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A ZOOM LENS SYSTEM

CROSS-REFERENCE TO RELATED APFPLICATIONS

[0001] This application is based upon and claims priority from Chinese Patent
Application No. 201510340158.8, filed on June 17, 2015, Chinese Patent Application
No. 201520421140.6, filed on June 17, 2015, Chinese Patent Application No.
201510367784.6, filed on June 26, 2015, Chinese Patent Application No.
201520453994.2, filed on June 26, 2015, Chinese Patent Application No.
201510622908.0, filed on September 25, 2015, and Chinese Patent Application No.
201520757238.9, filed on September 25, 2015. Each of the above-referenced
applications are expressly incorporated herein by reference to their entireties.
TECHNICAL FIELD

[0002] The present discloesure generally relates to optical imaging devices, more
specifically relates to zoom lens systems having at least one optical lens.
BACKGROUND

[0003] Imaging devices, like digital cameras and surveillance TV cameras,
conventionally use zoom lens systems to capture images of an object through one or
more groups of lens. With increasing usage of Charge Coupled Device (CCD) and
Complementary Metal Oxide Semiconductor (CMOS) in imaging devices, zoom lens
systems with high resclution and wide field view are needed.

[0004] However, conventional zoom lens systems do not adequately achieve high
resolution and wide field view. For zocom lens systems with two lens groups, the

resolution in some focal lengths may be sacrificed. For zoom lens system with more
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than two lens groups, the manufacturing cost is relatively high due to a mechanism for
driving the lens groups.

SUMMARY

[0005] In one aspect of the present disclosure is directed to a zoom lens system
and/or a lens including the zoom lens system. The zoom lens system may include a first
lens group, an aperture stop, and a second lens group having a positive refractive
power. The first lens group may include at least two lens elements having a negative
refractive power and at least one lens element having a positive refractive power. The
second lens group may include a first lens element having a positive refractive power, a
second lens element having a positive refractive power, a first lens component having a
negative refractive power, a third lens element having a negative refractive power, a
fourth lens element having a positive refractive power, a second lens component having
a negative refractive power, a fifth lens element having a positive refractive power, and
a sixth lens element having a negative refractive power. In some embodiments, the first
lens compenent may include at least one lens element. In some embodiments, the
second lens component may include at least one lens element. In some embaodiments,
the fifth lens element and the sixth lens element may be affixed to each other. In some
embodiments, a distance between the first lens group and the second lens group may
vary.

[0006] In some embodiments, the first lens element of the second lens group may be
a biconvex lens, and a refractive index of the first lens element may be no less than 1.7.
[0007] In seme embodiments, the second lens element of the second lens group

may be a biconvex lens, an Abbe number of the second lens element of the second lens
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group may be greater than 80, and the second lens element and the first lens
component of the secend lens group may be affixed to each other.

[0008] In some embodiments, the first lens component of the second lens group may
include a biconcave lens having a negative refractive power and a biconvex lens having
a positive refractive power, and the biconcave lens and the biconvex lens may be
affixed to each other.

[0009] In some embodiments, the third lens element of the second lens group may
be a biconcave lens, an Abbe number of the third lens element of the second lens group
may be greater than 65, and a refractive index of the third lens element of the second
lens group may be less than 1.55.

[0010] In seme embodiments, the fourth lens element of the second lens group may
be a bicenvex lens, and the third lens element and the fourth lens element of the second
lens group may be affixed to each other.

[0011] In some embodiments, the second lens component of the second lens group
may include a first meniscus lens having a positive refractive power, a second meniscus
lens having a negative refractive power, and the first meniscus lens and the second
meniscus lens may be affixed to each other.

[0012] In some embodiments, the fifth lens element of the second lens group may be
a biconvex lens, and an Abbe number of the fifth lens element may be greater than 80.
[0013] In some embodiments, the sixth lens element of the second lens group may
be a biconcave lens, an Abbe number of the sixth lens element of the second lens

group may be less than that of the fifth lens element of the second lens group, and a
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refractive index of the sixth lens element of the secend lens group may be greater than
that of the fifth lens element of the second lens group.

[0014] In some embodiments, the first lens group may include a first meniscus lens
having a negative refractive power, a biconcave lens having a negative refractive power,
a second meniscus lens having a positive refractive power, and the convex surfaces of
the first and second meniscus lenses may face against an image plane.

[0015] In some embodiments, the zoom lens system may satisfy 1.85 <

A1/ (e X ft)% < 2.25, f; may be a focus length of first lens group, f,, may be a shortest
focus length of the zocom lens system, f; may be a longest focus length of the zoom lens
system.

[0016] In some embodiments, the zoom lens system may satisfy 0.8 < £/, < 1.2,
may be a focus length of second lens group, wherein £, may be a shortest focus length
of zoom lens system.

[0017] In some embodiments, the zoom lens system may satisfy 0.4 < N, X £,/ f; <
0.55, wherein N, may be an average refractive index of the meniscus lens having a
negative refractive power and the biconcave lens having a negative refractive power, f,
may be a shortest focus length of zoom lens system, and f; may be a longest focus
length of zoom lens system.

[0018] In another aspect of the present disclosure is directed to a zoom lens system
and/or a lens including the zoom lens system. The zoom lens system may include a first
lens group, an aperture stop and a second lens group having a positive refractive
power. The first lens group may include at least two lens elements of negative refractive

power and at least one lens element of a positive refractive power. The second lens
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group may include a first lens element having a negative refractive power, a secend
lens element having a positive refractive power, a third lens element having a positive
refractive power, a fourth lens element having a positive refractive power, a fifth lens
element having a positive refractive power, and a sixth lens element having a negative
refractive power. In some embodiments, the distance between the first lens group and
the second lens group may be not fixed.

[0019] In some embodiments, the zoom lens system may salisfy 0.7 < |Fzp /F| <
1.7, and 0.3 < |F.pp/F:| < 1.2, wherein Fer may be an effective focal length of the zoom
lens system, F1 may be an effective focal length of the first lens group, and Fc may be
an effective focal length of the second lens group.

[0020] In seme embodiments, the first lens group may include a plano-concave lens
and two meniscus lenses. The concave surface of the plano-convex lens may face an
image plane, the convex surfaces of the two meniscus lenses may face against an
image plane, and the two meniscus lenses may be affixed to each other.

[0021] In some embodiments, the first lens element of the second group may be a
biconcave lens, the second lens element of the second group may be a bhiconvex lens,
the third lens element of the second group may be a meniscus lens, the fourth lens
element of the second group may be a biconvex lens, the fifth lens element of the
second group may be a hiconvex lens, and the sixth lens element of the second group
may be a biconcave lens.

[0022] In seme embodiments, the first lens element of the second group and the

second lens element of the second group may be affixed to each other, and the fifth
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lens element of the second group and the sixth lens element of the second group may
be affixed to each other.

[0023] In some embodiments, the first concave surface of one of the two meniscus
lens and the second concave surface of the other one of the two meniscus lens may be
integrated into a lens compenent by adhesive, and the lens component may have a
positive refractive power

[0024] In some embodiments, the concave surface of the first lens element of the
second group and the convex surface of the second lens element of the second group
may be integrated into a lens component by adhesive, and the lens component may
have a negative refractive power.

[0025] In seme embodiments, the convex surface of the fifth lens element of the
secend group and the concave surface of the sixth lens element may be integrated into
a lens component by adhesive, and the lens component may have a positive refractive
power.

[0026] In another aspect of the present disclosure is directed to a zoom lens system
and/or a lens including the zoom lens system. The zoom lens system may include a first
lens group, an aperture stop and a second lens group having a positive refractive
power. The first lens group may include at least two lens elements having a negative
refractive power, at least two lens elements having a positive refractive power at least
one lens component having a positive refractive power, and the at least one lens
component may include at least one lens element. The second lens group may include
a first lens element having a positive refractive power, a first lens component having a

negative refractive power, a second lens element having a positive refractive power,
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and a third lens element having a positive refractive power. In some embodiments, the
first lens component may include at least one lens element, and the distance between
the first lens group and the second lens group may be not fixed

[0027] In some embodiments, the first lens group may include a first meniscus lens
having a positive refractive power, a second meniscus lens having a negative refractive
power, a biconcave lens having a negative refractive power, a second lens compoenent
having a positive refractive power, and a biconvex lens having a positive refractive
power, and the convex surfaces of the first and second meniscus lenses may face
against an image plane.

[0028] In some embodiments, the second lens component of the first lens group may
include a third meniscus lens having & positive refractive power and a fourth meniscus
lens having a negative refractive power, and the third meniscus lens and the fourth
meniscus lens may be affixed to each other.

[0029] In some embodiments, the first lens compeonent of the second lens group may
include a biconcave lens having a negative refractive power and a biconvex lens having
a positive refractive power, and the biconcave lens and the biconvex lens may be
affixed to each other.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The present disclosure is further described in terms of exemplary
embodiments. These exemplary embodiments are described in detail with reference to
the drawings. These embodiments are non-limiting exemplary embodiments, in which
like reference numerals represent similar structures throughout the several views of the

drawings, and wherein:
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[0031] FIG. 1 is a block diagram illustrating an exemplary zoom lens system
accerding to some embodiments of the present disclosure;

[0032] FIG. 2Ais a schematic diagram illustrating an exemplary zoom lens system at
long-focus and short-focus according to some embodiments of the present disclosure;
[0033] FIGs.2B through 26 are schematic diagrams illustrating exemplary zoom lens
systems accerding to some embodiments of the present disclosure;

[0034] FIG. 3 illustrates an exemplary optical imaging device including an exemplary
zoom lens system configuration according to some embodiments of the present
disclosure;

[0035] FIGs. 4A through 4V illustrate optical simulation of the zoom lens system
illustrated in FIG. 2A according to some embodiments of the present disclosure;

[0036] FIG. 5Ais a schematic diagram illustrating an exemplary zoom lens system
according to some embodiments of the present disclosure;

[0037] FIG. 5B is a schematic diagram illustrating lens surfaces of the zoom lens
system illustrated in FIG. 5A according to some embodiments of the present disclosure;
[0038] FIGs. 6A through BF illustrate optical simulation of the zoom lens system
illustrated in FIG. 5A according to some embodiments of the present disclosure;

[0039] FIG. 7 is a schematic diagram illustrating an exemplary zoom lens system
according to some embodiments of the present disclosure;

[0040] FIG. 8 illustrate an exemplary zoom lens system configuration of an optical
imaging device according to some embodiments of the present disclosure.

DETAILED DESCRIPTION
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[0041] In the following detailed description, numerous specific details are set forth by
way of examples in order to provide a thorough understanding of the relevant
disclosure. However, it should be apparent to those skilled in the art that the present
disclosure may be practiced without such details. In other instances, well known
methods, procedures, module, systems, devices, and/or drivers have been described at
a relatively high-level, without detail, in order to aveid unnecessarily obscuring aspects
of the present disclosure.

[0042] The terminology used herein is for the purpose of describing particular
example embodiments only and is not intended to be limiting. As used herein, the
singular forms “a,” "an,” and “the" may be intended to include the plural forms as well,
unless the context clearly indicates otherwise. It will be further understood that the
terms "comprise,” “comprises,” andfor “comprising,” “include,” "includes,” and/or
“including,” when used in this specification, specify the presence of stated features,
integers, steps, operations, elements, and/or components, but do not preclude the
presence or addition of one or more other features, integers, steps, operations,
elements, companents, and/or groups thereof.

[0043] These and other features, and characteristics of the present disclosure, as
well as the methods of operation and functions of the related elements of structure and
the combination of parts and economies of manufacture, may become more apparent
upon consideration of the following description with reference to the accompanying
drawing(s), all of which form a part of this specification. It is to be expressly understood,

however, that the drawing(s) are for the purpose of illustration and description only and
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are not intended to limit the scope of the present disclosure. It is understood that the
drawings are not to scale.

[0044] The terms "lens element”, “lens cemponent”, and “lens group relating to the
detailed description of this application may be described as follows. The term “lens
element” herein may be a single transparent material that has two surfaces; both
surfaces are curved, or one surface curved and the other is flat. The lens element may
be used singly or combined with other lens element(s) in an optical instrument for
focusing an object. The term "lens component” herein may be: either a single lens
element spaced so far from other adjacent lens element(s) that the spacing cannot be
neglected for purposes of computing the optical image forming properties of the lens
elements; or two or more lens elements that have their adjacent lens surfaces that are
overlapped or so close to each other that the spacing between adjacent lens surfaces of
the lens elements can be neglected for purposes of computing the optical image
forming properties of the lens elements. In some embodiments, some lens elements
may also be lens compaonents. The term “lens group” herein may be defined as a group
of two or more lens elements or lens components in optical series along an optical axis.
[0045] The disclosure is directed to a zoom lens system for providing high quality
images and/or videos with a higher resclution. For example, FIG. 1 illustrates an
exemplary zoom lens system 100 including, in order from an cbject, a first lens group
110, an aperture stop 120, and a second lens group 130. Zoom lens system 100 may
be implemented in an optical imaging device and configured to perform functions

disclosed in this application.

10



WO 2016/202273 PCT/CN2016/086000

[0046] First lens group 110 may include one or more lens elements and/or one or
more lens components. The lens element{s) and/or lens compoenents may have a
negative or a positive refractive power. In some embodiments, first lens group 110 may
include three lens elements. In some embodiments, first lens group 110 may include
four lens elements and one lens component. The refractive power of first lens group 110
may be negative or positive.

[0047] Aperture stop 120 may be disposed between first lens group 110 and second
lens group 130. Aperture stop 120 may be a hole or an epening threugh which light
travels. More specifically, aperture stop 120 and fecal length of zoom lens system may
determine the cone angle of a bundle of rays that come to a focus in image plane 350.
Aperture stop 120 may determine how collimated the admitted rays are. Aperture stop
120 may also determine how many of the incoming rays are actually admitted and thus
how much light reaches image plane 350. The narrower the aperture, the darker the
image for a given exposure time. In some embodiments, aperture stop 120 may be
narrow, then highly collimated rays are admitted, resulting in a sharp focus at image
plane 350. In soeme embodiments, aperture stop 120 may be wide, then highly
unceollimated rays are admitted, resulting in a sharp focus enly for rays coming from a
certain distance. In some embodiments, the size of the aperture stop 120 may remain
unchanged.

[0048] Second lens group 130 may include one or more lens elements and/or lens
components. In some embodiments, the lens element(s) and/or lens component(s) may
have one or more aspheric lens surfaces. The refractive power of second lens group

130 may be negative or positive. In scme emboediments, second lens group 130 may
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include at least one lens element. For example, second lens group 130 may include ten
lens elements. In someé embodiments, second lens group 130 may include at least one
lens element and at least one component. For example, second lens group 130 may
include six lens elements and two lens components. As another example, second lens
group 130 may include three lens elements and one lens component. In some
embodiments, the two lens elements closest (o an object side may have a positive
refractive power. This would help to converge the light rays efficiently. In some
embodiments, at least two elements of second lens group 130 may be affixed to each
cther. In some emboediments, the at least two elements may be disposed clesest te
image plane 350. In some embodiments, the at least two elements may reduce
chromatic aberration of zoom lens system 100 and make zoom lens system 100 more
stable. Such configurations of zoom lens system may provide a better imaging quality.
[0049] Refractive power of lens group(s) 110 and/or 130 may be determined based
on the lens elements and/or the lens components. For example, the number,
arrangement, combination, refractive power of the lens elements and/or the lens
components in the lens groups may determine the refractive power of lens group(s) 110
and/or 130. The refractive power of the lens component may be determined based on
the lens elements. For example, the number, arrangement, combination, refractive
power of lens elements in the lens components may determine the refractive power of
lens compenents.

[0050] The lens element may be a convex lens, a concave lens, or a flat lens. The
coenvex lens may include a biconvex lens (convex on both sides), plano-convex (flat on

one side and convex on the other side) lens, concavo-convex lens (meniscus lens,
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concave on one side and convex on the other side), etc. The concave lens may include
biconcave lens (concave on both sides), plano-concave lens (flat on one side and
concave on the other side), convexo-concave lens (meniscus lens, convex on one side
and concave on the other side), etc. The lens component may include two or more lens
elements. The convex lens may have a positive refractive power and may be used to
converge the light rays. The concave lens may have a negative refractive power and
may be used to diverge the light rays. The material of the lens elements (e.q., the
convex lens, the concave lens and the flat lens) may be plastic, glass, crystal, resin,
silica gel, etc. Materials used to manufacture lens may include K9(H-K9L, N-BK7 ).fused
silica, fluoride (e.g., calcium fluoride , barium fluoride, magnesium flucride, ete.), zinc
selenide, silicon, germanium, ete.

[0051] The lens component may include different number and different kinds of lens
elements. For example, a meniscus lens and a biconcave lens may be affixed to each
other to form a lens comporient. As another example, a biconvex lens and a biconcave
lens may be affixed to each other to form a lens component. The refractive power of a
lens compenent may be negative or positive. It should be noted that the different
coembinations of lens elements are still within the scope of the current disclosure
described above. Zoom lens system 100 may be used in fields of science and
technology, military, etc. For example, zoom lens system 100 may be used in fields of
safety monitoring system, film or television camera, digital cameras and surveillance TV
cameras, projector, telescope, micrascope, space exploration, missile test, tracking
record of rocket, image detecting elements such as CCD {Charge Coupled Device) and

CMOS (Complementary Metal Oxide Semiconductor), etc.
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[0052] In some embodiments, two lens groups and one or more lens elements or
lens compeonents may be used in zoom lens system 100, which may reduce the cost of
the lenses and the mechanisms in zoom lens system 100 and reduce the difficulty in
fabricating lenses and assembling lenses. Other objectives, features and advantages of
the invention will be further understood from the further technological features disclosed
by the embodiments of the invention wherein there are shown and described preferred
embodiments of this inventicn, simply by way of illustration of modes best suited to
carry out the invention.

[0053] It should be noted that the above description about zoom lens system 100 is
merely an example and should not be understood as the only embodiment. To those
skilled in the art, after understanding the basic principles of the connection between
different devices, the devices and cennection between the devices may be modified or
varied without departing from the principles. The modifications and variations are still
within the scope of the current disclosure described above. For example, second lens
group 130 may include seven lens elements and one lens component. A lens
component may include two meniscus lenses.

[0054] FIG. 2A is a schematic diagram illustrating an exemplary zoom lens system at
leng-focus and short-focus according to some embodiments of the present disclosure.
FIGs. 2B through 2G are schematic diagrams illustrating exemplary zoom lens systems
according to some embodiments of the present disclosure. As illustrated in FIG. 1,
zoom lens system 100 may include a first lens group 110, an aperture stop 120, a
second lens group, and other components {not shown). Further referring to FIG. 2A, first

lens group 110 may include lens elements 211, 212, and 213. In some embodiments,
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first lens group 110 may have a negative refractive power. In some embodiments, lens
element 211 may be a meniscus lens having a negative refractive power. Lens element
212 may be a concave lens having a negative refractive power. Preferably, lens
element 212 may be a biconcave lens. Lens element 213 may be a meniscus lens
having a positive refractive power. Preferably, the convex surfaces of lens elements 211
and 213 may face towards an object (i.e., the opposite direction te image plane 350
illustrated in FIG. 24A).

[0055] First lens group 110 with the above-described arrangement of lens elements,
may reduce spherical aberration. First lens group 110 with three lens elements may
reduce axis aberration and produce a better imaging quality.

[0056] In soeme embodiments, second lens group 130 may include six lens elements
231, 232, 235, 236, 239 and 240, and two lens components. The first lens component
may include lens elements 233 and 234. The second lens component may include lens
elements 237 and 238. In some embodiments, lens elements 231 and 232 may be
convex lenses having a positive refractive power. For example, lens elements 231 and
232 may be biconvex lenses. In some embodiments, lens element 233 may be a
coencave lens having a negative refractive power. For example, lens element 233 may
be a biconcave lens. In some embodiments, lens element 234 may be a convex lens
having a positive refractive power. For example, lens element 234 may be a biconvex
lens. In some embodiments, lens element 235 may be a concave lens having a
negative refractive power. For example, lens element 235 may be a bicencave lens. In
some embodiments, lens element 236 may be a convex lens having a positive refractive

power. For example, lens element 236 may be a biconvex lens. In some embodiments,
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lens element 237 may be a convex lens having a positive refractive power. In some
embodiments, lens element 238 may be a concave lens having a negative refractive
power. For example, lens elements 237 and 238 may be meniscus lenses. In some
embodiments, lens element 239 may be a convex lens having a positive refractive
power. For example, lens element 239 may be a biconvex lens. In seme embodiments,
lens element 240 may be a concave lens having a negative refractive power. For
example, lens element 240 may be a biconcave lens. In some embodiments, lens
elements 239 and 240 may be rigidly affixed together to reduce chromatic aberration of
the zecom lens system, make the zoom lens system more stable, and provide a better
imaging quality.

[0057] Insome embodiments, lens element 240 may be a plano-concave lens. As
illustrated in FIG. 2B, lens element 241 in second lens group 130 may be a plano-
concave lens having a negative refractive power.

[0058] In some embodiments, lens element 240 may be a meniscus lens. As
illustrated in FIG. 2C, lens element 242 in second lens group 130 may be a meniscus
lens having a negative refractive power.

[0059] In seme embodiments, first lens component may include a bicencave lens. As
illustrated in FIG. 2D, first lens component 243 in second lens group 130 may be a
biconcave lens having a negative refractive power.

[0060] In some embodiments, first lens component may include a meniscus lens. As
illustrated in FIG. 2E, first lens component 244 in second lens group 130 may be a

meniscus lens having a negative refractive power.
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[0061] In some embodiments, second lens component may include a meniscus lens.
As illustrated in FIG. 2F, second lens component 245 in secend lens group 130 may be
a meniscus lens having a negative refractive power.

[0062] In some embodiments, second lens component may include a biconcave
lens. As illustrated in FIG. 2G, second lens compaonent 246 in second lens group 130
may be a biconcave lens having a negative refractive power.

[0063] Lens element 231 may converge light rays from aperture stop 120 and reduce
coma and astigmatism of zoom lens system 100. The higher refractive index of lens
element 231 may have a better convergence effect. For example, the refractive index of
lens element 231 may be no less than 1.7.

[0064] In seme embodiments, lens element 232 and the first component may be
affixed to each other by adhesive (or any suitable materials or methed). In some
embodiments, lens element 232 and lens element 233 may be rigidly affixed together,
and the Abbe number of lens element 232 may be greater than 80.

[0065] In some embodiments, lens element 233 and lens element 234 may be
affixed to each other by adhesive (or any suitable materials or methed). In some
embodiments, lens element 235 and lens element 236 may be rigidly affixed together
and integrated inte one lens component. Preferably, Abbe number of lens element 235
may be greater than 65, and refractive index of lens element 235 may be less than 1.55.
[0066] Lens element 237 and lens element 238 in the second component may be
two meniscus lenses. The meniscus lens {e.g., one side is convex and the other side is
cencave) can reduce spherical aberration. In seme embodiments, lens element 237 and

lens element 238 may be affixed to each other by adhesive (or any suitable materials or
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method). Preferably, the convex surfaces of lens elements 237 and 238 may face
towards the object.

[006T] In some embodiments, lens element 239 and lens element 240 may be
affixed to each other by adhesive (or any suitable materials or method). For example,
Abbe number of lens element 239 may be greater than that of lens element 240, and
refractive index of lens element 239 may be less than that of lens element 240. As
another example, Abbe number of lens element 239 may be greater than 80.

[0068] In some embodiments, positions of first lens group 110 and second lens
group 130 may change in zoom lens system 100. Zooming may be carried out by
varying a distance between first lens group 110 and second lens group 130. The
distance between first lens 110 group and second lens group 130 may be not fixed.

[0069] Preferably, the following equation {1) is satisfied:

185 < |f1/(f, X f)7 < 2.25, (1)
where f; represents a focus length of first lens group 110, and f,, represents a shortest
focus length of zoom lens system 100, and f; represents a longest focus length of zoom
lens system 100. £, within a reasonable rangé may reduce aberration and produce g
better imaging quality.

[0070] Preferably, the following equation {2) is satisfied:

0.8 < fH/f, <1.2, (2}
where f, represents a focus length of second lens group 130. £, within a reascnable
range may reduce aberration and preduce a better imaging quality.

[0071] Preferably, the following equation {3) is satisfied:

0.4< N, % f,/f; < 0.55, (3)
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where N,, represents average refractive index of lens elements 211 and 213. N,, within a

certain range may limit divergence of light rays and produce a better imaging quality.

[0072]

Merely by way of example, zoom lens system 100 may be configured

accerding to parameters of each lens listed in Table 1. B, represents radius of curvature

of the surface towards the object. R, represents radius of curvature of the surface

towards image plane 350. T, represents thickness of an optical center of the lens. N,

represents refraction index of the lens. V, represents Abbe number of the lens.

TABLE 1
Lens slement R1{mm) Rz{mm)] Te(mm} MNd Wy
211 30=R,=100 12=R,<18 0.8<T.<2 1.752N=1.88 40=Vg=50
212 -45=R£-34 18<R.=30 0.8<T =2 1.6=Ng=1.76 H0=V =62
213 255R =35 200< Rs 3<T.=5 1.7=Ngs=1.95 17=W =30
231 21<R 135 -200=R:<-50  1.8=T:=38 1.72Ns=1.85 20V =42
232 8<R=20 -30=R2=-15 3sT.=5 1.4<Ng=1.5 0=V =98
233 -30=R=-15 BeR,<20 0.6=T <2 1.75Ng=1.95 172V =30
234 8<R =20 -752R2=-20 25<T:=45 1.45=Ng=1.65  60=V=91
235 -20=R=-8 11=R2%35 0.6=Ts2 1.452N=1.65  60=Vva=82
236 11<R 535 -212Ro%-14 2<T.£35 1.75Ns=1.95 17=V =30
237 15<R =30 150=R; 15T =3 1.8<Ny=<1.92 30=V4=50
238 150=R4 6<R:<15 0.6=T =2 1.6555N=1.75  25=sVg=45
239 7=R=15 -1652R2%-7 2.5<T:=4.5 1.45Ng=1.5 0=V =98
240 -15=R,=-7 150=R; 0.6=T <2 1.7<Ng=1.85 35=V4=50
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[0073] In soeme embodiments, the parameters of each lens may be within a certain
range. The certain range satisfying cenditions listed in Table 1 may allow zoom lens
system 100 to achieve a better imaging guality and a higher resolution.

[0074] In some embodiments, a first distance along the optical axis between the
optical centers of lens elements 211 and 212 may be set in a range from 7.5mm to
10.5mm. For example, the distance may be set 10mm. In seme embodiments, a second
distance along the optical axis between the optical centers of lens elements 212 and
213 may be set in a range from 0.0mm to 4.0mm. For example, the distance may be set
2.4mm. In some embodiments, a third distance aleng the optical axis between the
optical centers of lens elements 231 and 232 may be set in a range from 0.1mm to
0.5mm. For example, the distance may be set 0.1 mm. In seme embodiments, three
lens elements 232, 233 and 234 may be affixed to each other by adhesive {(or any
suitable materials or method). A fourth distance along the optical axis between the
optical centers of the lens elements 234 and 235 may be set in a range from 0.5mm to
1.59mm. For example, the distance may be set 0.7mm. Two lens elements 235 and 236
may be rigidly affixed to each other and integrated inte one lens component. In some
embodiments, a fifth distance along the optical axis between the optical centers of lens
elements 236 and 237 may be set in a range from 0.1mm to 0.5mm. For example, the
distance may be set 0.1mm. Two lens elements 237 and 238 may be rigidly affixed to
each other and integrated into ane lens component. In some embodiments, a sixth
distance along the optical axis between the optical centers of lens elements 238 and

239 may be set in a range from 0.1mm to 1.0mm. For example, the distance may be set
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0.3mm. In some embodiments, twe lens elements 239 and 240 may be rigidly affixed to

each other and integrated into one lens component.

TABLE 2
Lens element Ri{mmj} Rz{mm] Telmm} N4 Va
211 61 16 15 1.834 37.185
212 -37.55 2261 1.1 1.687 55.534
213 304 -217.8 4.35 1.847 23791
231 34.28 -85 2 1.883 40.807
232 11.1 -17.557 3.84 1.487 81.61
233 -17.557 11.328 0.7 1.717 29.51
234 11.328 -72.189 2.53 1.487 81.585
235 -15.103 34.055 0.7 1.487 7042
238 34.055 -17.04 2.17 1.847 23791
237 22.518 172.6 1.58 1.883 40.807
238 172.6 7.45 0.7 1.575 41.507
239 8.6 -8.6 348 1.487 81.61
240 -8.6 2348 0.7 1.782 37.085

[0075] Zoom lens system 100 with parameters of each lens listed in Table 2 may
have optical indexes as following. The total length of optical may be less than or equal
to 85.7mm. The focus length may be in the range of 3.7 to 16 mm. The image surface
may be 1/1.7". Aperture stop 120 may be in the range of 1.510 2.6.

[0076] In seme embodiments, the first distance along the optical axis between the
optical centers of lens elements 211 and 212 may be set 10mm. The secend distance
along the optical axis between the optical centers of lens elements 212 and 213 may be

2.4mm. The third distance along the optical axis between the optical centers of lens
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elements 231 and 232 may be set 0.1 mm. The fourth distance along the optical axis
between the optical centers of lens elements 234 and 235 may be set 0.7mm. The fifth
distance along the optical axis between the optical centers of lens elements 236 and
237 may be set 0.17mm. The sixth distance along the optical axis between the optical
centers of lens elements 238 and 239 may be set 0.3mm.

[0077] FIG. 3 illustrates an exemplary zoom lens system 100 configuration of an
optical imaging device according to some embodiments of the present disclosure. .
Zoom lens system 100, in order from the object, a first lens group 110, an aperture stop
120, a second lens group 130, a glass filter {GF) 340 and an image plane (IMA) 350.
[0078] It should be noted that the above description about lens is merely an
example, should not be understood as the only embodiment. Obviously, to those skilled
in the art, after understanding the basic principles of the connecticn between different
devices, the devices and connection between the devices may be medified or varied
without departing from the principles. The modifications and variations are still within the
scope of the current disclosure described above. For example, second lens group 130
may have the configurations depicted in FIGs. 2B-2G.

[0079] FIGs. 4A through 4V illustrate optical simulation of the zoom lens system
illustrated in FIG. 2A according to some embodiments of the present disclosure. FIGs.
4A and 4B show Modulation Transfer Function (MTF) performances of zoom lens
system 100 illustrated in FIG. 2A in short focus and long focus, respectively. As shown
in FIGs. 4A and 4B, the MTF curves are smooth, and the average value is greater than
0.64. The MTF curves may indicate that zoom lens system 100 may satisfy the

resolution requirement of the imaging of a 12 million pixel and a 4K camera. FIGs. 4C
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and 4D show the Moedulation Transfer Function {MTF) performance of zoom lens
system 100 illustrated in FIG. 2A in short focus and long focus with infrared light,
respectively. As shown in FIGs. 4C and 4D, the MTF curves are smooth and the
average value ismore than 0.55. In some emboediments, the MTF may indicate that
zoom lens system may have high resolution and optical perfermance with infrared light.
[0080] FIGs. 4E-41 are respectively transverse ray fan plots of images at different
fields of zoom lens system illustrated in FIG. 2A in short focus (i.e., FIG. 4E at a field
being Omm; FIG. 4F at a field being 2.3mm, FIG. 4G at a field being 3.0mm, FIG. 4H at
a field being 3.6mm, and FIG. 4] at a field being 4.4mm)._FIGs. 4J-4N are respectively
transverse ray fan plots of images at different fields of zoom lens system illustrated in
FIG. 2A at long focus {i.e., FIG. 4J at a field being Omm, FIG. 4K at a field being 2.3mm,
FIG. 4L at a field being 3.0mm, FIG. 4M at a field being 3.6mm, and FIG. 4N at a field
being 4.4mm}. In some embodiments, a coordinate of a horizontal axis refers a position
where a light ray passes through aperture stop 120, and a vertical axis refers to a
distance between a position where the light ray forming an image on an image plane
and a position where a chief ray forming an image on image plane 350. As shown in
FIGs. 4E-4N, the aberration curves of the zoom lens system illustrated in FIG. 2A in
short focus and long focus close to the horizontal axis. The aberration curves may
indicate that the zoom lens system 100 may have a good imaging guality in the range of
focus length.

[0081] FIGs. 40 and 4P are spots diagrams of zoom lens system illustrated in FIG.
24 in short focus and long focus, respectively. As shown in FIGs. 40 and 4P, the

smaller the spot radius is, the better the image quality is. For example, the pixel size of
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4K camera is 1.85 v m. The size of spots in FIGs. 40 and 4P are all smaller than the

double size of the pixel size, and some of the spots have a size smaller than the pixel
size. The sizes of spots may indicate that zoom lens system 100 may have a good
imaging quality.

[0082] FIGs. 4Q and 4R are the field curvature diagrams of zoom lens system 100
illustrated in FIG. 2A in short focus and long focus, respectively. In some embodiments,
a horizontal axis may refer to a distance from a focal plane, and a vertical axis may refer
to the field of view from 0 to a maximum value. Three curves, S or T in FIGs. 4Q and
4R, represent image aberration of the light with the wavelengths of 460 nm, 550 nm and
620 nm, respectively. S represents data of a sagittal ray, and T represents data of a
tangential ray. The smaller the value of tangential curvature of field is, the better the
image quality is. FIGs. 45 and 4T are the distortion diagrams of the zoom lens system
illustrated in FIG. 2A in short focus and long focus, respectively. In some embodiments,
a horizontal axis may refer to a distortion of a specific percentage, and a vertical axis
may refer to the field of view from 0 to a maximum value being. The closer the distortion
curve approaches the vertical axis, the smaller the distortion of the zocom lens system is.
As shown in FIGs. 4G and 48, as to the zoom lens system in short focus, the tangential
curvature of field value is in the range of 0 to 0.015mm, sagittal curvature of field value
is in the range of 0 to 0.01mm, and distortion rate is in the range of -27.5% t0 0. As
shown in FIGs. 4R and 4T, as to the zoom lens system in long focus, the tangential
curvature of field value is in the range of 0 to 0.05mm, sagittal curvature of field value is

in the range of 0 to 0.05mm, and distortion rate is in the range of -2.3% to 0.
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[0083] FIGs. 4U and 4V are the chromatic aberration diagrams of zoom lens system
100 illustrated in FIG. 2A in shert focus and long focus, respectively. The closer the
chromatic aberration curve approaches the vertical axis, the smaller the aberration of
the zoom lens system is. As shown in FIGs. 4U, the chromatic aberration of the zoom
lens system in short focus is in the range of -0.02 to +0.02. As shown in FIG. 4V, the
chromatic aberration of the zoom lens system in long fecus is in the range of -0.05 to
+0.05.

[0084] FIG. 5A is a schematic diagram illustrating an exemplary zoom lens system
according to some embodiments of the present disclosure. As shown in FIGs. 1 and 5A,
zoom lens system 100 may include & first lens group 110, an aperture stop 120, a
second lens group, and other components (not shown). In some embodiments, first lens
group 110 may have a negative refractive power, and second lens group 130 may have
a positive refractive power. In some embodiments, first lens group 110, aperture stop
120, and second lens group 130 may be configured such that the following conditional
expressions are satisfied:

[0085]  0.7<|r, ¢4 [<1.7,8nd 03<|f, 14 |<12, 4)
where Fer represents the effective focal length of the zocom lens system, F1 represents
the effective focal length of the first lens group 110, and F: represents the effective focal
length of the second lens group 130.

[0086] In some embodiments, first lens group 110 having a negative refractive
power may include one or more lens elements. For example, as illustrated in FIG. 5A,
first lens group 110 may include a first lens element 511, a second lens element 512,

and a third lens element 513. Second lens group 130 having a positive refractive power
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may include one or mere lens elements. For example, as illustrated in FIG. 5A, second
lens group 130 may include a fourth lens element 531, a fifth lens element 532, a sixth
lens element 533, a seventh lens element 534, an eighth lens element 535, and a ninth
lens element 536. The lens elements above may be an individual lens having different
properties than other lens elements {e.g., shape, size (e.g., height and width, etc.),
refractive power, effective focal length, Abbe number of the lens elements, or the like, or
any combination thereof).

[0087] The lens elements 511-513 and 531-536 may have different refractive
powers. In some embodiments, first lens element 511, second lens element 512, and
third lens element 513 may have a negative refractive power, a negative refractive
power, and a positive refractive power, respectively. In some embodiments, fourth lens
element 531, fifth lens element 532, sixth lens element 533, seventh lens element 534,
eighth lens element 535, and ninth lens element 536 may have a negative refractive
power, a positive refractive power, a positive refractive power, a positive refractive
power, a positive refractive power, and a negative refractive power, respectively.
[0088] The lens elements 511-513 and 531-536 may have different configurations. In
some embodiments, first lens element 511 may be a plano-concave lens with a convex
surface towards image plane 350, second lens element 512 may be a meniscus lens
with a convex surface towards an object (i.e., the opposite direction to image plane
350), and the third lens element 513 may be a meniscus lens with a convex surface
towards the object. In seme embodiments, fourth lens element 531 may be a bicencave
lens, fifth lens element 532 may be a biconvex lens, sixth lens element 533 may be a

meniscus lens with a convex surface towards image plane 350, seventh lens element
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934 may be a hiconvex lens, eighth lens element 535 may be a biconvex lens, ninth

lens element 936 may be a biconcave lens. In some othéer embodiments, the

configurations of the lens elements (e.g., in order from the object) may further satisfy

conditions listed in Table 3. Table 3 lists radius of curvature R {in mm) of the surface

towards the object, radius of curvature Rz {in mm) of the surface towards image plane

350, Abbe number Vg, refractive index N, and center thickness D{in mm) of a lens. A

zeom lens system may be generated based on the lens elements listed in Table 3. In

addition, an effective focal length of the zoom lens system may be 8 mm, size of

aperture may satisfy F/2.0, and total length of the zoom lens system may be 23.5 mm.

TABLE 3
Lens element R Rz N YV L
211 Ri=+0 5<R:z<10 1.5<N=<1.7 30<Vu<70 0.8<D<1.5
212 10<R1<15 4<Rz<8 1.5<N<1.7 30<Vu<70Q 0.8<D<1.5
913 4<R1<8 400<Rz<600 1.7<N<1.9 30<Ve<50 1.3<[C<1.8
931 5<R1<10 5<R:z<10 1.7<N<1.9 20<Vg<40Q 0.8<D<1.5
932 5<R1<10 5<R:z<10 1.5<N=<1.7 30<Vu<70 1.2<D0<1.9
933 90<R1<150 9<Rz<10 1.5<N=<1.7 30<Vu<70 1.2<D<1.9
234 20<R1<30 20<Rz<30 1.5<N<1.7 30<Vu<70 1.1<D<1.8
935 9<R1<10 40<R2<60 1.5<N<1.7 30<Vu<70 1.5<[0<2.2
536 40<R1<60 5<Rz2<10 1.5<N<1.7 30<Va<70 0.8<D<1.5

[0089]

In some embodiments, two lens elements may be affixed to each other by an

adhesive (or any suitable materials or method). In some embodiments, two lens

elements may be rigidly affixed to each other and integrated inte one lens component.
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For example, first lens element 511 may be affixed to second lens element 512 by an
adhesive (e.g., glue, UV-curing adhesive, etc.), and integrated inte a first lens
component. In some embodiments, first lens element 511 may be a plano-cencave lens,
and second lens element 512 may be a meniscus lens. The first lens component,
including first lens element 511 and second lens element 512 may have a positive
refractive power. As anather example, fourth lens element 531 and fifth lens element
532 may be affixed to each other and integrated into a second lens component. In some
embodiments, fourth lens element 531 may be a biconcave lens, and fifth lens element
532 may be a biconvex lens. The second lens compenent, including fourth lens element
531 and fifth lens element 532 may have a negative refractive power. As anaother
example, eighth lens element 535 and ninth lens element 536 may be affixed to each
other and integrated into a third lens component. In someé emboediments, eighth lens
element 535 may be a biconvex lens, and ninth lens element 532 may be a biconvex
lens. The third lens cemponent, including eighth lens element 535 and ninth lens
element 532 may have a positive refractive power.

[0090] FIG. 5B is a schematic diagram illustrating lens surfaces of the zoom lens
system illustrated in FIG. 5A according to some embaodiments of the present disclosure.
Referring to FIGs. 1, and 5A, zoom lens system 100 may include first lens group 110,
aperture stop 120, and second lens group 130. In some embadiments, as illustrated in
FIG. 5B, zoom lens system 100 may include 15 lens surfaces (arranged from S1 to
S15). First lens element 511 may include lens surface S1 and lens surface 52. Second
lens element 512 (which may have lens surface S3) and third lens element 513 may be

affixed to each other to form the first lens component. Lens surface S4 may be a

28



WO 2016/202273 PCT/CN2016/086000

surface between the second lens element 512 and the third lens element 513. Lens
surface 35 may be a surface of third lens element 513 towards the image plane 350.
Feourth lens element 531 (which may have lens surface 86) and fifth lens element 532
may be affixed to each other to form the second lens component. Lens surface 37 may
be a surface between fourth lens element 531 and fifth lens element 532. Lens surface
S8 may be a surface of fifth lens element 532 towards the image plane 350. Sixth lens
element 533 may have lens surface 89 {towards the object) and lens surface 810
(towards the image plane 350). Seventh lens element 534 may have lens surface S11
{towards the object) and lens surface 312 (towards the image plane 350). Eighth lens
element 535 (which may have lens surface 513) and ninth lens element 536 may be
affixed to form the third lens component. Lens surface 514 may be a surface between
eighth lens element 535 and ninth lens element 536. Lens surface $15 may be a
surface of the ninth lens element towards the image plane 350.

[0091] Merely by way of example, zcom lens system 100 may be configured
according to the parameters listed in Table 4. In addition, an effective focal length of the
zoom lens system may be 8 mm, size of aperture may satisfy F/2.0, and total length of

the zoom lens system may be 23.5 mm.

TABLE 4
Lens surface R D Ng Va
51 =0 0.97 1.52 64.2
52 5.439 1.28
83 11.325 1.03 1.52 59
54 4.528 1.58 1.83 37.2
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Lens surface R D Na Vg
55 -524.774 1.92
56 -5.831 1 1.85 30.1
S7 8.018 1.54 1.62 63.4
S8 -7.145 0.68
59 -102.769 1.66 1.57 7.5
310 -8.831 012
S11 25.07 1.61 1.62 58.2
812 -25.07 0.1
813 7.783 1.81 1.60 o4.7
814 -47.413 1.01 1.98 40.9
315 5.803 7.1

[0092] FIGs. 6A through B6F illustrate optical simulation of an exemplary zoom lens
system illustrated in FIGs. 5A and 5B according to some embodiments of the present
disclosure. FIGS. 6A and 6B show Modulation Transfer Function (MTF) perfermances
of the zoom lens system with visible light and infrared, respectively. The MTF
performance may indicate the ability of the zoom lens system to reproduce various
levels of details of an image captured by an imaging system implementing the zoom
lens system. In FIGS. 6A and 6B, the vertical axis represents degree of contrast {also
referred to as modulation), and the horizontal axis may represents spatial frequency
(also referred to as resolution, in Ip/mm). In some embodiments, the MTF may be used

to evaluate imaging quality of a zoom lens system. For example, the MTF curves with
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high degree of contrast and a slight slope may represent high-quality images produced
by the zoom lens system.

[0093] FIG. 6C illustrates axial aberration of the zoom lens system with visible light.
The axial aberration may include spherical aberration and axial chromatic aberration.
One or more beams of visible light may be used to determine the axial aberration of the
zoom lens system. In some embodiments, visible light with wavelength of 486nm,
visible light with wavelength of 588 nm, and visible light with wavelength of 656 nm can
be used to determine the axial aberration. In FIG. 6C, the vertical axis represents radius
of the visible light {in mm), and the horizontal axis represents axial aberration {in mm).
[0094] FIG. 6D illustrates lateral chromatic aberration of the zoom lens system with
visible light. One or mare beams of visible light may be used to determine the lateral
chromatic aberration of the zoom lens system. In some embodiments, visible light with
wavelength of 486nm, visible light with wavelength of 588 nm, and visible light with
wavelength of 656 nm can be used to determine the lateral chromatic aberration. As
shown in FIG. 6D, the vertical axis represents radius of the visible light beam(s) (in pm},
and the horizontal axis represents lateral chromatic aberration (in um).

[0095] FIG. 6E illustrates field curvature of the zoom lens system. One or more
beams of visible light may be used to determine the field curvature of the zoom lens
system. In some embodiments, visible light with wavelength of 486nm, visible light with
wavelength of 588 nm, and visible light with wavelength of 656 nm can be used to
determine the field curvature. In FIG. B6E, the vertical axis represents the scale of field of

view {in um), and the horizontal axis represents field curvature (in mm).
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[0096] FIG. 6F illustrates distortion of the zoom lens system. One or more beams of
visible light may be used to determine the distortion of the zeom lens system. In some
embodiments, visible light with wavelength of 486nm, visible light with wavelength of
588 nm, and visible light with wavelength of 656 nm can be used to determine the
distortion. In FIG. 6F, the vertical axis represents the scale of field of view (in pm), and
the horizontal axis represents distertion (in percentage).

[0097] FIG. 7 is a schematic diagram of another exemplary zoom lens system 100
according to some embodiments of the present disclosure. Referring again to FIG.1,
zoom lens system 100 may include first lens group 110, aperture stop 120, second lens
group 130, and other components {nct shown}. Image plane 350 may be a surface
where an image may be captured. For example, a light-sensitive film may be mounted
on the image plane 350 for capturing an image. In some embodiments, first lens group
110 may have a positive refractive power, and second lens group 130 may have a
positive refractive power.

[0098] In some embodiments, first lens group 110 may include one or more lens
elements. In some embodiments, the first lens group 110 may include a first lens
eglement 711, a second lens element 712, a third lens element 713, a fourth lens
element 714, a fifth lens element 715, and a sixth lens element 716. In some
embodiments, second lens greup 130 may include a seventh lens element 731, an
eighth lens element 732, a ninth lens element 733, a tenth lens element 734, and a
eleventh lens element 735.

[0099] The lens elements 711-716 and 731-735 may have different refractive

powers. In some emboediments, first lens element 711, second lens element 712, third
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lens element 713, fourth lens element 714, fifth lens element 715, and sixth lens
element 716 may have a positive refractive power, a negative refractive power, a
negative refractive power, a positive refractive power, a negative refractive power, and a
positive refractive power, respectively. In some embodiments, seventh lens element
731, eighth lens element 732, ninth lens element 733, tenth lens element 734, and
eleventh lens element 735 may have a positive refractive power, a negative refractive
power, a positive refractive power, a positive refractive power, and a positive refractive
power, respectively.

[0100] The lens elements 711-716 and 731-735 may have different configurations. In
some embodiments, first lens element 711 may be a meniscus lens with a convex
surface towards an object {i.e., the opposite direction to image plane 350), second lens
element 712 may be a meniscus lens with a convex surface towards the object, third
lens element 713 may be a biconcave lens, fourth lens element 714 may be a meniscus
lens with a convex surface towards image plane 350, fifth lens element 715 may be a
meniscus lens with a convex surface towards image plane 350, and sixth lens element
716 may be a biconvex lens. In some embodiments, seventh lens element 731 may be
a meniscus lens with a concave surface towards the object, eighth lens element 732
may be a biconcave lens, ninth lens element 733 may be a biconvex lens, tenth lens
element 734 may be a biconvex lens, and eleventh element 735 may be a meniscus
lens with a convex surface towards the object. In some embodiments, a gap between
two lens elements (or between a lens element and a lens component, or between two
lens compenents) may be fixed by one or more spacers. In some embodiments, a first

gap may be present between third lens element 713 and fourth lens element 714, and a
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second gap may be present between fifth lens element 715 and sixth lens element 716.
In some embodiments, a third gap may be present between seventh lens element 731
and eighth lens element 732, a fourth gap may be present between ninth lens element
733 and tenth lens element 734, and a fifth gap may be present between tenth lens
element 734 and eleventh lens element 735.

[0101] In seme embodiments, two lens elements may be affixed to each other by
adhesive (or any suitable materials or method). In some embodiments, two or more lens
elements may be rigidly affixed together and integrated into one lens component.
Merely by way of example, fourth lens element 714 and fifth lens element 715 may be
affixed to each other (e.g., by glue, UV-curing adhesive, efc.) and integrated into a first
lens compenent. The first lens compenent may have a positive refractive power. As
another example, eighth lens element 732 and ninth lens element 733 may be affixed to
each other and integrated into a second lens component. The secend lens component
may have a negative refractive power.

[0102]FIG. 8 illustrates an exemplary zoom lens system configuration of an optical
imaging device 800 according to seme embodiments of the present disclosure. The
gplical imaging device may include a zoom lens system 100, a primary lens barrel 830,
a secondary lens barrel 820, one or more spacers (e.g., a first spacer 810, a second
spacer 840, a third spacer 850, a fourth spacer 860, a fifth spacer 870, a sixth spacer
880), and/or other components. The spacers 810, 840, 850, 860, 870 and 880 may be
used to fix the gaps between the lens elements, and te generate (or maintain) air
spaces between the lens elements. For example, spacer 810 may be used to fix the gap

between first lens element 711 and second lens element 712;spacer 860 may be used
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to fix the gap between third lens element 713 and fourth lens element 714;spacer 870
may be used to fix the gap between fifth lens element 715 and sixth lens element 716;
spacer 880 may be used to fix the gap between seventh lens element 731 and eighth
lens element 732;spacer 840 may be used to fix the gap between ninth lens element
733 and tenth lens element 734; spacer 850 may be used to fix the gap between tenth
lens element 734 and eleventh lens element 735. In some embodiments, secondary
lens barrel 820 may house first lens group 110. In some embodiments, secondary lens
barrel 820 may be mounted to primary lens barrel 830.

[0103] Having thus described the basic concepts, it may be rather apparent to those
skilled in the art after reading this detailed disclosure that the foregoing detailed
disclosure is intended to be presented by way of example anly and is not limiting.
Various alterations, improvements, and modifications may occur and are intended to
those skilled in the art, though not expressly stated herein. These alterations,
improvemenits, and modifications are intended to be suggested by this disclosure, and
are within the spirit and scope of the exemplary embodiments of this disclosure.

[0104] Moreover, certain terminology has been used te describe embodiments of the
present disclosure. For example, the terms “onée embodiment,” "an embodiment,” and/or
*some embodiments” mean that a particular feature, structure or characteristic
described in connection with the embodiment is included in at least one embediment of
the present disclosure. Therefore, it is emphasized and should be appreciated that two
or more references to "an embodiment” or “one embodiment” or "an alternative

embodiment” in varicus portions of this specification are not necessarily all referring to
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the same embodiment. Furthermore, the particular features, structures or characteristics
may be combined as suitable in one or more embodiments of the present disclosure.
[0105] Further, it will be appreciated by one skilled in the art, aspects of the present
disclosure may be illustrated and described herein in any of a number of patentable
classes or context including any new and useful process, machine, manufacture, or
compaosition of matter, or any new and useful improvement thereof. Accordingly,
aspects of the present disclesure may be implemented entirely hardware, entirely
software (including firmware, resident software, micro-code, etc.) or combining software
and hardware implementation that may all generally be referred to herein as a "block "
*module,” “engine,” “unit,” "component,” or *system.” Furthermare, aspects of the
present disclosure may take the farm of a computer program product embodied in one
or more computer readable media having computer readable program codée embodied
thereon.

[0106] Furthermore, the recited order of processing elements or sequences, or the
use of numbers, letters, or other designations therefore, is not intended to limit the claimed
processes and methods to any order except as may be specified in the claims. Although
the above disclosure discusses through various examples what is currently considered to
be & variety of useful embodiments of the disclosure, itis to be understood that such detail
is solely for that purpose, and that the appended claims are not limited to the disclosed
embodiments, but, on the contrary, are intended to cover modifications and equivalent
arrangements that are within the spirit and scope of the disclosed embadiments.

[0107]  Similarly, it should be appreciated that in the feregeing description of

embodiments of the present disclosure, various features are sometimes grouped
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together in a single embadiment, figure, or description thereof for the purpose of
streamlining the disclosure aiding in the understanding of one or more of the various
inventive embodiments. This method of disclosure, however, is not to be interpreted as
reflecting an intention that the claimed subject matter requires more features than are
expressly recited in each claim. Rather, inventive embodiments lie in less than all

features of a single foregoing disclosed embaodiment.
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WHAT WE CLAIMED ARE:
1. A zoom lens system, comprising:
a first lens group including:
at least two lens elements having a negative refractive power; and
at least one lens element having a positive refractive power;
an aperture stop; and
a second lens group having a positive refractive power including:
a first lens element having a positive refractive power;
a second lens element having a positive refractive power,;
a first lens component having a negative refractive power;
a third lens element having a negative refractive power;
a fourth lens element having a positive refractive power,;
a second lens component having a negative refractive power;
a fifth lens element having a positive refractive power; and
a sixth lens element having a negative refractive power, wherein:
the first lens compenent includes at least one lens element,
the second lens component includes at least one lens element,
the fifth lens element having a positive refractive power and the
sixth lens element having a negative refractive power are affixed to each
other, and
a distance between the first lens group and the second lens group

is not fixed.
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2. The zocom lens system of claim 1, wherein:
the first lens element of the second lens group is a biconvex lens, and

a refractive index of the first lens element is no less than 1.7.

3. The zoom lens system of claim 1, wherein:

the second lens element of the second lens group is a biconvex lens,

an Abbe number of the second lens element of the second lens group is greater
than 80, and

the second lens element and the first lens component of the second lens group are

affixed to each other.

4. The zoom lens system of claim1, wherein the first lens component of the second lens
group includes:

a biconcave lens having a negative refractive power, and

a biconvex lens having a positive refractive power, the biconcave lens and the

biconvex lens being affixed to each other.

5. The zoom lens system of claim 1, wherein:

the third lens element of the second lens group is a biconcave lens,

an Abbe number of the third lens element of the second lens group is greater than
b5, and

a refractive index of the third lens element of the second lens group is less than

1.55.
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6. The zoom lens system of claim 1, wherein:
the fourth lens element of the second lens group is a biconvex lens, and
the third lens element and the fourth lens element of the second lens group are

affixed to each other.

7. The zoom lens system of claim 1, wherein the second lens component of the second
lens group includes:;

a first meniscus lens having a positive refractive power,

a second meniscus lens having a negative refractive power, and

the first meniscus lens and the second meniscus lens are affixed to each other.

8. The zoom lens system of claim 1, wherein:
the fifth lens element of the second lens group is a biconvex lens, and

an Abbe number of the fifth lens element is greater than 80.

9. The zecom lens system of claim 1, wherein:

the sixth lens element of the second lens group is & biconcave lens,

an Abbe number of the sixth lens element of the second lens group is less than
that of the fifth lens element of the second lens group, and

a refractive index of the sixth lens element of the second lens group is greater than

that of the fifth lens element of the second lens group.
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10. The zoom lens system of claim 1, wherein the first lens group includes:
a first meniscus lens having a negative refractive power,
a biconcave lens having a negative refractive power, and
a second meniscus lens having a positive refractive power, convex surfaces of the

first and second meniscus lenses facing against an image plane.

11. The zoom lens system of claim 1, wherein the zoom lens systemn satisfies 1.85 <

[f1]/(fw X fr)f < 2.25, f; being a focus length of first lens group, f,, being a shortest
focus length of the zeom lens system, f; being a longest focus length of the zoom lens

system.

12. The zoom lens system of claim 1, wherein the zoom lens system satisfies 0.8 <
2/, < 1.2, f; being a focus length of second lens group, and £, being a shortest focus

length of zoom lens system.

13. The zoom lens system of claim 10, wherein the zoom lens system satisfies 0.4 < N, X
fo/fi < 0.55, N, being an average refractive index of the meniscus lens having a negative
refractive power and the biconcave lens having a negative refractive power, f£, being a
shortest focus length of zoom lens system, and f; being a longest focus length of zoom

lens system.

14. A lens, comprising the zoom lens system of claim 1.
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15. A zoom lens system, comprising:

a first lens group including:
at least two lens elements of negative refractive power; and
at least one lens element of a positive refractive power;

an aperture stop; and

a second lens group having a positive refractive power including:
a first lens element having a negative refractive power;
a second lens element having a positive refractive power,;
a third lens element having a positive refractive power;
a fourth lens element having a positive refractive power;
a fifth lens element having a positive refractive power; and
a sixth lens element having a negative refractive power, wherein:

a distance between the first lens group and the second lens group

is not fixed.

16. The zoom lens system of claim 15, wherein the zoom lens system satisfies 0.7 <

|Fepp/Fil < 1.7, @and 0.3 < |Fopp /F2] < 1.2, Ferr being an effective focal length of the zoom

lens system, F1 being an effective focal length of the first lens group, and Fc being an

effective focal length of the second lens group.

17. The zoom lens system of claim 15, wherein the first lens group includes:
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a plano-concave lens, a concave surface of the plano-convex lens facing an image
plane,

two meniscus lenses, convex surfaces of the two meniscus lenses facing against
an image plane, and

the two meniscus lenses are affixed to each other.

18. The zoom lens system of claim 15, wherein:
the first lens element of the second group is a biconcave lens,
the second lens element of the second group is a biconvex lens,
the third lens element of the second group is a meniscus lens,
the fourth lens element of the second group is a biconvex lens,
the fifth lens element of the second group is a biconvex lens, and

the sixth lens element of the second group is a biconcave lens.

19. The zoom lens system of claim 15, wherein:

the first lens element of the second group and the second lens element of the
second group are affixed to each other, and

the fifth lens element of the second group and the sixth lens element of the second

group are affixed to each other.

20. The zoom lens system of claim 17, wherein:
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a first concave surface of one of the two meniscus lens and a second concave
surface of the other one of the two meniscus lens are integrated into a lens component
by adhesive, and

the lens component has a positive refractive power.

21. The zoom lens system of claim 19, wherein:

a concave surface of the first lens element of the second group and a convex
surface of the second lens element of the second group are integrated into a lens
component by adhesive, and

the lens component has a negative refractive power.

22. The zoom lens system of claim 19, wherein:
a convex surface of the fifth lens element of the second group and a concave
surface of the sixth lens element are integrated into a lens component by adhesive, and

the lens component has a positive refractive power.

23. A lens, comprising the zoom lens system of claim 15.

24. A zoom lens system, comprising:
a first lens group including:
at least two lens elements having a negative refractive power;

at least two lens elements having a positive refractive power; and
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at least one lens component having a positive refractive power, the at
least one lens component includes at least one lens element;
an aperture stop; and
a second lens group having a positive refractive power including:
a first lens element having a positive refractive power;
a first lens component having a negative refractive power;
a second lens element having a positive refractive power; and
a third lens element having a positive refractive power, wherein:
the first lens component includes at least one lens element, and
a distance between the first lens group and the second lens group

is not fixed.

25. The zoom lens system of claim 24, wherein the first lens group includes:
a first meniscus lens having a positive refractive power,;
a second meniscus lens having a negative refractive power;
a biconcave lens having a negative refractive power;
a second lens component having a positive refractive power; and
a biconvex lens having a positive refractive power, convex surfaces of the first and

second meniscus lenses facing against an image plane.

26. The zoom lens system of claim 25, the second lens component of the first lens group
includes:

a third meniscus lens having a positive refractive power; and
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a fourth meniscus lens having a negative refractive power, the third meniscus lens

and the fourth meniscus lens being affixed to each other.

27. The zoom lens system of claim 24, the first lens component of the second lens group
includes:

a biconcave lens having a negative refractive power; and

a biconvex lens having a positive refractive power, the biconcave lens and the

biconvex lens being affixed to each other.

28. A lens, comprising the zoom lens system of claim 24.

46



WO 2016/202273 PCT/CN2016/086000
1/23

100
A first lens group A~ 110
Aperture stop ~120
A second lens group 130
FIG. 1

FI1G. 2A



PCT/CN2016/086000

WO 2016/202273

2/23

110

FI1G. 2B

FI1G. 2C



WO 2016/202273 PCT/CN2016/086000
3/23

FI1G. 2D

FI1G. 2E



WO 2016/202273 PCT/CN2016/086000
4/23

FI1G. 2F

FI1G. 2G



WO 2016/202273 PCT/CN2016/086000
5/23

120

110

FI1G. 3

0.4
0.3
0.2 .
0.1 .

T

0.00 50.00 100.00
Modulation Transfer Function, MTF

FI1G. 4A



WO 2016/202273 PCT/CN2016/086000

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

|

0.00 50.00 100.00
Modulation Transfer Function, MTF

FI1G. 4B

0.0

(.00 50.00 100.00
Modulation Transfer Function, MTF

FI1G. 4C



WO 2016/202273 PCT/CN2016/086000

7123
1.0
0.9
0.8
0.7
0.6
0.5
0.4
03 - B
02 L
0.1
0.0 e .
0.00 50.00 100.00
Modulation Transfer Function, MTF
FIG. 4D
Image height:0.0mm
EYT EXT
Py P

FI1G. 4E



WO 2016/202273 PCT/CN2016/086000
8/23

|

e Image height:2.3mm eor

e
P
FIG. 4F
v Image height:3.0mm __
g =4 3 i j H i {/
: ¥ i T i E:";‘ ;’/u‘;ﬁ T T -

FI1G. 4G



WO 2016/202273 PCT/CN2016/086000
9/23

- Image height:3.6mm o

il i

L Py { f T ¥ Dy

FI1G. 4H

ey lmage height:4 4mm .+

P

FI1G. 41



WO 2016/202273 PCT/CN2016/086000

10/23
. Image height:0.0mm _ _
EY =
s S S W e LS I B T Sy o R
By T
FIG. 4]
..+ Image height:2.3mm T
—— T "%& E?";" I ] ?L rﬁ'@‘i By

FI1G. 4K



WO 2016/202273 PCT/CN2016/086000

11/23
1ight:3.
ey Image height:3.0mm ~
Pﬁ‘*e § . P\if I ¥ T T T -
FIG. 4L
=, Image height:3.6mm _
i - I o et
By Py

FI1G. 4M



WO 2016/202273 PCT/CN2016/086000
12/23
_ Image height:4 4mm
Y Ex
s S s aa e i i et st
PY - PX
FIG. 4N
ficn] +
=5
© ® L 2
%
MR e B v
b
IHe 3 BRE o
- -
SHEV R JESERLOE " By
Field of view: i 2 3 4 &
Centroid radius: L4e2 2:835 3,039 3,13 2,994
Geometry radius: 4,619 Ly 1833 14,255 15,894

FI1G. 40



WO 2016/202273 PCT/CN2016/086000

13/23
2
2 ® ®
IR 8008, £.080 MM MR B.008, 2380 W
IME: B.oBE8, 3.BRE mH
e -
THE: B.080, 2.408 HF IefR: B.O0B, 4 N80 WM

Field of view:

a . i 2 £ y 5
Centroid radius: | 9yg 2,510 2,172 1,724 3,238
Geometry radius:  4.6%91 9,404 o.ouge S.hik £h2H
FIG. 4P
Field curvature
e
\
5 E
J
%.‘%
3 4
/ % ...... i
f(
i WA Bt I Tt
mm

FIG. 4Q



PCT/CN2016/086000

WO 2016/202273

14/23

Field curvature

-

o

5
mﬁﬂm

ol
L

mim

FIG. 4R



WO 2016/202273 PCT/CN2016/086000

15/23
Distortion
£ “ef"
\
ig e
%
%
A\ T
\
3
“E‘“ . .
i
v
}
i
0. O O . o0 e . om
Percent

FIG. 4S



WO 2016/202273 PCT/CN2016/086000
16/23

Distortion

e s

N

?.%;m
wo o BN 1 L ULT
Percent

FIG. 4T



WO 2016/202273 PCT/CN2016/086000
17/23

Entrance pupil radius

i 1 T l ¥ T 1 ¥ T ¥ : H

i . B0y . 0enn @E.@ZB@
Chromatic aberration (mm)
FIG. 4U

Entrance pupil radius

S,

AN

\
"\:\\\\

i 3 i H ¥ i

H
-, BsaE L

] i i

Chromatic aberration (mm)

FIG. 4V



WO 2016/202273

511

<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<

PCT/CN2016/086000

S15




WO 2016/202273 PCT/CN2016/086000
19/23

1.0
0.9
G‘? I g S—
06 - “
0.5
0.4
03 -
0.2 -
0.1
0.0

0.00 50.00 100.00
Modulation Transfer Function. MTF

FI1G. 6A

0.00 50.00 100.00
Modulation Transfer Function. MTF

FI1G. 6B



WO 2016/202273 PCT/CN2016/086000
20/23

Axial aberration

FI1G. 6C

P
N

sm .
Lateral chromatic aberration

F1G. 6D



WO 2016/202273 PCT/CN2016/086000
21/23

Field curvature

v %

i

l? }‘3 ]
: 1
EN 1
i
ol




PCT/CN2016/086000

WO 2016/202273

22/23

-

1stortion

*

D

FI1G. 6F

110

F1G. 7



PCT/CN2016/086000

WO 2016/202273

23/23

100

F1G. 8



INTERNATIONAL SEARCH REPORT International application No.
PCT/CN2016/086000

A. CLASSIFICATION OF SUBJECT MATTER
GO2B 15/177(2006.01)i; GO02B 13/00(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

G02B13; GO2B11; GO2B15; GO2B9

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

CNABS, CNTXT, VEN:4th, 6th, fourth+, sixth+, eighth, 8th, ninth, 9th, tenth, 10th, negative, positive, meniscus, biconcave,
biconvex

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X CN 101320125 A (CANON KK) 10 December 2008 (2008-12-10) 1,2,8,10, 14
description, page 13, line 21 to page 15, line 19 and figure 1
PX CN 105182504 A (ZHEJIANG DAHUA TECHNOLOGY CO) 23 December 2015 (2015-12- 24-28
23)
claims 1-11
A US 2002126393 A1 (ASAHI SEIMITSU KK) 12 September 2002 (2002-09-12) 15-23
the whole document
A CN 102955233 A (TAMRON KK) 06 March 2013 (2013-03-06) 15-23
the whole document
X JP 2005316052 A (TOCHIGI NIKON CORP ET AL.) 10 November 2005 (2005-11-10) 24,27,28
description, paragraghs [0038]-[0043] and figure 5
PX CN 204807791 U (ZHEJIANG DAHUA TECHNOLOGY CO) 25 November 2015 (2015-11- 15-23
25)

claims 1-8, description, paragraphs [0030]-[0043], and figure 1

Further documents are listed in the continuation of Box C. See patent family annex.

#  Special categories of cited documents: «T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand the

“A” document defining the general state of the art which is not considered principle or theory underlying the invention

to be of particular relevance . . . .
. . - . . . “X” document of particular relevance; the claimed invention cannot be
E” eatlier application or patent but published on or affer the international considered novel or cannot be considered to involve an inventive step
filing date when the document is taken alone
“1* document which may throw doubts on priority claim(s) or which is wy

p ; A NS document of particular relevance; the claimed invention cannot be
cited to establish the publication date of another citation or other P :

considered to involve an inventive step when the document is

special reason (as specified) combined with one or more other such documents, such combination
“0” document referring to an oral disclosure, use, exhibition or other being obvious to a person skilled in the art
means “& document member of the same patent family

“p document published prior to the international filing date but later than
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
23 August 2016 20 September 2016
Name and mailing address of the ISA/CN Authorized officer
STATE INTELLECTUAL PROPERTY OFFICE OF THE
P.R.CHINA
6, Xitucheng Rd., Jimen Bridge, Haidian District, Beijing ZHANG,Yu
100088
China
Facsimile No. (86-10)62019451 Telephone No. (86-10)62085762

Form PCT/ISA/210 (second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT International application No.

PCT/CN2016/086000

C. DOCUMENTS CONSIDERED TO BE RELEVANT

the whole document

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
PX CN 204964860 U (ZHEJIANG DAHUA TECHNOLOGY CO) 13 January 2016 (2016-01-13) 24-28
claims 1-11, description, paragraphs [0029]-[0052], and figure 1
PX CN 204807794 U (ZHEJIANG DAHUA TECHNOLOGY CO) 25 November 2015 (2015-11- 1-14
2
? claims 1-13, description, paragraphs [0006]-[0048], and figures 1(a)-2
A JP 2012242688 A (TAMRON KK) 10 December 2012 (2012-12-10) 15-23

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.
PCT/CN2016/086000

Box No. 111 Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

[1] I: Claims 1-14 direct to a zoom lens system or a lens comprising a first lens group having at least two negative
lenses and one positive lens, and a second lens group having a positive first lens, a positive second lens, a
negative first lens component, a negative third lens, a positive fourth lens, a negative second lens component, a
positive fifth lens, and a negative sixth lens.

[2] II: Claims 15-23 direct to a zoom lens system or a lens comprising a first lens group having at least two
negative lenses and one positive lens, and a second lens group having a negative first lens, a positive second
lens, a positive third lens, a positive fourth lens, a positive fifth lens, and a negative sixth lens.

[3] MI: Claims 24-28 direct to a zoom lens system or a lens comprising: a first lens group having at least two
negative lenses, two positive lenses, and one positive lens component; a second lens group having a positive
first lens, a negative first lens component, a positive second lens, and a positive third lens.

[4] Claims 1-14, 15-23, and 24-28 do not form a single general inventive concept, and do not satisty the criteria set
out in PCT Rule 13.1.

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

o

As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment
of additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D Norequired additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest fee
was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (Continuation of first sheet) (July 2009)



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/CN2016/086000
. Pat&.ant document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
CN 101320125 A 10 December 2008 us 7755843 B2 13 July 2010
EP 2000839 Al 10 December 2008
IP 2008304765 A 18 December 2008
CN 101320125 B 22 September 2010
EP 2000839 Bl 28 November 2012
us 2008304162 Al 11 December 2008
CN 105182504 A 23 December 2015 None
Us 2002126393 Al 12 September 2002 JP 3559526 B2 02 September 2004
IP 2002207166 A 26 July 2002
us 6683730 B2 27 January 2004
GB 0200611 DO 27 February 2002
GB 2371120 A 17 July 2002
GB 2371120 B 13 October 2004
DE 10200841 B4 25 November 2004
DE 10200841 Al 18 July 2002
CN 102955233 A 06 March 2013 us 9229204 B2 05 January 2016
us 2013050827 Al 28 February 2013
IP 2013044964 A 04 March 2013
CN 102955233 B 17 June 2015
JP 2005316052 A 10 November 2005 None
CN 204807791 U 25 November 2015 None
CN 204964860 U 13 January 2016 None
CN 204807794 U 25 November 2015 None
JpP 2012242688 A 10 December 2012 None

Form PCT/ISA/210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - claims
	Page 40 - claims
	Page 41 - claims
	Page 42 - claims
	Page 43 - claims
	Page 44 - claims
	Page 45 - claims
	Page 46 - claims
	Page 47 - claims
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - drawings
	Page 66 - drawings
	Page 67 - drawings
	Page 68 - drawings
	Page 69 - drawings
	Page 70 - drawings
	Page 71 - wo-search-report
	Page 72 - wo-search-report
	Page 73 - wo-search-report
	Page 74 - wo-search-report

