 1306 can
limit detect the position. In other words, in step S1710,
the speed plan calculation unit 1101 generates a speed
plan for moving from the current position Pnow to the
detection position Plim stored in the memory 1107, and
moving the moving body 1301 with the detection position
Plim as a target value in step S1711. The speed plan is
generated based on parameters calculated by moving
distance = |Pnow - Plim|, target speed v3 = sqrt (Pm x
α) and the acceleration a. When the fifth movement
processing is completed, the process proceeds to step
S1712, and the MPU 1100 confirms the existence or absence of the limit detection.
[0106] Meanwhile, in step S1705, in a case when the
moving body 1301 reaches the target position set in step
S1701 before the output of the limit detector 1306 becomes Low-level, YES is determined in step S1704. In
such a case, the MPU 1100 completes the fourth movement processing and the process proceeds from step
S1704 to step S1712.
[0107] In step S1712, in the case of YES, in other
words, when the limit detector 1306 detects the moving
body 1301, the process proceeds to sixth movement
processing (step S1716 through step S1718). In the sixth
movement processing, the MPU 1100 performs stop-
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page (step S1718) by performing movement with a low
speed feed or a step feed (step S1716) until the moving
body 1301 cannot be detected by the limit detector 1306,
in other words, until step S1717 becomes NO.
[0108] Meanwhile, in a case when the result of the
fourth movement processing or the fifth movement
processing is that the moving body 1301 is not detected
by the limit detector 1306 (NO in step S1712), the process
proceeds to step S1713. In such a case, the MPU 1100
first moves the moving body 1301 at a low speed feed
or step feed operation in the direction (the positive direction) of the limit detector 1306 (step S1713). Thus, if the
output of the limit detector 1306 becomes Hi-level (YES
in step S1714), the MPU 1100 stops movement of the
moving body 1301 (step S1715). Thus, the MPU 1100
executes the sixth movement processing as described
above (step S1716 through step S1718). In other words,
the MPU 1100, in a direction of the moving body 1301
away from the position (the mechanical limit) of the movement limit, causes the moving body to move by a low
speed feed or a step feed (step S1716). Thus, the MPU
1100 causes the moving body 1301 to stop at a position
(NO in step S1717) at which the limit detector 1306 ceases to be able to detect the moving body 1301 (step
S1718). Note, the process of step S1716 is similar to step
S1414.
[0109] The MPU 1100 determines the position at which
the moving body 1301 stopped in step S1718 to be the
origin point (step S1719), and completes an origin return
operation and an origin point movement operation.
[0110] FIG. 20 (20a) is a view illustrating a state of
controlling the moving body 1301 based on the speed
plan generated by the speed plan calculation unit 1101
of the MPU 1100 in an origin return operation/an origin
point movement operation explained using the flowchart
of FIG. 19. Also, FIG. 20 (20b) illustrates a state of Hi
and Low of the detection signal according to the limit
detector 1306. In an acceleration portion 1801, the MPU
1100 moves the moving body 1301 at the acceleration
α in the negative direction which is a direction away from
the mechanical limit (step S1703). When the detection
signal of the limit detector 1306 switches to Low before
completing the movement of the distance L0, the MPU
1100 decelerates (the deceleration portion 1802, step
S1708) and stops the movement of the moving body 1301
(step S1709). After this, the MPU 1100 moves the moving
body 1301 to the limit detection position (step S1710,
step S1711). At that time, the speed plan of the moving
body 1301 is like that of an acceleration portion 1803 in
the positive direction and a deceleration portion 1804
when moving in a positive direction. When the movement
of the moving body 1301 according to the acceleration
portion 1803 and the deceleration portion 1804 completes, as explained in step S1712 through step S1718,
the moving body 1301 moves to a precise origin point
position by the low speed or step feed.
[0111] FIG. 21 (21a) is, in step S1701 through step
S1705, is a figure that illustrates a speed plan in a case
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when the moving body 1301 reaches the target position
(Ptgt) set in step S1701. Also, FIG. 21 (21b) illustrates a
state of Hi and Low of the detection signal by the limit
detector 1306. When the moving body 1301 is stopped
via a deceleration portion 1902 at a time of movement in
the negative direction, and an acceleration unit 1901 during movement in the negative direction, the MPU 1100,
as explained in step S1712 through step S1718, by the
low speed or step feed, moves the moving body 1301 to
a precise origin point position. Note, in FIG. 21 (21a), a
state in which the limit detector 1306 is detecting the moving body 1301 when the moving body 1301 is stopped
via the deceleration portion 1902 is illustrated. This is a
case when the moving body 1301 is very close to the
mechanical limit, and a case when the limit detection position is positioned at a position slightly longer than L0
(an error at a time of manufacture). In such a case, in a
time period 1903 (shown longer than it actually is), the
MPU 1100 low speed feeds or step feeds the moving
body 1301 in the positive direction, switches the detection
signal of the limit detector 1306 from Hi to Low, and determines the position of the moving body 1301 to be the
origin point position.
[0112] Note, although the limit detectors 1306 and
1307 use a photo-interrupter in the above described embodiment, if a mechanism can detect the distance between the coil unit 1312 and the mechanical limit, a limit
detector and guidance type sensor may be used. Also,
although the stage apparatus of a single axis is illustrated
above, it goes without saying that the above described
configuration can be applied to each axis of the stage
apparatus of two axes.
[0113] Also, the stage apparatus described above can
be applied to respective devices that require positioning.
For example, it can be used as a stage of a microscope
that places an observation target and moves to change
an observable area.
[0114] As explained above, in accordance with the
stage apparatus of the present embodiment, by performing an appropriate speed setting in the origin return, a
destruction of mechanical precision by contacting the
mechanical limit of the moving body is prevented, and
also, it is possible for the origin return and the origin point
movement to be performed in a short duration. Also, even
in a case when the origin point is made to be the detection
point of the limit detector, it is possible to perform the
origin return operation and the origin point movement
operation at high speed without the moving body contacting the mechanical limit with fewer sensors.
[0115] In addition, by virtue of the second embodiment,
it is possible to determine a position of a moving body at
high speed by using a sensor that restricts a movement
range of the moving body.
[0116] Embodiment(s) of the present invention can also be realized by a computer of a system or apparatus
that reads out and executes computer executable instructions (e.g., one or more programs) recorded on a
storage medium (which may also be referred to more
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fully as a ’non-transitory computer-readable storage medium’) to perform the functions of one or more of the
above-described embodiment(s) and/or that includes
one or more circuits (e.g., application specific integrated
circuit (ASIC)) for performing the functions of one or more
of the above-described embodiment(s), and by a method
performed by the computer of the system or apparatus
by, for example, reading out and executing the computer
executable instructions from the storage medium to perform the functions of one or more of the above-described
embodiment(s) and/or controlling the one or more circuits
to perform the functions of one or more of the abovedescribed embodiment(s). The computer may comprise
one or more processors (e.g., central processing unit
(CPU), micro processing unit (MPU)) and may include a
network of separate computers or separate processors
to read out and execute the computer executable instructions. The computer executable instructions may be provided to the computer, for example, from a network or
the storage medium. The storage medium may include,
for example, one or more of a hard disk, a random-access
memory (RAM), a read only memory (ROM), a storage
of distributed computing systems, an optical disk (such
as a compact disc (CD), digital versatile disc (DVD), or
Blu-ray Disc (BD)™), a flash memory device, a memory
card, and the like.
[0117] While the present invention has been described
with reference to exemplary embodiments, it is to be understood that the invention is not limited to the disclosed
exemplary embodiments.
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1.

A stage apparatus, comprising:
a movable unit (200); an incremental scale (211)
fixed to the movable unit (200) and having a predetermined length shorter than a distance the
movable unit (200) can move in a first direction;
a first and a second sensor (271a, b) configured
to read the scale (211) that are arranged in the
first direction with an interval therebetween
shorter than the predetermined length;
detection means (243) configured to detect an
origin point position set in a movable range of
the movable unit (200), wherein the first sensor
(271b) is arranged closer to the origin point position than the second sensor (271a); and
movement control means (280) configured to
perform an origin return operation that moves
the movable unit (200) to the origin point position, wherein
if the movable unit (200) is at a position at which
both the first sensor (271b) and the second sensor (272a) can read the scale (211), the movement control means (280) is configured to execute, in the origin return operation, a first move-
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ment that causes the movable unit (200) to move
a predetermined distance in a direction of the
origin point position, and, after the first movement, a second movement that causes the movable unit (200) to move at a lower speed than
the first movement until the detection means
(243) detects the origin point position, and
if the second sensor (271a) can read the scale
(211) but the first sensor (271b) cannot read the
scale (211), the movement control means (280)
is configured to execute a third movement that
moves the movable unit (200) toward the origin
point position, and to execute the first movement
when the movable unit (200) comes to a position
at which the scale (211) can be read by both of
the first sensor (271b) and the second sensor
(271a).
2.

3.

4.

The apparatus according to claim 1, wherein
a speed of the third movement is a speed in the first
movement.
The apparatus according to claim 1, wherein
if the first sensor (271b) can read the scale (211) but
the second sensor (271a) cannot read the scale
(211), the movement control means (280) is configured to execute a fourth movement that moves the
movable unit (200) in an opposite direction to the
origin point position, and to execute the first movement when the movable unit (200) comes to a position at which the scale (211) can be read by both of
the first sensor (271b) and the second sensor (271a).
The apparatus according to any one of claims 1 to
3, wherein
after causing the movable unit (200) to move to the
origin point position, the movement control means
(280) is configured to manage the position of the
movable unit (200) while the first sensor (271b) and
the second sensor (271a) can read the scale (211),
by performing a handover of reading of the scale
(211) between the first sensor (271b) and the second
sensor (271a).

5.

The apparatus according to any one of claims 1 to
4, wherein
the movement control means (280) is configured to
execute the origin return operation at a time of power
activation.

6.

The apparatus according to any one of claims 1 to
4, wherein
the movement control means (280) is configured to
execute the origin return i operation if a value of the
scale (211) read by the first sensor (271b) or the
second sensor (271a) enters a reset state.

6, further comprising:
a position signal processing circuit (281a, 281b)
for processing signals from the first and second
sensors (271a, b) and generating a position signal, wherein
the movement control means (280) is implemented by an MPU executing a program, and
is configured to obtain the position of the movable unit (200) from the position signal processing circuit (281a, 281b).
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8.

The apparatus according to any one of claims 1 to
6, further comprising:

15

conversion means for converting signals from
the first and second sensors (271a, b) into digital
signals,
the movement control means (280) is implemented by an MPU executing a program, and
configured to obtain the position of the movable
unit (200) from the conversion means.
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The apparatus according to any one of claims 1 to
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A method of controlling a stage apparatus, comprising:
a movable unit (200); an incremental scale (211)
fixed to the movable unit (200) and having a predetermined length shorter than a distance the
movable unit (200) can move in a first direction;
a first and a second sensor (271a, b) for reading
the scale (211) that are arranged in the first direction with an interval therebetween shorter
than the predetermined length;
detection means (243) for detecting an origin
point position set in a movable range of the movable unit,
wherein the first sensor (271b) is arranged closer to the origin point position than the second
sensor (271a),
the method comprising:
in an origin return operation that moves the
movable unit (200) to the origin point position, a first movement step , f the movable
unit (200) is at a position at which both the
first sensor (271b) and the second sensor
(271a) can read the scale (211), causing
the movable unit (200) to move a predetermined distance in a direction of the origin
point position, and,
a second movement step, after the movement in the first movement step, causing
the movable unit (200) to move at a lower
speed than in the first movement step until
the detection means (243) detects the origin
point position, and
if the second sensor (271a) can read the
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scale (211) but the first sensor (271b) cannot read the scale (211), a third movement
step causing the movable unit (200) to move
toward the origin point position, wherein the
first movement step is executed when the
movable unit (200) comes to a position at
which the scale (211) can be read by both
of the first sensor (271b) and the second
sensor (271a).

as a stage for placing a slide (700).
12. A microscope system (10), comprising:
5

10

10. A program for a computer (500) which is adapted for
controlling a stage apparatus, the stage apparatus
comprising
a movable unit (200);
an incremental scale (211) fixed to the movable unit
(200) and having a predetermined length shorter
than a distance the movable unit (200) can move in
a first direction;
a first and a second sensor (271a, b) for reading the
scale (211) that are arranged in the first direction
with an interval therebetween shorter than the predetermined length;
detection means (243) for detecting an origin point
position set in a movable range of the movable unit
(200), and
conversion means for converting signals from the
first and second sensors (271a, b) into digital signals;
wherein the first sensor (271b) is arranged closer to
the origin point position than the second sensor
(271a), the program comprising instructions that
when run on the computer cause said stage apparatus to execute:
in an origin return operation that moves the movable unit (200) to the origin point position, a first
movement step, if the movable unit (200) is at a
position at which both the first sensor (271b) and
the second sensor (271a) can read the scale,
causing the movable unit (200) to move a predetermined distance in a direction of the origin
point position,
a second movement step, after the movement
in the first movement step, causing the movable
unit (200) to move at a lower speed than in the
first movement step until the detection means
(243) detects the origin point position, and
if the second sensor (271a) can read the scale
(211) but the first sensor (271b) cannot read the
scale (211), a third movement step causing the
movable unit (200) to move toward the origin
point position, wherein the first movement step
is executed when the movable unit (200) comes
to a position at which the scale (211) can be read
by both of the first sensor (271b) and the second
sensor (271a).
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11. A microscope system (10) comprising the stage apparatus (200) according to any one of claims 1 to 8
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a microscope body (100);
a stage (200) that places a slide (700) which is
an observation target, and that is mounted on
the microscope body (100), and that has an XYstage that is configured to move in an X direction
and a Y direction that are orthogonal to each
other;
an XY scale plate (210) that is fixed to the XYstage and that has an incremental scale (211,
212) having a predetermined length in the X direction shorter than a distance the XY-stage can
move in the X direction and a predetermined
length in the Y direction shorter than a distance
the XY-stage can move in the Y direction; and
for each of the X direction and the Y direction,
comprises:
a first and a second sensor (271a, 271b,
272a, 272b) configured to read the scale
(211, 212) that are arranged with an interval
therebetween shorter than the respective
predetermined length;
detection means (243) configured to detect
an origin point position set in a movable
range of the XY-stage, wherein each of the
first sensors (271b, 272b) is arranged closer
to the origin point position than the corresponding second sensor (271a, 272a); and
movement control means (280) configured
to, for each of the X direction and the Y direction, if the XY-stage is at a position at
which both the first sensor (271b, 272b) and
the second sensor (271a, 272a) can read
the scale (211, 212), execute, in an origin
return operation that moves the XY-stage
to the origin point position, a first movement
that causes the XY-stage to move a predetermined distance in a direction of the origin
point position, and, after the first movement,
a second movement that causes the XYstage to move at a lower speed than the first
movement until the detection means (243)
detects the origin point position, and
if the second sensor (271a, 272a) can read
the scale (211) but the first sensor (271b,
272b) cannot read the scale (211), the
movement control means (280) is configured to execute a third movement that
moves the movable unit (200) toward the
origin point position, and to execute the first
movement when the movable unit (200)
comes to a position at which the scale (211)
can be read by both of the first sensor (271b,
272b) and the second sensor (271a, 272a).
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Patentansprüche
1.

2.

schwindigkeit der ersten Bewegung ist.

Tischvorrichtung mit:
einer bewegbaren Einheit (200);
einer Inkrementalskala (211), die an die bewegbare Einheit (200) fixiert ist und eine vorbestimmte Länge aufweist, die kürzer als eine Entfernung ist, die sich die bewegbare Einheit (200)
in einer ersten Richtung bewegen kann;
einem ersten und einem zweiten Sensor (271a,
b), die konfiguriert sind, die Skala (211) zu lesen,
die in der ersten Richtung mit einem Intervall
dazwischen, das kürzer als die vorbestimmte
Länge ist, angeordnet sind;
einer Erfassungseinrichtung (243), die konfiguriert ist, eine Ursprungspunktposition zu erfassen, die in einem bewegbaren Bereich der bewegbaren Einheit (200) gesetzt ist, wobei der
erste Sensor (271b) näher an der Ursprungsposition angeordnet ist als der zweite Sensor
(271a); und
einer Bewegungssteuerungseinrichtung (280),
die konfiguriert ist, einen Ursprungsrückkehrbetrieb auszuführen, der die bewegbare Einheit
(200) zu der Ursprungspunktposition bewegt,
wobei,
wenn die bewegbare Einheit (200) bei einer Position ist, bei der sowohl der erste Sensor (271b)
als auch der zweite Sensor (272a) die Skala
(211) lesen können, die Bewegungssteuerungseinrichtung (280) konfiguriert ist, in dem
Ursprungsrückkehrbetrieb eine erste Bewegung, die die bewegbare Einheit (200) veranlasst, sich eine vorbestimmte Entfernung in einer Richtung der Ursprungspunktposition zu bewegen, und nach der ersten Bewegung eine
zweite Bewegung auszuführen, die die bewegbare Einheit (200) veranlasst, sich mit einer
niedrigeren Geschwindigkeit als bei der ersten
Bewegung zu bewegen, bis die Erfassungseinrichtung (243) die Ursprungspunkposition erfasst, und,
wenn der zweite Sensor (271a) die Skala (211)
lesen kann, aber der erste Sensor (271b) die
Skala (211) nicht lesen kann, die Bewegungssteuerungseinrichtung (280) konfiguriert ist, eine dritte Bewegung auszuführen, die die bewegbare Einheit (200) in Richtung der Ursprungsposition bewegt, und die erste Bewegung auszuführen, wenn die bewegbare Einheit (200) zu
einer Position kommt, bei der die Skala (211)
durch sowohl den ersten Sensor (217b) als auch
den zweiten Sensor (271a) gelesen werden
kann.
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3.

Vorrichtung nach Anspruch 1, wobei
wenn der erste Sensor (271b) die Skala (211) lesen
kann, aber der zweite Sensor (271a) die Skala (211)
nicht lesen kann, die Bewegungssteuerungseinrichtung (280) konfiguriert ist, eine vierte Bewegung auszuführen, die die bewegbare Einheit (200) in eine zu
der Ursprungspunktposition entgegengesetzten
Richtung bewegt, und die erste Bewegung auszuführen, wenn die bewegbare Einheit (200) zu einer
Position kommt, bei der die Skala (211) durch sowohl
den ersten Sensor (271b) als auch den zweiten Sensor (271a) gelesen werden kann.

4.

Vorrichtung nach einem der Ansprüche 1 bis 3, wobei,
nachdem die bewegbare Einheit (200) veranlasst
worden ist, sich zu der Ursprungspunktposition zu
bewegen, die Bewegungssteuerungseinrichtung
(280) konfiguriert ist, die Position der bewegbaren
Einheit (200) zu verwalten, während der erste Sensor (271b) und der zweite Sensor (271a) die Skala
(211) lesen können, indem eine Übergabe des Lesens der Skala (211) zwischen dem ersten Sensor
(271b) und dem zweiten Sensor (271a) ausgeführt
wird.

5.

Vorrichtung nach einem der Ansprüche 1 bis 4, wobei
die Bewegungssteuerungseinrichtung (280) konfiguriert ist, den Ursprungsrückkehrbetrieb zu einer
Zeit einer Leistungsaktivierung auszuführen.

6.

Vorrichtung nach einem der Ansprüche 1 bis 4, wobei
die Bewegungssteuerungseinrichtung (280) konfiguriert ist, den Ursprungsrückkehrbetrieb auszuführen, wenn ein Wert der Skala (211), der durch den
ersten Sensor (271b) oder den zweiten Sensor
(271a) gelesen wird, in einen Rücksetzzustand eintritt.

7.

Vorrichtung nach einem der Ansprüche 1 bis 6, ferner mit:
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einer Positionssignalverarbeitungsschaltung
(281a, 281b) zur Verarbeitung von Signalen von
den ersten und zweiten Sensoren (271a, b) und
zum Erzeugen eines Positionssignals, wobei
die Bewegungssteuerungseinrichtung (280)
durch eine MPU implementiert ist, die ein Programm ausführt, und konfiguriert ist, die Position
der bewegbaren Einheit (200) von der Positionssignalverarbeitungsschaltung (281a, 281b) zu
erhalten.

50
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Vorrichtung nach Anspruch 1, wobei
eine Geschwindigkeit der dritten Bewegung eine Ge-

8.

22

Vorrichtung nach einem der Ansprüche 1 bis 6, fer-
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ner mit:
einer Umwandlungseinrichtung zum Umwandeln von Signalen von den ersten und zweiten
Sensoren (271a, b) in digitale Signale,
wobei die Bewegungssteuerungseinrichtung
(280) durch eine MPU implementiert ist, die ein
Programm ausführt, und konfiguriert ist, die Position der bewegbaren Einheit (200) von der Umwandlungseinrichtung zu erhalten.
9.

5

in einem Ursprungsrückkehrbetrieb, der die
bewegbare Einheit (200) zu der Ursprungspunkposition bewegt, einen ersten Bewegungsschritt, wenn die bewegbare Einheit
(200) bei einer Position ist, bei der sowohl
der erste Sensor (271b) als auch der zweite
Sensor (271a) die Skala (211) lesen können, der die bewegbare Einheit (200) veranlasst, sich eine vorbestimmte Entfernung
in eine Richtung der Ursprungspunktposition zu bewegen, und
einen zweiten Bewegungsschritt nach der
Bewegung in dem ersten Bewegungsschritt, der die bewegbare Einheit (200) veranlasst, sich mit einer niedrigeren Geschwindigkeit als in dem ersten Bewegungsschritt zu bewegen, bis die Erfassungseinrichtung (243) die Ursprungspunktposition erfasst, und,
wenn der zweite Sensor (271a) die Skala
(211) lesen kann, aber der erste Sensor
(271b) die Skala (211) nicht lesen kann, einen dritten Bewegungsschritt, der die bewegbare Einheit (200) veranlasst, sich in
Richtung der Ursprungspunktposition zu
bewegen, wobei der erste Bewegungs-

schritt ausgeführt wird, wenn die bewegbare Einheit (200) zu einer Position kommt,
bei der die Skala (211) durch sowohl den
ersten Sensor (271b) als auch den zweiten
Sensor (271a) gelesen werden kann.
10. Programm für einen Computer (500), der zur Steuerung einer Tischvorrichtung geeignet ist, wobei die
Tischvorrichtung umfasst:
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Verfahren zum Steuern einer Tischvorrichtung mit:
einer bewegbaren Einheit (200);
einer Inkrementalskala (211), die an der bewegbaren Einheit (200) fixiert ist und eine vorbestimmte Länge aufweist, die kürzer als eine Entfernung ist, die sich die bewegbare Einheit (200)
in einer ersten Richtung bewegen kann;
einem ersten und einem zweiten Sensor (271a,
b) für ein Lesen der Skala (211), die in der ersten
Richtung mit einem Intervall dazwischen angeordnet sind, das kürzer als die vorbestimmte
Länge ist;
einer Erfassungseinrichtung (243) zur Erfassung einer Ursprungspunktposition, die in einem bewegbaren Bereich der bewegbaren Einheit gesetzt ist, wobei der erste Sensor (271b)
näher an der Ursprungspunktposition angeordnet ist als der zweite Sensor (271a),
wobei das Verfahren umfasst:
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eine bewegbare Einheit (200);
eine Inkrementalskala (211), die an der bewegbaren Einheit (200) fixiert ist und eine vorbestimmte Länge aufweist, die kürzer als eine Entfernung ist, die sich die bewegbare Einheit (200)
in einer ersten Richtung bewegen kann;
einen ersten und einen zweiten Sensor (271a,
b) zum Lesen der Skala (211), die in der ersten
Richtung mit einem Intervall dazwischen angeordnet sind, das kürzer als die vorbestimmte
Länge ist;
eine Erfassungseinrichtung (243) zur Erfassung
einer Ursprungspunktposition, die in einem bewegbaren Bereich der bewegbaren Einheit
(200) gesetzt ist, und
eine Umwandlungseinrichtung zur Umwandlung von Signalen von den ersten und zweiten
Sensoren (271a, b) in digitale Signale;
wobei der erste Sensor (271b) näher an der Ursprungspunktposition als der zweite Sensor
(271a) angeordnet ist,
wobei das Programm Anweisungen umfasst,
die, wenn sie auf dem Computer ablaufen, die
Tischvorrichtung veranlassen:
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in einem Ursprungsrückkehrbetrieb, der die
bewegbare Einheit (200) zu der Ursprungspunktposition bewegt, einen ersten Bewegungsschritt auszuführen, wenn die bewegbare Einheit (200) bei einer Position ist, bei
der sowohl der erste Sensor (271b) als auch
der zweite Sensor (271a) die Skala lesen
können, der die bewegbare Einheit (200)
veranlasst, sich eine vorbestimmte Entfernung in eine Richtung der Ursprungspunktposition zu bewegen,
einen zweiten Bewegungsschritt nach der
Bewegung in dem ersten Bewegungsschritt
auszuführen, der die bewegbare Einheit
(200) veranlasst, sich mit einer niedrigeren
Geschwindigkeit als in dem ersten Bewegungsschritt zu bewegen, bis die Erfassungseinrichtung (243) die Ursprungspunktposition erfasst, und,
wenn der zweite Sensor (271a) die Skala
(211) lesen kann, aber der erste Sensor
(271b) die Skala (211) nicht lesen kann, einen dritten Bewegungsschritt auszuführen,
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der die bewegbare Einheit (200) veranlasst,
sich hin zu der Ursprungsposition zu bewegen, wobei der erste Bewegungsschritt ausgeführt wird, wenn die bewegbare Einheit
(200) zu einer Position kommt, bei der die
Skala (211) durch sowohl den ersten Sensor (271b) als auch den zweiten Sensor
(271a) gelesen werden kann.
11. Mikroskopsystem (10) mit der Tischvorrichtung
(200) nach einem der Ansprüche 1 bis 8 als einen
Tisch zum Platzieren eines Objektträgers (700).

Bewegung, die den XY-Tisch veranlasst,
sich eine vorbestimmte in eine Richtung der
Ursprungspunktposition zu bewegen, und
nach der ersten Bewegung eine zweite Bewegung auszuführen, die den XY-Tisch veranlasst, sich mit einer niedrigeren Geschwindigkeit als in der ersten Bewegung
zu bewegen, bis die Erfassungseinrichtung
(243) die Ursprungspunktposition erfasst,
und,
wenn der zweite Sensor (271a, 272a) die
Skala (211) lesen kann, aber der erste Sensor (271b, 272b) die Skala (211) nicht lesen
kann, die Bewegungssteuerungseinrichtung (280) konfiguriert ist, eine dritte Bewegung auszuführen, die die bewegbare Einheit (200) hin zu der Ursprungspunktposition bewegt, und die erste Bewegung auszuführen, wenn die bewegbare Einheit (200)
zu einer Position kommt, bei der die Skala
(211) durch sowohl den ersten Sensor
(271b, 272b) als auch den zweiten Sensor
(271a, 272a) gelesen werden kann.

5

10

12. Mikroskopsystem (10) mit:
15

einem Mikroskopkörper (100);
einem Tisch (200), der einen Objektträger (700)
platziert, der ein Beobachtungsziel ist, und der
auf dem Mikroskopkörper (100) angebracht ist
und der einen XY-Tisch aufweist, der konfiguriert ist, sich in einer X-Richtung und einer YRichtung, die orthogonal zueinander sind, zu
bewegen;
einer XY-Skalenplatte (210), die an den XYTisch fixiert ist, und die eine Inkrementalskala
(211, 212) mit einer vorbestimmten Länge in der
X-Richtung, die kürzer als eine Entfernung ist,
die sich der XY-Tisch in der X-Richtung bewegen kann, und eine vorbestimmte Länge in der
Y-Richtung aufweist, die kürzer ist als eine Entfernung, die sich der XY-Tisch in der Y-Richtung
bewegen kann; und
für jede der X-Richtung und der Y-Richtung umfasst:

20
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Revendications
1.
30

35

einen ersten und einen zweiten Sensor
(271a, 271b, 272a, 272b), die konfiguriert
sind, die Skala (211, 212) zu lesen, die mit
einem Intervall dazwischen angeordnet
sind, das kürzer als die jeweilige vorbestimmte Länge ist;
eine Erfassungseinrichtung (243), die konfiguriert ist, eine Ursprungspunktposition zu
erfassen, die in einem bewegbaren Bereich
des XY-Tisches gesetzt ist, wobei jeder der
ersten Sensoren (271b, 272b) näher an der
Ursprungspunktposition angeordnet ist als
der entsprechende zweite Sensor (271a,
272a); und
eine
Bewegungsteuerungseinrichtung
(280), die konfiguriert ist, für jede der XRichtung und der Y-Richtung, wenn der XYTisch bei einer Position ist, bei der sowohl
der erste Sensor (271b, 272b) als auch der
zweite Sensor (271a, 272a) die Skala (211,
212) lesen können, in einem Ursprungsrückkehrbetrieb, der den XY-Tisch zu der
Ursprungspunktposition bewegt, eine erste
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Appareil platine, comprenant :
une unité mobile (200) ;
une échelle incrémentielle (211) fixée à l’unité
mobile (200) et ayant une longueur prédéterminée plus courte qu’une distance selon laquelle
l’unité mobile (200) peut se déplacer dans une
première direction ;
des premier et second capteurs (271a, b) configurés pour lire l’échelle (211), qui sont disposés dans la première direction, un intervalle qui
les sépare étant plus court que la longueur
prédéterminée ;
un moyen de détection (243) configuré pour détecter une position de point d’origine définie
dans une plage de mobilité de l’unité mobile
(200), où le premier capteur (271b) est disposé
plus près de la position de point d’origine que le
second capteur (271a) ; et
un moyen de commande de déplacement (280)
configuré pour mettre en œuvre une opération
de retour à l’origine qui déplace l’unité mobile
(200) vers la position de point d’origine, où
si l’unité mobile (200) se trouve à une position
à laquelle le premier capteur (271b) et le second
capteur (271a) peuvent tous les deux lire l’échelle (211), le moyen de commande de déplacement (280) est configuré pour exécuter, lors de
l’opération de retour à l’origine, un premier déplacement qui amène l’unité mobile (200) à se
déplacer d’une distance prédéterminée dans un
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sens vers la position de point d’origine et, après
le premier déplacement, un deuxième déplacement qui amène l’unité mobile (200) à se déplacer à une vitesse plus lente que celle du premier
déplacement jusqu’à ce que le moyen de détection (243) détecte la position de point d’origine,
et
si le second capteur (271a) peut lire l’échelle
(211) mais que le premier capteur (271b) ne
peut pas lire l’échelle (211), le moyen de commande de déplacement (280) est configuré pour
exécuter un troisième déplacement qui déplace
l’unité mobile (200) en direction de la position
de point d’origine, et pour exécuter le premier
déplacement lorsque l’unité mobile (200) vient
à une position au niveau de laquelle l’échelle
(211) peut être lue à la fois par le premier capteur
(271b) et par le second capteur (271a).
2.

Appareil selon la revendication 1, dans lequel
une vitesse du troisième déplacement correspond à
une vitesse du premier déplacement.

3.

Appareil selon la revendication 1, dans lequel
si le premier capteur (271b) peut lire l’échelle (211)
mais que le second capteur (271a) ne peut pas lire
l’échelle (211), le moyen de commande de déplacement (280) est configuré pour exécuter un quatrième
déplacement qui déplace l’unité mobile (200) dans
un sens opposé à la position de point d’origine, et
pour exécuter le premier déplacement lorsque l’unité
mobile (200) vient à une position au niveau de laquelle l’échelle (211) peut être lue à la fois par le
premier capteur (271b) et par le second capteur
(271a).

4.

5.

6.

Appareil selon l’une quelconque des revendications
1 à 3, dans lequel
après avoir amené l’unité mobile (200) à se déplacer
vers la position de point d’origine, le moyen de commande de déplacement (280) est configuré pour gérer la position de l’unité mobile (200) tandis que le
premier capteur (271b) et le second capteur (271a)
peuvent lire l’échelle (211), par une mise en œuvre
d’un transfert de lecture de l’échelle (211) entre le
premier capteur (271b) et le second capteur (271a).
Appareil selon l’une quelconque des revendications
1 à 4, dans lequel
le moyen de commande de déplacement (280) est
configuré pour exécuter l’opération de retour à l’origine à un instant de mise sous tension.
Appareil selon l’une quelconque des revendications
1 à 4, dans lequel
le moyen de commande de déplacement (280) est
configuré pour exécuter l’opération de retour à l’origine si une valeur de l’échelle (211) lue par le premier
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capteur (271b) ou par le second capteur (271a)
prend une valeur d’état de réinitialisation.
7.
5

Appareil selon l’une quelconque des revendications
1 à 6, comprenant en outre :
un circuit de traitement de signaux de position
(281a, 281b) destiné à traiter des signaux provenant des premier et second capteurs (271a,
b) et à générer un signal de position, où
le moyen de commande de déplacement (280)
est mis en œuvre par une MPU exécutant un
programme, et est configuré pour obtenir la position de l’unité mobile (200) à partir du circuit
de traitement de signaux de position (281a,
281b).

10

15

8.

Appareil selon l’une quelconque des revendications
1 à 6, comprenant en outre :

20

un moyen de conversion destiné à convertir des
signaux provenant des premier et second capteurs (271a, b) en signaux numériques,
le moyen de commande de déplacement (280)
est mis en œuvre par une MPU exécutant un
programme, et est configuré pour obtenir la position de l’unité mobile (200) à partir du moyen
de conversion.
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9.

Procédé de commande d’un appareil platine,
comprenant :
une unité mobile (200) ;
une échelle incrémentielle (211) fixée à l’unité
mobile (200) et ayant une longueur prédéterminée plus courte qu’une distance selon laquelle
l’unité mobile (200) peut se déplacer dans une
première direction ;
des premier et second capteurs (271a, b) destinés à lire l’échelle (211) qui sont disposés dans
la première direction, un intervalle qui les sépare
étant plus court que la longueur prédéterminée ;
un moyen de détection (243) destiné à détecter
une position de point d’origine définie dans une
plage de mobilité de l’unité mobile,
dans lequel le premier capteur (271b) est disposé plus près de la position de point d’origine
que le second capteur (271a),
le procédé comprenant :

50

55
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lors d’une opération de retour à l’origine qui
déplace l’unité mobile (200) vers la position
de point origine, une première étape de déplacement consistant à, si l’unité mobile
(200) se trouve à une position au niveau de
laquelle le premier capteur (271b) et le second capteur (271a) peuvent tous les deux
lire l’échelle (211), amener l’unité mobile
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(200) à se déplacer d’une distance prédéterminée dans un sens vers la position de
point d’origine, et
une deuxième étape de déplacement consistant à, après le déplacement effectué à
la première étape de déplacement, amener
l’unité mobile (200) à se déplacer à une vitesse plus lente que celle de la première
étape de déplacement jusqu’à ce que le
moyen de détection (243) détecte la position de point d’origine, et
si le second capteur (271a) peut lire l’échelle (211) mais que le premier capteur (271b)
ne peut pas lire l’échelle (211), une troisième étape de déplacement consistant à
amener l’unité mobile (200) à se déplacer
en direction de la position de point d’origine,
où la première étape de déplacement est
exécutée lorsque l’unité mobile (200) vient
à une position au niveau de laquelle l’échelle (211) peut être lue à la fois par le premier
capteur (271b) et par le second capteur
(271a).
10. Programme pour un ordinateur (500) qui est conçu
pour commander un appareil platine, l’appareil platine comprenant :
une unité mobile (200) ;
une échelle incrémentielle (211) fixée à l’unité
mobile (200) et ayant une longueur prédéterminée plus courte qu’une distance selon laquelle
l’unité mobile (200) peut se déplacer dans une
première direction ;
des premier et second capteurs (271a, b) destinés à lire l’échelle (211) qui sont disposés dans
la première direction, un intervalle qui les sépare
étant plus court que la longueur prédéterminée ;
un moyen de détection (243) destiné à détecter
une position de point d’origine définie dans une
plage de mobilité de l’unité mobile (200), et
un moyen de conversion destiné à convertir des
signaux provenant des premier et second capteurs (271a, b) en signaux numériques ;
dans lequel le premier capteur (271b) est disposé plus près de la position de point d’origine
que le second capteur (271a),
le programme comprenant des instructions qui,
lorsqu’elles sont exécutées sur l’ordinateur,
amènent ledit appareil platine à exécuter :
lors d’une opération de retour à l’origine qui
déplace l’unité mobile (200) vers la position
de point d’origine, une première étape de
déplacement consistant à, si l’unité mobile
(200) se trouve à une position au niveau de
laquelle le premier capteur (271b) et le second capteur (271a) peuvent tous les deux
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lire l’échelle, amener l’unité mobile (200) à
se déplacer d’une distance prédéterminée
dans un sens vers la position de point d’origine,
une deuxième étape de déplacement consistant à, après le déplacement de la première étape de déplacement, amener l’unité mobile (200) à se déplacer à une vitesse
plus lente que celle de la première étape de
déplacement jusqu’à ce que le moyen de
détection (243) détecte la position de point
d’origine, et
si le second capteur (271a) peut lire l’échelle (211) mais que le premier capteur (271b)
ne peut pas lire l’échelle (211), une troisième étape de déplacement consistant à
amener l’unité mobile (200) à se déplacer
en direction de la position de point d’origine,
où la première étape de déplacement est
exécutée lorsque l’unité mobile (200) vient
à une position au niveau de laquelle l’échelle (211) peut être lue à la fois par le premier
capteur (271b) et par le second capteur
(271a).

25

11. Système de microscope (10) comprenant l’appareil
platine (200) selon l’une quelconque des revendications 1 à 8 en tant que platine de mise en place d’une
lame porte-objet (700).
30

12. Système de microscope (10), comprenant :
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un corps de microscope (100) ;
une platine (200) qui met en place une lame porte-objet (700) qui est une cible d’observation, et
qui est montée sur le corps de microscope (100),
et qui comporte une platine XY qui est configurée pour se déplacer dans une direction X et
dans une direction Y qui sont orthogonales l’une
à l’autre ;
une plaque graduée XY (210) qui est fixée à la
platine XY et qui comporte une échelle incrémentielle (211, 212) ayant une longueur prédéterminée dans la direction X plus courte qu’une
distance selon laquelle la platine XY peut se déplacer dans la direction X et une longueur prédéterminée dans la direction Y plus courte
qu’une distance selon laquelle la platine XY peut
se déplacer dans la direction Y ; et
pour chacune de la direction X et de la direction
Y, comprenant :
des premier et second capteurs (271a,
271b, 272a, 272b) configurés pour lire
l’échelle (211, 212) qui sont disposés de
sorte qu’un intervalle qui les sépare est plus
court que la longueur prédéterminée
respective ;
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un moyen de détection (243) configuré pour
détecter une position de point d’origine définie dans une plage de mobilité de la platine
XY, où les premiers capteurs (271b, 272b)
sont disposés individuellement plus près de
la position de point d’origine que le second
capteur correspondant (271a, 272a) ; et
un moyen de commande de déplacement
(280) configuré pour, pour chacune de la
direction X et de la direction Y, si la platine
XY se trouve à une position au niveau de
laquelle le premier capteur (271b, 272b) et
le second capteur (271a, 272b) peuvent
tous les deux lire l’échelle (211, 212), exécuter, lors d’une opération de retour à l’origine qui déplace la platine XY vers la position de point d’origine, un premier déplacement qui amène la platine XY à se déplacer
d’une distance prédéterminée dans un sens
vers la position de point d’origine et, après
le premier déplacement, un deuxième déplacement qui amène la platine XY à se déplacer à une vitesse plus lente que celle du
premier déplacement jusqu’à ce que le
moyen de détection (243) détecte la position de point d’origine, et
si le second capteur (271a, 272a) peut lire
l’échelle (211) mais que le premier capteur
(271b, 272b) ne peut pas lire l’échelle (211),
le moyen de commande de déplacement
(280) est configuré pour exécuter un troisième déplacement qui déplace l’unité mobile
(200) en direction de la position de point
d’origine, et pour exécuter le premier déplacement lorsque l’unité mobile (200) vient à
une position au niveau de laquelle l’échelle
(211) peut être lue à la fois par le premier
capteur (271b, 272b) et par le second capteur (271a, 272a).
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