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(57) ABSTRACT

A zoom lens arranged along an optical axis includes a first
lens group and a second lens group. The second lens group
has at least one aspheric lens. The first lens group moves
toward an image side and the second lens group moves away
from the image side along the optical axis during zooming.
The first lens group is moved for focusing, and the second
lens group is moved for zooming.
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1
ZOOM LENS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention generally relates to a lens, and more
particularly to a zoom lens.

2. Description of Related Art

Cameras utilize zoom lens so that a user can conveniently
adjust a zoom range at different focal lengths. In addition,
lenses are being developed to achieve a large field of view,
and be suitable for large sensors. However, when zoom
lenses are applied with large sensors, it is difficult to achieve
a large zoom ratio while also achieving high image quality
at each focal length. Conventional zoom lenses achieve
different focal lengths, but comprise on image quality.

In addition, cameras that are used during the day and at
night have been in greater demand. The lenses of the
cameras must operate for both visible light and infrared
light. Conventional zoom lenses have been designed for use
in the visible light region, but generate chromatic aberra-
tions near the infrared region. This causes images to not be
focused when imaging at night using the infrared region.

Therefore, there is a demand for zoom lens suitable for
large sensors, for example a sensor with an image circle
equal or larger than 8 mm, with favourable image quality
while also achieving a high zoom ratio, and operating both
in the visible light region and the infrared region.

SUMMARY OF THE INVENTION

The invention is directed to a zoom lens having advan-
tages of a large aperture, a high zoom ratio, favourable
imaging quality, or being infrared confocal.

Other objects and advantages of the invention can be
further illustrated by the technical features broadly embod-
ied and described as follows.

In order to achieve one or a part of or all of the above
advantages or other advantages, an embodiment of the
invention provides a zoom lens arranged along an optical
axis. The zoom lens includes a first lens group and a second
lens group. The second lens group has at least one aspheric
lens with an abbe number greater than 71.5 and two
cemented surfaces. A zoom ratio of the zoom lens is greater
than 1.

One embodiment of the invention also provides a zoom
lens arranged along an optical axis. The zoom lens includes
a first lens group and a second lens group. The second lens
group has at least three lenses and two cemented surfaces.
One of the at least three lenses is an aspheric lens with an
abbe number greater than 71.5. The first lens group and the
second lens group move with respect to each other and the
zoom lens has more than one magnification.

Another embodiment of the invention also provides a
zoom lens arranged along an optical axis. The zoom lens
includes a first lens group and a second lens group. The
second lens group has at least one aspheric lens. The first
lens group and the second lens group move with respect to
each other and the zoom lens has more than one magnifi-
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cation. A total length of the zoom lens in a wide end divided
by an image height of the zoom lens is between 11.5 and
16.25, and an image height of the zoom lens is between four
millimeters and ten millimeters.

In summary, the zoom lens according to the embodiments
of the invention is provided with the first lens group and the
second lens group. The second lens group of the zoom lens
has at least one aspheric lens. Accordingly, the zoom lens
according to embodiment of the invention can provide a
high zoom ratio, favourable imaging quality, being infrared
confocal, and a large aperture.

Other objectives, features and advantages of the invention
will be further understood from the further technological
features disclosed by the embodiments of the present inven-
tion wherein there are shown and described preferred
embodiments of this invention, simply by way of illustration
of modes best suited to carry out the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the invention, and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments of the invention and, together with
the description, may serve to explain the principles of the
invention.

FIG. 1A to FIG. 1B are schematic diagrams illustrating a
zoom lens according to an embodiment of the invention with
a focal length respectively at a wide-end and a tele-end.

FIG. 2A to FIG. 2B are schematic diagrams illustrating a
zoom lens according to another embodiment of the invention
with a focal length respectively at the wide-end and the
tele-end.

FIG. 3A to FIG. 3B are schematic diagrams illustrating a
zoom lens according to another embodiment of the invention
with a focal length respectively at the wide-end and the
tele-end.

FIG. 4A to FIG. 4B are schematic diagrams illustrating a
zoom lens according to another embodiment of the invention
with a focal length respectively at the wide-end and the
tele-end.

DESCRIPTION OF THE EMBODIMENTS

In the following detailed description of the preferred
embodiments, reference is made to the accompanying draw-
ings which form a part hereof, and in which are shown by
way of illustration specific embodiments in which the inven-
tion may be practiced. In this regard, directional terminol-
ogy, such as “top,” “bottom,” “front,” “back,” etc., is used
with reference to the orientation of the Figure(s) being
described. The components of the present invention can be
positioned in a number of different orientations. As such, the
directional terminology is used for purposes of illustration
and is in no way limiting. On the other hand, the drawings
are only schematic and the sizes of components may be
exaggerated for clarity. It is to be understood that other
embodiments may be utilized and structural changes may be
made without departing from the scope of the present
invention. Also, it is to be understood that the phraseology
and terminology used herein are for the purpose of descrip-
tion and should not be regarded as limiting. The use of
“including,” “comprising,” or “having” and variations
thereof herein is meant to encompass the items listed there-
after and equivalents thereof as well as additional items.
Unless limited otherwise, the terms “connected,” “coupled,”
and “mounted” and variations thereof herein are used
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broadly and encompass direct and indirect connections,
couplings, and mountings. Similarly, the terms “facing,”
“faces” and variations thereof herein are used broadly and
encompass direct and indirect facing, and “adjacent to” and
variations thereof herein are used broadly and encompass
directly and indirectly “adjacent to”. Therefore, the descrip-
tion of “A” component facing “B” component herein may
contain the situations that “A” component directly faces “B”
component or one or more additional components are
between “A” component and “B” component. Also, the
description of “A” component “adjacent to” “B” component
herein may contain the situations that “A” component is
directly “adjacent to” “B” component or one or more
additional components are between “A” component and “B”
component. Accordingly, the drawings and descriptions will
be regarded as illustrative in nature and not as restrictive.

FIG. 1A to FIG. 1B are schematic diagrams illustrating a
zoom lens 100 according to an embodiment of the invention
with a focal length respectively at a wide-end and a tele-end.
Referring to FIG. 1A and FIG. 1B, in the embodiment, the
zoom lens 100 includes a first lens group 110 and a second
lens group 120 respectively arranged in sequence from an
object side to an image side. The term “lens group” is not
meant to be limiting, but is used for the convenience of
description. Unless otherwise specified in the claims, the
“lens group” should not be constructed to limit the way of
grouping. The zoom lens 100 has an optical axis O. The first
lens group 110 has a negative refractive power and includes
a first lens L1, a second lens 1.2, a third lens L3, and a fourth
lens [.4 arranged in sequence from the object side to the
image side. The refractive powers of the lenses L1, [.2, .3
and 14 are respectively negative, positive, negative, and
positive. The second lens group 120 has a positive refractive
power and is disposed between the first lens group 110 and
the image side. The second lens group 120 includes a fifth
lens L5, a sixth lens 1.6, a seventh lens 1.7, an eighth lens L8,
a ninth lens 1.9, and a tenth lens [.10 arranged in sequence
from the object side to the image side. The refractive powers
of the lenses L5, 1.6, L7, 1.8, 1.9 and L.10 are respectively
positive, negative, positive, positive, negative, and positive.

Furthermore, in the embodiment, an infrared (IR) cut filter
130 can be disposed between the first lens group 110 and the
second lens group 120. The IR cut filter 130 can absorb or
reflect infrared light, so that infrared light does not pass
through the IR cut filter 130. This way, infrared light is
unable to form an image on the image side. In the embodi-
ment, when the zoom lens 100 is used during the day, the IR
cut filter 130 is disposed in the zoom lens 100 so that
infrared light does not pass through. When the zoom lens
100 is used during the night, the IR cut filter 130 can be
disabled or removed from the zoom lens 100. However, the
IR cut filter is not a necessary element and can be omitted
under some circumstances.

An aperture stop 140 can be disposed between the IR cut
filter 130 and the second lens group 120. An image sensing
element 150 can be disposed on the image side, in which a
surface S121 is an imaging surface SI of the image sensing
element 150. In the embodiment, the image sensing element
150 is, for example, a charge coupled device (CCD) or a
complementary metal oxide semiconductor (CMOS) image
sensing element.

In the embodiment, the first lens group 110 is suitable to
move towards the image side and the second lens group 120
is suitable to move away from the image side for the zoom
lens 100 to zoom between the wide-end and the tele-end.
When changing between the wide-end and the tele-end, the
first lens group 110 is suitable to be moved toward the object
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side or the image side for focusing, and the second lens
group 120 is suitable to be moved toward the object side or
the image side for zooming.

A distance d1 along the optical axis O between the first
lens group 110 and the IR cut filter 130, a distance d2 along
the optical axis O between the aperture stop 140 and the
second lens group 120, and a distance d3 between the second
lens group 120 and the image sensing element 150 are
variable.

More specifically, as shown in FIG. 1A and FIG. 1B,
when the first lens group 110 and the second lens group 120
are moving towards each other, the zoom lens 100 switches
from the wide-end to the tele-end. In this case, the distance
d1 and the distance d2 become smaller, and the distance d3
becomes greater, so that the focal length of the zoom lens
100 changes from the wide-end (as shown in FIG. 1A) to the
tele-end (as shown in FIG. 1B). On the contrary, when the
first lens group 110 and the second lens group 120 are
moving away from each other, the zoom lens 100 switches
from the tele-end to the wide-end. In this case, the distance
d1 and the distance d2 become greater, and the distance d3
becomes smaller, so that the focal length of the zoom lens
100 changes from the tele-end (as shown in FIG. 1B) to the
wide-end (as shown in FIG. 1A).

In the embodiment, the IR cut filter 130 and the aperture
stop 140 remain fixed between the first lens group 110 and
the second lens group 120. In other words, during a zooming
process of the zoom lens 100, the IR cut filter 130 and the
aperture stop 140 remain fixed. In addition, an aperture size
of the aperture stop 140 remains unchanged.

Detailed description is provided below as to further
explain materials and lens structures of the zoom lens 100.

In the zoom lens 100 as described above, each of the
lenses 1.1, 1.2, 1.3 and L4 of the first lens group 110 is, for
example, a spherical lens. Each of the lenses 1.6, L7, .8 and
L9 of the second lens group 120 is, for example a spherical
lens. At least one of the fifth lens L5 and the tenth lens [.10
in the second lens group 120 is an aspheric lens. In the
embodiment, the lenses L5 and [.10 are both aspheric lenses,
and each of the lenses L1, L2, L3, L4, L6, L7, L8, and L9
is a spherical lens, but the invention is not limited thereto.
Since the lenses L5 and [.10 are aspheric lenses, an f-number
of the zoom lens 100 can be as small as £/1.80, thereby
achieving a large aperture. The f-number may fall in the
range of 1.4 to 1.7, or 1.5 to 1.6.

More specifically, in the embodiment, the first lens L1 is
a convex-concave lens with a convex surface facing the
object side. The second lens [.2 is a concave-convex lens
with a concave surface facing the object side. The third lens
L3 is a biconcave lens. The fourth lens 14 is a concave-
convex lens with a convex surface facing the object side.
The fifth lens L5 is a biconvex lens. The sixth lens L6 is a
convex-concave lens with a convex surface facing the object
side. The seventh lens 1.7 is a biconvex lens. The eighth lens
L8 is a biconvex lens. The ninth lens L9 is a biconcave lens.
The tenth lens .10 is a biconvex lens. Furthermore, as
shown in FIG. 1A, in the embodiment, the third lens .3 and
the fourth lens .4 of the first lens group 110 form a double
cemented lens. The sixth lens L6 and the seventh lens L7 of
the first lens group 110 form a double cemented lens. The
eighth lens [.8 and the ninth lens [.9 form a double cemented
lens. In the embodiment a cemented lens is defined as lenses
that are adhered together without a gap in between.

Since commonly a lens may generate a dispersion from
different wavelengths of light, thus, for example, a blue light
and a red light cannot be focused on a plane within the same
distance, thereby causing a chromatic aberration. In order to
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solve the chromatic aberration as mentioned above, in the
embodiment, at least one positive lens in the second lens
group 120 is, for example, an extra low dispersion lens. That
is to say, an abbe number of an extra low dispersion lens is,

for example, greater than 45, but the invention is not limited 5

thereto. Specifically, in the embodiment, the fifth lens L5,
the seventh lens 1.7 and the tenth lens [.10 each have an abbe
number greater than 45. In this embodiment, the tenth lens
L10 is an aspheric glass lens with an abbe number of 81.6.

6

In Table 1A, “Radius of Curvature” refers to a radius of
curvature of each surface, and “Distance” refers to a distance
between two adjacent surfaces along the optical axis O. For
instance, “Distance” for the surface S101 is a distance from
the surface S101 to the surface S102 on the optical axis O.
“Semi-diameter”, “Thickness”, ‘“Refractive Index”, and
“Abbe number” corresponding to each of the lenses listed in
the “Lens number” column can be found in the correspond-
ing values for the distance, refractive index, semi-diameter,

However, the invention is not limited thereto. The abbe 10 and abbe number from each row. Furthermore, the “Lens
number of the tenth lens [10 can be greater than 71.5. number” column shows if the lens is spherical or aspherical.
Preferably, the abbe number can be greater than 75. In other In addition, the surface S101 is a surface of the first lens L1
words, in the embodiment, the material of the lenses having facing the object side, and the surface S102 is a surface of
a high abbe number is a material of extra low dispersion. In the first lens [.1 facing the image side. The surfaces S103
this embodiment, the material is glass. Accordingly, the 15 and S104 are the two surfaces of the second lens [.2. The
zoom lens 100 can also have favourable effect of aberration surface S105 is the a surface of the third lens [.3 facing the
correction so as to provide a more preferable imaging object side, the surface S106 is the surface of the third lens
quality. In addition, the zoom lens 100 can achieve being L3 contacting the fourth lens L4, and the surface S107 is the
infrared confocal, so as to achieve clear imaging during the surface of the fourth lens [4 facing the image side. The
day and during the night. 20 surfaces S108 and S109 are the two surfaces of the IR cut
An embodiment of the zoom lens 100 is described below. filter 130. The aperture stop 140 has the surface S110. The
However, the invention is not limited to the data listed surfaces S111 and S112 are the two surfaces of the fifth lens
below. It should be known to those ordinary skilled in the art L5. The surface S113 is the a surface of the sixth lens L6
that various modifications and variations can be made to the facing the object side, the surface S114 is the surface of the
structure of the present invention without departing from the 25 sixth lens .6 contacting the seventh lens [.7, and the surface
scope or spirit of the invention after referring to the inven- S115 is the surface of the seventh lens L7 facing the image
tion. side. The surface S116 is the a surface of the eighth lens L8
TABLE 1A
Lens
Radius of Semi- number,
Curvature Distance Refractive Abbe  Diameter (refractive Notes
Surface (mm) (mm) Index  Number (mm) power) (shape)
S101 423 1.0 1.9 31.3 123 L1, (=), convex
spherical
S102 8.5 5.8 7.9 concave
S103 -42.6 2.5 1.8 25.4 8.0 L12,(+), concave
spherical
S104 -21.4 1.1 7.8 convex
S105 -15.1 0.8 1.6 58.2 73  L3,(-), concave
spherical
S106 11.0 3.5 1.8 25.4 6.9 14, (+), convex
spherical
S107 85.9 d1 6.7 concave
S108 INF 0.1 15 64.2 47 Infrared cut
filter
(130)
S109 0.1 4.6
S110 d2 4.6 Aperture
Stop
(140)
S111 10.1 3.1 1.6 59.2 54 L5, (+), convex
aspheric
S112 -46.6 0.2 5.2 convex
S113 12.5 1.5 1.8 25.4 49 L6, (-), convex
spherical
S114 6.7 46 1.4 94.9 46 L7,(+), convex
spherical
S115 -14.3 0.2 4.6 convex
S116 20.8 2.5 1.9 20.9 45 18, (+), convex
spherical
S117 -14.8 0.5 1.9 23.8 43  19,(-), concave
spherical
S118 7.0 1.1 3.9 concave
S119 11.9 3.5 15 81.6 3.9  L10,(#), Convex
aspheric
S120 INF d3 4.4 Convex
S121 INF 0.5 1.5 64.2 4.5 Cover glass
INF Image
Sensing
Element

(150)
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facing the object side, the surface S117 is the surface of the
eighth lens L8 contacting the ninth lens L9, and the surface
S118 is the surface of the ninth lens L9 facing the image
side. The surfaces S119 and S120 are the two surfaces of the
tenth lens L.10. The surface S121 is the imaging surface SI 5
of the image sensing element 150.

It should be noted that the zoom lens 100 are adapted to
satisfy the requirements that the diameter of the connection
surface is larger than or equal to 14 millimetres millimeters
(phi 14), which is where the lens is disposed relative to the 10
image sensing element 150.

In view of the above, the surfaces S111, S112, S119 and
$120 are of aspheric surfaces, and a formula of the aspheric
surfaces is defined as follows (Formula 1).

(/R)H?

Z= + AH* + BH® + CH® + DHY

1+ /1= +K)(HR)

20
Therein, Z is a sag along a direction of the optical axis O. R
is a radius of osculating sphere, which is also the radius of
curvature near the optical axis O (the radius of curvatures for
the S111, S112, S119 and S120 in Table 1). K is a conic
constant. H is an aspheric height, which is a height from a
center of the lens to an edge of the lens. In view of the
formula, it can be known that different values of H are
corresponding to different values of Z. A, B, C, and D are
aspheric coefficients. The aspheric coefficients and K values
of the surfaces S111, S112, S119 and S120 are as shown in

25

Table 2A. 30
TABLE 2A

Surface K A B C D

S111 0 -12E-04 1.5E-04 —5.2E-04 —5.5E-04 3

S112 0 1.6E-06 2.2E-06 —3.0E-05 —1.9E-05

S119 0 —4.1E-08 -64E-08 7.9E-07 —3.5E-07

S120 0 —84E-10 -7.0E-10 —7.1E-08 4.0E-09

Table 3A includes the variable distances d1, d2, and d3 of 40
when the zoom lens 100 is at the wide-end and the tele-end.
Due to the lens arrangement of the zoom lens 100, a zoom
ratio of the zoom lens 100 can be greater than 2.4, so as to
achieve a large zoom ratio. The zoom ratio may fall in the
range of 2.5 to 3, or 2.6-2.8. In the embodiment, an effective 45
focal length of the zoom lens 100 in the wide-end is 3.85
mm, and in the tele-end is 10 mm. The effective focal length
ratio, or the zoom ratio, of the zoom lens 100 is the effective
focal length of the tele-end divided by the wide-end, or 2.60.

Furthermore, a focal length of first lens group 110 is —9.2 5,
mm, a focal length of the second lens group 120 is 10.7 mm.
A total length of the zoom lens 100 in the wide-end is 54.7
mm. A total length in the wide-end of the zoom lens 100 is
the distance from the surface S101 of the first lens L1 to the
surface S121 of the image sensing element 150. Referring to
Table 1A, the total length in the wide-end of the zoom lens
is $101(1.0 mmM+S102(5.8 mm)+ . . . +5121(0.5).

55

8

An f-number of the zoom lens 100 is 1.50. After light
passes through the last lens of the zoom lens 100, an image
is formed on the image side and the height of the image is
greater than or equal to 4 mm. An object of the zoom lens
100 and an image of the zoom lens 100 are around the
optical axis O. The image is formed in, for example, an
image circle, and the optical axis is the center of the image
circle. Generally, an image height is half of the diameter of
the image circle. Preferably, the image height may be
between 4 mm to 10 mm, and more preferably between 4
mm and 6 mm. In the embodiment, a total length in the
wide-end of the zoom lens divided by the image height is
between 11.5 and 16.25, preferably between 12.75 and
15.25, and more preferably between 13.75 and 15.

TABLE 3A
Wide-end Tele-end
Variable dl 10.2 1.6
Distance {(mm) d2 8.0 0.9
d3 3.9 11.1

In the following embodiments detailed description of the
zoom lens can be referred to in the tables of each embodi-
ment. The tables below are similar to the tables describing
the zoom lens 100. In addition, the operation and arrange-
ment of the zoom lens of the following embodiments are
also similar to the embodiment of the zoom lens 100.
Therefore, similar features and descriptions to the embodi-
ment of the zoom lens 100 will not be repeated hereafter.

FIG. 2A to FIG. 2B are schematic diagrams illustrating a
zoom lens according to another embodiment of the invention
with a focal length respectively at the wide-end and the
tele-end. Referring to FIG. 2A and FIG. 2B, in the embodi-
ment, the zoom lens 200 includes a first lens group 210 and
a second lens group 220 respectively arranged in sequence
from an object side to an image side. The zoom lens 200 has
an optical axis O. The first lens group 210 has a negative
refractive power and includes a first lens 1.21, a second lens
1.22, a third lens L.23, and a fourth lens 1.24 arranged in
sequence from the object side to the image side. The second
lens group 220 has a positive refractive power and includes
a fifth lens 125, a sixth lens 1.26, a seventh lens 1.27, an
eighth lens 1.28, a ninth lens 129, and a tenth lens L210
arranged in sequence from the object side to the image side.

In the embodiment, since the fifth lens L.25 and the tenth
lens 1L.210 are aspheric lenses, an f-number of the zoom lens
200 can be as small as {/1.80, thereby achieving a large
aperture. The f-number may fall in the range of 1.4 to 1.7,
or 1.5 to 1.6.

Furthermore, as shown in FIG. 2A, in the embodiment,
the seventh lens 1.27, the eighth lens 1.28, and the ninth lens
1.29 of the second lens group 220 form a triple cemented
lens.

An embodiment of the zoom lens 200 is described below.
However, the invention is not limited to the data listed
below.

TABLE 1B
Lens
Radius of Semi- number,
Curvature Distance Refractive  Abbe  Diameter (refractive Notes
Surface (mm) (mm) Index Number (mm) power) (shape)
S201 31.5 1.1 19 32.1 1.8 L21,(-), convex
spherical
S202 8.5 59 7.8 concave
S203 —37.8 0.7 19 40.9 7.7 L22,(-), concave
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TABLE 1B-continued
Lens
Radius of Semi- number,
Curvature Distance Refractive Abbe  Diameter (refractive Notes
Surface (mm) (mm) Index  Number (mm) power) (shape)
spherical
S204 20.8 0.4 7.3 concave
S205 173 4.5 1.8 22.8 7.3 123, (+), convex
spherical
S206 -28.9 0.9 6.9 convex
S207 -154 0.7 1.6 66.5 6.8 124, (-), concave
spherical
S208 -814.2 d1 6.4 convex
S209 INF 0.1 1.5 64.2 4.0 Infrared cut
filter
(230)
S210 0.3 4.0
S211 d2 4.0 Aperture
Stop
(240)
S212 9.5 2.8 1.6 62.2 5.2 L25, (+), convex
aspheric
S213 26.1 0.8 4.8 concave
S214 9.8 3.6 14 94.9 4.8 126, (+), convex
spherical
S215 -21.2 0.2 4.7 convex
S216 26.2 0.7 1.8 25.6 4.6 L27, (-), convex
spherical
8217 12.0 34 1.8 46.8 4.4 128, (+), convex
spherical
S218 -14.0 0.7 1.8 26.7 4.1 129, (-), concave
spherical
S219 10.9 1.0 3.8 concave
S220 26.0 4.3 1.8 23.7 3.9 L1210, (+), convex
aspheric
S221 172.2 d3 4.2 concave
S222 INF 0.5 1.5 64.2 4.3 Cover glass
INF Image
Sensing
Element
(250)

In view of above, the surfaces S212, S213, S220 and S221
are of aspheric surfaces, and a formula of the aspheric
surfaces is defined as Formula 1 in the embodiment of the
zoom lens 100. The aspheric coeflicients and K values of the
surfaces S212, S213, S220 and S221 are as shown in Table
2B.

TABLE 2B

Surface K A B C D

S212
S213
S220
S221

8.0E-05
2.6E-06
-5.2E-08
1.9E-09

3.7E-04
5.7E-06
-9.8E-08
4.5E-09

-6.8E-04
-2.0E-05
-7.9E-08
-2.7E-08

-3.4E-04
-1.1E-05
4.7E-09
4.3E-09

Table 3B includes the variable distances d1, d2, and d3 of
when the zoom lens 200 is at the wide-end and the tele-end.
A zoom ratio of the zoom lens 200 can be greater than 2.4,
s0 as to achieve a large zoom ratio. The zoom ratio may fall
in the range of 2.5 to 3, or 2.6-2.8. In the embodiment, An
effective focal length of the zoom lens 200 in the wide-end
is 3.90 mm, and in the tele-end is 10.14 mm. The effective
focal length ratio, or the zoom ratio, of the zoom lens 200 is
the effective focal length of the tele-end divided by the
wide-end, or 2.60.

Furthermore, a focal length of first lens group 210 is -9.5
mm, a focal length of the second lens group 220 is 10.5 mm.
A total length of the zoom lens 200 in the wide-end is 54.6
mm. A total length in the wide-end of the zoom lens 200 is
calculated in the same way as the zoom lens 100, and will
not be described again herein.
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An f-number of the zoom lens 100 is 1.50. After light
passes through the last lens of the zoom lens 200, an image
is formed on the image side and the height of the image is
greater than or equal to 4 mm. An object of the zoom lens
200 and an image of the zoom lens 200 are around the
optical axis O. The image is formed in, for example, an
image circle, and the optical axis is the center of the image
circle. Generally, an image height is half of the diameter of
the image circle. Preferably, the image height may be
between 4 mm to 10 mm, and more preferably between 4
mm and 7 mm. In the embodiment, a total length in the
wide-end of the zoom lens divided by the image height is
between 11.5 and 16.25, preferably between 12.75 and
15.25, and more preferably between 13.75 and 15.

TABLE 3B
Wide-end Tele-end
Variable d1 10.8 2.0
Distance (mm) d2 7.0 0.1
d3 4.2 11.1

FIG. 3A to FIG. 3B are schematic diagrams illustrating a
zoom lens according to another embodiment of the invention
with a focal length respectively at the wide-end and the
tele-end. In the embodiment of FIGS. 3A and 3B, similar
elements to the embodiment in FIGS. 1A and 1B will use
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same or similar reference numerals. Referring to FIG. 3A
and FIG. 3B, in the embodiment, the zoom lens 300 includes
a first lens group 310 and a second lens group 320 respec-
tively arranged in sequence from an object side to an image

12

surfaces is defined as Formula 1 in the embodiment of the
zoom lens 100. The aspheric coefficients and K values of the
surfaces S312, S313, S321 and S322 are as shown in Table
2C.

side. The zoom lens 300 has an optical axis O. The first lens 5

group 310 has a negative refractive power and includes a TABLE 2C

first lens .31, a second lens 1.32, a third lens .34, and a

fourth lens [.34 arranged in sequence from the object side to Surface K A B C D
the image side. The second lens group 320 has a positive $312 0 58F-05  3.3E-04  -8.0E-04  —4.3E-04
refractive power and includes a fifth lens [.35, a sixth lens 10 s313 0 2.0E-06  49E-06  -22E-05  -1.4E-05
.36, a seventh lens .37, an eighth lens .38, a ninth lens gg% 8 ‘i-gg‘gg ‘;-gg‘gg _iég_g; ;-gg‘gg
L.39, and a tenth lens [.310 arranged in sequence from the aa T e o
object side to the image side.

Since the fifth lens L35 and the tenth lens 310 are Table 3C includes the variable distances d1, d2, and d3 of
aspheric lenses, an f-number of the zoom lens 300 can be as 15 when the zoom lens 300 is at the wide-end and the tele-end.
small as 1/1.80, thereby achieving a large aperture. The A zoom ratio of the zoom lens 300 can be greater than 2.4,
f-number may fall in the range of 1.4 to 1.7, or 1.5 to 1.6. s0 as to achieve a large zoom ratio. The zoom ratio may fall
Furthermore, as shown in FIG. 3A, in the embodiment, the in the range of 2.5 to 3, or 2.6-2.8. In the embodiment, an
seventh lens .37 and the eighth lens [.38 of the second lens effective focal length of the zoom lens 300 in the wide-end
group 320 form a double cemented lens. 20 is 3.7 mm, and in the tele-end is 9.62 mm. The effective focal

An embodiment of the zoom lens 300 is described below. length ratio, or the zoom ratio, of the zoom lens 300 is the
However, the invention is not limited to the data listed effective focal length of the tele-end divided by the wide-
below. end, or 2.60.

TABLE 1C
Lens
Radius of Semi- number,
Curvature Distance Refractive Abbe  Diameter (refractive Notes
Surface (mm) (mm) Index  Number (mm) power) (shape)
S301 30.7 1.1 1.9 32.3 13.0  L3l, (=), convex
spherical
S302 8.3 6.4 7.9 concave
S303 -38.2 0.7 1.9 40.8 8.0 L32,(-), concave
spherical
S304 19.8 0.5 7.4 concave
S305 16.7 46 1.8 227 74 133, (+), convex
spherical
S306 -26.8 0.8 7.0 convex
S307 -15.5 0.7 1.6 61.8 7.0 L34,(-), concave
spherical
S308 INF d1 6.6 plane
S309 INF 0.1 15 64.2 43 Infrared cut
filter
(330)
S$310 0.4 43
S311 d2 43 Aperture
Stop
(340)
S312 9.6 2.9 1.6 58.0 5.1 L35, (+), convex
aspheric
S313 27.0 0.8 4.8 concave
S314 9.0 3.8 1.4 94.9 47 136, (+), convex
spherical
S315 -21.0 0.2 4.6 convex
S316 369 0.7 1.8 26.2 45 137,(-), convex
spherical
S317 8.2 3.1 1.8 47.2 43 138, (+), convex
spherical
S318 86.5 0.3 4.0 concave
S319 -198.8 0.7 1.8 21.8 40 139, (), concave
spherical
S320 15.7 1.1 3.9 concave
S$321 25.4 3.7 1.9 22.8 3.9 L1310, (+), convex
aspheric
S322 76.4 d3 4.2 concave
S323 INF 0.5 1.5 64.2 4.4 Cover glass
INF Image
Sensing
Element
(350)
65

In view of above, the surfaces S312, S313, S321 and S322
are of aspheric surfaces, and a formula of the aspheric

Furthermore, a focal length of first lens group 310 is —9.03
mm, a focal length of the second lens group 320 is 10.4 mm.
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A total length of the zoom lens 300 in the wide-end is 55
mm. A total length in the wide-end of the zoom lens 300 is
calculated in the same way as the zoom lens 100, and will
not be described again herein.
An f-number of the zoom lens 300 is 1.50. After light

passes through the last lens of the zoom lens 300, an image
is formed on the image side and the height of the image is
greater than or equal to 4 mm. Preferably, the image height
may be between 4 mm to 10 mm, and more preferably
between 4 mm and 5 mm. In the embodiment, a total length
in the wide-end of the zoom lens divided by the image height
is between 11.5 and 16.25, preferably between 12.75 and
15.25, and more preferably between 13.75 and 15.

TABLE 3C
Wide-end Tele-end
Variable d1 10.8 2.0
Distance (mm) d2 6.9 0.1
d3 4.2 11.0

FIG. 4A to FIG. 4B are schematic diagrams illustrating a
zoom lens according to another embodiment of the invention
with a focal length respectively at the wide-end and the
tele-end. In the embodiment of FIGS. 4A and 4B, similar
elements to the embodiment in FIGS. 1A and 1B will use
same or similar reference numerals. Referring to FIG. 4A

10
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and FIG. 4B, in the embodiment, the zoom lens 400 includes
a first lens group 410 and a second lens group 420 respec-
tively arranged in sequence from an object side to an image
side. The zoom lens 400 has an optical axis O. The first lens
group 410 has a negative refractive power and includes a
first lens 141, a second lens 142, and a third lens 143
arranged in sequence from the object side to the image side.
The second lens group 420 has a positive refractive power
and includes a fourth lens 144, a fifth lens 145, a sixth lens
146, a seventh lens [.47, an eighth lens [.48, and a ninth lens
L49 arranged in sequence from the object side to the image
side.

In the embodiment, operational mechanisms (i.e. zooming
and focusing process) of the zoom lens 200, 300, 400 are
similar to operational mechanisms of the zoom lens 100, and
similar details can refer to above paragraphs, thus related
description is omitted hereinafter.

Since the fourth lens 421 and the ninth lens 426 are
aspheric lenses, an f-number of the zoom lens 400 can be as
small as 1/1.80, thereby achieving a large aperture. The
f-number may fall in the range of 1.4 to 1.7, or 1.5 to 1.6.
Furthermore, as shown in FIG. 4A, in the embodiment, the
fifth lens 422 and the sixth lens 423 of the second lens group
420 form a double cemented lens. The seventh lens 424 and
the eighth lens 425 of the second lens group 420 also form
a double cemented lens.

An embodiment of the zoom lens 400 is described below.
However, the invention is not limited to the data listed
below.

TABLE 1D
Lens
Radius of Semi- number,
Curvature Distance Refractive Abbe  Diameter (refractive Notes
Surface (mm) (mm) Index  Number (mm) power) (shape)
5401 53.5 0.5 1.8 49.5 10.6 141, (-), convex
spherical
S402 7.2 5.7 6.8 concave
5403 -23.8 0.5 1.6 63.3 6.8  L42,(-), concave
spherical
S404 12.1 0.1 6.6 concave
5405 11.3 3.9 1.7 28.1 6.7 143, (+), convex
aspheric
5406 -98.0 d1 6.6 convex
5407 INF 0.1 1.5 64.2 4.0 Infrared cut
filter
(430)
5408 d2 4.0 Aperture
Stop
(440)
5409 9.7 2.5 1.6 59.3 53 L44, (+), convex
aspheric
S410 76.7 0.1 4.9 concave
S411 8.6 0.5 1.9 24.2 4.9 145, (-), convex
spherical
S412 6.4 4.7 14 94.9 4.7 146, (+), convex
spherical
S413 -10.5 0.1 4.7 convex
S414 24.2 2.7 1.9 18.9 44 147, (+), convex
spherical
S415 -11.3 0.5 1.9 25.5 4.1 148, (-), concave
spherical
S416 5.6 1.0 3.6 concave
S417 6.5 2.7 1.5 81.5 4.1  L49, (+), convex
aspheric
S418 40.0 d3 4.2 concave
S419 INF 0.5 1.5 64.2 4.4 Cover glass
Image
Sensing
Element

(450)
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It should be noted that the zoom lens 200, 300, 400 are
adapted to satisfy the requirements that the diameter of the
connection surface is larger than or equal to 14 mm (phi 14),
which is where the lens are disposed relative to the image
sensing element 250, 350, 450, respectively.

In view of above, the surfaces S409, S410, S417 and S418
are of aspheric surfaces, and a formula of the aspheric
surfaces is defined as Formula 1 in the embodiment of the
zoom lens 100. The aspheric coeflicients and K values of the
surfaces S409, S410, S417 and S418 are as shown in Table
2D.

TABLE 2D
Surface K A B C D
S409 0 8.7E-05 5.1E-04 -4.7E-04 -1.5E-04
S410 0 9.0E-06 1.6E-05 -5.0E-06 -9.0E-06
S417 0 -5.5E-08 8.0E-08
S418 0 1.4E-09 1.9E-10

Table 3D includes the variable distances d1, d2, and d3 of
when the zoom lens 400 is at the wide-end and the tele-end.
A zoom ratio of the zoom lens 400 can be greater than 2.4,
s0 as to achieve a large zoom ratio. The zoom ratio may fall
in the range of 2.5 to 3, or 2.6-2.8. In the embodiment, an
effective focal length of the zoom lens 400 in the wide-end
is 3.87 mm, and in the tele-end is 10.74 mm. The effective
focal length ratio, or the zoom ratio, of the zoom lens 400 is
the effective focal length of the tele-end divided by the
wide-end, or 2.78.

Furthermore, a focal length of first lens group 410 is -9.5
mm, a focal length of the second lens group 420 is 10.5 mm.
A total length of the zoom lens 400 in the wide-end is 50
mm. A total length in the wide-end of the zoom lens 400 is
calculated in the same way as the zoom lens 100, and will
not be described again herein.

An f-number of the zoom lens 400 is 1.51. After light
passes through the last lens of the zoom lens 400, an image
is formed on the image side and the height of the image is
greater than or equal to 4 mm. Preferably, the image height
may be between 4 mm to 10 mm, and more preferably
between 4 mm and 8 mm. In the embodiment, a total length
in the wide-end of the zoom lens divided by the image height
is between 11.5 and 16.25, preferably between 12.75 and
15.25, and more preferably between 13.75 and 15.

TABLE 3D
Wide-end Tele-end
Variable d1 11.2 2.5
Distance (mm) d2 7.7 0.1
d3 5.0 12.6

In summary, the zoom lens according to the embodiments
of the invention is provided with the first lens group and the
second lens group. The second lens group has at least one
aspheric lens and at least one positive lens with an abbe
number greater than 45. Therefore, the zoom lens can
achieve an f-number as small as 1.80, thus having the
advantage of a larger aperture. In addition, the zoom lens can
reduce the aberration, achieve high imaging quality, and also
be infrared confocal, so as to have clear imaging during the
day and during the night (none or almost no visible light).
Furthermore, due to the lens arrange of the zoom lens
according to the embodiments, the zoom lens can achieve a
large zoom ratio greater than 2.4, while also maintaining
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good imaging resolution. Finally, the zoom lens is adapted
to be suitable for a large sensor (for example a phi 8 sensor).
The zoom lens is also adapted to satisfy the requirements of
aphi 14 connection surface or larger, which is where the lens
are disposed relative to the image sensing element.

The foregoing description of the preferred embodiments
of the invention has been presented for purposes of illus-
tration and description. It is not intended to be exhaustive or
to limit the invention to the precise form or to exemplary
embodiments disclosed. Accordingly, the foregoing descrip-
tion should be regarded as illustrative rather than restrictive.
Obviously, many modifications and variations will be appar-
ent to practitioners skilled in this art. The embodiments are
chosen and described in order to explain the principles of the
invention and its practical application, thereby to enable
persons skilled in the art to understand the invention for
various embodiments and with various modifications as are
suited to the particular use or implementation contemplated.
It is intended that the scope of the invention be defined by
the claims appended hereto and their equivalents. Therefore,
the term “the invention”, “the present invention” or the like
does not necessarily limit the claim scope to a specific
embodiment, and the reference to particularly preferred
exemplary embodiments of the invention does not imply a
limitation on the invention, and no such limitation is to be
inferred. The invention is limited only by the spirit and scope
of the appended claims. The abstract of the disclosure is
provided to comply with the rules requiring an abstract,
which will allow a searcher to quickly ascertain the subject
matter of the technical disclosure of any patent issued from
this disclosure. It is submitted with the understanding that it
will not be used to interpret or limit the scope or meaning of
the claims. Any advantages and benefits described may not
apply to all embodiments of the invention. It should be
appreciated that variations may be made in the embodiments
described by persons skilled in the art without departing
from the scope of the present invention as defined by the
following claims. Moreover, no element and component in
the present disclosure is intended to be dedicated to the
public regardless of whether the element or component is
explicitly recited in the following claims.

What is claimed is:

[1. A zoom lens arranged along an optical axis, the zoom
lens comprising:

a first lens group with negative refractive power;

a second lens group with positive refractive power, the
second lens group having at least one aspheric lens, the
aspheric lens with positive refractive power and having
an Abbe number greater than 71.5, wherein the second
lens group has two cemented interfaces, wherein a
zoom ratio of the zoom lens is greater than 1; and

an aperture stop, the aperture stop being disposed between
the first lens group and the second lens group, a
position of the aperture stop in the zoom lens remaining
unchanged in a zooming process of the zoom lens,

wherein the number of lens with refractive power in the
zoom lens is no more than 10, the first lens group and
the second lens group are arranged in sequence from an
object side to an image side,

wherein the first lens group comprises a first lens, a
second lens, and a third lens, arranged in sequence from
the object side to the image side, and a refractive power
of the first lens being negative, and

wherein the second lens group comprises a fifth lens, a
sixth lens, a seventh lens, an eighth lens, a ninth lens,
and a tenth lens arranged in sequence from the object
side to the image side, and refractive powers of the fifth
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lens, eighth lens, ninth lens, and tenth lens are respec-
tively positive, positive, negative, and positive,
wherein the refractive powers of the second lens and
the third lens are respectively negative and positive.]

[2. The zoom lens as claimed in claim 1, wherein the at
least one aspheric lens is formed of glass and having the
Abbe number greater than 75.]

[3. The zoom lens as claimed in claim 1, further com-
prising an infrared cut filter, the infrared cut filter being
disposed between the first lens group and the second lens
group.]

[4. The zoom lens as claimed in claim 1, wherein the
second lens group comprises a triple cemented lens.]

[5. A zoom lens arranged along an optical axis, the zoom
lens comprising:

a first lens group with negative refractive power;

a second lens group with positive refractive power, the
second lens group comprising two aspheric lenses, one
of the said aspheric lenses having an Abbe number
greater than 71.5, and one of the said aspheric lenses
with positive refractive power, and the second lens
group further comprising at least three lenses, the
second lens group having two cemented interfaces; and

an aperture stop, the aperture stop being disposed between
the first lens group and the second lens group, a
position the aperture stop in the zoom lens remaining
unchanged in a zooming process of the zoom lens,

wherein the number of lens with refractive power in the
zoom lens is no more than 10, the first lens group and
the second lens group are arranged in sequence from an
object side to an image side and moveable with respect
to each other, and the zoom lens has more than one
magnification,

wherein the first lens group comprises a first lens, a
second lens, and a third lens, arranged in sequence from
the object side to the image side, and a refractive power
of the first lens, the second lens and the third lens are
respectively negative, negative and positive; and

wherein the second lens group comprises a fifth lens, a
sixth lens, a seventh lens, an eighth lens, a ninth lens,
and a tenth lens arranged in sequence from the object
side to the image side, and refractive powers of the fifth
lens, eighth lens, ninth lens, and tenth lens are respec-
tively positive, positive, negative, and positive.]

[6. The zoom lens as claimed in claim 5, wherein the first
lens group further comprises a fourth lens arranged in
sequence after the third lens from the object side to the
image side, and the refractive powers of the second lens, the
third lens, and the fourth lens, the sixth lens, and the seventh
lens are respectively positive, negative, positive, negative,
and positive.]

[7. The zoom lens as claimed in claim 5, wherein the first
lens group further comprises a fourth lens arranged in
sequence after the third lens from the object side to the
image side and the refractive powers of the fourth lens, the
sixth lens, and the seventh lens are negative, positive, and
negative.]

[8. The zoom lens as claimed in claim 5, wherein the
refractive powers of the sixth lens and the seventh lens are
respectively negative and positive.]

[9. The zoom lens as claimed in claim 5, wherein the abbe
number of the at least one aspheric lens is greater than 80.]

[10. The zoom lens as claimed in claim 5, further com-
prising an infrared cut filter, the infrared cut filter being
disposed between the first lens group and the second lens

group.]
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[11. The zoom lens as claimed in claim 5, wherein the
second lens group comprises a triple cemented lens.]
[12. A zoom lens arranged along an optical axis, the zoom
lens comprising:
a first lens group with negative refractive power;
a second lens group with positive refractive power, the
second lens group having at least two aspheric lenses,
which one of two aspheric lenses having an Abbe
number greater than 71.5;
wherein the number of lens with refractive power in the
zoom lens is no more than 10, the first lens group and
the second lens group is moveable with respect to each
other and the zoom lens has more than one magnifica-
tion, and a total length of the zoom lens in a wide angle
end divided by an image height of the zoom lens is
between 11.5 and 16.25, an image with height between
4-10 mm is formed after light passes through the last
lens of the zoom lens on the image side, an f-number
of the zoom lens is less than 1.8, and a zoom ratio of
the zoom lens is greater than 2.4, wherein the first lens
group and the second lens group are arranged in
sequence from an object side to an image side.]
[13. The zoom lens as claimed in claim 12, further
comprising an aperture stop, being disposed between the
first lens group and the second lens group, the aperture stop
remaining fixed in a zooming process of the lens zoom.]
[14. The zoom lens as claimed in claim 13, wherein the
first lens group comprises a first lens, a second lens, and a
third lens, arranged in sequence from the object side to the
image side, and a refractive power of the first lens being
negative,
wherein the second lens group comprises a fifth lens, a
sixth lens, a seventh lens, an eighth lens, a ninth lens,
and a tenth lens arranged in sequence from the object
side to the image side, and refractive powers of the fifth
lens, eighth lens, ninth lens, and tenth lens are respec-
tively positive, positive, negative, and positive,
wherein the refractive powers of the second lens and
the third lens are respectively negative and positive.]
[15. The zoom lens as claimed in claim 12, wherein the
f-number ranges from 1.5 to 1.6, the zoom ratio ranges from
2.6 t0 2.8.]
[16. The zoom lens as claimed in claim 12, wherein
further comprising an infrared cut filter, the infrared cut filter
being disposed between the first lens group and the second
lens group.]
17. An optical lens, comprising:
a first lens group with negative refractive power;
an aperture stop; and
a second lens group with positive refractive power,
wherein the first lens group, the aperturve stop and the
second lens group are arranged in ovder in a direction,
wherein the first lens group comprises a first lens, a
second lens and a third lens arranged in ovder in the
direction,
wherein the second lens group has at least one cemented
interface and at least one aspheric lens with positive
refractive power, and the second lens group comprises
a fourth lens, a fifth lens, a sixth lens, a seventh lens and
a eighth lens arranged in order in the direction, and
wherein the optical lens satisfies the following conditions:
the distance between the first lens group and the second
lens group is variable and within a range of 2.5 mm
to 19 mm;

the ratio of a maximum total length of the optical lens
to an image height of the optical lens is within a
range of 11.5 to 16.25;
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the image height of the optical lens is within a range of
4 mm to 10 mm;

the total number of lenses with refractive power of the
optical lens is no more than 10; and

the f-number of the optical lens is less than 1.8.

18. The optical lens as claimed in claim 17, wherein the
optical lens does not include an IR cut filter and is an
infrared-confocal optical lens.

19. The optical lens as claimed in claim 17, wherein the
f-number of the optical lens is within a range of 1.5 to 1.6.

20. The optical lens as claimed in claim 17, wherein the
at least one aspheric lens is capable of being formed by
glass.

21. The optical lens as claimed in claim 17, wherein the
optical lens includes two cemented doublets.

22. The optical lens as claimed in claim 17, wherein the
optical lens has more than one magnification.

23. The optical lens as claimed in claim 17, wherein the
zoom ratio of the optical lens is greater than 2.4.

24. An optical lens comprising:

a first lens group with negative refractive power;

an aperture stop; and

a second lens group with positive refractive power,

wherein the first lens group, the aperture stop and the

second lens group are arranged in ovder in a direction,

wherein the first lens group comprises a first lens, a

second lens and a third lens arranged in order in the
direction; and

wherein the second lens group has at least one cemented

interface and at least two aspheric lenses, and the
second lens group comprises a fourth lens, a fifth lens,
a sixth lens, a seventh lens and a eighth lens arranged
in order in the dirvection, and

wherein the optical lens does not include an IR cut filter

and is an infraved-confocal optical lens, the optical

lens includes two cemented doublets, and the optical

lens satisfies the following conditions:

the distance between the first lens group and the second
lens group is variable; and

the image height of the optical lens is within a range of
4 mm to 10 mm.

25. The optical lens as claimed in claim 24, wherein the
ratio of a maximum total length of the optical lens to an
image height is between 11.5 and 16.25.

26. The optical lens as claimed in claim 24, wherein the
optical lens has more than one magnification.
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27. The optical lens as claimed in claim 24, wherein the
zoom ratio of the optical lens is greater than 2.4.
28. A zoom lens arranged along an optical axis, the zoom
lens comprising:
a first lens group with negative refractive power and a
second lens group with positive refractive power
arranged in sequence from an object side to an image
side; and
an aperture stop disposed between the first lens group and
the second lens group and remaining fixed in a zooming
process of the zoom lens;
the second lens group having at least two aspheric lenses,
wherein the first lens group and the second lens group are
moveable with respect to each other, and
wherein the zoom lens satisfies the following conditions:
the number of lenses with refractive power in the zoom
lens is no more than 10;

the total length of the zoom lens in a wide angle end
divided by the image height of the zoom lens is
between 11.5 and 16.25;

the zoom lens is capable of forming an image with
height between 4-10 mm after light passes through
the last lens of the zoom lens on the image side; and

the zoom ratio of the zoom lens is greater than 2.4.

29. The zoom lens as claimed in claim 28, wherein the first
lens group comprises a first lens, a second lens, and a third
lens, arranged in sequence from the object side to the image
side, and a refractive power of the first lens being negative,
and

wherein the second lens group comprises a fifth lens, a
sixth lens, a seventh lens, an eighth lens, a ninth lens,
and a tenth lens arranged in sequence from the object
side to the image side, and refractive powers of the fifth
lens, eighth lens, ninth lens, and tenth lens are vespec-
tively positive, positive, negative, and positive, wherein
the refractive powers of the second lens and the third
lens are respectively negative and positive.

30. The zoom lens as claimed in claim 28, wherein the
f-number ranges from 1.5 to 1.6, the zoom ratio ranges from
2.6 to 2.8.

31. The zoom lens as claimed in claim 28, further com-
prising an infrared cut filter disposed between the first lens
group and the second lens group.
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