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LIGHT-QUANTITY CONTROL APPARATUS 
AND OPTICAL APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation claiming a foreign 
priority benefit based on PCT/JP2012/004373, filed on Jul. 5, 
2012 which is hereby incorporated by reference herein in its 
entirety as if fully set forth herein. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to a light-quantity con 

trol apparatus having at least one of an aperture stop function 
and a shutter function. The light-quantity control apparatus is 
installed in an optical apparatus such as a digital camera, a 
Video camera and an interchangeable lens. 
0004 2. Description of the Related Art 
0005. An optical apparatus Such as a camera is necessary 
to have compactness. In particular, when a lens barrel for 
holding an image capturing lens protrudes from a camera 
body in its optical axis direction, it is necessary to reduce a 
length of the lens barrel in the optical axis direction as short as 
possible. Japanese Patent Laid-Open No. 2007-310412 dis 
closes a camera having a so-called retractable lens barrel that 
protrudes from a camera body during a camera use time 
(image capturing) and is housed (retracted) to the camera 
body during a camera non-use time (carrying). In this camera, 
an aperture stop serving as the light-quantity control appara 
tus and a lens are arranged adjacently to each other in an 
optical axis direction. Therefore, the length of the lens barrel 
in the retracted State is reduced by inserting a part of the lenses 
into the aperture in the retracted state. 
0006 Japanese Patent Laid-Open No. 2004-184486 dis 
closes a light-quantity control apparatus in which a plurality 
of stop blades for controlling a quantity of light by controlling 
a size of a light-passing aperture (stop aperture) and a driving 
ring for opening/closing the stop blades are arranged between 
a base plate and a partition plate, and in which a shutter blade 
for opening/closing the light-passing aperture (shutter aper 
ture) is arranged between the partition plate and a cover plate. 
In this apparatus, a cam boss portion provided in the stop 
blade engages with a cam groove portion formed in the driv 
ing ring, and the stop blade is opened and closed by rotation 
of the driving ring around the light-passing aperture with 
respect to the base plate. In addition, the shutter blade is 
opened and closed by a motor installed to the base plate. In 
this manner, a light-quantity control apparatus having an 
aperture stop function and a shutter function is implemented 
using a single base plate. Therefore, a camera can be minia 
turized in an optical axis direction, compared to a case where 
the aperture stop apparatus and the shutter apparatus are 
separately provided. 
0007. However, in the camera disclosed in Japanese Patent 
Laid-Open No. 2007-310412, part of the lenses are inserted 
into the aperture formed by opening the stop blade wider than 
its opened State. For this reason, it is necessary to enlarge a 
fully opened aperture diameter to be larger than, at least, an 
outer diameter of the lens. As a result, it is necessary to 
enlarge the stop blade used to form the stop aperture. In 
addition, it is also necessary to prepare an outer circumferen 
tial space for retracting the stop blade when the stop blade is 
opened wider than its opened state. Therefore, a size of the 

May 1, 2014 

light-quantity control apparatus increases in its radial direc 
tion. In addition, in the light-quantity control apparatus dis 
closed in Japanese Patent Laid-Open No. 2004-184486, it is 
also necessary to provide a thickness of the base plate in the 
optical axis direction, a space for moving the stop blade, and 
a space for moving the shutter blade. Therefore, miniaturiza 
tion is restricted. 

0008. In this regard, in the shutter apparatus disclosed in 
Japanese Patent Laid-OpenNo. 2-153334, two shutter blades 
are formed in a curved (spherical) shape, and the shutter 
blades are moved in their open and close direction along a 
concave space (hemispherical space) facing their concave 
Surface. In this configuration, it is possible to reduce an outer 
circumferential space for retracting the shutter blades in a 
shutter fully opened State, compared to a case where each 
shutter blade is formed in a planar shape. Therefore, it is 
possible to miniaturize the shutter apparatus in its radial 
direction. Such a configuration can be applied to a light 
quantity control apparatus for opening and closing a plurality 
of stop blades. In the configuration employing spherical Sur 
face shaped stop blades, it is possible to insert a lens into an 
concave space formed inside the stop blades or place a con 
cave surface of the lens along convex surface of the stop 
blades, even when the stop blades are closed (for example, 
refer to Japanese Patent Laid-OpenNo. 2007-94.074). There 
fore, it is possible to reduce a thickness in the optical axis 
direction when the retractable lens barrel in which the light 
quantity control apparatus and the lens are adjacently 
arranged is retracted. 

SUMMARY OF THE INVENTION 

0009. However, in the light-quantity control apparatus 
having the stop blade and the shutter blade disclosed in Japa 
nese Patent Laid-OpenNo. 2004-184486, even when the stop 
blade is formed in a spherical Surface shape as disclosed in 
Patent Documents 3 and 4, an inner diameter of the driving 
ring having a flat plate shape in which a cam groove portion 
extending in its radial direction is formed is small. Therefore, 
an aperture diameter as a concave space is also small. For this 
reason, a diameter of the lens insertable into the concave 
space is restricted, or the lens is inserted thereinto only part of 
the convex surface of the lens. 

0010. In addition, when the cam boss portion provided in 
the stop blade penetrates the cam groove portion of the driv 
ing ring to protrude on an opposite side to the driving ring, the 
protruding cam boss portion may hinder the lens from being 
inserted into the concave space. That is, it is difficult to make 
the light-quantity control apparatus and the lens adjacent 
thereto sufficiently close to each other and to miniaturize the 
lens barrel in the retracted state. 

0011. Furthermore, if the shutter blades are formed in the 
spherical surface shape as disclosed in Patent Documents 3 
and 4 when edges of the shutter blades are located to be 
distant from each other in their open direction in the shutter 
fully opened State as disclosed in Japanese Patent Laid-Open 
No. 2004-184486, the shutter blades may be easily caught 
with each other during a shutter close operation. As a result, 
the shutter close operation may not be Smoothly performed. 
0012. The present invention provides a light-quantity con 
trol apparatus having a light-quantity control blade formed in 
a curved or bent shape and thereby enabling sufficient reduc 
tion of a thickness of an optical apparatus including the light 
quantity control apparatus in its optical axis direction and 
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allowing a smooth shutter operation. The present invention 
also provides an optical apparatus including the above light 
quantity control apparatus. 
0013 The present invention provides one aspect thereof a 
light-quantity control apparatus provided with a light-passing 
aperture. The apparatus includes a base member, a stop blade 
including a stop portion to change a quantity of light passing 
through the light-passing aperture and a stop blade-supported 
portion rotatably supported with respect to the base member, 
a shutter blade having a shutter portion to block the light 
passing through the light-passing aperture and a shutter 
blade-supported portion rotatably supported with respect to 
the base member, and a driving member disposed between the 
shutter blade and the stop blade and rotating with respect to 
the base member around the light-passing aperture to rotate 
the stop blade. When a direction orthogonal to an aperture 
plane of the light-passing aperture is defined as an optical axis 
direction, and a direction orthogonal to the optical axis direc 
tion is defined as a radial direction, the stop blade and the 
shutter blade respectively have tilts in the stop blade-sup 
ported portion and the shutter blade-supported portion toward 
a same one side in the optical axis direction with respect to the 
aperture plane so that the stop portion and the shutter portion 
are respectively distant from the stop blade-supported portion 
and the shutter blade-supported portion in the optical axis 
direction, the driving member has a shape concave toward the 
one side from its outer circumferential side portion to its inner 
circumferential side portion, and thereby a concave space 
facing the light-passing aperture is formed inside in the radial 
direction than the stop blade, the shutter blade and the driving 
member. 

0014. The present invention provides another aspect 
thereof a light-quantity control apparatus provided with a 
light-passing aperture. The apparatus includes a base mem 
ber, a stop blade including a stop portion to change a quantity 
of light passing through the light-passing aperture and a stop 
blade-supported portion rotatably supported with respect to 
the base member, and a first shutterblade and a second shutter 
blade each having a shutter portion to block the light passing 
through the light-passing aperture and a shutter blade-Sup 
ported portion rotatably supported with respect to the base 
member. When a direction orthogonal to an aperture plane of 
the light-passing aperture is defined as an optical axis direc 
tion, and a direction orthogonal to the optical axis direction is 
defined as a radial direction, the stop blade and the first and 
second shutter blades respectively have tilts in the stop blade 
Supported portion and the shutter blade-supported portions 
toward a same one side in the optical axis direction with 
respect to the aperture plane so that the stop portion and the 
shutter portions are respectively distant from the stop blade 
Supported portion and the shutter blade-supported portions in 
the optical axis direction, and thereby a concave space facing 
the light-passing aperture is formed inside in the radial direc 
tion than the stop blade and the first and second shutterblades, 
the first and second shutter blades each have a curved surface 
shape or a bent shape so that the tilt with respect to the 
aperture plane is reduced from the shutter blade-supported 
portion to the shutter portion, the first shutter blade is dis 
posed so as to overlap the second shutter blade on an opposite 
side to the concave space, and a curvature of the curved 
surface shape of the first shutter blade or a bend angle of the 
bent shape of the first shutter blade with respect to an exten 
sion of its shutter blade-supported portion is larger than that 
of the second shutter blade. 
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0015 The present invention provides still another aspect 
thereof a light-quantity control apparatus provided with a 
light-passing aperture. The apparatus includes a base mem 
ber, a light-quantity control blade including a light-quantity 
control portion to change a quantity of light passing through 
the light-passing aperture and a Supported portion rotatably 
Supported with respect to the base member, and a driving 
member rotating with respect to the base member around the 
light-passing aperture to rotate the light-quantity control 
blade. When a direction orthogonal to an aperture plane of the 
light-passing aperture is defined as an optical axis direction, 
and a direction orthogonal to the optical axis direction is 
defined as a radial direction, the light-quantity control blade 
have tilts in the supported portion toward one side in the 
optical axis direction with respect to the aperture plane so that 
the light-quantity control portion is distant from the Sup 
ported portion in the optical axis direction, the driving mem 
ber has a shape concave toward the one side from its outer 
circumferential side portion to its inner circumferential side 
portion, and thereby a concave space facing the light-passing 
aperture is formed inside in the radial direction than the 
light-quantity control blade and the driving member. 
0016. The present invention provides yet still another 
aspect thereofan optical apparatus. The apparatus includes an 
optical system including a lens and the above light-quantity 
control apparatus. At least part of the lens is insertable inside 
the concave space. 
0017. Other aspects of the present invention will become 
apparent from the following description and the attached 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0018 FIG. 1 is an exploded perspective view illustrating 
an aperture Stop/shutter apparatus that is Embodiment 1 of the 
present invention. 
(0019 FIGS. 2A and 2B are rear perspective views illus 
trating the aperture stop/shutter apparatus of Embodiment 1. 
0020 FIG. 3 is a side cross-sectional view illustrating the 
aperture stop/shutter apparatus of Embodiment 1. 
0021 FIGS. 4A and 4B are perspective views illustrating 
a stop blade and a shutter blade used in the aperture stop/ 
shutter apparatus of Embodiment 1. 
0022 FIGS.5A and 5B are explanatory diagrams illustrat 
ing operations of the stop blade in Embodiment 1. 
0023 FIGS.6A and 6B are explanatory diagrams illustrat 
ing operations of the shutter blade in Embodiment 1. 
0024 FIGS. 7A and 7B are cross-sectional views illustrat 
ing a shutter blade in Embodiment 1. 
0025 FIG. 8 is a cross-sectional view illustrating a sur 
rounding of the stop blade in Embodiment 1. 
0026 FIG. 9 is an exploded perspective view illustrating 
an aperture stop apparatus that is Embodiment 2 of the present 
invention. 
0027 FIG. 10 is a rear perspective view illustrating the 
aperture stop apparatus of Embodiment 2. 
0028 FIG. 11 is a side cross-sectional view illustrating the 
aperture stop apparatus of Embodiment 2. 
0029 FIG. 12 is a perspective view illustrating the stop 
blade used in the aperture stop apparatus of Embodiment 2. 
0030 FIGS. 13A and 13B are explanatory diagrams illus 
trating operations of the aperture stop apparatus of Embodi 
ment 2. 
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0031 FIGS. 14A and 14B are rear views illustrating an 
aperture stop apparatus that is Embodiment 3 of the present 
invention. 

0032 FIGS. 15A and 15B are rear views illustrating an 
aperture stop apparatus that is Embodiment 4 of the present 
invention. 

0033 FIGS. 16A and 16B are rear views illustrating an 
aperture stop apparatus that is Embodiment 5 of the present 
invention. 

0034 FIG. 17 is a block diagram illustrating a configura 
tion of a camera provided with the aperture stop/shutter appa 
ratus or the aperture stop apparatus of any one of Embodi 
ments 1 to 6. 

DESCRIPTION OF THE EMBODIMENTS 

0035 Exemplary embodiments of the present invention 
will hereinafter be described with reference to the accompa 
nying drawings. 

Embodiment 1 

0036 FIGS. 1, 2A and 2B illustrate an iris type aperture 
stop/shutter apparatus 10 as a light-quantity control apparatus 
that is Embodiment 1 of the present invention. In these draw 
ings, a base plate 1 as a base member formed in a ring shape 
has an opening 6 formed in an inner circumferential part 
thereof. In the following description, an axis passing through 
a center of the aperture stop/shutter apparatus 10 and orthogo 
nal to an opening plane of the opening 6 formed in the base 
plate 1 and an aperture plane of each fixed aperture described 
below is referred to as “an optical axis AX.” and a direction 
where the optical axis AX extends is referred to as “an optical 
axis direction.” In addition, a direction orthogonal to the 
optical axis direction is referred to as “a radial direction. A 
stop blade-supporting boss portion (protruding portion)7 as a 
stop blade-supporting portion is formed at each of a plurality 
of circumferential places of a ring portion Surrounding the 
opening 6 of the base plate 1. A center axis BX of each stop 
blade-supporting boss portion 7 has a tilt angle OB with 
respect to the optical axis direction (optical axis AX). 
0037. A stop driving ring 2 serves as a driving member. 
The stop driving ring 2 has a domical wall portion 2a formed 
in a domical shape concave toward the base plate 1 (opening 
6) (in other words, convex toward an opposite side to the base 
plate 1). A first fixed aperture 12 as a light-passing aperture is 
formed in an innermost circumferential portion (diametric 
center portion) of the domical wall portion 2a. In addition, a 
driven gear 2b is formed in a circumferential part of an outer 
circumferential side portion of the aperture-stop driving ring 
2 than the domical wall portion 2a. In the domical wall por 
tion 2a, a concave Surface on a base plate (1) side and a convex 
surface (hereinafter, referred to as “a stop guide surface') 2c 
on an opposite side thereto are respectively formed in a 
curved surface shape (for example, a spherical Surface shape). 
A position of the aperture plane of the first fixed aperture 12 
in the optical axis direction is distant from the base plate 1 
(that is, the opening plane of the opening 6) as compared to an 
outer circumferential edge of the domical wall portion 2a of 
the aperture-stop driving ring 2. That is, in the aperture-stop 
driving ring 2, the domical wall portion 2a is formed so as to 
protrude in a direction distant from the base plate 1 in the 
optical axis direction (that is, so as to have a shape concave 
toward one side in the optical axis direction from an outer 
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circumferential side portion of the stop driving ring 2 to an 
inner circumferential side portion thereof). 
0038. In addition, a camboss portion 8 is formed at each of 
a plurality of circumferential places of the stop guide Surface 
2c (circumferential places around the first fixed aperture 12) 
of the domical wall portion 2a. A center axis CX of each cam 
boss portion 8 has a tilt angle 0C with respect to the optical 
axis direction (optical axis AX) extending in a direction nor 
mal to the stop guide Surface 2c. 
0039 Reference numeral 3 denotes a stop blade serving as 
a light-blocking blade. In this embodiment, a plurality of the 
stop blades 3, specifically six stop blades 3, are provided. 
Each stop blade 3 is a thin plate member having a light 
blocking property for forming, radially inside the first fixed 
aperture 12 formed in the stop driving ring 2, a stop aperture 
A whose circumference is a light-blocking area. 
0040. As illustrated in FIG. 4A in detail, each stop blade 3 
includes a stop portion 3a as a light-blocking portion for 
forming a stop aperture A and a stop blade-supported portion 
3b having a hole portion 3c into which the stop blade-sup 
porting boss portion 7 of the base plate 1 is inserted. The stop 
blade-supported portion 3b (that is, the stop blade 3) is sup 
ported with respect to the base plate 1, by insertion of the stop 
blade-supporting boss portion 7 into the hole portion 3c, 
rotatably about the stop blade-supporting boss portion 7. In 
addition, the stop blade 3 has an intermediate portion 3e that 
connects the stop portion 3a and the stop blade-supported 
portion 3b. 
0041. Each stop blade 3 is disposed so as to face (or extend 
along) the stop guide Surface 2c of the domical wall portion 
2a of the stop driving ring 2. The stop portion3a is formed in 
a curved surface shape (for example, a spherical Surface 
shape) having a curvature Substantially the same as that of the 
stop guide surface 2c of the domical wall portion 2a. For this 
reason, when the stop blade 3 is rotated, the stop portion 3a is 
rotated in a direction to advance and retract into and from an 
radially inside area of the first fixing aperture 12 (area facing 
the first fixed aperture 12), that is, a direction to change a size 
of the stop aperture A while the stop portion 3a is rotated 
along the stop guide Surface 2c, in other words, by being 
guided by the stop guide Surface 2c. The above advancing/ 
retracting direction is hereinafter referred to as “a stop open 
ing/closing direction.” 
0042. The intermediate portion 3e and the stop blade 
supported portion 3b of each stop blade 3, that is, at least a 
stop blade-supported portion (3.b) side part than the stop 
portion 3a has a tilt C. toward the optical axis direction with 
respect to the aperture plane (indicated as “P” in FIG. 4A) of 
the opening 6 of the base plate 1. This tilt C. corresponds to a 
tilt with respect to the aperture plane of the first fixed aperture 
12 formed in the stop driving ring 2 and to a tilt with respect 
to the aperture plane of a second fixed aperture formed in a 
stop cover plate described below. Furthermore, since each 
aperture plane is formed along the radial direction, the tilt C. 
can also be referred to as a tilt with respect to the radial 
direction. 

0043. The tilt C. is set to be equal to or lower than 90°. 
Giving the tilt C. to the intermediate portion 3e and the stop 
blade-supported portion 3b causes the stop portion 3a to be 
located distant from the stop blade-supported portion 3b in 
the optical axis direction. In addition, a center axis of the hole 
portion 3c formed in the stop blade-supported portion 3b has 
a tilt with respect to the optical axis AX so as to match the 
center axis BX of the stop blade-supporting boss portion 7. 
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Therefore, the stop blade 3 can smoothly rotate, compared to 
a case where the center axis of the stop blade-supporting boss 
portion 7 extends in the optical axis direction. 
0044. It is noted that, in each stop blade 3, the tilt of the 
stop blade-supported portion3b toward the optical axis direc 
tion with respect to the aperture plane (radial direction) P is 
larger than that of the stop portion 3a. In other words, the tilt 
of the stop portion 3a toward the optical axis direction with 
respect to the aperture plane P is smaller than that of the stop 
blade-supported portion 3b. In addition, the entire stop blade 
3 from the stop blade-supported portion3b to the stop portion 
3a may be formed in a curved surface shape (for example, a 
spherical Surface shape). 
0045. Furthermore, each stop blade 3 has a cam groove 
portion 3d into which the cam boss portion 8 formed in the 
stop driving ring 2 is inserted and with which the cam boss 
portion 8 is engaged. As described above, the center axis CX 
of the cam boss portion 8 extends in the direction normal to 
the stop guide surface 2c. For this reason, compared to a case 
where the center axis of the cam boss portion 8 extends in the 
optical axis direction, the cam boss portion 8 can Smoothly 
move in the cam groove portion 3d, and the stop portion 3a 
(i.e., the stop blade 3) can be rotated in the stop opening/ 
closing direction with good position accuracy. It is noted that 
the stop portion 3a is formed in a curved surface shape (for 
example, a spherical Surface shape) and the stop guide Surface 
2c may beformed in a truncated conical Surface shape instead 
of the curved surface shape. 
0046. In FIGS. 1 and 2A, a stop cover plate (stop cover 
member) 4 is disposed on an opposite side to the base plate 1 
with respect to the stop driving ring 2 and the stop blades 3 to 
form a stop blade room for housing the stop blades 3 between 
the stop cover plate 4 and the stop driving ring 2 (domical wall 
portion 2a). The stop cover plate 4 includes a domical wall 
portion 4a having a domical shape concave toward the base 
plate side (opening (6) side), in other words, convex toward 
the opposite side to the base plate 1, and a ring portion formed 
in an outer circumferential portion of the domical wallportion 
4a. The domical wall portion 4a is formed in a spherical 
Surface shape or a curved Surface shapehaving approximately 
the same curvature as that of the domical wall portion 2a of 
the stop driving ring 2. 
0047 A second fixed aperture 13 as a light-passing aper 
ture is formed in an innermost circumferential portion (dia 
metric center portion) of the domical wall portion 4a. An 
aperture plane of the second fixed aperture 13 is located 
distant from the base plate 1 (opening 6) in the optical axis 
direction relative to an outer circumferential edge of the 
domical wall portion 4a. That is, in the stop cover plate 4, the 
domical wall portion 4a is formed so as to protrude in a 
direction distant from the base plate 1 in the optical axis 
direction. 
0048. The ring portion of the stop cover plate 4 is coupled 
with the base plate 1 using screws, and thereby the stop cover 
plate 4 is integrated with the base plate 1. For this reason, 
similar to the base plate 1, the stop cover plate 4 may also 
serve as a base member. 
0049. It is noted that the stop cover plate 4 may be omitted 
by forming a domical wall portion similar to the domical wall 
portion 4a of the stop cover plate 4 in the base plate 1 and 
forming a fixed aperture in the domical wall portion of the 
base plate. 
0050 Reference numeral 5 denotes a stop driver including 
an actuator Such as a stepping motor. A driving gear 5a mesh 
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ing with the driven gear 2b of the stop driving ring 2 is fixed 
to an output shaft of the stepping motor as illustrated I FIG. 
2B. The stop driver 5 is fixed (installed) to the base plate 1 via 
a motor base plate 11 and the stop cover plate 4. The stop 
driver 5 is disposed at one place in an outer circumferential 
portion of the base member including the base plate 1 and the 
stop cover plate 4 than the domical wall portion 4a. In other 
words, the stop driver 5 is disposed so as to protrude from its 
Surrounding portions in a same direction as that where the 
domical wall portion 4a protrudes with respect to its Sur 
rounding portions. 
0051. In this manner, the domical wall portion 4a and the 
stop driver 5 have the same protruding direction from the base 
member. Thereby, as in a case where the aperture stop/shutter 
apparatus 10 is mounted on an optical apparatus such as a 
camera as described in Embodiment 2 below, it is possible to 
effectively use a space inside the optical apparatus (particu 
larly, a space on an opposite side to that where the domical 
wall portion 4a and the stop driver 5 are arranged), which 
enables miniaturizing the optical apparatus. 
0052. When the stop driver 5 is energized and thereby the 
driving gear 5a is rotated, as illustrated in FIGS. 5A and 5B, 
a rotational force from the stop driver 5 is transmitted to the 
stop driving ring 2 through the driving gear 5a and the driven 
gear 2b and rotates the stop driving ring 2 about the optical 
axis AX (around the light-passing aperture) with respect to 
the base plate 1. With the rotation of the stop driving ring 2. 
the cam boss portion 8 provided in the stop driving ring 2 
moves in the cam groove portion 3d formed in the stop portion 
3a of each stop blade 3. Therefore, each stop blade 3 is rotated 
in the stop opening/closing direction about the stop blade 
supporting boss portion 7 inserted into the hole portion 3c of 
the stop blade-supported portion 3b. In this manner, the rota 
tion of the stop portions 3a of the stop blades 3 (only one stop 
blade 3 is illustrated in FIGS.5A and 5B) in the stop opening/ 
closing direction changes a diameter of the stop aperture A 
formed by the stop portions 3a, which increases and 
decreases (controls) a quantity of light passing through the 
stop aperture A. 
0053. It is noted that, although this embodiment described 
the case where (the center axis of) the stop blade-supporting 
boss portion 7 formed in the base plate 1 and (the center axis 
of) the camboss portion 8 formed in the stop driving ring2 are 
tilted with respect to the optical axis direction, the stop blade 
Supporting boss portion 7 and the cam boss portion 8 may be 
formed to extend in parallel with the optical axis direction as 
long as the stop blade 3 (stop blade-supported portion 3b) is 
rotated with respect to a virtual axis tilted with respect to the 
optical axis direction. 
0054 Moreover, a domical wall portion similar to the 
domical wall portion 4a of the stop cover plate 4 may be 
formed in the base plate 1, and a fixed aperture may beformed 
in the domical wall portion. In addition, a cam boss portion 
may be formed in an inner Surface (concave surface) of the 
domical wall portion, and a stop blade-supporting boss por 
tion may be formed in the rotatable stop driving ring 2. In this 
case, the stop blade-supporting boss portion formed in the 
stop driving ring 2 is inserted into the hole portion 3c formed 
in the stop blade 3, and the cam boss portion formed in the 
domical wall portion of the base plate 1 is inserted into the 
cam groove portion 3d. Also in Such a configuration, rotating 
the stop driving ring 2 can rotate the stop blade 3 in the stop 
opening/closing direction. In this manner, as long as relative 
positions of the stop blade-supporting boss portion and the 
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camboss portion respectively inserted into the hole portion3C 
and the cam groove portion3d of the stop blade 3 are change 
able, any one of the stop blade-supporting boss portion and 
the camboss portion may beformed in the base plate 1 and the 
other thereof may be formed in the stop driving ring 2. Even 
when the stop driving ring 2 directly Supports the stop blade 
supported portion 3b of the stop blade 3 in this manner, it is 
common that the stop blade-supported portion 3b is rotatably 
supported with respect to the base plate 1. 
0055 Although this embodiment described the case 
where the stop blade-supporting boss portion 7 formed in the 
base plate 1 and the cam boss portion 8 formed in the stop 
driving ring2 are respectively inserted into the hole portion3C 
and the cam groove portion 3d formed in the stop blade 3, a 
boss portion corresponding to the stop blade-supporting boss 
portion 7 and a boss portion corresponding to the cam boss 
portion 8 may beformed in the stop blade 3 to insert them into 
a hole portion formed in the base plate 1 and a cam groove 
portion formed in the stop driving ring 2. 
0056 Furthermore, in FIG. 1, reference numerals 21 and 
22 denote two shutterblades 21 and 22, which are disposed on 
an opposite side to the stop blades 3 with respect to the base 
plate 1 (and the stop driving ring 2). Similar to the stop blade 
3, the shutter blade (first shutter blade) 21 and the shutter 
blade (second shutter blade) 22 are each formed as a thin flat 
plate member having a light-blocking property. 
0057 Reference numeral 23 denotes a shutter cover plate 
(shutter cover member), which is disposed on an opposite 
side to the base plate 1 and the stop driving ring 2 with respect 
to the shutter blades 21 and 22. The shutter cover plate 23 is 
fixed to the base plate 1 to form a shutter blade room for 
housing the shutter blades 21 and 22 between the shutter 
cover plate 23 and the stop driving ring 2 (domical wall 
portion 2a). The shutter cover plate 23 includes a domical 
wall portion 23a having a domical shape convex toward the 
base plate side (opening side), in otherwords, concave toward 
the opposite side to the base plate 1, and a ring portion formed 
in an outer circumferential portion of the domical wallportion 
23a. The domical wall portion 23a is formed in a curved 
Surface shape (for example, a spherical Surface shape) having 
approximately the same curvature as that of the domical wall 
portion 2a of the stop driving ring 2. 
0058. A third fixed aperture 28 as a light-passing aperture 

is formed in an innermost circumferential portion (diametric 
center portion) of the domical wall portion 23a. In the optical 
axis direction, the aperture plane of the third fixed aperture 28 
is located distant from the base plate 1 (opening 6) relative to 
an outer circumferential edge portion (ring portion) of the 
domical wall portion 23a. That is, in the shutter cover plate 
23, the domical wall portion 23a is formed so as to protrude in 
a direction distant from the base plate 1 in the optical axis 
direction. 

0059. The shutter cover plate 23 is integrated with the base 
plate 1 by bonding the ring portion of the shutter cover plate 
23 to the base plate 1. Thus, similar to the base plate 1 and the 
stop cover plate 4, the shutter cover plate 23 can be treated as 
a base member. 

0060. As illustrated in FIG. 4B in detail, the shutter blade 
21 includes shutter portion 21a as a light-blocking portion 
and a shutter blade-supported portion 21b. The shutter por 
tion 21a advances and retracts into and from an area facing the 
third fixed aperture 28 of the shutter cover plate 23 to open 
and close the third fixed aperture 28. Closing the third fixed 
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aperture 28 blocks the light passing through the third fixed 
aperture 28 (and the first and second apertures 12 and 13). 
0061. A hole portion 21c is formed in the shutter blade 
Supported portion 21b, and a shutter blade-supporting boss 
portion 26 formed in the base plate 1 is inserted into the hole 
portion 21c. As a result, the shutter blade-supported portion 
21b (i.e., shutter blade 21) is supported with respect to the 
base plate 1 rotatably about the shutter blade-supporting boss 
portion 26. In addition, a hole portion 21d into which a shutter 
driving pin described below is inserted and which engages 
therewith is formed in the shutter blade 21. 
0062. The other shutter blade 22 is formed similarly to the 
shutter blade 21. As illustrated in FIGS. 6A and 6B, the 
shutter blade 22 includes a shutter portion 22a, a shutter 
blade-supported portion 22b having a hole portion 22c into 
which the Supporting boss portion is inserted, and a hole 
portion 22d into which the shutter driving pin is inserted. In 
FIGS. 6A and 6B, the shutter blades 21 and 22 are illustrated 
in a state of removing the shutter cover plate 23. 
0063. The shutter blades 21 and 22 are disposed to face (or 
extend along) a concave surface 2e of the domical wall por 
tion 2a of the stop driving ring 2 and a convex surface 23c of 
the domical wallportion 23a of the shutter cover plate 23. The 
shutter blades 21 and 22 are each formed in a curved surface 
shape (for example, a spherical Surface shape) having 
approximately the same curvature as those of the concave 
surface 2e and the convex surface 23c. Therefore, when the 
shutter blades 21 and 22 are rotated, the shutter portions 21a 
and 22a are rotated in a direction to open or close the third 
fixed aperture 28 (the direction is hereinafter referred to as “a 
shutter opening/closing direction') along the concave Surface 
2e of the domical wall portion 2a of the stop driving ring2 and 
the convex surface 23c of the domical wall portion 23a of the 
shutter cover plate 23 while the shutter portions 21a and 22a 
are guided by the concave surface 2e and the convex surface 
23c. The concave surface 2e and the convex surface 23c are 
hereinafter collectively referred to as “a shutter guide sur 
face. 

0064. In this case, the domical wall portion 2a of the stop 
driving ring 2 also partitions a rotation space for the shutter 
blades 21 and 22 and a rotation space for the stop blades 3 to 
avoid interference between the shutter blades 21 and 22 and 
the stop blades 3. In this manner, the domical wall portion 2a 
of the stop driving ring 2 has a function of guiding the rotation 
of the shutter blades 21 and 22 and the stop blades 3 and a 
function of partitioning the rotation spaces for the shutter 
blades 21 and 22 and the stop blades 3. Thus, compared to a 
case where a member for Such a guiding function and Such a 
partitioning function described above is provided separately 
from the stop driving ring 2, it is possible to reduce the 
number of members or reduce a thickness of the aperture 
stop/shutter apparatus 10 in the optical axis direction. 
0065. A portion of the shutter blades 21 and 22 closer to 
the supported portions 21b and 22b than the shutter portions 
21a and 22a has a tilt? toward the optical axis direction with 
respect to the aperture plane P described above. This tilt B is 
set to be equal to or smaller than 90°. Giving the tilt? to the 
shutterblade-supported portions 21b and 22b causes the shut 
terportions 21a and 22a to be located distant from the shutter 
blade-supported portions 21b and 22b in the optical axis 
direction. It is noted that, in the shutter blades 21 and 22, the 
tilt B of the shutter blade-supported portions 21b and 22b 
toward the optical axis direction with respect to the aperture 
plane P is larger than that of the shutter portions 21a and 22a 



US 2014/01 19719 A1 

with respect to the aperture plane P. In other words, the tilt of 
the shutter portions 21a and 22a toward the optical axis 
direction with respect to the aperture plane P is smaller than 
that of the shutter blade-supported portions 21b and 22b. 
0.066 Reference numeral 24 denotes a shutter driver 24 
which rotates the shutter blades 21 and 22 in the shutter 
opening/closing direction. Reference numeral 25 denotes a 
fixing member 25 which fixes the shutter driver 24 to the base 
plate 1. The shutter driver 24 includes a positively magnetized 
magnet, a stator yoke wound around the magnet, a coil for 
exciting the stator yoke and others. The shutter driver 24 
reciprocatingly rotates the magnet between two positions by 
energization of the coil. 
0067. In this embodiment, the shutter driver 24 and the 
fixing member 25 are installed to a surface of the base plate 1 
on an opposite side to that where the shutter blade-supporting 
boss portions 26 and 27 that support the shutter blade-sup 
ported portions 21b and 22b of the shutter blades 21 and 22 
are provided (a same side surface to which the stop driver 5 is 
fixed). 
0068 A shutter driving pin 24a is integrally formed in the 
magnet of the shutter driver 24. The shutter driving pin 24a 
penetrates through a hole portion formed in the base plate 1 
and is inserted into driving hole portions 21d and 22d of the 
shutter blades 21 and 22 to engage therewith. Therefore, 
when the shutter driving pin 24a is rotated by energization of 
the coil, the shutter blades 21 and 22 are rotated in the shutter 
opening/closing direction about the shutter blade-supporting 
boss portions 26 and 27 as illustrated in FIGS. 6A and 6B. 
0069. The shutter blades 21 and 22 (at least the shutter 
portions 21a and 22b) are each formed in a spherical Surface 
shape (curved surface shape) having a curvature approxi 
mately the same as that of the guide surfaces 2e and 23c of the 
domical wall portion 2a of the stop driving ring 2 and the 
domical wallportion 23a of the shutter coverplate 23. For this 
reason, the shutter blades 21 and 22 are rotated in the shutter 
opening/closing direction along the guide Surfaces 2e and 23c 
while the shutter blades 21 and 22 are guided by the guide 
surfaces 2e and 23c. 

0070. As illustrated in FIGS. 1 and 4B, a center axis DX of 
the shutter driving pin 24a has a tilt 0D extending in a direc 
tion normal to the domical wall portion 23a (guide surface 2e) 
with respect to the optical axis direction (optical axis AX). In 
addition, center axes of the driving hole portions 21d and 22d 
engaging with the shutter drivingpin 24a in the shutter blades 
21 and 22 each have a tilt with respect to the optical axis AX 
so as to match the center axis DX of the shutter driving pin 
24a. In addition, the shutter blade-supporting boss portions 
26 and 27 each have a tilt 0E with respect to the optical axis 
direction (optical axis AX), and center axes of the hole por 
tions 21c and 22c engaging with the shutter blade-supporting 
boss portions 26 and 27 each have a tilt with respect to the 
optical axis AX so as to match center axes EX of the shutter 
blade-supporting boss portions 26 and 27. Therefore, it is 
possible to more smoothly and rapidly rotate the shutter 
blades 21 and 22 to perform a shutter operation, compared to 
a case where the center axes of the shutter drivingpin 24a and 
the shutterblade-supporting boss portions 26 and 27 extend in 
the optical axis direction. 
0071. It is noted that, although this embodiment described 
the case where the shutter blade-supporting boss portions 26 
and 27 formed in the base plate 1 are inserted into the hole 
portions 21c and 22c formed in the shutter blades 21 and 22. 
a shutter blade-supporting boss portion may be installed in 
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the shutter cover plate 4. In addition, boss portions corre 
sponding to the shutter blade-supporting boss portions 26 and 
27 may be formed in the shutter blades 21 and 22 to insert 
them into the hole portion formed in the base plate 1. 
0072. As described above, in the aperture stop/shutter 
apparatus 10 of this embodiment, the stop- and shutter blade 
supported portions 3b, 21b and 22b of the stop and shutter 
blades 3,21 and 22 have tilts C. and 3 toward the same one side 
in the optical axis direction with respect to the aperture plane 
P such that the stop and shutter portions 3a, 21a and 22a are 
located distant from the stop- and shutter blade-supported 
portions 3b, 21b and 22b in the optical axis direction, as 
illustrated in FIG. 3. In addition, the stop driving ring 2 and 
the shutter cover plate 23 each have a shape (domical wall 
portions 2a and 23a) concave toward the one side. As a result, 
a concave space S facing the first to third fixed apertures 
(light-passing apertures) 12, 13 and 28 is formed inside in the 
radial direction than the stop blades 3, the stop driving ring 2. 
the shutter cover plate 23 and the shutter blades 21 and 22. 
0073. In practice, this concave space S is formed in a 
radially inside of the shutter cover plate 23 having the third 
fixed aperture 28 as a space having a depth in the optical axis 
direction toward the first and second fixed apertures 12 and 13 
formed in the stop driving ring 2 and the stop cover plate 4. 
The concave space S on its fixed aperture (12, 13, 28) side 
opens toward the first to third fixed apertures 12, 13 and 28 
(that is, faces the first to third fixed apertures 12, 13 and 28), 
and the concave space S on an opposite side thereto opens 
toward an outside of the aperture stop/shutter apparatus 10 in 
the optical axis direction with its inner diameter increasing 
toward the opposite side. 
(0074 As illustrated in FIG. 3, at least part of the lens 51 
can be inserted into the concave space S. That is, according to 
this embodiment, it is possible to form the concave space S, 
into which at least part of the lens 51 can be inserted, in a 
radially inner area than the stop and shutter blades 3, 21 and 
22 without opening the stop and shutter blades 21 and 22 up 
to their fully opened state. Moreover, forming the domical 
wall portions 2a and 23a in the stop driving ring 2 and the 
shutter cover plate 23 makes it possible to increase an opening 
diameter of the concave space S where the lens 51 is inserted, 
compared to a case where the stop driving ring and the shutter 
cover plate are formed in a flat plate ring shape. That is, it is 
possible to increase a diameter of the lens 51 insertable into 
the concave space S. FIG. 3 illustrates a state where a most 
part of the lens 51 and a lens holding member 55 for holding 
the lens 51 is inserted into the concave space S. 
0075. In this embodiment, one of the stop blades 3 and the 
shutter blades 21 and 22 (the stop blades 3 in this embodi 
ment) is disposed on an opposite side to the concave space S 
in the optical axis direction relative to the other one (the 
shutter blades 21 and 22 in this embodiment), and the stop 
blades 3 are disposed so as to be convex from the base plate 1 
toward the opposite side to the concave space S. Such dispo 
sition of the stop blades 3 makes it possible to arrange convex 
surfaces of the stop blades 3 (the domical wall portion 4a of 
the stop cover plate 4) and a concave surface of a lens 53, 
which is disposed on an opposite side to the lens 51 with 
respect to the aperture stop/shutter apparatus 10, to be close to 
each other, as illustrated in FIG. 3. Thereby, it is possible to 
arrange the stop blades 3 and the shutter blades 21 and 22 in 
a narrow space between a convex surface of the lens 51 and 
the concave surface of the lens 53. 
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0.076 Furthermore, in this embodiment, the shutter blades 
21 and 22, the base plate 1, and the stop blades 3 are arranged 
in this order in a concave direction of the concave space S 
(depth direction toward the first to third fixed apertures 12, 13, 
and 28). In other words, the stop blades 3 are disposed on a 
convex side where the aperture stop/shutter apparatus 10 is 
convex toward the optical axis direction, and the shutter 
blades 21 and 22 are disposed on a concave side where the 
aperture stop/shutter apparatus 10 is concave. The reason of 
that is as follows. Since the number of the stop blades 3 (six in 
this embodiment) is greater than the number of the shutter 
blades 21 and 22 (two in this embodiment), the number of the 
stop blade-supporting bossportions 7 formed in the base plate 
1 and the number of the camboss portions 8 formed in the stop 
driving ring 2 increase accordingly. When Such boss portions 
are formed in the wall portion having a domical shape, they 
are easily formed on its convex surface than a case where they 
are formed on its concave surface because a mold structure is 
simplified, which can improve productivity. 
0077. However, in comparison, the shutter blades, the base 
plate, and the stop blades may be arranged in this order in an 
opposite direction to the concave direction of the concave 
space, that is, the stop blades may be disposed on the concave 
side where the aperture stop/shutter apparatus 10 is concave 
toward the optical axis direction, and the shutterblades 21 and 
22 are disposed on the convex side. 
0078. In addition, although this embodiment described the 
case where the shutter blades 21 and 22 are formed in a curved 
surface shape Smoothly extending from the shutter blade 
supported portions 21b and 22b to the shutter portions 21a 
and 22a, the shutter portions 21a and 22a may have a bent 
shape with respect to the shutter blade-supported portions 
21b and 22b (refer to FIG.7B). Similarly, in this case, the tilt 
of the shutter portions 21a and 22a toward the optical axis 
direction with respect to the aperture plane (P in FIG. 4B) is 
smaller than that (B in FIG.4B) of the shutterblade-supported 
portions 21b and 22b. 
0079 FIG. 7A illustrates sectional planes of the stop driv 
ing ring 2, the shutter blades 21 and 22 and the shutter cover 
plate 23. As illustrated in FIG. 7A, a curvature C1 of the 
curved surface shape of the shutter blade 21 disposed so as to 
overlap the shutterblade 22 in the opposite side to the concave 
space S is larger than a curvature C2 of the shutter blade 22. 
In other words, a radius of curvature of the curved surface 
shape of the shutter blade 21 is smaller than that of the shutter 
blade 22. 

0080. In this embodiment, as illustrated in FIG. 6A, in the 
shutter fully opened state, tip side portions of the shutter 
blades 21 and 22 than the supported portions 21b and 22b are 
separated from each other in their shutter opening direction so 
that the tip side portions do not overlap each other in the 
optical axis direction. For this reason, if the curvatures C1 and 
C2 of the shutter blades 21 and 22 are equal to each other or 
the curvature C2 is larger than the curvature C1, the tip side 
portions of the shutter blades 21 and 22 may be caught with 
each other in a shutter closing operation. In this regard, as in 
this embodiment, setting the curvature C1 of the shutter blade 
21 to be larger than the curvature C2 of the shutter blade 22 
makes it possible to prevent the tip side portions of the shutter 
blades 21 and 22 from being caught with each other in the 
shutter closing operation and Smoothly perform the shutter 
closing operation (i.e., a shutter operation). 
0081. When the shutter blades 21 and 22 each have a bent 
shape as described above, for the same reason, the bendangle 
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B1 of the bent shape of the shutter blade 21 with respect to an 
extension of its shutter blade-supported portion 21b may be 
set to be larger than the bend angle B2 of the shutter blade 22 
with respect to an extension of its shutter blade-supported 
portion 22b as illustrated in FIG. 7B. 
I0082 FIG. 8 is a partially enlarged sectional view illus 
trating the stop driving ring 2, the stop blade 3 and the stop 
cover plate 4. As illustrated in FIG. 8, a tip of the cam boss 
portion 8 on one side (that is, a convex side where the domical 
wall portion 2a and the stop blades 3 are convex) in the stop 
driving ring 2 is located (retracted) on an opposite side to the 
one side further than an edge of the stop portion 3a on the one 
side, regardless of a rotate position of the stop blade 3. 
I0083) Reference symbol H in FIG. 8 denotes a retraction 
amount of the one side tip of the cam boss portion 8 with 
respect to the one side edge of the stop portion 3a when the 
stop blade 3 is opened. When a position of the one side edge 
of the stop portion 3a in FIG. 8 is referred to as “a height,” the 
height of the one side edge of the stop portion 3a is lowest in 
this stop opened State. Similarly, in this state, the one side tip 
of the cam boss portion 8 is retracted at a lower position than 
the one side edge of the stop portion 3a. In FIG. 8, a dashed 
dotted line denotes a position (highest position) of the stop 
portion 3a when the stop blade 3 is closed. Therefore, the 
phrase “regardless of the rotate position of the stop blade 3 
may be rephrased to “also in the stop opened state'. 
I0084. Such a configuration that the one side tip of the cam 
boss portion 8 is retracted further than the one side edge of the 
stop portion 3a regardless of the rotation position of the stop 
blade 3 enables arranging the convex surface of the stop blade 
3 (the domical wall portion 4a of the stop cover plate 4) and 
the concave surface of the lens 53 to be close to each other as 
illustrated in FIG. 3, without hindrance of the cam boss por 
tion 8, regardless of an opening/closing state of the stop blade 
3 (even in the stop opened State). As a result, it is possible to 
reduce a gap between the lenses 51 and 53 where the aperture 
stop/shutter apparatus 10 is interposed. 

Embodiment 2 

I0085 FIG. 17 illustrates a camera (a video camera or a still 
camera) as an optical apparatus in which the aperture stop/ 
shutter apparatus 10 described in Embodiment 1 is installed. 
The camera includes a camera body 50, a plurality of lenses 
51 and 53 constituting an image capturing optical system, and 
an image sensor 52 Such as a charge-coupled device (CCD) 
sensor or a complementary metal oxide semiconductor 
(CMOS) sensor to photo-electrically convert an object image 
formed by the image capturing optical system. 
I0086 A controller 54 such as a central processing unit 
(CPU) controls operations of the drivers 5 and 24 of the 
aperture stop/shutter apparatus 10 and the image sensor 52. 
0087. In such a camera, as described in Embodiment 1 
with reference to FIG. 3, at least part (convex surface) of the 
lens 51 adjacently disposed to the aperture stop/shutter appa 
ratus 10 in the optical axis direction and a lens holding mem 
ber 55 for holding the lens 51 can be inserted into the concave 
space S of the aperture stop/shutter apparatus 10. 
I0088 Assuming that the domical wall portions 2a and 23a 
are respectively formed in the stop driving ring 2 and the 
shutter cover plate 23, a size (inner diameter) of an opening 
serving as an entrance for the lens 51 into the concave space 
S is defined by a diameter of a circle passing through the stop 
blade-supported portions 3b (stop blade-supporting boss por 
tions 7) of the stop blades 3 (or an inner diameter of the 
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opening 6 of the base plate 1 corresponding to the circle), 
which does not depend on a size of the stop aperture A formed 
by the stop blades 3 (in other words, an opened degree of the 
shutter blades 21 and 22). Thus, even when the stop aperture 
A is narrowed, it is possible to insert the lens 51 into the 
concave space S without setting the stop aperture A to a fully 
opened aperture diameter or increasing the size of the stop 
aperture A to a larger size than that of the fully opened 
aperture diameter. Therefore, it is possible to eliminate neces 
sity of increasing the maximum diameter of the stop aperture 
A depending on the outer diameter of the lens 51, which 
avoids increase of the radial size of the aperture stop/shutter 
apparatus 10 capable of inserting the lens into its inner space. 
0089. It is noted that the entrance of the concave space S 
may be directed toward an object side, and the lens 53 dis 
posed adjacently on the object side may be inserted into the 
concave space S of the aperture Stop/shutter apparatus 10. 
0090. Such a configuration enables, in particular, reducing 
a size of the image capturing optical system of the camera in 
the optical axis direction. 
0091. As described in Embodiment 1, FIG. 3 also illus 

trates a state that the convex surface (object side surface) of 
the domical wall portion 4a of the stop cover plate 4 of the 
aperture stop/shutter apparatus 10 is disposed close to the 
concave surface (image plane side surface) of the lens 53 
adjacently disposed on the object side of the aperture stop/ 
shutter apparatus 10. In this manner, it is possible to dispose 
the stop blades 3 and the shutter blades 21 and 22 of the 
aperture stop/shutter apparatus 10 in a narrow space between 
the object side convex surface of the lens 51 and the image 
plane side concave surface of the lens 53. 
0092. In addition, as illustrated in FIG. 3, a lens barrel 
holding the image capturing optical system may be housed 
(retracted) into the camera body in a state where the aperture 
stop/shutter apparatus 10 is close to the lenses 51 and 53 
arranged on both sides thereof. 
0093. Furthermore, the aperture stop/shutter apparatus 10 
may be installed in other optical apparatuses such as an inter 
changeable lens as well as the camera illustrated in FIG. 17. 

Embodiment 3 

0094 FIGS. 9 and 10 illustrate an iris type aperture stop 
apparatus 110 as a light-quantity control apparatus that is 
Embodiment 3 of the present invention. In FIGS. 9 and 10. 
reference numeral 101 denotes a base plate as a base member 
in which a first fixed aperture 106 as a fixed light-passing 
aperture is formed in its radially central portion. In the fol 
lowing description, an axis passing through a center of an 
aperture plane 106a of the first fixed aperture 106 and 
orthogonal to the aperture plane 106a is referred to as “an 
optical axis AX.” and a direction where the optical axis AX 
extends is referred to as “an optical axis direction.” 
0095. In addition, a supporting boss portion (protruding 
portion) 107 as a Supporting portion is formed at each of a 
plurality of circumferential places of a ring portion Surround 
ing the first fixed aperture 106 of the base plate 101. A center 
axis BX of each supporting boss portion 107 has a tilt angle 
0B with respect to the optical axis direction (optical axis AX). 
0096. A driving ring 102 serves as a driving member. The 
driving ring 102 has a domical wall portion 102a formed in a 
domical shape concave toward the base plate 101 (first fixed 
aperture 106) (in other words, formed so as to have a shape 
concave toward one side in the optical axis direction from its 
outer circumferential side portion to its inner circumferential 
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side portion). The domical wall portion 102a is formed so as 
to protrude in a direction distant from the base plate 1 in the 
optical axis direction. An outer diameter of the domical wall 
portion 102a is set to be approximately equal to an inner 
diameter of the first fixed aperture 106 of the base plate 1. 
0097. A driven gear 102b is formed in a circumferential 
part of an outer circumferential side portion of the driving 
ring 102 than the domical wall portion 102a. In the domical 
wall portion 102a, a concave surface on a base plate (101) side 
and a convex surface (hereinafter, referred to as 'a guide 
surface') 102c on an opposite side thereto are respectively 
formed in a curved Surface shape (for example, a spherical 
Surface shape). A second fixed aperture 112 corresponding to 
a fully opened aperture is formed in a radially central part of 
the domical wall portion 102a. A position of an aperture plane 
of the second fixed aperture 112 in the optical axis direction is 
distant from the base plate 101 (that is, the aperture plane 
106a of the first fixed aperture 106) as compared to the outer 
circumferential portion of the domical wall portion 102a of 
the aperture-stop driving ring 102. 

0098. In addition, a camboss portion 108 is formed at each 
of a plurality of circumferential places of the stop guide 
surface 102c (circumferential places around the second fixed 
aperture 112) of the domical wall portion 102a. A center axis 
CX of each cam boss portion 108 has a tilt angle 0C with 
respect to the optical axis direction (optical axis AX) extend 
ing in a direction normal to the stop guide Surface 102c. 
I0099 Reference numeral 103 denotes a stop blade serving 
as a light-quantity control blade (light-blocking blade). In this 
embodiment, a plurality of the stop blades 103 are provided. 
Each stop blade 103 is a thin plate member having a light 
blocking property for forming, radially inside the first fixed 
aperture 106 formed in the base plate 101 and the second fixed 
aperture 112 formed in the driving ring 102, a stop aperture A 
whose circumference is a light-blocking area. 
0100. As illustrated in FIG. 12, each stop blade 103 
includes a light-blocking portion 103a as a light-quantity 
controlling portion (stop portion) for forming the stop aper 
ture A, a supported portion 103b which is supported with 
respect to the base plate 101 and the driving ring 102, and an 
intermediate portion 103e that connects the light-blocking 
portion 103a and the supported portion 103b. A hole portion 
(concave portion) 103c into which the supporting boss por 
tion 107 formed in the base plate 101 is inserted is formed in 
the supported portion 103b. The stop blade 103 is rotatable 
about the supporting boss portion 107 and the hole portion 
103c with respect to the base plate 101 and the driving ring 
102. 

0101 The stop blades 103 are arranged so as to face the 
guide surface 102c of the domical wall portion 102a of the 
driving ring 102. The light-blocking portion 103a is formed in 
a curved Surface shape (for example, in a spherical Surface 
shape) having approximately the same curvature as that of the 
guide surface 102c of the domical wall portion 102a of the 
driving ring 102. For this reason, when the stop blade 103 is 
rotated, the light-blocking portion 103a thereof is moved 
along the guide Surface 102c, i.e., by being guided by the 
guide Surface 102c in a direction to advance and retract to and 
from an radially inside area of the second fixed aperture 112 
(area facing the first and second fixed apertures 106 and 112), 
that is, in a direction to change a size of the stop aperture A, 
thereby controlling a quantity of light passing through the 
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first and second fixed apertures 106 and 112. The above 
advancing/retracting direction is hereinafter referred to as “an 
opening/closing direction.” 
0102. In this manner, the domical wall portion 102a of the 
driving ring 102 has a function of guiding the rotation of the 
stop blade 103. Therefore, compared to a case where a mem 
ber having a guide function is provided separately from the 
driving ring 102, it is possible to reduce the number of mem 
bers or a thickness of the aperture stop apparatus 110 in the 
optical axis direction. 
0103) Furthermore, each stop blade 103 has a cam groove 
portion 103d into which the cam boss portion 108 formed in 
the driving ring 102 is inserted and with which the cam boss 
portion 108 is engaged. As described above, the center axis 
CX of the cam boss portion 108 extends in the direction 
normal to the stop guide Surface 102C. For this reason, com 
pared to a case where the center axis of the cam boss portion 
108 extends in the optical axis direction, the camboss portion 
108 can smoothly move in the cam groove portion 103d, and 
the light-blocking portion 103a (i.e., the stop blade 3) can be 
rotated in the opening/closing direction with good position 
accuracy. It is noted that the light-blocking portion 103a is 
formed in a curved Surface shape (for example, a spherical 
surface shape) and the guide surface 102c may be formed in 
a truncated conical Surface shape instead of the curved Sur 
face shape. 
0104. The intermediate portion 103e and the supported 
portion 103b of each stop blade 103, that is, at least a sup 
ported portion side part than the light-blocking portion 103a 
has a tilt C. toward the optical axis direction with respect to the 
aperture plane 106a of the first fixed aperture 106 formed in 
the base plate 101. This tilt C. is also a tilt with respect to the 
aperture plane of the second fixed aperture 112 formed in the 
driving ring 102 and an aperture plane of a third fixed aperture 
formed in a cover plate described below. The tilt C. is set to be 
equal to or lower than 90°. Giving the tilt C. to the intermediate 
portion 103e and the supported portion 103b causes the light 
blocking portion 103a to be located distant from the Sup 
ported portion 103b in the optical axis direction. In addition, 
a center axis of the hole portion 103c formed in the supported 
portion 103b has a tilt with respect to the optical axis AX so as 
to match the center axis BX of the Supporting boss portion 
107. Therefore, the stop blade 103 can smoothly rotate, com 
pared to a case where the center axis of the Supporting boss 
portion 107 extends in the optical axis direction. 
0105. It is noted that, in each stop blade 103, the tilt of the 
supported portion 103b toward the optical axis direction with 
respect to the aperture plane 106a is larger than that of the 
light-blocking portion 103a. In other words, the tilt of the 
light-blocking portion 103a toward the optical axis direction 
with respect to the aperture plane 106a is smaller than that of 
the supported portion 103b. In addition, the entire stop blade 
103 from the supported portion 103b to the light-blocking 
portion 103a may be formed in a curved surface shape (for 
example, a spherical Surface shape). Furthermore, the inter 
mediate portion 103e and the light-blocking portion 103a of 
the stop blade 103 may be formed in a bent shape. 
01.06. In FIGS. 9 and 10, reference numeral 104 denotes a 
cover plate (cover member), which forms a blade room for 
housing the driving ring 102 and the stop blades 103 between 
the cover plate 104 and the base plate 101. A dome portion 
(cover portion) 104a having a domical shape concave toward 
the base plate side is formed in an inner circumferential 
portion of the cover plate 104. 
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0107 The dome portion 104a is formed in a curved sur 
face shape (for example, a spherical Surface shape) having 
approximately the same curvature as that of the domical wall 
portion 102a of the driving ring 102. A third fixed aperture 
113 corresponding to a fully opened aperture is formed in a 
radially central part of the dome portion 104a. In the optical 
axis direction, a position of an aperture plane of the third fixed 
aperture 113 is distant from the base plate 101 (that is, the 
aperture plane 106 of the first fixed aperture 106) compared to 
an outer circumference portion of the cover plate 104 than the 
dome portion 104a. In other words, in the cover plate 104, the 
dome portion 104a is formed so as to protrude toward a 
light-blocking portion (103a) side from a supported portion 
(103b) side of the stop blade 3 in the optical axis direction 
with respect to the outer circumferential portion of the cover 
plate 104. 
0108. The cover plate 104 is coupled to the base plate 101 
by screwing its outer circumferential portion to the base plate 
101, and thereby the cover plate 104 is integrated with the 
base plate 101. Therefore, similar to the base plate 101, the 
cover plate 104 can be treated as a base member. It is noted 
that a dome portion similar to the dome portion 104a may be 
formed in the base plate 101, the dome portion 104a of the 
cover plate 104 may be omitted, and thereby arrangement 
positions of the base plate 101 and the cover plate 104 may be 
changed. 
01.09 Reference numeral 105 denotes a driver 105 which 
includes an actuator Such as a stepping motor. A driving gear 
105.a meshing with the driven gear 102h of the driving ring 
102 is fixed to an output shaft of the stepping motor. The 
driver 105 is fixed to the base plate 101 via a motor base plate 
111 and the cover plate 104. The driver 105 is disposed in an 
outer circumferential portion of the base member including 
the base plate 101 and the cover plate 104 than the dome 
portion 104a. In other words, the driver 105 is disposed so as 
to protrude from its surrounding portions in a same direction 
as that where the domical wall portion 104a protrudes with 
respect to its surrounding portions. In this manner, the dome 
portion 104a and the driver 105 have the same protruding 
direction from the base member. Thereby, as in Embodiment 
7 described later, when the aperture stop apparatus 110 is 
mounted on an optical apparatus Such as a camera, it is pos 
sible to effectively use a space inside the optical apparatus 
(particularly, a space on an opposite side to that where the 
dome portion 104a and the driver 105 are arranged), which 
enables miniaturizing the optical apparatus. 
0110. When the driver 105 is energized and thereby the 
driving gear 105a is rotated, as illustrated in FIGS. 13A and 
13B, a rotational force from the driver 5 is transmitted to the 
driving ring 102 through the driving gear 105a and the driven 
gear 102b and rotates the driving ring 2 about the optical axis 
AX with respect to the base plate 101. With the rotation of the 
driving ring 102, the cam boss portion 108 provided in the 
driving ring 102 moves in the cam groove portion 103d 
formed in the light-blocking portion 103a of each stop blade 
3. Therefore, each stop blade 3 is rotated in the opening/ 
closing direction about the supporting boss portion 107 
inserted into the hole portion 103c of the supported portion 
103b. 

0111. It is noted that, although this embodiment described 
the case where (the center axis of) the Supporting boss portion 
107 formed in the base plate 101 and (the center axis of) the 
camboss portion 108 formed in the driving ring 102 are tilted 
with respect to the optical axis direction, the Supporting boss 
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portion 107 and the cam boss portion 108 may be formed to 
extend in parallel with the optical axis direction as long as the 
stop blade 103 (supported portion 103b) is rotated with 
respect to a virtual axis tilted with respect to the optical axis 
direction. 

0112 The cover plate 104 may be formed in the base plate 
101, a camboss portion may beformed in the dome portion of 
the base plate 101, the driving ring 102 may be rotatably 
disposed on a radially outer side of a fixed aperture of the 
dome portion, and the Supporting boss portion 107 may be 
formed in the driving ring 102. In this case, the Supporting 
boss portion 107 formed in the driving ring 102 is inserted 
into the hole portion 103c formed in the stop blade 103, and 
the cam boss portion 108 formed in the base plate 101 is 
inserted into the can groove portion 103d. That is, as long as 
relative positions of the supporting boss portion 107 and the 
cam boss portion 108 respectively inserted into the hole por 
tion 103c and the cam groove portion 103d of the stop blade 
103 are changeable, any one of the Supporting boss portion 
107 and the cam boss portion 108 may be formed in the base 
plate 101 and the other thereof may be formed in the driving 
ring 102. 
0113. Furthermore, although this embodiment described 
the case where the supporting boss portion 107 formed in the 
base plate 101 and the cam boss portion 108 formed in the 
driving ring 102 are respectively inserted into the hole portion 
103c and the cam groove portion 103d formed in the stop 
blade 103, a boss portion corresponding to the Supporting 
boss portion 107 and a boss portion corresponding to the cam 
boss portion 108 may beformed in the stop blade 103 to insert 
them into a hole portion formed in the base plate 101 and a 
cam groove portion formed in the driving ring 102. 
0114. As described above, in the aperture stop apparatus 
110 of this embodiment, the intermediate portion 103e and 
the supported portion 103b of each stop blade 103 have a tilt 
C. toward one side of the optical axis direction. In addition, the 
driving ring 102 has a shape (the domical wall portion 102a) 
concave toward the one side. As a result, as illustrated in FIG. 
11, a concave space S facing the first to third fixed apertures 
(light-passing apertures) 106, 112 and 113 is formed inside in 
the radial direction than the stop blades 103 and the driving 
ring 102. 
0115 The concave space S is a space having a depth in the 
optical axis direction from the supported portion (103b) side 
of the stop blades 103 to the light-blocking portion (103a) 
side thereof. A supported portion side end of the concave 
space S is opened toward the first fixed aperture 106 formed in 
the base plate 101. Meanwhile, a light-blocking portion side 
end of the concave space S is opened toward the second fixed 
aperture 112 formed in the driving ring 102 (in addition, 
toward the stop aperture A and the third fixed aperture 113 
formed in the cover plate 104). That is, the concave space S 
faces the first to third fixed apertures 106, 112 and 113. 
0116. As illustrated in FIG. 11, at least part of a lens 51 can 
be inserted into the concave space S. That is, according to this 
embodiment, it is possible to form the concave space S, into 
which at least part of the lens 51 can be inserted, on a radially 
inner side than the stop blades 103 without opening the stop 
blades 103 up to their fully opened state. 
0117 Moreover, forming the domical wall portions 102a 
in the driving ring 102 makes it possible to increase an open 
ing diameter of the concave space S where the lens 51 is 
inserted, compared to a case where the driving ring is formed 
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in a flat plate ring shape. That is, it is possible to increase a 
diameter of the lens 51 insertable into the concave space S. 
0118. The concave space S can be also said a space whose 
outer circumference is surrounded by blade surfaces of the 
stop blades 103. However, in this embodiment, the blade 
surfaces of the stop blades 103 do not directly face the con 
cave space S, and the domical wallportion 102a of the driving 
ring 102 that Surrounds the concave space S is interposed 
between the concave space S and the blade surface of the stop 
blade 103. It is noted that the domical wall portion 102a is not 
indispensable, and the blade surface of the stop blade 103 
may directly face the concave space S by removing the domi 
cal wall portion 102a if the stop blades 103 can be stably 
guided in the opening/closing direction using a rail extending 
in the radial direction or the like. 

0119 Furthermore, also in this embodiment, as described 
in Embodiment 1 using FIG.8, the one side tip of the camboss 
portion 108 provided in the driving ring 102 (the one side is 
the side where the domical wall portion 102a and the stop 
blade 103 are convex) is located on an opposite side to the one 
side than the one side edge of the light-blocking portion 103a 
as a stop portion, regardless of the rotate position of the stop 
blade 103. 

Embodiment 4 

I0120 FIG. 14 illustrates an aperture stop apparatus as a 
light-quantity control apparatus that is Embodiment 4 of the 
present invention. In FIG. 14, common components to those 
in Embodiment 3 are denoted by the same reference numerals 
as those in Embodiment 3, and description thereof is omitted. 
Although Embodiment 3 employs the configuration that con 
trols the light-quantity by rotating the light-blocking blades 
So as to change the size of the stop aperture, this embodiment 
employs a configuration that controls the light-quantity by 
rotating a single neutral density (ND) blade as a light-quantity 
control blade whose light-quantity control potion is formed 
by an ND filter. 
0121 A single Supporting boss portion (convex portion) 
107 is formed in the base plate 101 in this embodiment. 
Similar to Embodiment 3, the center axis of the supporting 
boss portion 107 has a tilt with respect to the optical axis 
direction. In addition, a single camboss portion 108 is formed 
in the guide surface 102c (dome portion 102a) of the driving 
ring 102 in this embodiment. Similar to Embodiment 3, the 
center axis of the camboss portion 108 has a tilt with respect 
to the optical axis direction so as to extend in the direction 
normal to the guide surface 102c. The base plate 101 and the 
driving ring 102 are used also in Embodiments 5 and 6 
described below. 

I0122) AnND blade 123 includes a ND filter portion 123a, 
a supported portion 123b supported rotatably with respect to 
the base plate 101 and the driving ring 102, and an interme 
diate portion that connects the ND filter portion 123a and the 
supported portion 123b. A hole portion (concave portion) 
123c into which the supporting boss portion 107 formed in the 
base plate 101 is inserted is formed in the supported portion 
123b. The ND blade 123 is rotatable about the supporting 
boss portion 107 and the hole portion 123c with respect to the 
base plate 101 and the driving ring 102. In addition, a cam 
groove portion 123d in which the cam boss portion 108 
formed in the driving ring 102 is inserted and with which the 
cam boss portion 108 is engaged is formed in the ND blade 
123. Therefore, when the driving ring 102 is rotated, the cam 
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boss portion 108 moves along the cam groove portion 123d, 
and thereby the NDblade 123 is rotated as illustrated in FIGS. 
14A and 14B. 
(0123. The ND blade 123 is rotated between a position 
where the ND filter portion 123a covers the entire fixed aper 
tures formed in the base plate 101 and the driving ring 102 as 
illustrated in FIG. 14A (FIG. 14A shows only the second 
fixed aperture 112 of the driving ring 102) and a position 
where the ND filter portion 123a is perfectly retracted from an 
area facing the fixed apertures as illustrated in FIG. 14B, 
thereby controlling a quantity of light passing though the 
fixed apertures. 
(0.124. The ND filter portion 123a is formed in a curved 
Surface shape (for example, in a spherical Surface shape) 
having approximately the same curvature as that of the guide 
surface 102c of the domical wall portion 102a of the driving 
ring 102. For this reason, when the ND blade 123 is rotated, 
the ND filter portion 123a moves along (that is, by being 
guided by) the guide surface 102c. 
0.125. Also in this embodiment, a tilt of the supported 
portion 123b (and the intermediate portion) of the ND blade 
123 toward the optical axis direction with respect to the 
aperture plane of each fixed aperture provides a concave 
space formed on a radially inner side than the ND blade 123, 
having a depth from a supported portion (123b) side to an ND 
filter portion (123a) side in the optical axis direction and 
facing each fixed aperture. In addition, forming the domical 
wall portion 102a in the driving ring 102 makes it possible to 
increase the opening diameter of the concave space S where a 
lens is inserted, compared to a case where the driving ring is 
formed in a flat platering shape. This also applies to Embodi 
ments 5 and 6 described below. 
0126 Although not illustrated in the drawings, similar to 
the cover plate 104 of Embodiment 3, the aperture stop appa 
ratus of this embodiment has a cover plate to form a blade 
room for housing the driving ring 102 and the ND blade 123 
between the cover plate and the base plate 101. This also 
applies to Embodiments 5 and 6 described below. 
0127. Also in this embodiment, the one side tip of the cam 
boss portion 108 provided in the driving ring 102 (the one side 
is the side where the domical wall portion 102a and the ND 
blade 103 are convex) is located on the opposite side to the 
one side than the one side edge of the light-blocking portion 
103a as a stop portion, regardless of the rotation position of 
the ND blade 103. This also applies to Embodiments 5 and 6 
described below. 

Embodiment 5 

0128 FIG. 15 illustrates an aperture stop apparatus as a 
light-quantity control apparatus that is Embodiment 5 of the 
present invention. In FIG. 15, common components to those 
in Embodiment 3 are denoted by the same reference numerals 
as those in Embodiment 3, and description thereof is omitted. 
Although Embodiment 3 employs the configuration that con 
trols the light-quantity by rotating the plurality of light-block 
ing blades so as to change the size of the stop aperture, this 
embodiment employs a configuration that controls the light 
quantity by rotating a single stop blade having a stop aperture 
whose size is fixed. 
0129. A stop blade 133 includes a stop portion 133a as a 
light-quantity control portion having a small stop aperture 
133f smaller than the fixed apertures formed in the base plate 
101 and the driving ring 102 (in the drawings, only the second 
fixed aperture 112 of the driving ring 102 is illustrated), a 

May 1, 2014 

supported portion 133b supported rotatably with respect to 
the base plate 101 and the driving ring 102, and an interme 
diate portion that connects the stop portion 133a and the 
supported portion 133b. A hole portion (concave portion) 
133c into which the supporting boss portion 107 formed in the 
base plate 101 is inserted is formed in the supported portion 
133b. The stop blade 133 is rotatable about the supporting 
boss portion 107 and the hole portion 133c with respect to the 
base plate 101 and the driving ring 102. 
0.130. In addition, a cam groove portion 133d in which the 
cam boss portion 108 formed in the driving ring 102 is 
inserted and with which the cam boss portion 108 is engaged 
is formed in the stop blade 133. Therefore, when the driving 
ring 102 is rotated, the camboss portion 108 moves along the 
cam groove portion 133d, and thereby the stop blade 133 is 
rotated as illustrated in FIGS. 15A and 15B. The stop blade 
133 is rotated between a position where the small stop aper 
ture 133f of the stop portion 133a faces the fixed apertures 
formed in the base plate 101 and the driving ring 102 as 
illustrated in FIG. 15A and a position where the stop portion 
133a is perfectly retracted from an area facing the fixed 
apertures as illustrated in FIG. 15B, thereby controlling a 
quantity of light passing though the fixed apertures. 
I0131 The stop portion 133a is formed in a curved surface 
shape (for example, in a spherical Surface shape) having 
approximately the same curvature as that of the guide Surface 
102c of the domical wall portion 102a of the driving ring 102. 
For this reason, when the stop blade 133 is rotated, the stop 
portion 133a moves along (that is, by being guided by) the 
guide surface 102c. 
0.132. Also in this embodiment, a tilt of the supported 
portion 133b (and the intermediate portion) of the stop blade 
133 toward the optical axis direction with respect to the 
aperture plane of each fixed aperture provides a concave 
space formed on a radially inner side than the stop blade 133, 
having a depth from a supported portion (133b) side to a stop 
portion (133a) side in the optical axis direction and facing 
each fixed aperture. 

Embodiment 6 

0.133 FIG. 16 illustrates an aperture stop apparatus as a 
light-quantity control apparatus that is Embodiment 6 of the 
present invention. In FIG. 16, common components to those 
in Embodiment 3 are denoted by the same reference numerals 
as those in Embodiment 3, and description thereof is omitted. 
This embodiment employs a configuration that controls the 
light-quantity by rotating a single stop blade. 
I0134. A stop blade 143 includes a light-blocking portion 
143a to form a stop aperture, a supported portion 143b sup 
ported rotatably with respect to the base plate 101 and the 
driving ring 102, and an intermediate portion that connects 
the light-blocking portion 143a and the Supported portion 
143b. A hole portion (concave portion) 143c into which the 
supporting boss portion 107 formed in the base plate 101 is 
inserted is formed in the supported portion 143b. The stop 
blade 143 is rotatable about the supporting boss portion 107 
and the hole portion 143c with respect to the base plate 101 
and the driving ring 102. 
I0135) In addition, a cam groove portion 143d in which the 
cam boss portion 108 formed in the driving ring 102 is 
inserted and with which the cam boss portion 108 is engaged 
is formed in the stop blade 143. Therefore, when the driving 
ring 102 is rotated, the camboss portion 108 moves along the 
cam groove portion 143d, and thereby the stop blade 143 is 
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rotated as illustrated in FIGS. 16A and 16B. The stop blade 
143 is rotated between a position where the light-blocking 
portion 143a faces the fixed apertures formed in the base plate 
101 and the driving ring 102 as illustrated in FIG. 16A and a 
position where the light-blocking portion 143a is perfectly 
retracted from an area facing the fixed apertures as illustrated 
in FIG. 16B, thereby controlling a quantity of light passing 
though the fixed apertures. 
0136. The light-blocking portion 143a is formed in a 
curved surface shape (for example, in a spherical Surface 
shape) having approximately the same curvature as that of the 
guide surface 102c of the domical wall portion 102a of the 
driving ring 102. For this reason, when the stop blade 143 is 
rotated, the light-blocking portion 143a moves along (that is, 
by being guided by) the guide surface 102c. 
0.137 Also in this embodiment, a tilt of the supported 
portion 143b (and the intermediate portion) of the stop blade 
143 toward the optical axis direction with respect to the 
aperture plane of each fixed aperture provides a concave 
space formed on a radially inner side than the stop blade 143, 
having a depth from a supported portion (143b) side to a 
light-blocking portion (143a) side in the optical axis direction 
and facing each fixed aperture. 

Embodiment 7 

0138 FIG. 17 illustrates a camera (a video camera or a still 
camera) as an optical apparatus in which the aperture stop 
apparatus 110 described in any one of Embodiments 3 to 6 is 
installed. As described in Embodiment 2, the camera includes 
the camera body 50, the plurality of lenses 51 and 53 consti 
tuting the image capturing optical system, and the image 
sensor 52. The controller 54 is constituted by a CPU or the 
like and controls operations of the aperture stop apparatus 110 
(drivers 105) and the image sensor 52. The aperture stop 
apparatus 110 may have a shutter function. 
0139. In this camera, as described in Embodiment 3 with 
reference to FIG. 11, at least part (convex surface) of the lens 
51 adjacently disposed to the aperture stop apparatus 110 in 
the optical axis direction can be inserted into the concave 
space S of the aperture stop apparatus 110. FIG. 11 illustrates 
a state where an entrance (first fixed aperture 106) for the lens 
51 into the concave space S is opened toward an image plane 
side and a most part of the lens 51 adjacently disposed on the 
image plane side of the aperture stop apparatus 110 is inserted 
into the concave space S. It is noted that the entrance of the 
concave space S may be directed toward an object side, and 
the lens 53 disposed adjacently on an object side of the aper 
ture stop apparatus 110 may be inserted into the concave 
space S. 
0140 Assuming that the domical wall portion 102a is 
formed in the driving ring 102, a size (inner diameter) of an 
opening serving as the entrance for the lens 51 into the con 
cave space S is defined by a diameter of a circle passing 
through the Supported portions 103b (Supporting boss por 
tions 107) of the stop blades 103 (113, 123, 133 or 143) or an 
inner diameter of the first fixed aperture 106 of the base plate 
1 corresponding to the circle, which does not depend on a size 
of the stop aperture formed by the stop blades 103. Thus, even 
when the stop aperture is narrowed, it is possible to insert the 
lens 51 into the concave space S without setting the stop 
aperture to a fully opened aperture diameter or increasing the 
size of the stop aperture to a larger size than that of the fully 
opened aperture diameter. Therefore, it is possible to elimi 
nate necessity of increasing the maximum diameter of the 
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stop aperture depending on the outer diameter of the lens 51, 
which avoids increase of the radial size of the aperture stop 
apparatus 110 capable of inserting the lens into its inner 
Space. 

0.141. In addition, FIG. 11 also illustrates a state that the 
convex surface (object side surface) of the domical wall por 
tion 104a of the cover plate 104 of the aperture stop apparatus 
110 is disposed close to the concave surface (image plane side 
surface) of the lens 53 adjacently disposed on the object side 
of the aperture stop apparatus 110. In this manner, it is pos 
sible to dispose the stop blades 103 of the aperture stop 
apparatus 110 in a narrow space between the object side 
convex surface of the lens 51 and the image plane side con 
cave surface of the lens 53. 

0142. In addition, as illustrated in FIG. 11, a lens barrel 
holding the image capturing optical system may be housed 
(retracted) into the camera body in a state where the aperture 
stop apparatus 110 is close to the lenses 51 and 53 arranged on 
both sides thereof. 
0.143 Furthermore, the aperture stop apparatus 110 may 
be installed in other optical apparatuses Such as an inter 
changeable lens as well as the camera illustrated in FIG. 17. 
0144. According to the above embodiments, in the light 
quantity control apparatus having the light-quantity control 
blade (stop blade or shutter blade), it is possible to form, 
inside the light-quantity control blade in the radial direction, 
a concave space into which a lens having a large diameter can 
be inserted. That is, it is possible to Suppress a size increase of 
the light-quantity control apparatus in a radial direction and 
insert a lens having a large diameter into an inner side of the 
optical axis direction. Therefore, it is possible to reduce a size 
of the optical apparatus having the light-quantity control 
apparatus in the optical axis direction and miniaturize the 
optical apparatus in the radial direction. 
0145. In the light-quantity control apparatus according to 
the second aspect of the invention, it is possible to prevent a 
first shutter blade and a second shutter blade having a curved 
Surface shape or a bent shape from being caught with each 
other in the shutter close operation. Therefore, it is possible to 
Smoothly perform a shutter operation. 
0146 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. The scope of the following claims is to be 
accorded the broadest interpretation so as to encompass all 
Such modifications and equivalent structures and functions. 

1. A light-quantity control apparatus provided with a light 
passing aperture, comprising: 

a base member; 
a stop blade including a stop portion to change a quantity of 

light passing through the light-passing aperture and a 
stop blade-supported portion rotatably supported with 
respect to the base member; 

a shutter blade having a shutter portion to block the light 
passing through the light-passing aperture and a shutter 
blade-supported portion rotatably supported with 
respect to the base member, and 

a driving member disposed between the shutter blade and 
the stop blade and rotating with respect to the base 
member around the light-passing aperture to rotate the 
stop blade, 

wherein, when a direction orthogonal to an aperture plane 
of the light-passing aperture is defined as an optical axis 



US 2014/01 19719 A1 

direction, and a direction orthogonal to the optical axis 
direction is defined as a radial direction, 

the stop blade and the shutter blade respectively have tilts 
in the stop blade-supported portion and the shutter 
blade-supported portion toward a same one side in the 
optical axis direction with respect to the aperture plane 
So that the stop portion and the shutter portion are 
respectively distant from the stop blade-supported por 
tion and the shutter blade-supported portion in the opti 
cal axis direction, the driving member has a shape con 
cave toward the one side from its outer circumferential 
side portion to its inner circumferential side portion, and 
thereby a concave space facing the light-passing aper 
ture is formed inside in the radial direction than the stop 
blade, the shutter blade and the driving member. 

2. A light-quantity control apparatus according to claim 1, 
wherein the apparatus includes, as the shutter blade, a first 
shutter blade and a second shutter blade, 

the first and second shutter blades each have a curved 
surface shape or a bent shape so that the tilt with respect 
to the aperture plane is reduced from the shutter blade 
Supported portion to the shutter portion, 

the first shutter blade is disposed so as to overlap the second 
shutter blade on an opposite side to the concave space, 
and 

a curvature of the curved surface shape of the first shutter 
blade or a bendangle of the bent shape of the first shutter 
blade with respect to an extension of its shutter blade 
Supported portion is larger than that of the second shutter 
blade. 

3. A light-quantity control apparatus according to claim 1, 
wherein the shutter blade, the driving member and the stop 
blade are arranged in order from a concave space side to the 
one side, 

the stop blade is provided with a cam groove portion, 
the driving member is provided with a cam boss portion 

engaging with the cam groove portion to rotate the stop 
blade by rotation of the driving member, and 

a tip of the camboss portion on the one side is located on an 
opposite side to the one side further than an edge of the 
stop portion on the one side, regardless of a rotation 
position of the stop blade. 

4. A light-quantity control apparatus according to claim 1, 
further comprising: 

a driver including an actuator to rotate the driving member, 
wherein the driver is installed to the base member so as to 

protrude to the one side from the base member. 
5. A light-quantity control apparatus according to claim 1, 

wherein each of the stop blade-supported portion of the stop 
blade and the shutter blade-supported portion of the shutter 
blade is rotated about an axis tilted with respect to the optical 
axis direction. 

6. A light-quantity control apparatus provided with a light 
passing aperture, comprising: 

a base member; 
a stop blade including a stop portion to change a quantity of 

light passing through the light-passing aperture and a 
stop blade-supported portion rotatably supported with 
respect to the base member, and 

a first shutter blade and a second shutter blade each having 
a shutter portion to block the light passing through the 
light-passing aperture and a shutter blade-supported 
portion rotatably supported with respect to the base 
member, 

May 1, 2014 

wherein, when a direction orthogonal to an aperture plane 
of the light-passing aperture is defined as an optical axis 
direction, and a direction orthogonal to the optical axis 
direction is defined as a radial direction, 

the stop blade and the first and second shutter blades 
respectively have tilts in the stop blade-supported por 
tion and the shutter blade-supported portions toward a 
same one side in the optical axis direction with respect to 
the aperture plane so that the stop portion and the shutter 
portions are respectively distant from the stop blade 
Supported portion and the shutter blade-supported por 
tions in the optical axis direction, and thereby a concave 
space facing the light-passing aperture is formed inside 
in the radial direction than the stop blade and the first and 
second shutter blades, 

the first and second shutter blades each have a curved 
surface shape or a bent shape so that the tilt with respect 
to the aperture plane is reduced from the shutter blade 
Supported portion to the shutter portion, 

the first shutter blade is disposed so as to overlap the second 
shutter blade on an opposite side to the concave space, 
and 

a curvature of the curved surface shape of the first shutter 
blade or a bendangle of the bent shape of the first shutter 
blade with respect to an extension of its shutter blade 
Supported portion is larger than that of the second shutter 
blade. 

7. A light-quantity control apparatus according to claim 6. 
further comprising: 

a driving member rotating with respect to the base member 
around the light-passing aperture to rotate the stop blade, 

wherein the first and second shutter blades, the driving 
member and the stop blade are arranged in order from a 
concave space side to the one side, 

the stop blade is provided with a cam groove portion, 
the driving member is provided with a cam boss portion 

engaging with the cam groove portion to rotate the stop 
blade by rotation of the driving member, and 

a tip of the camboss portion on the one side is located on an 
opposite side to the one side further than an edge of the 
stop portion on the one side, regardless of a rotation 
position of the stop blade. 

8. A light-quantity control apparatus according to claim 6. 
further comprising: 

a driver including an actuator to rotate the driving member, 
wherein the driver is installed to the base member so as to 

protrude to the one side from the base member. 
9. A light-quantity control apparatus according to claim 6. 

wherein each of the stop blade-supported portion of the stop 
blade and the shutter blade-supported portions of the first and 
second shutter blades is rotated about an axis tilted with 
respect to the optical axis direction. 

10. A light-quantity control apparatus provided with a 
light-passing aperture, comprising: 

a base member; 
a light-quantity control blade including a light-quantity 

control portion to change a quantity of light passing 
through the light-passing aperture and a Supported por 
tion rotatably supported with respect to the base mem 
ber; and 

a driving member rotating with respect to the base member 
around the light-passing aperture to rotate the light 
quantity control blade, 
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wherein, when a direction orthogonal to an aperture plane 
of the light-passing aperture is defined as an optical axis 
direction, and a direction orthogonal to the optical axis 
direction is defined as a radial direction, 

the light-quantity control blade have tilts in the supported 
portion toward one side in the optical axis direction with 
respect to the aperture plane so that the light-quantity 
control portion is distant from the Supported portion in 
the optical axis direction, the driving member has a 
shape concave toward the one side from its outer circum 
ferential side portion to its inner circumferential side 
portion, and thereby a concave space facing the light 
passing aperture is formed inside in the radial direction 
than the light-quantity control blade and the driving 
member. 

11. A light-quantity control apparatus according to claim 
10, wherein the driving member and the light-quantity control 
blade are arranged in order from a concave space side to the 
one side, 

the light-quantity control blade is provided with a cam 
groove portion, 

the driving member is provided with a cam boss portion 
engaging with the cam groove portion to rotate the light 
quantity control blade by rotation of the driving member, 
and 

a tip of the camboss portion on the one side is located on an 
opposite side to the one side further than an edge of the 
light-quantity control portion on the one side, regardless 
of a rotation position of the light-quantity control blade. 

12. A light-quantity control apparatus according to claim 
10, wherein the light-quantity control blade has a curved 
surface shape or a bent shape so that the tilt with respect to the 
aperture plane is reduced from the Supported portion to the 
light-quantity control portion. 

13. A light-quantity control apparatus according to claim 
10, wherein the supported portion is rotated is rotated about 
an axis tilted with respect to the optical axis direction. 

14. A light-quantity control apparatus according to claim 
10, wherein a plurality of the light-quantity control blades are 
provided, and 

the light-quantity control blades are rotated so as to change 
a size of the light-passing aperture to control the quantity 
of the light. 
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15. A light-quantity control apparatus according to claim 
10, wherein one light-quantity control blade is provided in 
which a stop aperture is formed, and 

the light-quantity control blade is rotated so as to move the 
stop aperture with respect to the light-passing aperture to 
control the quantity of the light. 

16. A light-quantity control apparatus according to claim 
10, wherein the light-quantity control portion of the light 
quantity control blade is formed by an ND filter, and 

the light-quantity control blade is rotated so as to move the 
ND filter with respect to the light-passing aperture to 
control the quantity of the light. 

17. A light-quantity control apparatus according to claim 
10, further comprising a driver including an actuator to rotate 
the driving member, 

wherein the driver is installed to the base member so as to 
protrude to the one side from the base member. 

18. A light-quantity control apparatus provided with a 
light-passing aperture, comprising: 

a light-quantity control blade disposed facing a convex 
Surface of a lens and formed in a curved surface shape; 
and 

a driving member to drive the light-quantity control blade, 
wherein the driving member has a shape concave in an 

optical axis direction, and thereby the driving member 
forms a concave space which allows insertion of a por 
tion including the convex surface of the lens thereinto. 

19. An optical apparatus comprising: 
a body of the optical apparatus; and 
an optical System including a lens and the light-quantity 

control apparatus according to claim 18. 
20. An optical apparatus comprising: 
a body of the optical apparatus; and 
an optical system including a lens and the light-quantity 

control apparatus according to claim 1. 
21. An optical apparatus comprising: 
a body of the optical apparatus; and 
an optical system including a lens and the light-quantity 

control apparatus according to claim 6. 
22. An optical apparatus comprising: 
a body of the optical apparatus; and 
an optical system including a lens and the light-quantity 

control apparatus according to claim 10. 
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