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(57) ABSTRACT 

A Zoom lens includes, a lens unit Lp having the highest 
positive refractive power, a lens unit Lin having negative 
refractive power, and a lens unit Lip2 having positive refrac 
tive power. In a first region, focusing from an infinite distance 
to a predetermined finite distance and Zooming are able to be 
performed. In a second region in which macro driving is 
performed from a telephoto end to a macro end, two or more 
lens units are moved during macro driving so that the lens unit 
Lp is located closer to the object side thanata wide-angle end, 
a distance between the lens unit Lp and the lens unit Ln is 
larger at the macro end than at the wide-angle end, and a 
distance between the lens unit Ln and the lens unit Lip2 is 
Smaller at the macro end than at the wide-angle end. 
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ZOOM LENS AND IMAGE PICKUP 
APPARATUS HAVING THE SAME 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to a Zoom lens suitable 
to a digital camera, a video camera, or the like. More particu 
larly, the present invention relates to a Zoom lens including a 
macro mechanism that can obtain an excellent optical perfor 
mance across an overall object distance. 
0003 2. Description of the Related Art 
0004. It is demanded for many photographic optical sys 
tems for use in image pickup apparatuses that a Zoom lens is 
a Zoom lens of a high Zoom ratio as well as a Zoom lens that 
can shoot an image of an object at a shorter distance at a high 
imaging magnification. As a focusing method for a Zoom 
lens, an inner focus method is known in which focusing is 
performed by moving at least a single lens unit in an optical 
axis direction. The lens unit is disposed on the image side of 
a first lens unit disposed closest to an object side. 
0005. A Zoom lens discussed in U.S. Patent Application 
Publication No. 2011/0116174 is a four-unit Zoom lens 
including a first lens unit having positive refractive power, a 
second lens unit having negative refractive power, a third lens 
unit having positive refractive power, and a fourth lens unit 
having positive refractive power, in which focusing is per 
formed from an infinite distance to a short distance by moving 
the second lens unit toward the object side. 
0006 Moreover, to improve anaberration variation during 
focusing, a floating method is known in which a plurality of 
lens units is moved in the optical axis direction. See Japanese 
Patent Application Laid-Open No. 2000-047107. 
0007 Furthermore, a Zoom lens including a macro mecha 
nism is known. A Zoom lens discussed in Japanese Patent 
Application Laid-Open No. 11-352402 can perform macro 
shooting by moving a first lens unit and a second lens unit in 
such a way that a distance between the first lens unit and the 
second lens unit is increased at a telephoto end. 
0008. In order that a Zoom lens obtains a high optical 
performance in the entire Zooming range and across an over 
all object distance (the entire focusing range), it is necessary 
to appropriately set the power and a lens configuration of each 
lens unit forming the Zoom lens, and a Zooming method and 
a focusing method constituting the Zoom lens. Generally, 
when it is desired to shorten a photographable object distance 
and to increase an imaging magnification, it is likely to 
increase an aberration variation during focusing and to 
decrease optical performance. Moreover, such a problem 
arises in that the amount of movement of a focus lens unit is 
increased to upsize the Zoom lens. 
0009. The Zoom lens discussed in U.S. Patent Application 
Publication No. 2011/0116174 can achieve focusing at a 
Some short distance in the entire Zooming range, and about a 
0.2x imaging magnification can be achieved at a shortest 
distance at a telephoto end. 
0010. It is necessary in the Zoom lens discussed in U.S. 
Patent Application Publication No. 2011/0116174 that a 
space is secured in the optical axis direction by an amount of 
the movement of the second lens unit for focusing. Thus, it is 
difficult to obtain a high imaging magnification exceeding a 
0.5x magnification while downsizing the entire Zoom lens. 
Furthermore, since only the second lens unit is moved during 
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focusing, an aberration variation is increased, and an aberra 
tion variation is likely to be increased particularly at the 
telephoto end. 
00.11 Japanese Patent Application Laid-Open No. 2000 
047107 discusses that a six-unit Zoom lens includes a first lens 
unit having positive refractive power, a second lens unit hav 
ing negative refractive power, a third lens unit having positive 
refractive power, a fourth lens unit having negative refractive 
power, a fifth lens unit having positive refractive power, and a 
sixth lens unit having negative refractive power. The fourth 
lens unit is moved toward the object side and the sixth lens 
unit is moved toward the image side so that focusing is per 
formed from the infinite distance to a short distance. This 
technique can achieve focusing at Some short distance in the 
entire Zooming range, and can obtain an about 0.2x imaging 
magnification at a shortest distance at the telephoto end. 
During focusing, an aberration variation is decreased by mov 
ing the fourth lens unit in such a way that the fourth lens unit 
compensates aberration caused by the movement of the sixth 
lens unit. However, it is necessary to secure spaces in the 
optical axis direction by the amounts of the movement of the 
fourth lens unit and the sixth lens unit during focusing. Thus, 
it is difficult to obtain a high imaging magnification exceed 
ing a 0.5x magnification while downsizing the entire Zoom 
lens. 
0012 Japanese Patent Application Laid-Open No. 
11-3524.02 discusses the Zoom lens including a macro mecha 
nism that can obtain a high imaging magnification of an about 
0.5x magnification. However, a drive method for the lens 
units for macro shooting, for example, is not matched with the 
downsizing of the entire Zoom lens and the providing of a high 
performance. 

SUMMARY OF THE INVENTION 

0013 The present invention is directed to a Zoom lens that 
has a small size in its entirety, that can obtain a high optical 
performance across an overall object distance, and that 
includes a macro drive mechanism which can provide a high 
imaging magnification, and is also directed to an image 
pickup apparatus including the Zoom lens. 
0014. According to an aspect of the present invention, a 
Zoom lens includes, in order from an object side to an image 
side, a lens unit Lp having the highest positive refractive 
power, a lens unit Lin having negative refractive power, and a 
lens unit Lp2 having positive refractive power, wherein a 
distance between every adjacent lens units varies during 
Zooming. In a first region in which focusing from an infinite 
distance to a predetermined finite distance and Zooming are 
able to be performed, two or more lens units are moved during 
Zooming and one lens unit is moved during focusing. In a 
second region in which macro driving is performed from a 
telephoto end to a macro end at which focusing is able to be 
performed on an object distance shorter than the predeter 
mined finite distance, two or more lens units are moved dur 
ing macro driving so that the lens unit Lp is located closer to 
the object side than at a wide-angle end, a distance between 
the lens unit Lp and the lens unit Ln is larger at the macro end 
than at the wide-angle end, and a distance between the lens 
unit Ln and the lens unit Lp2 is Smaller at the macro end than 
at the wide-angle end. 
(0015. Further features of the present invention will 
become apparent from the following detailed description of 
exemplary embodiments with reference to the attached draw 
1ngS. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIG. 1 is a lens cross-sectional view of a Zoom lens 
according to a first exemplary embodiment of the present 
invention. 
0017 FIGS. 2A, 2B, and 2C are aberration diagrams at a 
wide-angle end, a telephoto end, and a macro end, respec 
tively, during focusing on an infinite distance in the Zoom lens 
according to the first exemplary embodiment of the present 
invention. 
0.018 FIG. 3 is a lens cross-sectional view of a Zoom lens 
according to a second exemplary embodiment of the present 
invention. 
0019 FIGS. 4A, 4B, and 4C are aberration diagrams at a 
wide-angle end, a telephoto end, and a macro end, respec 
tively, during focusing on an infinite distance in the Zoom lens 
according to the second exemplary embodiment of the 
present invention. 
0020 FIG. 5 is a lens cross-sectional view of a Zoom lens 
according to a third exemplary embodiment of the present 
invention. 
0021 FIGS. 6A, 6B, and 6C are aberration diagrams at a 
wide-angle end, a telephoto end, and a macro end, respec 
tively, during focusing on an infinite distance in the Zoom lens 
according to the third exemplary embodiment of the present 
invention. 
0022 FIG. 7 is a lens cross-sectional view of a Zoom lens 
according to a fourth exemplary embodiment of the present 
invention. 
0023 FIGS. 8A, 8B, and 8C are aberration diagrams at a 
wide-angle end, a telephoto, and a macro end, respectively, 
during focusing on an infinite distance in the Zoom lens 
according to the fourth exemplary embodiment of the present 
invention. 
0024 FIG.9 is a lens cross-sectional view of a Zoom lens 
according to a fifth exemplary embodiment of the present 
invention. 
0025 FIGS. 10A, 10B, and 10C are aberration diagrams at 
a wide-angle end, a telephoto end, and a macro end, respec 
tively, during focusing on an infinite distance in the Zoom lens 
according to the fifth exemplary embodiment of the present 
invention. 
0026 FIG. 11 is a lens cross-sectional view of a Zoom lens 
according to a sixth exemplary embodiment of the present 
invention. 
0027 FIGS. 12A, 12B, and 12C are aberration diagrams at 
a wide-angle end, a telephoto end, and a macro end, respec 
tively, during focusing on an infinite distance in the Zoom lens 
according to the sixth exemplary embodiment of the present 
invention. 
0028 FIG. 13 is a schematic diagram of main components 
of an image pickup apparatus according to an exemplary 
embodiment of the present invention. 

DESCRIPTION OF THE EMBODIMENTS 

0029. In the following, a Zoom lens and an image pickup 
apparatus including the Zoom lens according to an exemplary 
embodiment of the present invention will be described with 
reference to the drawings. The Zoom lens according to each 
exemplary embodiment of the present invention includes, in 
order from an object side to an image side, a lens unit Lp 
having the highest positive refractive power, a lens unit Lin 
having negative refractive power, and a lens unit Lp2 having 
positive refractive power. In a first region in which focusing 
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and Zooming are able to be performed from an infinite dis 
tance to a predetermined finite distance (a first object dis 
tance), a Zoom drive mechanism is operated in Sucha way that 
two or more lens units are moved duringZooming, and a focus 
drive mechanism is operated in Such a way that one lens unit 
is moved during focusing. Moreover, in a second region in 
which macro driving is performed from a telephoto end to a 
macro end at which focusing is able to be performed on a 
distance shorter than a predetermined finite distance (a first 
object distance), the macro drive mechanism is operated in 
Such a way that two or more lens units are moved during 
macro driving. 
0030. In the second region, the lens unit Lp is positioned 
closer to the object side than at the wide-angle end. Moreover, 
during macro driving from the telephoto end to the macro end, 
each lens unit is moved in Such a way that a distance between 
the lens unit Lp and the lens unit Ln is larger at the macro end 
than at the wide-angle end and a distance between the lens 
unit Ln and the lens unit Lp2 is Smaller at the macro end than 
at the wide-angle end. 
0031. The macro drive mechanism moves two or more 
lens units for macro driving from a state in which focusing is 
performed on a predetermined finite distance (the first object 
distance) at the telephoto end, so that focusing is continuously 
performed to a state in which focusing is performed on the 
shortest distance at the macro end in the second region. Fur 
thermore, the Zoom lens according to the present invention 
can stop the operation of the macro drive mechanism in the 
Second region, and can operate the focus drive mechanism to 
adjust focus. For example, focus can be adjusted by rotating a 
focus ring or by operating a focus lens unit in autofocus 
operation. 
0032 FIG. 1 is a lens cross-sectional view of a Zoom lens 
according to a first exemplary embodiment of the present 
invention. FIGS. 2A, 2B, and 2C are aberration diagrams at a 
wide-angle end, a telephoto end, and a macro end, respec 
tively, during focusing on an infinite distance in the Zoom lens 
according to the first exemplary embodiment of the present 
invention. FIG.3 is a lens cross-sectional view of a Zoom lens 
according to a second exemplary embodiment of the present 
invention. FIGS. 4A, 4B, and 4C are aberration diagrams at a 
wide-angle end, a telephoto end, and a macro end, respec 
tively, during focusing on an infinite distance in the Zoom lens 
according to the second exemplary embodiment of the 
present invention. FIG. 5 is a lens cross-sectional view of a 
Zoom lens according to a third exemplary embodiment of the 
present invention. FIGS. 6A, 6B, and 6C are aberration dia 
grams at a wide-angle end, a telephoto end, and a macro end, 
respectively, during focusing on an infinite distance in the 
Zoom lens according to the third exemplary embodiment of 
the present invention. 
0033 FIG. 7 is a lens cross-sectional view of a Zoom lens 
according to a fourth exemplary embodiment of the present 
invention. FIGS. 8A, 8B, and 8C are aberration diagrams at a 
wide-angle end, a telephoto, and a macro end, respectively, 
during focusing on an infinite distance in the Zoom lens 
according to the fourth exemplary embodiment of the present 
invention. FIG.9 is a lens cross-sectional view of a Zoom lens 
according to a fifth exemplary embodiment of the present 
invention. FIGS. 10A, 10B, and 10C are aberration diagrams 
at a wide-angle end, a telephoto end, and a macro end, respec 
tively, during focusing on an infinite distance in the Zoom lens 
according to the fifth exemplary embodiment of the present 
invention. FIG. 11 is a lens cross-sectional view of a Zoom 
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lens according to a sixth exemplary embodiment of the 
present invention. FIGS. 12A, 12B, and 12C are aberration 
diagrams at a wide-angle end, a telephoto end, and a macro 
end, respectively, during focusing on an infinite distance in 
the Zoom lens according to the sixth exemplary embodiment 
of the present invention. FIG. 13 is a schematic diagram of 
main components of an image pickup apparatus according to 
an exemplary embodiment of the present invention. 
0034). Each lens cross-sectional view illustrates an i-th 
lens unit Li when i is counted from the object side, and a 
partial system LR (a composite lens unit) including one or 
more lens units. The partial system LR includes, in order from 
the object side to the image side, a lens unit Lp having the 
highest positive refractive power, a lens unit Lin having nega 
tive refractive power, and a lens unit Lip2 having positive 
refractive power. In some cases, another lens unit is disposed 
between the lens units. SP is an aperture stop. 
0035 An image plane IP corresponds to the imaging sur 
face of a Solid-state image sensor (a photoelectric conversion 
element) such as a charge-coupled device (CCD) sensor and 
a complementary metal-oxide semiconductor (CMOS) sen 
Sor when the Zoom lens is used for a photographic optical 
system of a video camera and a digital still camera, and the 
image plane P corresponds to a film Surface when the Zoom 
lens is used for a silver-halide film camera. In the lens cross 
sectional views, the first region indicates a Zooming region, 
and the second region indicates a macro region. 
0036. In the first region, arrows indicate the moving loci of 
the lens units during Zooming from the wide-angle end to the 
telephoto end. In the second region, arrows indicate the mov 
ing directions of the lens units during macro driving (macro 
focusing) from the telephoto end to the macro end in the 
second region. An arrow for focus indicates the moving direc 
tion of the lens unit when focusing is performed from the 
infinite distance to a short distance. 
0037. In the spherical aberration diagrams, a solid line 
indicates the d-line, and a two-dot chain line indicates the 
g-line. In the astigmatic aberration diagrams, a Solid line 
indicates a meridional image plane, and a broken line indi 
cates a sagittal image plane at the d-line. Chromatic aberra 
tion of magnification is expressed by the g-line. Fno is an 
F-number, and () is a half angle of view. 
0038. The Zoom lens of the first exemplary embodiment in 
FIG. 1 is a seven-unit Zoom lens including, in order from the 
object side to the image side, a first lens unit L1 having 
positive refractive power, a second lens unit L2 having nega 
tive refractive power, a third lens unit L3 having positive 
refractive power, a fourth lens unit L4 having negative refrac 
tive power, a fifth lens unit L5 having positive refractive 
power, a sixth lens unit L6 having negative refractive power, 
and a seventh lens unit L7 having positive refractive power. 
During Zooming from the wide-angle end to the telephoto 
end, the first lens unit L1 and the third lens unit L3 to the 
seventh lens unit L7 are all moved toward the object side, and 
the second lens unit L2 is moved with a locus convex toward 
the image side, as indicated by the arrows. Focusing is per 
formed by moving the second lens unit L2. 
0039. The Zoom lens according to the second exemplary 
embodiment in FIG. 3 is a six-unit Zoom lens including, in 
order from the object side to the image side, a first lens unit L1 
having positive refractive power, a second lens unit L2 having 
negative refractive power, a third lens unit L3 having positive 
refractive power, a fourth lens unit L4 having positive refrac 
tive power, a fifth lens unit L5 having negative refractive 
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power, and a sixth lens unit L6 having positive refractive 
power. During Zooming from the wide-angle end to the tele 
photo end, the first lens unit L1 and the third lens unit L3 to the 
sixth lens unit L6 are all moved toward the object side, and the 
second lens unit L2 is moved with a locus convex toward the 
image side, as indicated by the arrows. Focusing is performed 
by moving the second lens unit L2. 
0040. The lens configuration of the third exemplary 
embodiment in FIG. 5 is the same as the lens configuration of 
the first exemplary embodiment in FIG. 1. The Zoom lens 
according to the fourth exemplary embodiment in FIG. 7 is a 
six-unit Zoom lens including, in order from the object side to 
the image side, a first lens unit L1 having negative refractive 
power, a second lens unit L2 having positive refractive power, 
a third lens unit L3 having negative refractive power, a fourth 
lens unit L4 having positive refractive power, a fifth lens unit 
L5 having negative refractive power, and a sixth lens unit L6 
having positive refractive power. During Zooming from the 
wide-angle end to the telephoto end, the first lens unit L1 is 
moved with a locus convex toward the image side, and the 
second lens unit L2 to the sixth lens unit L6 are all moved 
toward the object side. 
0041 Focusing is performed by moving the first lens unit 
L1. 
0042. The lens configuration and the Zooming method of 
the fifth exemplary embodiment in FIG. 9 are the same as that 
of the first exemplary embodiment in FIG. 1. 
0043. The Zoom lens according to the sixth exemplary 
embodiment in FIG. 11 is a five-unit Zoom lens including, in 
order from the object side to the image side, a first lens unit L1 
having positive refractive power, a second lens unit L2 having 
negative refractive power, a third lens unit L3 having positive 
refractive power, a fourth lens unit L4 having negative refrac 
tive power, and a fifth lens unit L5 having positive refractive 
power. During Zooming from the wide-angle end to the tele 
photo end, the first lens unit L1 and the third lens unit L3 to the 
fifth lens unit L5 are all moved toward the object side, and the 
second lens unit L2 is moved with a locus convex toward the 
image side. Focusing is performed by moving the second lens 
unit L2. 
0044 As in the Zoom lenses discussed in U.S. Patent 
Application Publication No. 2011/0116174 and Japanese 
Patent Application Laid-Open No. 2000-047107, a type of 
Zoom lens in which one or two lens units are moved during 
focusing, focusing is easily performed from the infinite dis 
tance to a predetermined finite distance in the entire range 
from the wide-angle end to the telephoto end. As for an 
aberration variation caused by focusing, when a single focus 
lens unit is provided, it is difficult to correct an aberration 
variation, and optical performance is degraded particularly at 
the telephoto end. As compared with Such a Zoom lens, in the 
floating method in which two lens units are moved, it is easy 
to correct an aberration variation. 

0045. However, in a method in which a focus lens unit for 
focusing is not moved during Zooming, it is necessary to 
secure a space in the optical axis direction by an amount of the 
focus lens unit moved during focusing in addition to a space 
during Zooming. Thus, the entire Zoom lens is more increased 
in size as a higher imaging magnification is demanded. For 
example, when it is desired to implement a higher imaging 
magnification in the Zoom lens discussed in U.S. Patent 
Application Publication No. 2011/0116174, it is necessary to 
provide a space in advance between the first lens unit and the 
second lens unit for an amount that the second lens unit 
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having negative refractive power is greatly moved toward the 
object side during focusing. Therefore, power disposition at 
the wide-angle end is likely to be out of a retrofocus type. 
0046. The Zoom lens discussed in Japanese Patent Appli 
cation Laid-Open No. 11-3524.02 separately performs Zoom 
ing and focusing in a normal mode (this corresponds to the 
first region according to the exemplary embodiment). Focus 
ing is performed from the infinite distance to a predetermined 
finite distance by moving the third lens unit toward the image 
side in the entire range from the wide-angle end to the tele 
photo end. The first lens unit and the second lens unit are 
again disposed for macro shooting at the telephoto end, so 
that a high imaging magnification is implemented (this cor 
responds to the second region according to the exemplary 
embodiment). However, in the Zoom lens discussed in Japa 
nese Patent Application Laid-OpenNo. 11-3524.02, since the 
third lens unit and the lens units subsequent to the third lens 
unit are not moved during macro driving, it is not possible to 
always efficiently obtain a high imaging magnification. Gen 
erally, to increase imaging magnifications in an imaging opti 
cal system having positive refractive power (optical power), it 
is necessary to increase a distance between a rear principal 
point position of the optical system and an image point. 
0047. In the Zoom lens according to the exemplary 
embodiment of the present invention, the lens unit Lp having 
the highest positive refractive power among the optical units 
is moved in the second region, so that the imaging magnifi 
cation is efficiently increased with a smaller amount of move 
ment. 

0048. The Zoom lens according to the exemplary embodi 
ment of the present invention includes a plurality of lens units 
including the lens unit Lp having the highest positive refrac 
tive power, the lens unit Lin having negative refractive power, 
and the lens unit Lp2 having positive refractive power dis 
posed in order from the object side to the image side, and two 
or more lens units are moved in the first region for Zooming. 
0049 Moreover, in the second region, macro focusing is 
performed by moving at least the positive lens unit Lp toward 
the object side. Furthermore, macro driving is performed in 
Such a way that a distance between the lens unit Lp and the 
lens unit Ln is larger and a distance between the lens unit Lin 
and the lens unit Lip2 is Smaller at the macro end in the second 
region than at the wide-angle end in the first region. 
0050. During macro driving from the telephoto end to the 
macro end, two or more lens units including the positive lens 
unit Lp are moved toward the object side. Furthermore, focus 
ing is easily performed on a short distance by moving the 
focus lens unit in Such a way that focusing is performed on a 
short distance. 
0051 Generally, when the focus lens unit is further moved 
toward the short distance side from a state in which focusing 
is performed on a short distance at the telephoto end, a high 
imaging magnification is obtained according to paraxial cal 
culation. However, considerable spherical aberration actually 
occurs on the over side. 
0052. Therefore, during macro driving in the second 
region, the positive lens unit Lp is moved toward the object 
side, and the principal point position of the entire Zoom lens 
is moved toward the object side while producing spherical 
aberration on the under side, so that focusing can be per 
formed on an objectata distance shorter than a predetermined 
finite distance. Moreover, each lens unit is moved in Such a 
way that a distance between the lens unit Lp and the lens unit 
Ln is larger and a distance between the lens unit Ln and the 
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lens unit Lip2 is Smaller at the macro end than at the wide 
angle end, so that the principal point position of the entire 
Zoom lens can be moved from the image side to the object 
side. 
0053 Thus, a wider angle of view and a high Zoom ratio 
can be implemented in the first region without increasing the 
amount of movement of the lens unit Lp, and a high imaging 
magnification can be implemented in the second region. 
0054 The Zoom lens according to the present invention 
will be described from another aspect. Generally, in the Zoom 
lens, the entire Zoom lens is downsized by reducing a distance 
between the lens units at the wide-angle end or at the tele 
photo end. In the downsizing, the focus lens unit is often in a 
state in which a distance between the focus lens unit and the 
lens unit on the front side of the focus lens unit and a distance 
between the focus lens unit and the lens unit on the rear side 
of the focus lens unit are short in a state in which focusing is 
performed on the infinite distance at the telephoto end and in 
a state in which focusing is performed on a short distance at 
the wide-angle end. 
0055 Thus, when a premise is assumed that focusing is 
performed from an infinite-distance object to a near-distance 
object in the entire Zooming range, when it is desired to 
further increase the range of performing focusing to the short 
distance side, the amounts of movement of the lens units on 
the front side and on the rear side are inevitably increased to 
upsize the entire Zoom lens. 
0056. Therefore, in other words, in the present invention, 
the drive region on the infinite distance side at the telephoto 
end is restricted in the second region. For example, part (c) in 
FIG. 1 is a cross sectional view of a state in which the second 
lens unit L2 is in focus on a shortest distance at the macro end 
by focusing. At this time, when the second lens unit L2 is 
moved toward the infinite distance side, the second lens unit 
L2 interferes with the third lens unit L3 before focusing is 
performed on an infinite distance. 
0057 This also relates to a fact that a distanced 12 takes a 
negative value in a second region in a numerical example 1, 
for example, (numerical examples illustrate the positions of 
lens units when focusing is performed on an infinite distance 
for convenience). In other words, the fact that the movement 
of the second lens unit L2 for focusing is restricted on the 
infinite distance side, and the space for the movement is 
allocated to the lens unit (the third lens unit L3), which is 
adjacent to the second lens unit L2 for focusing, to move 
toward the object side, so that spherical aberration is changed 
to the under side while moving an in-focus position (a focus 
position) to a shorter distance. 
0.058 Thus, the second lens unit L2 for focusing can also 
be further driven toward a shorter distance side at a normal 
short distance in-focus position at the telephoto end, and 
focusing is easily performed on a short distance without con 
siderable degradation of spherical aberration. 
0059 Next, more desirable conditions will be described 
for implementing the present invention. Each exemplary 
embodiment may satisfy one or more of the conditions below. 
Suppose that the focal length of the lens unit Lp is F, and the 
focallength of the lens unit Lip2 is F.Suppose that the focal 
length of the lens unit Ln is F.Suppose that a distance on the 
optical axis from the lens surface of the lens unit Lp on the 
object side to the front principal point position of the partial 
system LRincluding the lens unit Lp to the lens unit Lp2 at the 
macro end in the second region is o1LP (where the distance is 
a positive distance when measured from the object side to the 
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image side). Suppose that a distance on the optical axis from 
the lens surface of the lens unit Lp on the object side to the 
lens surface of the lens unit Lp2 on the image side at the macro 
end in the second region is BldLP. Suppose that the amount of 
movement of the lens unit Lp from the telephoto end to the 
macro end is mLp (where the amount is a positive amount 
when measured from the object side to the image side). Sup 
pose that the total lens length at the wide-angle end is TLDw, 
and the imaging magnification is Brm when focusing is per 
formed on a shortest distance at the macro end. At this time, 
one or more conditions below may be satisfied. 

0.05<F/FPs.O.60 (1) 

0.20<-F/IF|<0.90 (2) 

-0.30<01LP/BidLP<0.40 (3) 

0.01<mLp/TLDw/Bm <0.40 (4) 

0060. In each exemplary embodiment, the positive princi 
pal point position of the partial system LR including the lens 
unit Lp and the lens units on the rear side of the lens unit Lp 
is provided closer to the object side by reducing the refracting 
power of the lens unit Lp2 to some extent with respect to the 
refracting power of the lens unit Lp having the highest posi 
tive refractive power in the entire Zoom lens. Thus, a high 
imaging magnification is efficiently achieved without 
increasing the amounts of movement of the lens unit Lp and 
the lens units on the rear side of the lens unit Lp too much. 
More specifically, the condition (1) is satisfied. 
0061. When the upper limit of the condition (1) is 
exceeded, it is difficult to perform efficient macro driving 
because the principal point position of the partial system LR 
is close to the image side. When the lower limit of the condi 
tion (1) is exceeded, it is difficult to take a desirable power 
disposition at a wider angle of view because the principal 
point position of the partial system LR is moved too much 
toward the object side. The condition (1) can satisfy a condi 
tion (1a). 

0.10<F/FPS-0.40 (1a) 

0062. The condition (2) is a condition to more effectively 
achieve a high imaging magnification in the partial system 
LR. When the upper limit of the condition (2) is exceeded, it 
is difficult to correctaberration because the power of the lens 
unit Ln is too strong. Moreover, when the lower limit is 
exceeded, it is difficult to efficiently move the principal point 
position of the entire Zoom lens toward the object side 
because the power of the lens unit Ln is too weak. The con 
dition (2) can satisfy a condition (2a). 

0063. The condition (3) is a condition to more effectively 
achieve a high imaging magnification in the partial system 
LR. The condition (3) is satisfied, so that the principal point 
position of the partial system LR is disposed on the image side 
to some extent, and a high imaging magnification can be 
achieved without increasing the amount of movement of the 
partial system LR too much. When the upper limit of the 
condition (3) is exceeded, the amount of movement of the 
partial system LR including the lens unit Lp and the lens units 
on the rear side of the lens unit Lp is increased to achieve a 
high imaging magnification because the principal point posi 
tion of the partial system LR comes close to the image plane. 
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0064. When the lower limit of the condition (3) is 
exceeded, the principal point position of the partial system 
LR is located on the object side. Although an imaging mag 
nification can be increased when focusing is performed on a 
shortest distance in the second region, it is difficult to provide 
the principal point position on the image side at the wide 
angle end in the first region, and a desirable power disposition 
is not taken at the wide-angle end. The condition (3) can 
satisfy a condition (3a). 

-0.2O31LPABLP3O2S (3a) 

0065. The condition (4) relates to the amount of movement 
of the lens unit Lp and the total lens length to form the entire 
Zoom lens in a simple configuration as much as possible. 
When the upper limit of the condition (4) is exceeded, the 
amount of moving the lens unit Lp during macro driving is 
increased with respect to the shortest total lens length, and the 
drive mechanism becomes complicated. When the lower limit 
of the condition (4) is exceeded, the amount of movement of 
the lens unit Lp is decreased too much as compared with the 
imaging magnification at the macro end, and the optical per 
formance is degraded at the macro end. The condition (4) can 
satisfy a condition (4a). 

0.066 Next, a desirable lens configuration of each exem 
plary embodiment will be described. 
0067. The Zoom lens of each exemplary embodiment may 
include, in order from the object side to the image side, a first 
lens unit having positive refractive power and a second lens 
unit having negative refractive power, in which a distance 
between the first lens unit and the second lens unit is larger at 
a telephoto end in the first region than at the wide-angle end. 
The first lens unit may be moved toward the image side during 
macro driving from the telephoto end to the macro end. 
0068 To provide a high variable power in the first region, 
the Zoom lens can be a positive-lead type Zoom lens includ 
ing, in order from the object side to the image side, the first 
lens unit L1 having positive refractive power and the second 
lens unit L2 having negative refractive power. At this time, to 
move the rear principal point position toward the object side 
during macro driving from the telephoto end to the macro end, 
the first lens unit L1 can be moved toward the object side. 
However, this effect itself is not exerted well so much on the 
first lens unit L1, which is greatly away from the lens unit Lp 
toward the object side. 
0069. Because of this, such a configuration may be pos 
sible in which the first lens unit L1 is moved toward the image 
side on purpose, and a distance between the front principal 
point position of the entire Zoom lens and the first lens unit is 
decreased to secure a working distance (a distance from an 
object to the first lens surface). From the viewpoint of the 
downsizing of the entire Zoom lens, the amount of movement 
of the first lens unit L1 can be reduced with respect to the 
wide-angle end in the first region. 
0070 Next, when it is intended to provide a wider angle in 
the first region, a negative-lead type Zoom lens is desirable in 
which the first lens unit having negative refractive power is 
disposed closest to the object side. In the first region, the focus 
lens unit may be a focus lens unit in which the lens unit having 
the highest negative refractive power is moved during focus 
ing. When it is intended to provide a widerangle of view in the 
first region, desirably, the focus lens unit in the first region is 
a lens unit having the highest negative power in the entire 
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Zoom lens because the amount of movement is reduced in 
both of the positive-lead type Zoom lens and the negative-lead 
type Zoom lens. 
0071 Moreover, in each exemplary embodiment, the posi 
tion of the focus lens unit in the optical axis direction when 
focusing is performed on the infinite distance at the telephoto 
end may be overlapped with the position of the lens unit 
adjacent to the image side in the optical axis direction in a part 
of the second region in the optical axis direction. Therefore, 
focusing can be performed on a shorter distance by effectively 
utilizing a space without upsizing the entire Zoom lens. 
0072 The lens unit Lp and the lens unit Lp2 may be 
integrally moved with each other during Zooming. Further 
more, the drive mechanism can be simplified when the lens 
unit Lp and the lens unit Lp2 are driven integrally. 
0073 Here, the lens unit of each exemplary embodiment 
includes surfaces from the frontmost surface of the optical 
unit or a surface from which a distance to the lens adjacent to 
the front side varies during Zooming to the rearmost Surface of 
the optical unit or a surface from which a distance to the lens 
adjacent to the rear side varies during Zooming in the case of 
a Zoom lens. 
0074. In the following, the lens configuration of each 
exemplary embodiment will be described. The first exem 
plary embodiment is a seven-unit Zoom lens including, in 
order from the object side to the image side, the first lens unit 
L1 having positive refractive power, the second lens unit L2 
having negative refractive power, the third lens unit L3 having 
positive refractive power, the fourth lens unit L4 having nega 
tive refractive power, and the fifth lens unit L5 having positive 
refractive power, and further including the sixth lens unit L6 
having negative refractive power and the seventh lens unit L7 
having positive refractive power. 
0075. The fifth lens unit L5 corresponds to the lens unit Lp 
having the highest positive refractive power. The sixth lens 
unit corresponds to the lens unit Lin, and the seventh lens unit 
L7 corresponds to the lens unit Lp2. The Zoom ratio in the first 
region is 2.8, and the fifth lens unit L5 is moved toward the 
object side during Zooming from the wide-angle end to the 
telephoto end. 
0076 Each lens unit is moved during Zooming in such a 
way that a distance between the first lens unit L1 and the 
second lens unit L2 is larger, a distance between the second 
lens unit L2 and the third lens unit L3 is smaller, a distance 
between the fifth lens unit L5 and the sixth lens unit L6 is 
larger, and a distance between the sixth lens unit L6 and the 
seventh lens unit L7 is smaller at the telephoto end than at the 
wide-angle end. 
0077. During focusing from the infinite distance to a pre 
determined finite distance, the second lens unit L2 is moved 
toward the object side. Thus, the rear principal point position 
of the entire Zoom lens is moved toward the object side to 
obtain a variable power effect. Here, in the first region, a 
distance between the third lens unit L3 and the fourth lens unit 
L4 and a distance between the fourth lens unit L4 and the fifth 
lens unit L5 may not be necessarily changed during Zooming. 
Focusing can be performed on an object at a shorter distance 
(at a short distance) in the second region than in the first 
region. The maximum imaging magnification in the first 
region is a 0.17x magnification, whereas the imaging magni 
fication is a 0.7x magnification at the macro end in the second 
region. 
0078. At the macro end in the second region, the fifth lens 
unit L5 is moved toward the object side with respect to the 
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telephoto end in the first region. Moreover, Such settings are 
made on each lens unit to be moved in Such a way that a 
distance between the first lens unit L1 and the second lens unit 
L2 is Smaller, a distance between the second lens unit L2 and 
the third lens unit L3 is larger, a distance between the third 
lens unit L3 and the fourth lens unit L4 is smaller, and a 
distance between the fourth lens unit L4 and the fifth lens unit 
L5 is larger. Therefore, the rear principal point position of the 
entire Zoom lens is effectively moved toward the object side, 
and a high imaging magnification is obtained. 
007.9 Here, in the second region, a distance between the 
fifth lens unit L5 and the sixth lens unit L6 and a distance 
between the sixth lens unit L6 and the seventh lens unit L7 
may not be necessarily changed during macro driving. Fur 
thermore, the fifth lens unit L5 and the seventh lens unit L7 
satisfy the conditions (1) and (3). The principal point position 
of the partial system LR including the fifth lens unit L5 to the 
seventh lens unit L7 is effectively moved toward the object 
side in the second region, and a high imaging magnification is 
obtained. 
0080 Moreover, the fifth lens unit L5 and the sixth lens 
unit L6 satisfy the condition (2), and the rear principal point 
position of the entire Zoom lens is moved toward the object 
side from the wide-angle end to the macro end. Furthermore, 
the amount of movement of the fifth lens unit L5 satisfies the 
condition (4) during macro driving from the telephoto end to 
the macro end, so that the downsizing of the entire Zoom lens 
and the providing of a high magnification in the entire Zoom 
lens can be combined. 

0081 Moreover, the first lens unit L1 is moved toward the 
image side during macro driving from the telephoto end to the 
macro end, so that a working distance can be effectively 
secured at the macro end. 
I0082 Part (b) in FIG. 1 illustrates a state in which focusing 
is performed on a predetermined finite distance in the first 
region at the telephoto end. Focusing can be continuously 
performed using the macro drive mechanism from a state in 
which the second lens unit L2 is positioned on the object side 
in part (b) in FIG. 1 to a state in which focusing is performed 
on a shortest distance at the macro end in the second region 
(the state corresponds to part (c) in FIG. 1). Furthermore, the 
focusing operation using the macro drive mechanism from a 
state in which focusing is performed on a shortest distance at 
the macro end in the second region (part (c) in FIG. 1) to a 
state in which focusing is performed on an object at a prede 
termined finite distance at the telephoto end is inverse to the 
case described above. 
I0083. In addition, such a configuration may be possible in 
which the operation of the macro drive mechanism is stopped, 
the focus drive mechanism is operated, and the second lens 
unit L2, which is the focus lens unit, is moved to adjust focus. 
Moreover, an auto focus mechanism (an AF mechanism) may 
be used for autofocus. Such operations are similarly appli 
cable to the second, third, fifth, and sixth exemplary embodi 
mentS. 

I0084. The second exemplary embodiment is a six-unit 
Zoom lens including, in order from the object side to the 
image side, the first lens unit L1 having positive refractive 
power, the second lens unit L2 having negative refractive 
power, the third lens unit L3 having positive refractive power, 
the fourth lens unit L4 having positive refractive power, the 
fifth lens unit L5 having negative refractive power, and the 
sixth lens unit L6 having positive refractive power. The third 
lens unit L3 corresponds to the lens unit Lp having the highest 
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positive refractive power. The fifth lens unit L5 and the sixth 
lens unit L6 correspond to the lens units Ln and Lp2. 
0085. The Zoom ratio in the first region is 2.8, and the third 
lens unit L3 is moved toward the object side at the telephoto 
end more than at the wide-angle end. Each lens unit is moved 
during Zooming in Such away that a distance between the first 
lens unit L1 and the second lens unit L2 is larger, a distance 
between the second lens unit L2 and the third lens unit L3 is 
smaller, a distance between the fourth lens unit L4 and the 
fifth lens unit L5 is larger, and a distance between the fifth lens 
unit L5 and the sixth lens unit L6 is smaller at the telephoto 
end than at the wide-angle end. The second lens unit L2 is 
moved toward the object side, so that focusing is performed 
from the infinite distance to a predetermined finite distance. 
Thus, the rear principal point position of the entire Zoom lens 
is effectively moved toward the object side, and a variable 
power effect is obtained. 
I0086. In the first region, a distance between the third lens 
unit L3 and the fourth lens unit L4 may not be necessarily 
changed. Focusing can be performed on an object at a much 
shorter distance in the second region than in the first region. 
The maximum imaging magnification in the first region is a 
0.14x magnification, whereas the maximum imaging magni 
fication is a 0.6X magnification at the macro end in the second 
region. 
I0087. The third lens unit L3 is moved toward the object 
side at the macro end in the second region with respect to the 
telephoto end in the first region. Moreover, a distance 
between the first lens unit L1 and the second lens unit L2 is 
Smaller, a distance between the second lens unit L2 and the 
third lens unit L3 is larger, and a distance between the third 
lens unit L3 and the fourth lens unit L4 is smaller at the macro 
end in the second region than at the telephoto end in the first 
region. 
0088. In the second region, a distance between the fourth 
lens unit L4 and the fifth lens unit L5 and a distance between 
the fifth lens unit L5 and the sixth lens unit L6 may not be 
necessarily changed. Furthermore, the third lens unit L3 and 
the sixth lens unit L6 satisfy the conditions (1) and (3). The 
principal point position of the combined unit including the 
third lens unit L3 to the sixth lens unit L6 is moved toward the 
object side in the second region, and a high imaging magni 
fication is obtained. 

0089. In addition, the third lens unit L3 and the fifth lens 
unit L5 satisfy the condition (2). The rear principal point 
position of the entire Zoom lens is moved toward the image 
side at the wide-angle end in the first region, and the rear 
principal point position of the entire Zoom lens is moved 
toward the object side at the macro end in the second region. 
Moreover, the amount of movement of the third lens unit L3 
during macro driving from the telephoto end in the first region 
to the macro end in the second region satisfies the condition 
(4), so that the downsizing of the entire Zoom lens and the 
providing of a high imaging magnification are achieved. 
0090. Furthermore, in the second exemplary embodiment, 
the first lens unit L1 is hardly moved during macro driving 
from the telephoto end to the macro end, and a working 
distance is decreased. However, a high imaging magnification 
can be easily achieved instead of this. 
0091. The third exemplary embodiment is a seven-unit 
Zoom lens including, in order from the object side to the 
image side, the first lens unit L1 having positive refractive 
power, the second lens unit L2 having negative refractive 
power, the third lens unit L3 having positive refractive power, 
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the fourth lens unit L4 having negative refractive power, the 
fifth lens unit L5 having positive refractive power, the sixth 
lens unit L6 having negative refractive power, and the seventh 
lens unit L7 having positive refractive power. The fifth lens 
unit L5 corresponds to the lens unit Lp having the highest 
positive refractive power. The sixth lens unit L6 and the 
seventh lens unit L7 correspond to the lens units Ln and Lp2. 
0092. The first region is the entire Zooming range having a 
Zoom ratio of 3.5, and the fifth lens unit L5 is moved toward 
the object side duringZooming from the wide-angle end to the 
telephoto end. Each lens unit is moved during Zooming in 
such a way that a distance between the first lens unit L1 and 
the second lens unit L2 is larger, a distance between the 
second lens unit L2 and the third lens unit L3 is smaller, a 
distance between the fifth lens unit L5 and the sixth lens unit 
L6 is larger, and a distance between the sixth lens unit L6 and 
the seventh lens unit L7 is smaller at the telephoto end than at 
the wide-angle end. The second lens unit L2 is moved toward 
the object side, so that focusing is performed from the infinite 
distance to a short distance. Thus, the rear principal point 
position of the entire Zoom lens is effectively moved toward 
the object side, and a variable power effect is obtained. 
0093. Here, a distance between the third lens unit L3 and 
the fourth lens unit L4 and a distance between the fourth lens 
unit L4 and the fifth lens unit L5 may not be necessarily 
changed in the first region. 
0094) Focusing can be performed on an object at a shorter 
distance in the second region than in a range in which focus 
ing can be performed in the first region. The maximum imag 
ing magnification in the first region is a 0.17x magnification, 
whereas the maximum imaging magnification is a 0.6X mag 
nification at the macro end in the second region. 
(0095. The fifth lens unit L5 is moved toward the object 
side at the macro end than at the telephoto end. Moreover, a 
distance between the first lens unit L1 and the second lens unit 
L2 is Smaller, a distance between the second lens unit L2 and 
the third lens unit L3 is larger, a distance between the third 
lens unit L3 and the fourth lens unit L4 is smaller, and a 
distance between the fourth lens unit L4 and the fifth lens unit 
L5 is larger at the macro end than at the telephoto end. The 
operation of each lens unit is similar to that in the first exem 
plary embodiment. 
0096. The fourth exemplary embodiment is a six-unit 
Zoom lens including, in order from the object side to the 
image side, the first lens unit L1 having negative refractive 
power, the second lens unit L2 having positive refractive 
power, the third lens unit L3 having negative refractive power, 
the fourth lens unit L4 having positive refractive power, the 
fifth lens unit L5 having negative refractive power, and the 
sixth lens unit L6 having positive refractive power. The fourth 
lens unit L4 corresponds to the lens unit Lp having the highest 
positive refractive power. The fifth lens unit L5 corresponds 
to the lens unit Lin, and the sixth lens unit L6 corresponds to 
the lens unit Lp2. 
0097. The first region is the entire Zooming range having a 
Zoom ratio of 2.8, and the fourth lens unit L4 is moved toward 
the object side duringZooming from the wide-angle end to the 
telephoto end. Each lens unit is moved during Zooming in 
such a way that a distance between the first lens unit L1 and 
the second lens unit L2 is Smaller, a distance between the 
fourth lens unit L4 and the fifth lens unit L5 is larger, and a 
distance between the fifth lens unit L5 and the sixth lens unit 
L6 is smaller at the telephoto end than at the wide-angle end. 
The first lens unit L1 is moved toward the object side during 
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focusing from the infinite-distance object to a near-distance 
object. Thus, the rear principal point position of the entire 
Zoom lens is effectively moved toward the object side, and a 
variable power effect is obtained. 
0098. In the first region, a distance between the second 
lens unit L2 and the third lens unit L3 and a distance between 
the third lens unit L3 and the fourth lens unit L4 may not be 
necessarily changed. 
0099 Focusing can be performed on an object at a shorter 
distance in the second region than in a range in which focus 
ing can be performed in the first region. The maximum imag 
ing magnification in the first region is a 0.17x magnification, 
whereas the maximum imaging magnification is a 0.6X mag 
nification at the macro end in the second region. 
0100. The fourth lens unit L4 is moved toward the object 
side at the macro end in the second region compared with at 
the telephoto end in the first region, and a distance between 
the second lens unit L2 and the third lens unit L3 is smaller, 
and a distance between the third lens unit L3 and the fourth 
lens unit L4 is larger at the macro end in the second region 
than at the telephoto end in the first region. Here, a distance 
between the fourth lens unit L4 and the fifth lens unit L5 and 
a distance between the fifth lens unit L5 and the sixth lens unit 
L6 may not be necessarily changed in the second region. 
0101 Moreover, the fourth lens unit L4 and the sixth lens 
unit L6 satisfy the conditions (1) and (3). The principal point 
position of the combined unit including the fourth lens unit L4 
to the sixth lens unit L6 is effectively moved toward the object 
side in the second region, and a high imaging magnification is 
implemented. Furthermore, the fourth lens unit L4 and the 
fifth lens unit L5 satisfy the condition (2). The rear principal 
point position of the entire Zoom lens is effectively moved 
toward the image side at the wide-angle end in the first region, 
and the rear principal point position of the entire Zoom lens is 
effectively moved toward the object side at the macro end in 
the second region. 
0102. In addition, the amount of movement of the fourth 
lens unit L4 satisfies the condition (4) during macro driving 
from the telephoto end to the macro end, so that the downsiz 
ing of the entire Zoom lens and the providing of a high imag 
ing magnification are implemented. 
0103 Part (b) in FIG. 7 illustrates a state in which focusing 

is performed on a predetermined finite distance in the first 
region at the telephoto end. Focusing can be continuously 
performed using the macro drive mechanism from a state in 
which the second lens unit L2 is positioned on the object side 
in part (b) in FIG. 7 to a state in which focusing is performed 
on a shortest distance at the macro end in the second region 
(the state corresponds to part (c) in FIG. 7). Moreover, the 
focusing operation using the macro drive mechanism from a 
state in which focusing is performed on a shortest distance at 
the macro end in the second region (part (c) in FIG. 7) to a 
state in which focusing is performed on an object at a prede 
termined finite distance at the telephoto end is inverse to the 
case described above. 
0104 Furthermore, such a configuration may be possible 
in which the operation of the macro drive mechanism is 
stopped and the focus drive mechanism is operated to move 
the first lens unit (the focus lens unit) L1 for adjusting focus. 
0105. The fifth exemplary embodiment is a seven-unit 
Zoom lens including, in order from the object side to the 
image side, the first lens unit L1 having positive refractive 
power, the second lens unit L2 having negative refractive 
power, the third lens unit L3 having positive refractive power, 
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the fourth lens unit L4 having negative refractive power, the 
fifth lens unit L5 having positive refractive power, the sixth 
lens unit L6 having negative refractive power, and the seventh 
lens unit L7 having positive refractive power. The fifth lens 
unit L5 corresponds to the lens unit Lp having the highest 
positive refractive power. The sixth lens unit L6 corresponds 
to the lens unit Lin, and the seventh lens unit L7 corresponds 
to the lens unit Lp2. 
0106 The first region is the entire Zooming range having a 
Zoom ratio of 2.8, and the fifth lens unit L5 is moved toward 
the object side duringZooming from the wide-angle end to the 
telephoto end. Each lens unit is moved during Zooming in 
such a way that a distance between the first lens unit L1 and 
the second lens unit L2 is larger, a distance between the 
second lens unit L2 and the third lens unit L3 is smaller, a 
distance between the fifth lens unit L5 and the sixth lens unit 
L6 is larger, and a distance between the sixth lens unit L6 and 
the seventh lens unit L7 is smaller at the telephoto end than at 
the wide-angle end. The second lens unit L2 is moved toward 
the object side, so that focusing is performed from an infinite 
distance object to a near-distance object. 
0107 As described above, the rear principal point position 
of the entire Zoom lens is effectively moved toward the object 
side, and a variable power effect is obtained. Moreover, the 
amount of movement for focusing is larger in the fifth exem 
plary embodiment because the fourth lens unit for focusing is 
not a lens unit having the highest negative power. However, 
the second lens unit L2 having the highest negative power is 
not a focus lens unit, so that a distance between the second 
lens unit L2 and the first lens unit L1 can be smaller at the 
wide-angle end, and the effective diameter of the first lens 
unit L1 can be decreased. Here, in the first region, a distance 
between the third lens unit L3 and the fourth lens unit L4 and 
a distance between the fourth lens unit L4 and the fifth lens 
unit L5 may not be necessarily changed during Zooming. 
0.108 Next, focusing can be performed on an object at a 
much shorter distance in the second region than in a range in 
which focusing can be performed in the first region. The 
maximum imaging magnification in the first region is a 0.18x 
magnification, whereas the maximum imaging magnification 
is a 0.8.x magnification at the macro end in the second region. 
0109 Each lens unit is moved in such a way that the fifth 
lens unit L5 is moved toward the object side, a distance 
between the first lens unit L1 and the second lens unit L2 is 
Smaller, a distance between the second lens unit L2 and the 
third lens unit L3 is larger, a distance between the third lens 
unit L3 and the fourth lens unit L4 is smaller, and a distance 
between the fourth lens unit L4 and the fifth lens unit L5 is 
larger at the macro end in the second region than at the 
telephoto end in the first region. Thus, the rear principal point 
position of the entire Zoom lens is effectively moved toward 
the object side, and a high imaging magnification is imple 
mented. 

0110. In the second region, a distance between the fifth 
lens unit L5 and the sixth lens unit L6 and a distance between 
the sixth lens unit L6 and the seventh lens unit L7 may not be 
necessarily changed. Moreover, the fifth lens unit L5 and the 
seventh lens unit L7 satisfy the conditions (1) and (3). The 
principal point position of the compound lens unit including 
the fifth lens unit L5 to the seventh lens unit L7 is effectively 
moved toward the object side in the second region, and a high 
imaging magnification is implemented. 
0111. Furthermore, the fifth lens unit L5 and the sixth lens 
unit L6 satisfy the condition (2). The rear principal point 
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position of the entire Zoom lens is effectively moved toward 
the image side at the wide-angle end in the first region, and the 
rear principal point position of the entire Zoom lens is effec 
tively moved toward the object side at the macro end in the 
second region. In addition, the amount of movement of the 
fifth lens unit L5 satisfies the condition (4) during macro 
driving from the telephoto end to the macro end, so that the 
downsizing of the entire Zoom lens and the providing of a high 
imaging magnification are implemented. 
0112 Moreover, the first lens unit L1 is moved toward the 
image side during macro driving from the telephoto end to the 
macro end, and a working distance is effectively secured at 
the macro end. 
0113 Part (b) in FIG. 9 illustrates a state in which focusing 

is performed on a predetermined finite distance in the first 
region at the telephoto end. Focusing can be continuously 
performed using the macro drive mechanism from a state in 
which the second lens unit L2 is positioned on the object side 
in part (b) in FIG.9 to a state in which focusing is performed 
on a shortest distance at the macro end in the second region 
(the state corresponds to part (c) in FIG. 9). Furthermore, the 
focusing operation using the macro drive mechanism from a 
state in which focusing is performed on a shortest distance at 
the macro end in the second region (part (c) in FIG. 9) to a 
state in which focusing is performed on an object at a prede 
termined finite distance at the telephoto end is inverse to the 
case described above. 
0114. In addition, Such a configuration may be possible in 
which the operation of the macro drive mechanism is stopped 
and the focus drive mechanism is operated to move the second 
lens unit (the focus lens unit) L2 for adjusting focus. 
0115 The sixth exemplary embodiment is a five-unit 
Zoom lens including, in order from the object side to the 
image side, the first lens unit L1 having positive refractive 
power, the second lens unit L2 having negative refractive 
power, the third lens unit L3 having positive refractive power, 
the fourth lens unit L4 having negative refractive power, and 
the fifth lens unit L5 having positive refractive power. The 
third lens unit L3 corresponds to the lens unit Lp having the 
highest positive refractive power. The fourth lens unit L4 
corresponds to the lens unit Lin, and the fifth lens unit L5 
corresponds to the lens unit Lp2. 
0116. The first region is the entire Zooming range having a 
Zoom ratio of 2.8, and the third lens unit L3 is moved toward 
the object side during Zooming from the wide-angle end to the 
telephoto end. Each lens unit is moved during Zooming in 
such a way that a distance between the first lens unit L1 and 
the second lens unit L2 is larger, a distance between the 
second lens unit L2 and the third lens unit L3 is smaller, a 
distance between the third lens unit L3 and the fourth lens unit 
L4 is larger, and a distance between the fourth lens unit L4 and 
the fifth lens unit L5 is smaller at the telephoto end than at the 
wide-angle end. The second lens unit L2 is moved toward the 
object side, so that focusing is performed from the infinite 
distance to a short distance. Thus, the rear principal point 
position of the entire Zoom lens is effectively moved toward 
the object side, and a variable power effect is obtained. 
0117 Next, focusing can be performed on an object at a 
much shorter distance in the second region than in a range in 
which focusing can be performed in the first region. The 
maximum imaging magnification in the first region is a 0.15x 
magnification, whereas the maximum imaging magnification 
is a 0.6X magnification at the macro end in the second region. 
At the macro end in the second region, the third lens unit L3 
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is moved toward the object side more than at the telephoto end 
in the first region. Moreover, a distance between the first lens 
unit L1 and the second lens unit L2 is Smaller, and a distance 
between the second lens unit L2 and the third lens unit L3 is 
larger at the macro end in the second region than at the 
telephoto end in the first region. 
0118. Here, in the second region, the third lens unit L3 and 
the fourth lens unit L4 and a distance between the fourth lens 
unit L4 and the fifth lens unit L5 may not be necessarily 
changed. Furthermore, the third lens unit L3 and the fifth lens 
unit L5 satisfy the conditions (1) and (3). The principal point 
position of the compound lens unit including the third lens 
unit L3 to the fifth lens unit L5 is effectively moved toward the 
object side in the second region, and a high imaging magni 
fication is implemented. 
0119. In addition, the third lens unit L3 and the fourth lens 
unit L4 satisfy the condition (2). The rear principal point 
position of the entire Zoom lens is effectively moved toward 
the image side at the wide-angle end in the first region, and the 
rear principal point position of the entire Zoom lens is effec 
tively moved toward the object side at the macro end in the 
second region. Moreover, the amount of movement of the 
third lens unit L3 satisfies the condition (4) during macro 
driving from the telephoto end to the macro end, so that the 
downsizing of the entire Zoom lens and the providing of a high 
imaging magnification are implemented. 
0.120. Furthermore, the first lens unit L1 is moved toward 
the image side during macro driving from the telephoto end to 
the macro end, and a working distance is effectively secured 
at the macro end. The reason why the value of a distance d is 
a negative value in the second region at a short distance, a 
middle distance, and a macro shortest distance in the numeri 
cal examples 1, 4, and 5 and at a macro shortest distance in the 
numerical example 6 is that the numerical examples express 
an infinite in-focus state for convenience. 
I0121 Therefore, this means that it is not physically pos 
sible to perform focusing on the infinite distance in the second 
region of the numerical examples 1, 4, and 5. In other words, 
this means that the movement of the focus lens unit toward the 
infinite side is restricted and the Subsequent positive lens unit 
is moved toward the object side. 
0.122 Since the subsequent positive lens unit is moved 
toward the object side, the in-focus position is shifted to the 
close-up side, and spherical aberration is caused on the under 
side. Thus, in driving the focus lens unit toward the close-up 
side, spherical aberration on the over side is cancelled, and an 
excellent performance is obtained in the first region regard 
less of performing focusing on a shorter distance. 
I0123 Actually, the focus lens unit is not located at the 
in-focus position of the infinite-distance object, and is located 
at a position moved toward the object side. Thus, since the 
lens unit on the image side of the focus lens unit is positioned 
in a space from which the focus lens unit is moved, the 
position of the lens unit is made to overlap a position at which 
the focus lens unit is to be located. As a result, the value of the 
distance d is a negative value by the amount of overlapping. 
0.124. Next, the numerical examples 1 to 6 corresponding 
to the first to sixth exemplary embodiments are described. In 
the numerical examples, i is the order of surfaces from the 
object side. ri is the radius of curvature of the i-th surface, and 
di is a distance between the i-th surface and the (i+1) th 
surface. ndi is the refractive index of the material of each lens, 
and Odi is a value of the Abbe number of the material of each 
lens at the d-line (v-587.6 nm). For a surface ion which the 
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effective diameter is variable, an effective diameter is -continued 
expressed as eai at each Zoom position. 
0.125. The total lens length is the length from the first lens Unit: mm 
Surface to an image plane. BF is a back focus, and is the length Aspheric Surface data 
from the last Surface to the image plane. Moreover, K, A4, A6, 
A8, A10, and A12 are aspheric coefficients, and the shape of Sixth surface 
the aspheric surface is expressed by the following equation K= OOOOOOe--OOO A4 = 7.483.66e-OO6 A6 = -9.07746e-O09 
from a position X in the optical axis direction and a position A8 = -6.82116e-O13 A10 = 1.96862e-O14 A12 = -237851e-O17 
H in a direction perpendicular to the optical axis, where the Twenty-sixth surface 
intersection point between the lens surface and the optical - K= OOOOOOe--OOO A4 = 1.23491e-005 A6 = -4.96.603e-009 
axis is an origin point, and a traveling direction of light is a A8 = 2.44298e-01.0 A10 = -7.85907e-O13 
positive direction. 

Various data 
Zoom ratio 2.84 

X = (11 R)H2 
1 V1 - (1 + k), H 1 R2) 

+A4x H + First region Second region 

Wide-angle Middle Telephoto Short Macro 

Focal length 24.30 35.10 69.00 67.23 60.62 
F-number 4.10 4.10 4.10 S.28 5.56 

where R is a paraxial radius of curvature. Furthermore, t angle of 41.68 31.65 17.41 17.84 1964 
“e-OX” means “x 10'. “f” is a focal length, Fno is an (degrees) 
F-number, and () is a half angle of view. Furthermore, the Image height 21.64 21.64 21.64 21.64 21.64 
portions where the distanced of each of the optical surfaces is it in 134.65 141.04 164.94 162.09 152.75 

& G 99 el 

expressed by variable a changed 1. the first region during BF 39.15 46.02 59.68 64.95 67.73 
Zooming, or changed in performing focusing on an object at a S 2.93 11.21 31.69 26.37 14.86 
short distance in the second region. The Surface distances are d11 2010 11.33 1.10 -1.70 -2.31 
listed in tables according to focal lengths. In addition, Table 1 d13 4.37 4.84 4.85 2.25 1.76 
lists the relationship between the above-described conditions 1S 1.9S 1.49 148 4.07 4.56 

d21 1.20 3.79 8.23 7.50 8.23 
and the numerical examples. d24 8.53 5.94 1...SO 2.23 1...SO 

ea16 13.30 15.16 19.19 1543 15.21 

Numerical Example 1 Zoom lens unit data 

0126 Rear 
Lens principal 

Start Focal configuration Front principal point 
Unit surface length length point position position 

Unit: mm 
1 1 118.64 13.76 O.67 -6.87 

Surface data 2 6 -1871 17.52 1.42 -12.76 
3 12 35.43 3.47 O.76 -140 

Effective 4 14 -37.99 1.OO -0.01 -O.S.S 
Surface number r d ind wd diameter 5 16 27.19 14.44 4.27 -5.90 

6 22 -60.04 3.47 1.93 O.04 
1 244.270 2.OO 84666 23.8 64.O1 7 25 89.08 2.77 1.07 -0.42 
2 77.817 6.51 772.50 49.6 60.60 
3 S2O.807 O.15 59.92 
4 54.708 S.10 83481 42.7 54.21 

5 102.370 (variable) 52.93 Numerical Example 2 
6* 106.449 18O 804OO 46.6 34.29 
7 14.914 8.77 24.39 
8 -37.374 1.30 772.50 49.6 23.98 O127 
9 29.028 O.15 23.30 
10 27.566 5.50 80518 25.4 23:47 
11 –79.270 (variable) 23.25 
12 33.816 3.47 62588 35.7 18.39 Unit: mm 
13 -61.868 (variable) 1848 
14 -31.637 1.OO 84666 23.8 18.08 Surface data 
15 -1969.479 (variable) 18.59 
16 (stop) ce 2.OO (variable) Effective 
17 41.8OO 5.33 S9282 68.6 2O.S2 Surface number r d ind wd diameter 
18 -37.861 O.15 20.66 
19 S.O.346 S.96 497OO 81.5 2O.OO 1 263.908 2.OO 184666 23.8 62.38 
2O -20.733 1.OO .90366 31.3 1921 2 102.984 4.88 1.77250 49.6 59.16 
21 -50.842 (variable) 1919 3 432.623 O.15 58.45 
22 -616.897 O.90 .8O100 3S.O 15.94 4 47.920 S.69 1.77250 49.6 53.04 
23 20.095 2.57 84666 23.8 15.87 5 92.060 (variable) 51.75 
24 47.987 (variable) 15.88 6* 83.3O2 1...SO 1.883OO 40.8 34.03 
25 267.996 2.77 854OO 40.4 20.92 7 14.66O 8.25 24.57 
26* -105.715 21.61 8 -68.041 1.10 1.77250 49.6 24.23 

9 32.879 O.15 23.36 
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10 
11 
12 
13 
14 (stop) 
15 
16 
17 
18 
19 
2O 
21 
22 
23 
24 
25 
26 
27 
28:8 

25.387 
-36.500 
-31360 

-106.222 
ce 

25.859 
495.764 

-126.927 
15.691 

-43.057 
24.294 

-69.931 
-36.334 
-17.718 
57.013 

1777.902 
-27.300 
-72.953 
1270.014 

-continued 

Unit: mm 

7.22 .74OOO 

1.10 772.50 

(variable) 
2.OO 
3.44 84666 

(variable) 
1.OO 84666 
6.98 497OO 
O.15 
4.53 S9282 

(variable) 
2.78 84666 
O.90 61340 

(variable) 
4.04 497OO 
O.15 
140 854OO 

Focal length 
F-number 
Half angle of view 
(degrees) 
Image height 
Total lens length 
BF 
S 

d13 
d16 
d21 
d24 
ea14 

Start 
Unit surface 

1 1 

2 6 
3 14 

4 17 
5 22 

6 25 

Aspheric Surface data 

Sixth surface 

A4 = 5.4253Oe-OO6 
A1O = 5.13380e-O15 

Twenty-eighth surface 

A4 = 2.06523e-OOS 
A10 = -5.65490e-O13 

Various data 
Zoom ratio 2.84 

28.3 

49.6 

23.8 

23.8 
81.5 

68.6 

23.8 
44.3 

81.5 

40.4 

23.57 
22.80 
22.53 
22.18 

(variable) 
19.13 
18.87 
1852 
1824 
19.03 
19.59 
19.20 
17.01 
17.04 
17.00 
1884 
19.56 
19.71 
20.15 

A6 = -4.61658e-009 

A6 = 1.73814e-008 

Second region Wide- First region 

angle Middle Telephoto Short 

24.30 35.00 68.99 64.84 
4.10 4.10 4.10 5.20 

41.68 31.72 17.41 18.45 

21.64 21.64 21.64 21.64 
133.45 137.89 161.03 159.82 
39.81 46.58 59.81 62.59 
2.92 10.68 32.00 27.57 

21.35 11. SO 1.04 1.74 
3.00 2.75 1.81 1.55 
1.86 3.21 453 3.66 
4.60 3.25 1.94 2.80 
13.38 14.79 17.54 14.01 

Zoom lens unit data 

Lens 

Focal configuration Front principal 
length length point position 

113.37 12.71 -O.25 

-1945 19.83 0.97 
32.12 5.44 1.90 

46.83 12.66 11.53 
-47.92 3.68 O.11 

16288 5.59 2.19 

Macro 

66.22 
5.83 
18.09 

21.64 
158.68 
68.14 
22.26 
O.33 
1.57 
3.86 
2.60 
13.28 

Rear 
principal 
point 

position 

-7.25 

-14.34 
-1.96 

S.O.3 
-1.94 

-1.41 
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Numerical Example 3 

0128 

Unit: mm 

Surface data 

Surface Effective 
number r d ind wd diameter 

1 198.78S 2.OO 84666 23.8 56.29 
2 69.696 5.45 772.50 49.6 S1.45 
3 359.221 O.15 SO.O6 
4 46.783 4.42 772.50 49.6 42.27 
5 107.035 (variable) 41.19 
6* 113.860 1.60 883OO 40.8 31.79 
7 14923 7.35 23.29 
8 -50.32O 1.2O 883OO 40.8 22.94 
9 30.2SO O.15 22.23 
10 27.615 6.31 80518 25.4 22:41 
11 -32.652 1.10 772.50 49.6 22.23 

12 -102.403 (variable) 21.86 
13 29.398 3.13 72047 34.7 6.90 
14 -82.282 (variable) 6.79 
15 -30.261 O.90 84666 23.8 5.95 
16 917.764 (variable) 6.08 
17 (stop) ce 1...SO 6.54 
18 52.353 3.48 S9282 68.6 6.70 
19 -3O468 O.15 6.69 
2O 30.154 4.34 497OO 81.5 5.85 
21 -23.115 O.90 90.366 31.3 S.OO 
22 -60.133 (variable) 4.72 
23 -299.625 O.8O 83481 42.7 3.82 
24 22.008 1.85 84666 23.8 3.30 
25 38.425 (variable) 3.16 
26 624.093 2.36 854OO 40.4 7.14 
27: -162.823 7.84 

K= OOOOOOe--OOO 
A8 = 1790.42e-O12 

Aspheric Surface data 

Sixth surface 

A4 = 4.95365e-OO6 
A10 = 2.63740e-O14 
Twenty-seventh surface 

A4 = 1.92991e-OOS 
A10 = -1.11865e-O12 

Various data 
Zoom ratio 3.42 

A6 = -7.83369e-009 
A12 = -5.16279e-O17 

A6 = 1.90581e-008 

Wide- First region Second region 

angle Middle Telephoto Short Macro 

Focal length 24.30 35.10 82.99 68.22 64.03 
F-number 3.58 4.42 5.89 S.92 5.87 
Half angle of view 41.68 31.65 1461 17.60 1867 
(degrees) 
Image height 21.64 21.64 21.64 21.64 21.64 
Total lens length 126.64 128.32 155.92 149.57 148.58 
BF 39.39 49.31 64.14 65.59 65.96 
S 2.38 3.96 27.87 1981 17.58 

d12 22.06 12.25 1.10 1.37 2.23 
d14 3.97 3.98 3.73 1.96 1.93 
d16 1.53 1.53 1.78 3.55 3.58 
d22 1.2O 2.90 6.66 5.89 S.13 
25 6.96 S.26 1...SO 2.28 3.04 
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-continued -continued 

Unit: mm Unit: mm 

Zoom lens unit data Image height 21.64 21.64 21.64 21.64. 21.64 
Total lens length 120.53 117.43 127.28 12934 13340 

Rear BF 39.61 49.44 72.30 77.31 82.31 
Lens principal d6 27.04 14.11 1.10 -1.85 -2.8O 

Start Focal configuration Front principal point 
Unit surface length length point position position d8 3.07 3.79 3.79 1.85 1.86 

d10 2.22 1...SO 1...SO 3.44 3.42 

1 1 94.77 12.01 1.24 -548 d16 1.2O 2.35 4.49 4.27 4.20 
2 6 -16.73 17.71 1.2O -12.38 d19 4.79 3.64 1...SO 1.72 1.79 
3 13 30.42 3.13 O48 -1.36 
4 15 -3459 O.90 O.O2 -0.47 Zoom lens unit data 
5 17 22.76 10.37 3.21 -4.06 
6 23 -41.06 2.65 1.29 -0.14 Rear 
7 26 151.42 2.36 1.01 -0.26 Lens principal 

Start Focal configuration Front principal point 
Unit surface length length point position position 

Numerical Example 4 1 1 -30.25 20.62 3.59 -1391 
2 7 46.14 2.77 O3S -1.41 

0129 3 9 -45.83 1.OO -0.00 -0.53 
4 11 24.52 12.68 3.11 -5.72 
5 17 -52.17 3.32 2.49 O.65 
6 2O 239.21 2.20 O.19 -1.00 

Unit: mm 

Surface data 

Surface Effective Numerical Example 5 
number r d ind wd diameter 

1: 60.752 18O 48749 70.2 39.59 O130 
2 16.615 10.98 29.43 
3 -62.412 1.30 804OO 46.6 29.02 
4 33.827 1.46 27.28 
5 38.115 S.09 7552O 27.5 27.47 Unit: mm 
6 -163.919 (variable) 27.00 
7 33.384 2.77 S8313 59.4 18.13 Surface data 
8 -134.419 (variable) 18.05 
9 -41566 1.OO 91082 35.3 17.84 Surface Effective 
10 -10207.879 (variable) 18.06 number r d ind wd diameter 
11 (stop) ce 2.OO 1892 
12 29.694 4.66 S9282 68.6 20.39 1 230.276 2.10 84666 23.8 61.89 
13 -50.762 O.15 20.31 2 82.258 4.87 772.50 49.6 56.85 
14 30.222 4.87 497OO 81.5 1944 3 241.484 O.15 55.45 
15 -32918 1.OO .90366 31.3 1861 4 S3.998 S.22 772.50 49.6 48.76 
16 -168.309 (variable) 1820 5 143.749 (variable) 47.66 
17 169,843 O.90 .8O100 3S.O 13.84 6* 87.658 1.90 772.50 49.6 38.48 
18 15.404 2.42 84666 23.8 1341 7 15.373 10.37 26.63 
19 31.151 (variable) 1334 8 -40.409 1.30 .72OOO SO.2 26.20 
2O 242.197 2.20 854OO 40.4 15.69 9 31.051 O.15 25.33 
21: -1299.657 16.30 10 29.379 5.51 80518 25.4 25.48 

11 -130.576 (variable) 25.07 
Aspheric Surface data 12 39.119 2.82 698.95 30.1 19.06 

13 -192.405 (variable) 1912 
First surface 14 -40.172 1.OO 84666 23.8 19.19 

15 342.708 (variable) 19.72 
K= O.OOOOOe--OOO A4 = 7.98108e-006 A6 = 2.06752e-009 16 (stop) ce 2.OO (variable) 
A8 = -2.22927e-O12 A10 = 1.59653e-O14 A12 = -190985e-O18 17 33.216 5.57 S9282 68.6 22.31 

Twenty-first surface 18 -38.857 O.15 22.35 
19 33.595 6.39 497OO 81.5 21.16 

K= O.OOOOOe--OOO A4 = 2.88O36e-OOS A6 = 542766e-008 2O -24.200 1.OO 90.366 31.3 2006 
A8 = 4.78099e-O10 A10 = -2.33568e-012 21 -143.460 (variable) 1968 

22 429.899 O.90 .8O100 3S.O 17.20 
Various data 23 17.653 2.58 84666 23.8 16...SS 

Zoom ratio 2.84 24 43.631 (variable) 16.37 
25 99.674 2.58 854OO 40.4 18.65 

Wide- First region Second region 26* -429.347 19.19 

angle Middle Telephoto Short Macro Aspheric Surface data 

Focal length 24.30 3S.OO 6O.OO 64.36 69.08 Sixth surface 
F-number 3.60 4.27 5.87 6.26 6.64 
Half angle of view 41.68 31.72 19.83 18.58 17.39 K= OOOOOOe--OOO A4 = 5.56364e-OO6 A6 = -6.O7726e-009 
(degrees) A8 = 7.28.646e-O12 A10 = -6.281 60e-O15 
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-continued -continued 

Unit: mm Unit: mm 

Twenty-sixth surface 22 -36.741 2.60 184666 23.8 17.01 
23 -18.117 O.90 1.61340 44.3 16.96 

K= O.OOOOOe--OOO A4 = 176755e-OOS A6 = -2.39438e-008 24 62.501 (variable) 16.58 
A8 = 6.64573e-O10 A10 = -2.912OOe-O12 25: 259.761 6.10 1.58313 59.4 21.63 

26 -17.957 1.10 191082 35.3 22.51 
Various data 27 -35.475 24.22 

Zoom ratio 2.84 
Aspheric Surface data 

Focal length 24.30 35.10 69.00 63.64 S941 
F-number 4.10 4.10 4.10 5.32 5.86 Sixth surface 
Half angle of 41.68 31.65 17.41 18.78 2001 
view (degrees) K= OOOOOOe--OOO A4 = 5.29974e-OO6 A6 = -4.4797Oe-009 
Image height 21.64 21.64 21.64 21.64 21.64 A8 = -6.03868e-012 A10 = 1.745.04e-014 
Total lens length 133.55 134.87 162.69 157.85 155.03 Twenty-fifth surface 
BF 39.55 49.91 63.96 76.OO 76.74 
S O.90 2.58 26.25 7:44 1.2O K= OOOOOOe--OOO A4 = -1.78.262e-OOS A6 = -4.57943e-009 

d11 21.71 10.99 1.10 3.03 5.70 A8 = -2.59388e-01.0 A10 = 4.3948Oe-O13 
d13 4.87 5.55 5.55 8.30 10.16 
1S 2.18 1...SO 1.50 -1.25 -3.11 Various data 

d21 1.2O 3.24 6.07 S.92 S.49 Zoom ratio 2.75 
d24 6.58 4.54 1.71 186 2.29 
ea16 13.67. 16.38 20.39 17.82 16.16 Focal length 24.7O 3S.OO 68.00 S2.69 61.07 

- - - F-number 4.OO 4.10 4.10 S.18 5.8O 
Zoom lens unit data Half angle of 41.22 31.72 17.6S 22.32 1951 

Rear view (degrees) 
Lens principal Image height 21.64 21.64 21.64 21.64 21.64 

Start Focal configuration Front principal point Total lens length 135.95 142.83 168.21 149.36 156.88 
Unit surface length length point position position BF 39.00 46.61 61.07 68.32 76.67 

S 2.84 10.83 32.OO 5.56 6.84 
1 1 11544 12.34 O.86 -6.04 d13 1967 10.94 O.70 1.03 -1.08 
2 6 -20.27 1922 2.08 -13.42 d21 2.13 3.36 5.71 4.99 S.40 
3 12 46.75 2.82 O.28 -1.38 d24 949 8.26 S.91 6.63 6.22 
4 14 -42.42 1.00 O.O6 -0.48 ea14 13.92 15.04 18.02 15.05 14.52 
5 16 26.25 15.10 2.85 -7.37 
6 22 -67.48 3.48 240 O48 Zoom lens unit data 
7 25 94.94 2.58 O.26 -1.13 

Rear 
Lens principal 

Start Focal configuration Front principal point 
Numerical Example 6 Unit Surface length length point position position 

0131) 1 1 121.70 12.66 0.79 -6.26 
2 6 -1905 19.57 1.58 -1370 
3 14 24.80 19.90 8.66 -723 
4 22 -5016 3.SO O.OS -1.90 

Unit: 5 25 101.62 7.20 4.51 O.OS nit: mm 

Surface data 

Effective TABLE 1 
Surface number r d ind wd diameter 

Numerical Numerical Numerical 
1 247.963 2.OO 84666 23.8 62.84 Example 1 Example 2 Example 3 
2 94.107 6.23 772.50 49.6 59.33 
3 2535.470 O.15 S8.16 Conditions Lens Type Positive, Positive, Positive, 
4 56.515 4.28 772.50 49.6 51.55 Negative, Negative, Negative, 
5 96.425 (variable) S.O.36 Positive, Positive, Positive, 
6* 68.384 1...SO 83481 42.7 33.02 Negative, Positive, Negative, 
7 14.938 8.18 24.15 Positive, Negative, Positive, 
8 -43.297 1.10 772.50 49.6 23.77 Negative, and and Negative, 
9 29.027 O.15 22.57 Positive Positive and Positive 
10 26.172 6.88 .74OOO 28.3 22.68 Focus Second Lens Second Lens Second Lens 
11 -33.102 O.65 22.01 Unit Unit Unit Unit 
12 -26.759 1.10 772.50 49.6 21.70 fw 24.301 24.302 24.298 
13 –57.409 (variable) 21.33 ft 68.999 68.988 82.990 
14 (stop) ce 2.OO (variable) File 27.188 32.115 22.764 
15 21.901 3.31 84666 23.8 2012 FL, -60.040 -47.918 -41.055 
16 59.010 2.07 19.73 FLn2 89.075 162.877 151.419 
17 142.689 1.OO 84666 23.8 1949 o1Lp O.754 4SO2 -2806 
18 15.173 7.18 497OO 81.5 18.93 BLDLp 29.668 33.401 22,041 
19 -53.709 O.15 1952 mLp -7.640 -9.351 -1.583 
2O 24.378 4.19 S9282 68.6 1990 TLDw 136.012 135.010 128.OO6 
21 -167.436 (variable) 1944 Bm -O.7OO -0.6OO -0.597 
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TABLE 1-continued 

(1) F1/FL-2 O.305 O.197 O.1SO 
(2) -FIFL, O.453 O.670 O.SS4 
(3) o1Lp/BLDLp O.O2S O.13S -O127 
(4) mLp(TLDwilfm O.08O O. 115 O.O21 

Numerical Numerical Numerical 
Example 4 Example 5 Example 6 

Conditions Lens Type Negative, Positive, Positive, 
Positive, Negative, Negative, 
Negative, Positive, Positive, 
Positive, Negative, Negative, 

Negative, and Positive, and Positive 
Positive Negative, 

and Positive 
Focus First Lens Fourth Lens Second Lens 
Unit Unit Unit Unit 
fw 24.286 24.300 24.700 
ft 59.945 69.000 67.995 
Fle 24.768 26.246 24.805 
FL, -52.171 -67.482 -SO.159 
FLn2 149.913 94.937 101.623 
o1Lp -3.812 -O-235 7.537 
BLDLp 21.978 26.953 40.220 
mLp -4.425 -12.391 -15.330 
TLDw 130.037 13S.OOO 137.518 
Bm -0.574 -O.799 -O-586 

(1) F1/FL-2 O.16S O.276 O.244 
(2) -Fi, FL, O.475 O.389 O495 
(3) o1Lp/BLDLp -0173 -0.009 O.187 
(4) mLp(TLDwilfm O.059 O. 115 O.190 

(0132) Next, an exemplary embodiment in which the Zoom 
lenses described in the first to the sixth exemplary embodi 
ments are applied to an image pickup apparatus will be 
described with reference to FIG. 13. An image pickup appa 
ratus according to an exemplary embodiment of the present 
invention includes an interchangeable lens device including a 
Zoom lens, and a camera body detachably attached to the 
interchangeable lens device via a camera mount unit and 
including an image sensor that receives an optical image 
formed by the Zoom lens and converts the optical image into 
electrical image signals. 
0.133 FIG. 13 is a schematic diagram of main components 
of a single-lens reflex camera. In FIG. 13, a photographic lens 
10 includes a Zoom lens 1 according to the first to the sixth 
exemplary embodiments. The Zoom lens 1 is held on a lens 
barrel 2, which is a holding member. A camera body 20 
includes a quick-return mirror 3 that reflects a light flux from 
the photographic lens 10 upward and a focusing screen 4 
disposed at an image forming position of the photographic 
lens 10. The camera body 20 further includes a pentagonal 
roof prism 5 that converts a reverse image formed on the 
focusing screen 4 into an erect image, an eyepiece lens 6 that 
is used to observe the erect image, and other components. 
0134. On a photosensitive surface 7, a solid-state image 
sensor (a photoelectric conversion element) that receives an 
image formed by a Zoom lens, such as a CCD sensor and 
CMOS sensor, or a silver-halide film is disposed. In shooting 
an object, the quick-return mirror 3 is retracted out of an 
optical path, and an image is formed on the photosensitive 
surface 7 through the photographic lens 10. The advantages 
described in the first to the sixth exemplary embodiments are 
effectively exerted on an image pickup apparatus discussed in 
the exemplary embodiment. 
0135 The exemplary embodiment is similarly applicable 
to a mirrorless single-lens reflex camera with no quick-return 
mirror 3 for an image pickup apparatus. 
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0.136 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. 
0.137 This application claims the benefit of Japanese 
Patent Application No. 2012-153685 filed Jul. 9, 2012, which 
is hereby incorporated by reference herein in its entirety. 

What is claimed is: 

1. A Zoom lens comprising, in order from an object side to 
an image side: 

a lens unit Lp having the highest positive refractive power, 
a lens unit Lin having negative refractive power, and a 
lens unit Lip2 having positive refractive power, 

wherein a distance between every adjacent lens units vary 
ing during Zooming, 

wherein in a first region in which focusing from an infinite 
distance to a predetermined finite distance and Zooming 
are able to be performed, two or more lens units are 
moved during Zooming, and one lens unit is moved 
during focusing, and 

wherein in a second region in which macro driving is 
performed from a telephoto end to a macro end at which 
focusing is able to be performed on an object distance 
shorter than the predetermined finite distance, two or 
more lens units are moved during macro driving so that 
the lens unit Lp is located closer to the object side than at 
a wide-angle end, a distance between the lens unit Lp 
and the lens unit Ln is larger at the macro end than at the 
wide-angle end, and a distance between the lens unit Lin 
and the lens unit Lip2 is Smaller at the macro end than at 
the wide-angle end. 

2. The Zoom lens according to claim 1, wherein during 
focusing in the second region, a lens unit to be moved during 
focusing in the first region is moved. 

3. The Zoom lens according to claim 1, wherein the follow 
ing condition is satisfied: 

0.05<F/Fes:0.60, 

where a focal length of the lens unit Lp is F., and a focal 
length of the lens unit Lp2 is F. 

4. The Zoom lens according to claim 1, wherein the follow 
ing condition is satisfied: 

where a focal length of the lens unit Ln is F, and a focal 
length of the lens unit Lp is F. 

5. The Zoom lens according to claim 1, wherein the follow 
ing condition is satisfied: 

where a distance on an optical axis from a lens surface of the 
lens unit Lp on the object side to a front principal point 
position of a partial system including the lens unit Lp to the 
lens unit Lp2 at the macro end in the second region is o1LP, 
and a distance on the optical axis from a lens Surface of the 
lens unit Lp on the object side to a lens surface of the lens unit 
Lp2 on the image side at the macro end in the second region 
is BldLP. 
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6. The Zoom lens according to claim 1, wherein the follow 
ing condition is satisfied: 

where an amount of movement of the lens unit Lp when the 
lens unit Lp is moved from the telephoto end to the macro end 
is mLp, a total lens length at the wide-angle end is TLDw, and 
an imaging magnification when focusing is performed on an 
object at a shortest distance at the macro end is Bm. 

7. The Zoom lens according to claim 1, further comprising, 
in order from the object side to the image side, a first lens unit 
having positive refractive power and a second lens unit having 
negative refractive power in addition to a partial system 
including the lens unit Lp to the lens unit Lp2. 

wherein a distance between the first lens unit and the sec 
ond lens unit is larger at the telephoto end than at the 
wide-angle end. 

8. The Zoom lens according to claim 7, wherein during 
macro driving from the telephoto end to the macro end, the 
first lens unit is moved toward the image side. 

9. The Zoom lens according to claim 1, further comprising 
a first lens unit having negative refractive power disposed 
closest to the object side. 

10. The Zoom lens according to claim 1, wherein a lens unit 
to be moved during focusing in the first region is a lens unit 
having the highest negative refractive power. 

11. The Zoom lens according to claim 10, wherein a posi 
tion of a lens unit in an optical axis direction to be moved 
during focusing when focusing is performed on an infinite 
distance object at the telephoto end and a position of a lens 
unit in the optical axis direction adjacent to the image side of 
the lens unit overlap each other in a part of the second region. 

12. The Zoom lens according to claim 1, wherein the lens 
unit Lp and the lens unit Lp2 are integrally moved during 
Zooming. 

13. The Zoom lens according to claim 1, wherein the Zoom 
lens includes, in order from the object side to the image side, 
a first lens unit having positive refractive power, a second lens 
unit having negative refractive power, a third lens unit having 
positive refractive power, a fourth lens unit having negative 
refractive power, a fifth lens unit having positive refractive 
power, a sixth lens unit having negative refractive power, and 
a seventh lens unit having positive refractive power, 

wherein each lens unit is moved during Zooming so that a 
distance between every adjacent lens units varies, and 

wherein the fifth lens unit is the lens unit Lp, the sixth lens 
unit is the lens unit Lin, and the seventh lens unit is the 
lens unit Lp2. 

14. The Zoom lens according to claim 1, wherein the Zoom 
lens includes, in order from the object side to the image side, 
a first lens unit having positive refractive power, a second lens 
unit having negative refractive power, a third lens unit having 
positive refractive power, a fourth lens unit having positive 
refractive power, a fifth lens unit having negative refractive 
power, and a sixth lens unit having positive refractive power, 
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wherein each lens unit is moved during Zooming so that a 
distance between every adjacent lens units varies, and 

wherein the third lens unit is the lens unit Lp, the fifth lens 
unit is the lens unit Lin, and the sixth lens unit is the lens 
unit Lp2. 

15. The Zoom lens according to claim 1, wherein the Zoom 
lens includes, in order from the object side to the image side, 
a first lens unit having negative refractive power, a second lens 
unit having positive refractive power, a third lens unit having 
negative refractive power, a fourth lens unit having positive 
refractive power, a fifth lens unit having negative refractive 
power, and a sixth lens unit having positive refractive power, 

wherein each lens unit is moved during Zooming so that a 
distance between every adjacent lens units varies, and 

wherein the fourth lens unit is the lens unit Lp, the fifth lens 
unit is the lens unit Lin, and the sixth lens unit is the lens 
unit Lp2. 

16. The Zoom lens according to claim 1, wherein the Zoom 
lens includes, in order from the object side to the image side, 
a first lens unit having positive refractive power, a second lens 
unit having negative refractive power, a third lens unit having 
positive refractive power, a fourth lens unit having negative 
refractive power, and a fifth lens unit having positive refrac 
tive power, 

wherein each lens unit is moved during Zooming so that a 
distance between every adjacent lens units varies, and 

wherein the third lens unit is the lens unit Lp, the fourth lens 
unit is the lens unit Lin, and the fifth lens unit is the lens 
unit Lp2. 

17. An image pickup apparatus comprising: 
a Zoom lens and a solid-state image sensor configured to 

receive an image formed by the Zoom lens, 
wherein the Zoom lens includes, in order from an object 

side to an image side, a lens unit Lp having the highest 
positive refractive power, a lens unit Lin having negative 
refractive power, and a lens unit Lip2 having positive 
refractive power, 

wherein a distance between every adjacent lens units varies 
during Zooming, 

wherein in a first region in which focusing from an infinite 
distance to a predetermined finite distance and Zooming 
are able to be performed, two or more lens units are 
moved during Zooming, and one lens unit is moved 
during focusing, and 

wherein in a second region in which macro driving is 
performed from a telephoto end to a macro end at which 
focusing is able to be performed on an object distance 
shorter than a predetermined finite distance, two or more 
lens units are moved during macro driving so that the 
lens unit Lp is located closer to the object side than at a 
wide-angle end, a distance between the lens unit Lp and 
the lens unit Ln is larger at the macro end than at the 
wide-angle end, and a distance between the lens unit Lin 
and the lens unit Lip2 is Smaller at the macro end than at 
the wide-angle end. 

k k k k k 


