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SURFACE RADIUS OF | THICKNESS OR | FOCAL |REFRACTIVE] ABBE
NG, CURVATURE] DISTANCE LENGTH | INDEX |NUMBER
Object

1 L1 2474 0.801 4,622 1.535 56
2 584.331 0.252
3 L2 7.731 0,254 -7.990 1.661 20.4
4 3116 0.502
5 L3 5.200 0.373 22288 | 15441 56
6(stop) 8.844 0431
7 L4 12071 0.311 38607 | 1634 23.9
8 23.335 0.661
9 LS -30.717 0.258 -11.193 | 15441 56
10 7.663 0.681
11 L6 -3,558 0.561 106,931 | 15441 56
12 -3.540 0.789
13 L7 -7.897 0405 -7066 | 15441 56
14 7.696 0.332
15 L8 24.055 0.638 18.325 1.651 215
16 -23.879 0.100
17 IR Filter | Infinity 0.210 1.519 64.2
18 Infinity 0.926
Image Infinity 0.000

FIG. 3
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SURFACE RADIUS OF | THICKNESS CR | FOCAL (REFRACTIVE! ABBE
NO. CURVATURE|  DISTANCE LENGTH NDEX | NUMBER
Object

1 L1 2474 0.800 46171 1.535 56
2 764.946 0.233

3 L2 7.723 0.243 -7.8634 1661 204
4 3.088 0.530

5 L3 5121 0.347 21.3041 | 13441 56
6(stop) 8922 0.450

7 L4 12,808 0.282 311721 1634 239
8 35.382 0.794

9 L5 -23.048 0.200 -10.1467 | 15441 56
10 7.327 0.837

i1 L6 -6.358 0.240 -535815 | 15441 56
12 -2.231 1.000

13 L7 -8.054 0.300 -7.0016 | 15441 56
14 7.388 0.357

15 L8 20.993 0.587 181526 1651 215
16 -27.361 0.100

17 IR Filter | Infinity 0.210 1519 64.2
18 Infinity 0.580

Image Infinity 0.000

FIG. 7
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SURFACE RADIUS OF | THICKNESS ORI FOCAL |REFRACTIVE] ABBE
NO. CURVATURE!L  DISTANCE LENGTH INDEX | NUMBER
Object
1 L1 2426 0.800 4.5688 1.535 56
2 179.660 0.221
3 L2 7.394 0.240 -7.6670 1661 20.4
4 2987 0.388
5 L3 5.048 0.380 156031 | 15441 56
6istop) 12.03% 0.450
7 L4 12011 0.240 357796 1.634 239
8 25026 0.965
9 L5 -12.359 0.250 -74186 | 15441 56
10 6.079 1.090
11 L6 -4,263 0.561 -450951 | 15441 56
12 -5.39% 0.249
13 L7 ~11.188 0.350 -8.6419 | 1.5441 56
14 8.266 0.357
15 L8 20512 0.560 257824 1651 215
16 -96.540 0.100
17 IR Filter | Infinity 0.210 1.519 64.2
i8 Infinity 0.590
Image Infinity 0.000

FIG. 11
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U.S. Patent Jul. 30, 2019 Sheet 15 of 24 US 10,365,458 B2

SURFACE RADIUS OF | THICKNESS OR | FOCAL (HREFRACTNEY ABBE
NO. CURVATURE] DISTANCE LENGTH { NDEX {NUMBER
Object
1 L1 2445 0.798 45911 1535 56
2 246784 0.261
3 L2 7.450 0.240 -74330 | 1661 204
4 2941 0462
5 L3 4.869 0.386 15,5555 1 1.5441 56
& 11.075 0.408
7 L4 14185 0.240 279197 | 1634 239
8({stop) 68.006 0.883
9 LS -15073 0.250 -8.6340 | 15441 56
io 5911 0.817
11 L6 -10.145 0.240 -148025 | 15441 56
12 41.695 0.88%
13 L7 -8.774 0.300 -7.3676 | 15441 56
14 7.534 0.220
15 L8 21406 0.610 123205 | 1651 215
16 -12.882 0.100
17 IR Filter | Infinity 0.210 15189 64.2
18 Infinity 0.590
Image Infinity 0.000

FIG. 15
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U.S. Patent Jul. 30, 2019 Sheet 19 of 24 US 10,365,458 B2

SURFACE RADIUS OF | THICKNESS CR| FOCAL {REFRACTIVE] ABBE
NO. CUBVATURE:  DISTANCE LENGTH HDEX I NUMBER
Object

1 L1 2491 0.803 45945 1,535 56
2 -247 993 0.133

3 L2 8.203 0.240 -10.0201 | 1.661 20.4
4 3.643 0.553

5 L3 6516 0.370 -615.7002 | 1.5441 56
6{Stop) 6.264 0429

7 L4 8727 0.542 10173800 1.634 23.9
8 8.631 0.696

9 L5 19.490 0.251 -24.5080 | 1.5441 56
10 7.903 0614

11 L6 -6.356 0.325 864093 | 1.5441 56
12 -5.704 1.010

13 L7 -7.592 0.301 -6.5688 | 1.5441 56
14 6.908 0.332

15 L8 24614 0.550 15.8206 | 1.651 21.5
16 -17.851 0.100

17 IR Filter| Infinity 0.210 1.519 64.2
18 Infinity 1.035

Image Infinity 0.000

FIG. 19
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SURFACE RADIUS OF | THICKNESS OR {  FOCAL  {REFRBACINVE] ABBE
NO. CURVATURE|  DISTANCE LENGTH INDEX I NUMBER
Object

1 L1 2315 0.837 44844 1,535 56
2 51.536 0.134

3 L2 6.915 0.250 -7.3212 | 1.661 204
4 2.824 0.229

5 L3 4771 0.498 121061 | 1.5441 56
6 16.465 0.307

7 L4 9.197 0.302 293566 | 1.634 23.9
8(stop) 17.761 0.936

9 L5 -7 478 0.250 -5.8446 | 1.5441 56
i0 5.644 0.686

11 L6 -6.008 0.300 -243.23531 1.651 215
12 -6.366 0.585

i3 L7 -10.997 0.250 -8.4043 | 1.5441 56
14 7.953 0.458

15 L8 27721 0.578 1204209 | 1.651 215
16 42.305 0.100

17 IR Filter | Infinity 0.210 1.519 64.2
18 Infinity 0.590

Image Infinity 0.000

FIG. 23
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OPTICAL IMAGING SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application claims benefit of priority under 35 U.S.C.
§ 119(a) to Korean Patent Application No. 10-2016-0181232
filed on Dec. 28, 2016 in the Korean Intellectual Property
Office, the disclosure of which is incorporated herein by
reference in its entirety for all purposes.

BACKGROUND
1. Field

The present disclosure relates to an optical imaging
system.

2. Description of Related Art

Recently, mobile communications terminals have been
provided with camera modules, enabling image capturing
and video calling. In addition, as levels of functionality of
camera modules in mobile communications terminals have
gradually increased, those camera modules have gradually
been implemented with higher levels of resolution and
performance.

However, because there is a trend for mobile communi-
cations terminals to be miniaturized and lightened, there are
limitations in realizing camera modules having high levels
of resolution and performance. In order to provide minia-
turized, light modules, recently camera module lenses have
been formed of plastic, a material lighter than glass. Optical
imaging systems also have been configured with five or
more lenses in order to implement a high level of resolution.

SUMMARY

This Summary is provided to introduce a selection of
concepts in a simplified form that are further described
below in the Detailed Description. This Summary is not
intended to identify key features or essential features of the
claimed subject matter, nor is it intended to be used as an aid
in determining the scope of the claimed subject matter.

According to an aspect of the present disclosure, an
optical imaging system includes a first lens, a second lens,
a third lens, a fourth lens, a fifth lens, a sixth lens, a seventh
lens, and an eighth lens sequentially disposed from an object
side to an imaging plane, wherein BFL/{<0.15, where BFL,
represents a distance from an image-side surface of the
eighth lens to an imaging plane of an image sensor and f
represents an overall focal length of the optical imaging
system.

The optical imaging system may satisty the expression
0.7<TTL/f<1.0, where TTL represents a distance from an
object-side surface of the first lens to the imaging plane of
the image sensor. The optical imaging system can satisfy the
expression f/ImgH<2.9, where ImgH represents a half of a
diagonal length of the imaging plane of the image sensor.
The optical imaging system may satisfy the expression
-30<f6/f<30, where 6 represents a focal length of the sixth
lens. The optical imaging system can satisfy the expression
TTL/ImgH>1.0.

The optical imaging system may further include a stop
disposed between the third lens and the fourth lens or
between the fourth lens and the fifth lens. The object-side
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2

surfaces and image-side surfaces of the first to eighth lenses
of the optical imaging system can be aspherical.

The optical imaging system may be configured with a first
lens having a positive refractive power and a convex object-
side surface along an optical axis. The optical imaging
system can be configured with a second lens having a
negative refractive power, a convex object-side surface
along an optical axis, and a concave image-side surface
along the optical axis. The optical imaging system may be
configured with a third lens having a positive or negative
refractive power, a convex object-side surface along an
optical axis, and a concave image-side surface along the
optical axis. The optical imaging system can be configured
with a fourth lens having a positive refractive power, a
convex object-side surface along an optical axis, and a
concave image-side surface along the optical axis.

The optical imaging system may be configured with a fifth
lens having a negative refractive power and a concave
image-side surface along an optical axis. The optical imag-
ing system can be configured with a sixth lens having a
positive or negative refractive power and a concave object-
side surface along an optical axis. The optical imaging
system may be configured with a seventh lens having a
negative refractive power, a concave object-side surface
along an optical axis, and a concave image-side surface
along the optical axis. The optical imaging system can be
configured with an eighth lens having a positive refractive
power and a convex object-side surface along an optical
axis.

In another general aspect, an optical imaging system
includes a first lens, a second lens, a third lens, a fourth lens,
a fifth lens, a sixth lens, a seventh lens, and an eighth lens,
sequentially disposed from an object side to an imaging
plane. The first to eighth lenses are disposed to be spaced
apart from each other by a distance along an optical axis.
The expression 0.7<TTL/{<1.0 is satisfied, where TTL rep-
resents a distance from an object-side surface of the first lens
to an imaging plane of an image sensor and f represents an
overall focal length of the optical imaging system.

In another general aspect, an optical imaging system
includes a first lens having a positive refractive power, a
second lens, a third lens, a fourth lens, a fifth lens, a sixth
lens, a seventh lens, and an eighth lens having a convex
object-side surface along an optical axis. The first to eighth
lenses are sequentially disposed from an object side to an
imaging plane. An F-number of the optical imaging system
is 2.4 or less. A field of view (FOV) for the optical imaging
system is 40° or less. The expression 0.7<I'TL/f<1.0 is
satisfied in the optical imaging system, where TTL repre-
sents a distance from an object-side surface of the first lens
to an imaging plane of an image sensor and f represents an
overall focal length of the optical imaging system.

BRIEF DESCRIPTION OF DRAWINGS

The above and other aspects, features, and advantages of
the present disclosure will be more clearly understood from
the following detailed description taken in conjunction with
the accompanying drawings, in which:

FIG. 1 is a view illustrating an optical imaging system
according to a first example;

FIG. 2 is a set of graphs having curves representing
aberration characteristics of the optical imaging system
illustrated in FIG. 1,

FIG. 3 is a table listing respective characteristics of lenses
of the optical imaging system illustrated in FIG. 1;
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FIG. 4 is a table listing respective aspherical coefficients
of lenses of the optical imaging system illustrated in FIG. 1;

FIG. 5 is a view illustrating an optical imaging system
according to a second example;

FIG. 6 is a set of graphs having curves representing
aberration characteristics of the optical imaging system
illustrated in FIG. 5;

FIG. 7 is a table listing respective characteristics of lenses
of the optical imaging system illustrated in FIG. 5;

FIG. 8 is a table listing respective aspherical coefficients
of lenses illustrated in FIG. 5;

FIG. 9 is a view illustrating an optical imaging system
according to a third example;

FIG. 10 is a set of graphs having curves representing
aberration characteristics of the optical imaging system
illustrated in FIG. 9;

FIG. 11 is a table listing respective characteristics of
lenses of the optical imaging system illustrated in FIG. 9;

FIG. 12 is a table listing respective aspherical coefficients
of lenses of the optical imaging system illustrated in FIG. 9;

FIG. 13 is a view illustrating an optical imaging system
according to a fourth example;

FIG. 14 is a set of graphs having curves representing
aberration characteristics of the optical imaging system
illustrated in FIG. 13;

FIG. 15 is a table listing respective characteristics of
lenses of the optical imaging system illustrated in FIG. 13;

FIG. 16 is a table listing respective aspherical coefficients
of lenses illustrated in FIG. 13;

FIG. 17 is a view illustrating an optical imaging system
according to a fifth example;

FIG. 18 is a set of graphs having curves representing
aberration characteristics of the optical imaging system
illustrated in FIG. 17,

FIG. 19 is a table listing respective characteristics of
lenses of the optical imaging system illustrated in FIG. 17;

FIG. 20 is a table listing respective aspherical coefficients
of lenses illustrated in FIG. 17,

FIG. 21 is a view illustrating an optical imaging system
according to a sixth example;

FIG. 22 is a set of graphs having curves representing
aberration characteristics of the optical imaging system
illustrated in FIG. 21;

FIG. 23 is a table listing respective characteristics of
lenses of the optical imaging system illustrated in FIG. 21;
and

FIG. 24 is a table listing respective aspherical coefficients
of lenses of the optical imaging system illustrated in FIG. 21.

Throughout the drawings and the detailed description, the
same reference numerals refer to the same elements, where
applicable. The drawings may not be to scale, and the
relative size, proportions, and depiction of elements in the
drawings may be exaggerated for clarity, illustration, or
convenience.

DETAILED DESCRIPTION

The following detailed description is provided to assist
the reader in gaining a comprehensive understanding of the
methods, apparatuses, and/or systems described herein.
However, various changes, modifications, and equivalents
of the methods, apparatuses, and/or systems described
herein will be apparent after an understanding of the dis-
closure. The sequences of operations described herein are
merely examples, and are not limited to those set forth
herein, but may be changed, as will be apparent after an
understanding of the disclosure, with the exception of opera-

20

25

35

40

45

55

4

tions necessarily occurring in a certain order. Also, descrip-
tions of functions and constructions that are well known may
be omitted for increased clarity and conciseness.

The features described herein may be embodied in dif-
ferent forms, and should not be construed as being limited
to the examples described herein. Rather, the examples
described herein have been provided so that this disclosure
will be thorough and complete, and will convey the full
scope of the disclosure to one of ordinary skill in the art.

Throughout the specification, it will be understood that
when an element, such as a layer, region or wafer (substrate),
is referred to as being “on,” “connected to,” or “coupled to”
another element, it can be directly “on,” “connected to,” or
“coupled to” the other element, or other elements interven-
ing therebetween may be present. In contrast, when an
element is referred to as being “directly on,” “directly
connected to,” or “directly coupled to” another element,
there may be no elements or layers intervening therebe-
tween. As used herein, the term “and/or” includes any and all
combinations of one or more of the associated listed items.

The articles “a,” “an,” and “the” are intended to include
the plural forms as well, unless the context clearly indicates
otherwise. The terms “comprises,” “includes,” and “has”
specify the presence of stated features, numbers, operations,
members, elements, and/or combinations thereof, but do not
preclude the presence or addition of one or more other
features, numbers, operations, members, elements, and/or
combinations thereof.

Due to manufacturing techniques and/or tolerances, varia-
tions of the shapes shown in the drawings may occur. Thus,
the examples described herein are not limited to the specific
shapes shown in the drawings, but include changes in shape
that occur during manufacturing.

Hereinafter, embodiments of the present disclosure will
now be described in detail with reference to the accompa-
nying drawings. Examples of the present disclosure provide
an optical imaging system having a narrow field of view
while retaining a thin width. Examples of the present dis-
closure also provide an optical imaging system in which an
aberration correction is improved and a high level of reso-
lution is implemented.

In the drawings, the thicknesses, sizes, and shapes of
lenses have been slightly exaggerated for convenience of
explanation. Particularly, the shapes of spherical surfaces or
aspherical surfaces illustrated in the drawings are illustrated
by way of example. That is, the shapes of the spherical
surfaces or the aspherical surfaces are not limited to those
illustrated in the drawings.

Although terms such as “first,” “second,” and “third” may
be used herein to describe various components, regions, or
sections, these components, regions, or sections are not to be
limited by these terms, unless otherwise specifically noted
such as in the below instances. Rather, these terms are only
used to distinguish one component, region, or section from
another component, region, or section. Thus, a first compo-
nent, region, or section referred to in examples described
herein may also be referred to as a second component,
region, or section without departing from the teachings of
the examples. However, in the present specification, a first
lens refers to a lens closest to an object, while an eighth lens
refers to a lens closest to an image sensor. In addition, a first
surface of each lens refers to a surface of the lens closest to
an object side (or an object-side surface) and a second
surface of each lens refers to a surface of the lens closest to
an image side (or an image-side surface).

In accordance with illustrative examples, the embodi-
ments described of the optical system include eight lenses
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with a refractive power. However, the number of lenses in
the optical system may vary in some embodiments, for
example, between two to eight lenses, while achieving one
or more results and benefits described below. Also, although
each lens is described with a particular refractive power, a
different refractive power for at least one of the lenses may
be used to achieve the intended result.

Further, all numerical values of radii of curvature and
thicknesses of lenses, and the like, are denoted in millime-
ters (mm), and a field of view (FOV) of an optical imaging
system is indicated by degrees. A person skilled in the
relevant art will appreciate that other units of measurement
may be used. Further, in embodiments, all radii of curvature,
thicknesses, OALs (optical axis distances from the first
surface of the first lens to the image sensor), a distance on
the optical axis between the stop and the image sensor (SLs),
image heights (IMGHs) (image heights), and back focus
lengths (BFLs) of the lenses, an overall focal length of an
optical system, and a focal length of each lens are indicated
in millimeters (mm). Likewise, thicknesses of lenses, gaps
between the lenses, OALs, TLs, SLs are distances measured
based on an optical axis of the lenses.

Further, in a description for a shape of each of the lenses,
the meaning that one surface of a lens is convex is that a
paraxial region portion of a corresponding surface is convex,
and the meaning that one surface of a lens is concave is that
a paraxial region portion of a corresponding surface is
concave. Therefore, although it is described that one surface
of a lens is convex, an edge portion of the lens may be
concave. Likewise, although it is described that one surface
of a lens is concave, an edge portion of the lens may be
convex. Meanwhile, a paraxial region refers to a very
narrow region in the vicinity of an optical axis. In other
words, a paraxial region of a lens may be convex, while the
remaining portion of the lens outside the paraxial region is
either convex, concave, or flat. Further, a paraxial region of
a lens may be concave, while the remaining portion of the
lens outside the paraxial region is either convex, concave, or
flat. In addition, in an embodiment, thicknesses and radii of
curvatures of lenses are measured in relation to optical axes
of the corresponding lenses.

An optical imaging system according to embodiments in
the present disclosure may include eight lenses. For
example, the optical imaging system according to the
embodiments may include a first lens, a second lens, a third
lens, a fourth lens, a fifth lens, a sixth lens, a seventh lens,
and an eighth lens sequentially disposed from the object side
to an imaging plane. However, the optical imaging system
according to the embodiments is not limited to only includ-
ing lenses, but may further include additional components.
For example, the optical imaging system may further
include an image sensor converting an image of a subject
incident on the image sensor into an electrical signal.

In addition, the optical imaging system may further
include an infrared cut-off filter filtering infrared light. The
infrared cut-off filter may be disposed between the eighth
lens and the image sensor. In addition, the optical imaging
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system may further include a stop controlling an amount of
light. As examples, the stop may be disposed between the
third lens and the fourth lens or between the fourth lens and
the fifth lens.

In the optical imaging system according to the embodi-
ments, the first to eighth lenses may be formed of plastic. In
addition, at least one of the first to eighth lenses may have
an aspherical surface. Further, each of the first to eighth
lenses may have at least one aspherical surface. That is, at
least one of first and second surfaces of all of the first to
eighth lenses may be aspherical. The aspherical surfaces of
the first to eighth lenses may be represented by the following
Equation 1:

cY? [Equation 1]

= ——————————+4A
1+V1I-(1+K)2y?

BY +CY  + DY'O + EY2 4 FY™ 4 .

Y+

Here, c represents a curvature (an inverse of a radius of
curvature) of a lens, K represents a conic constant, and Y
represents a distance from a certain point on an aspherical
surface of the lens to an optical axis in a direction perpen-
dicular to the optical axis. In addition, constants A to F
represent aspherical coefficients. Further in Equation 1, Z
represents a distance between the certain point on the
aspherical surface of the lens at the distance Y and a
tangential plane meeting the apex of the aspherical surface
of the lens.

The optical imaging system including the first to eighth
lenses may respectively have a positive refractive power, a
negative refractive power, a positive refractive power, a
positive refractive power, a negative refractive power, a
positive refractive power, a negative refractive power, and a
positive refractive power, sequentially from the object side
to the imaging plane.

The optical imaging system according to embodiments
may satisfy the following Conditional Expressions:

BFL/f<0.15 [Conditional Expression 1]

0.7<TTL/f<1.0 [Conditional Expression 2]

FImgH<2.9 [Conditional Expression 3]

-30<f5/f<30 [Conditional Expression 4]

TTL/ImgH>1.0. [Conditional Expression 5]

Here, f represents an overall focal length of the optical
imaging system, BFL represents a distance from an image-
side surface of the eighth lens to an imaging plane of the
image sensor, TTL represents a distance from an object-side
surface of the first lens to the imaging plane of the image
sensor, ImgH represents a half of a diagonal length of the
imaging plane of the image sensor, and {6 represents a focal
length of the sixth lens.

TABLE 1

First Exemplary
Embodiment

Second Exemplary
Embodiment

Third Exemplary
Embodiment

Fourth Exemplary
Embodiment

Fifth Exemplary
Embodiment

Sixth Exemplary
Embodiment

TTL/f 0.893 0.853
BFL/f 0.130 0.095
f/ImgH 2.835 2.835
fo/f 11.256 -5.640
TTL/ImgH 1.265 1.209

0.842 0.832 0.944 0.833
0.095 0.095 0.149 0.100
2.835 2.835 2.686 2.686
-4.747 -1.569 9.601 -27.026
1.194 1.179 1.268 1.119
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Next, the first to eighth lenses constituting the optical
imaging system according to the examples will be described.
The first lens may have a positive refractive power. In
addition, the first lens may have a meniscus shape of which
an object-side surface is convex. In an embodiment, a first
surface of the first lens is convex in the paraxial region and
a second surface is concave in the paraxial region. Alterna-
tively, in other embodiments both surfaces of the first lens
may be convex. At least one of the first and second surfaces
of the first lens may be aspherical. For example, both
surfaces of the first lens are aspherical.

The second lens may have a negative refractive power. In
addition, the second lens may have a meniscus shape of
which an object-side surface is convex. In an embodiment,
a first surface of the second lens is convex in the paraxial
region and a second surface is concave in the paraxial
region. At least one of the first and second surfaces of the
second lens may be aspherical. For example, both surfaces
of the second lens are aspherical.

The third lens may have a positive or negative refractive
power. In addition, the third lens may have a meniscus shape
of which an object-side surface is convex. In an embodi-
ment, a first surface of the third lens is convex in the paraxial
region and a second surface is concave in the paraxial
region. At least one of the first and second surfaces of the
third lens may be aspherical. For example, both surfaces of
the third lens are aspherical.

The fourth lens may have a positive refractive power. In
addition, the fourth lens may have a meniscus shape of
which an object-side surface is convex. In an embodiment,
a first surface of the fourth lens is convex in the paraxial
region and a second surface is concave in the paraxial
region. At least one of the first and second surfaces of the
fourth lens may be aspherical. For example, both surfaces of
the fourth lens are aspherical.

The fifth lens may have a negative refractive power. In
addition, both surfaces of the fifth lens may be concave. In
an embodiment, first and second surfaces of the fifth lens are
concave. Alternatively, the fifth lens may have a meniscus
shape of which an object-side surface is convex. In an
alternative embodiment, a first surface of the fifth lens may
be convex in the paraxial region and a second surface is
concave in the paraxial region. At least one of the first and
second surfaces of the fifth lens may be aspherical. For
example, both surfaces of the fifth lens are aspherical.

The sixth lens may have a positive or negative refractive
power. In addition, the sixth lens may have a meniscus shape
of which an image-side surface is convex. In an embodi-
ment, a first surface of the sixth lens is concave in the
paraxial region and a second surface is convex in the
paraxial region. Alternatively, both surfaces of the sixth lens
may be concave. In an alternative embodiment, the first and
second surfaces of the sixth lens may be concave. At least
one of the first and second surfaces of the sixth lens may be
aspherical. For example, both surfaces of the sixth lens are
aspherical.

The seventh lens may have a negative refractive power. In
addition, both surfaces of the seventh lens may be concave.
In an embodiment, first and second surfaces of the seventh
lens are concave in the paraxial region. At least one of the
first and second surfaces of the seventh lens may be aspheri-
cal. For example, both surfaces of the seventh lens are
aspherical.

In addition, at least one inflection point may be formed on
one or both of the first and second surfaces of the seventh
lens. For example, the first surface of the seventh lens is
concave in the paraxial region and becomes convex toward
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an edge of the lens. In addition, the second surface of the
seventh lens is concave in the paraxial region and becomes
convex at an edge of the lens.

The eighth lens may have a positive refractive power. In
addition, both surfaces of the eighth lens may be convex. In
an embodiment, the first and second surfaces of the eighth
lens are convex. Alternatively, the eighth lens may have a
meniscus shape of which an object-side surface is convex. In
an alternative embodiment, a first surface of the eighth lens
may be convex in the paraxial region, and a second surface
may be concave in the paraxial region.

At least one of the first and second surfaces of the eighth
lens may be aspherical. For example, both surfaces of the
eighth lens are aspherical. In addition, at least one inflection
point may be formed on the second surface of the eighth
lens. For example, the second surface of the eighth lens is
concave in the paraxial region and becomes convex toward
an edge of the lens.

In the optical imaging system configured as described
above, a plurality of lenses may perform an aberration
correction function to increase aberration correction. In
addition, in the optical imaging systems according to the
embodiments, a constant (F-number) indicating brightness
of the optical imaging system is 2.4 or less. Therefore, the
optical imaging systems may clearly capture an image even
in an environment in which illumination is low. In addition,
the optical imaging systems according to the embodiments
may have a telephoto ratio (TTL/f) smaller than 1 to have
features of a telephoto lens and have a field of view (FOV)
of 40° or less. Therefore, a narrow FOV is implemented.

An optical imaging system according to a first example in
the present disclosure will be described with reference to
FIGS. 1 through 4. The optical imaging system according to
the first example includes a first lens 110, a second lens 120,
a third lens 130, a fourth lens 140, a fifth lens 150, a sixth
lens 160, a seventh lens 170, and an eighth lens 180. The
optical imaging system according to the first example may
further include a stop ST, an infrared cut-off filter 190, and
an image sensor 191.

Respective characteristics (radii of curvature, thicknesses
or distances between lenses, refractive indices, and Abbe
numbers) of lenses are listed in FIG. 3. Meanwhile, by way
of example, a focal length (f1) of the first lens is 4.622 mm,
a focal length (f2) of the second lens is —=7.990 mm, a focal
length (£3) of the third lens is 22.288 mm, a focal length (f4)
of the fourth lens is 38.607 mm, a focal length (f5) of the
fifth lens is —11.193 mm, a focal length (6) of the sixth lens
is 106.931 mm, a focal length (f7) of the seventh lens is
-7.066 mm, and a focal length (f8) of the eighth lens is
18.325 mm. In addition, for the optical imaging system
according to the first example, BFL/fis 0.13, TTL/f is 0.893,
f/ImgH is 2.835, f6/f is 11.256, and TTL/ImgH is 1.265.

In the first example, the first lens 110 has a positive
refractive power, a convex first surface in the paraxial region
and a concave second surface in the paraxial region. The
second lens 120 has a negative refractive power, a convex
first surface in the paraxial region, and a concave second
surface in the paraxial region. The third lens 130 has a
positive refractive power, a convex first surface in the
paraxial region, and a concave second surface in the paraxial
region. The fourth lens 140 has a positive refractive power,
a convex first surface in the paraxial region, and a concave
second surface in the paraxial region.

The fifth lens 150 has a negative refractive power and
concave first and second surfaces in the paraxial region. The
sixth lens 160 has a positive refractive power, a concave first
surface in the paraxial region, and a convex second surface
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in the paraxial region. The seventh lens 170 has a negative
refractive power and concave first and second surfaces in the
paraxial region. In addition, at least one inflection point may
be formed on one or both of the first and second surfaces of
seventh lens 170. For example, the first surface of seventh
lens 170 is concave in a paraxial region and becomes convex
toward an edge of lens 170. In addition, the second surface
of seventh lens 170 is concave in the paraxial region and
becomes convex at an edge of lens 170. The eighth lens 180
has a positive refractive power, and a convex first surface
and a convex second surface in the paraxial region.

Respective surfaces of first to eighth lenses 110 to 180
have aspherical coefficients as listed in FIG. 4. For example,
all of object-side surfaces and image-side surfaces of first to
eighth lenses 110 to 180 are aspherical. Optionally, stop ST
is disposed between third lens 130 and fourth lens 140. The
optical imaging system configured as described above has
aberration characteristics as illustrated by the graphs in FIG.
2.

An optical imaging system according to a second example
in the present disclosure will be described with reference to
FIGS. 5 through 8. The optical imaging system according to
the second example includes a first lens 210, a second lens
220, a third lens 230, a fourth lens 240, a fifth lens 250, a
sixth lens 260, a seventh lens 270, and an eighth lens 280.
The optical imaging system according to the second
example may further include a stop ST, an infrared cut-off
filter 290, and an image sensor 291.

Respective characteristics (radii of curvature, thicknesses
or distances between lenses, refractive indices, and Abbe
numbers) of lenses are listed in FIG. 7. Meanwhile, by way
of' example, a focal length (f1) of the first lens is 4.6171 mm,
a focal length (f2) of the second lens is —=7.8634 mm, a focal
length (f3) of the third lens is 21.3041 mm, a focal length
(14) of the fourth lens is 31.1721 mm, a focal length (f5) of
the fifth lens is =10.1467 mm, a focal length (f6) of the sixth
lens is —53.5815 mm, a focal length (f7) of the seventh lens
s =7.0016 mm, and a focal length (£8) of the eighth lens is
18.1526 mm. In addition, for the optical imaging system
according to the second example, BFL/f is 0.095, TTL/f is
0.853, f/lmgH is 2.835, f6/f is -5.64, and TTL/ImgH is
1.209.

In the second example, first lens 210 has a positive
refractive power, a convex first surface in the paraxial
region, and a concave second surface in the paraxial region.
The second lens 220 has a negative refractive power, a
convex first surface in the paraxial region, and a concave
second surface in the paraxial region. The third lens 230 has
a positive refractive power, a convex first surface in the
paraxial region, and a concave second surface in the paraxial
region. The fourth lens 240 has a positive refractive power,
a convex first surface in the paraxial region, and a concave
second surface in the paraxial region.

The fifth lens 250 has a negative refractive power and
concave first surface and second surfaces in the paraxial
region. The sixth lens 260 has a negative refractive power,
a concave first surface in the paraxial region, and a convex
second surface in the paraxial region. The seventh lens 270
has a negative refractive power and concave first and second
surfaces in the paraxial region. In addition, at least one
inflection point may be formed on one or both of the first and
second surfaces of seventh lens 270. For example, the first
surface of seventh lens 270 is concave in a paraxial region
and becomes convex toward an edge of lens 270. In addition,
the second surface of seventh lens 270 is concave in the
paraxial region and becomes convex at an edge of lens 270.
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The eighth lens 280 has a positive refractive power and
convex first and second surfaces in the paraxial region.

Meanwhile, respective surfaces of first to eighth lenses
210 to 280 have aspherical coefficients as listed in FIG. 8.
For example, all of object-side surfaces and image-side
surfaces of first to eighth lenses 210 to 280 are aspherical.
Optionally, stop ST is disposed between third lens 230 and
fourth lens 240. The optical imaging system configured as
described above has aberration characteristics as illustrated
by the graphs in FIG. 6.

An optical imaging system according to a third example
in the present disclosure will be described with reference to
FIGS. 9 through 12. The optical imaging system according
to the third example includes a first lens 310, a second lens
320, a third lens 330, a fourth lens 340, a fifth lens 350, a
sixth lens 360, a seventh lens 370, and an eighth lens 380.
The optical imaging system according to the third example
may further include a stop ST, an infrared cut-off filter 390,
and an image sensor 391.

Respective characteristics (radii of curvature, thicknesses
or distances between lenses, refractive indices, and Abbe
numbers) of lenses are listed in FIG. 11. Meanwhile, by way
of'example, a focal length (f1) of the first lens is 4.5688 mm,
a focal length (f2) of the second lens is —=7.667 mm, a focal
length (f3) of the third lens is 15.6031 mm, a focal length
(f4) of the fourth lens is 35.7796 mm, a focal length (f5) of
the fifth lens is —=7.4186 mm, a focal length (f6) of the sixth
lens is —45.0951 mm, a focal length (f7) of the seventh lens
is —8.6419 mm, and a focal length (f8) of the eighth lens is
25.7824 mm. In addition, for the optical imaging system
according to the third example, BFL/f is 0.095, TTL/f is
0.842, f/ImgH is 2.835, f6/f is —4.747, and TTL/ImgH is
1.194.

In the third example, the first lens 310 has a positive
refractive power, a convex first surface in the paraxial
region, and a concave second surface in the paraxial region.
The second lens 320 has a negative refractive power, a
convex first surface in the paraxial region, and a concave
second surface in the paraxial region. The third lens 330 has
a positive refractive power, a convex first surface in the
paraxial region, and a concave second surface in the paraxial
region. The fourth lens 340 has a positive refractive power,
a convex first surface in the paraxial region, and a concave
second surface in the paraxial region.

The fifth lens 350 has a negative refractive power and
concave first and second surfaces in the paraxial region. The
sixth lens 360 has a negative refractive power, a concave
first surface in the paraxial region, and a convex second
surface in the paraxial region. The seventh lens 370 has a
negative refractive power and concave first and second
surfaces in the paraxial region. In addition, at least one
inflection point may be formed on one or both of the first and
second surfaces of the seventh lens 370. For example, the
first surface of seventh lens 370 is concave in a paraxial
region and becomes convex toward an edge of lens 370. In
addition, the second surface of seventh lens 370 is concave
in the paraxial region and becomes convex at an edge of lens
370. The eighth lens 380 has a positive refractive power and
convex first and second surfaces in the paraxial region.

Respective surfaces of first to eighth lenses 310 to 380
have aspherical coefficients as listed in FIG. 12. For
example, all of object-side surfaces and image-side surfaces
of first to eighth lenses 310 to 380 are aspherical. Optionally,
stop ST is disposed between third lens 330 and fourth lens
340. In addition, the optical imaging system configured as
described above has aberration characteristics as illustrated
by the graphs in FIG. 10.
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An optical imaging system according to a fourth example
in the present disclosure will be described with reference to
FIGS. 13 through 16. The optical imaging system according
to the fourth example includes a first lens 410, a second lens
420, a third lens 430, a fourth lens 440, a fifth lens 450, a
sixth lens 460, a seventh lens 470, and an eighth lens 480.
The optical imaging system according to the fourth example
may further include a stop ST, an infrared cut-off filter 490,
and an image sensor 491.

Respective characteristics (radii of curvature, thicknesses
or distances between lenses, refractive indices, and Abbe
numbers) of lenses are listed in FIG. 15. Meanwhile, by way
of' example, a focal length (f1) of the first lens is 4.5911 mm,
a focal length (f2) of the second lens is —=7.433 mm, a focal
length (f3) of the third lens is 15.5555 mm, a focal length
(14) of the fourth lens is 27.9197 mm, a focal length (f5) of
the fifth lens is —8.634 mm, a focal length (f6) of the sixth
lens is —14.9025 mm, a focal length (f7) of the seventh lens
is =7.3676 mm, and a focal length (f8) of the eighth lens is
12.3205 mm. In addition, for the optical imaging system
according to the fourth example, BFL/f is 0.095, TTL/f is
0.832, f/ImgH is 2.835, f6/f is —1.569, and TTL/ImgH is
1.179.

In the fourth example, the first lens 410 has a positive
refractive power, a convex first surface in the paraxial
region, and a concave second surface in the paraxial region.
The second lens 420 has a negative refractive power, a
convex first surface in the paraxial region, and a concave
second surface in the paraxial region. The third lens 430 has
a positive refractive power, a convex first surface in the
paraxial region, and a concave second surface in the paraxial
region. The fourth lens 440 has a positive refractive power,
a convex first surface in the paraxial region, and a concave
second surface in the paraxial region.

The fifth lens 450 has a negative refractive power and
concave first and second surfaces in the paraxial region. The
sixth lens 460 has a negative refractive power and concave
first surface and second surfaces in the paraxial region. The
seventh lens 470 has a negative refractive power and con-
cave first and second surfaces in the paraxial region. In
addition, at least one inflection point may be formed on one
or both of the first and second surfaces of seventh lens 470.
For example, the first surface of seventh lens 470 is concave
in a paraxial region and becomes convex toward an edge of
lens 470. In addition, the second surface of seventh lens 470
is concave in the paraxial region and becomes convex at an
edge of lens 470. The eighth lens 480 has a positive
refractive power and convex first and second surfaces in the
paraxial region.

Respective surfaces of first to eighth lenses 410 to 480
have aspherical coefficients as listed in FIG. 16. For
example, all of object-side surfaces and image-side surfaces
of first to eighth lenses 410 to 480 are aspherical. Optionally,
stop ST is disposed between fourth lens 440 and fifth lens
450. In addition, the optical imaging system configured as
described above has aberration characteristics as illustrated
by the graphs in FIG. 14.

An optical imaging system according to a fifth example in
the present disclosure will be described with reference to
FIGS. 17 through 20. The optical imaging system according
to the fifth example includes a first lens 510, a second lens
520, a third lens 530, a fourth lens 540, a fifth lens 550, a
sixth lens 560, a seventh lens 570, and an eighth lens 580.
The optical imaging system according to the fifth example
may further include a stop ST, an infrared cut-off filter 590,
and an image sensor 591.
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Respective characteristics (radii of curvature, thicknesses
or distances between lenses, refractive indices, and Abbe
numbers) of lenses are listed in FIG. 19. Meanwhile, by way
of'example, a focal length (f1) of the first lens is 4.5945 mm,
a focal length (£2) of the second lens is —10.0201 mm, a focal
length (f3) of the third lens is —=615.7002 mm, a focal length
(f4) of the fourth lens is 1017.38 mm, a focal length (f5) of
the fifth lens is —24.508 mm, a focal length (f6) of the sixth
lens is 86.4093 mm, a focal length (f7) of the seventh lens
is —6.5688 mm, and a focal length (f8) of the eighth lens is
15.8206 mm. In addition, for the optical imaging system
according to the fifth example, BFL/f is 0.149, TTU/f is
0.944, f/ImgH is 2.686, f6/f is 9.601, and TTL/ImgH is
1.268.

In the fifth example, the first lens 510 has a positive
refractive power and convex first and second surfaces in the
paraxial region. The second lens 520 has a negative refrac-
tive power, a convex first surface in the paraxial region, and
a concave second surface in the paraxial region. The third
lens 530 has a negative refractive power, a convex first
surface in the paraxial region, and a concave second surface
in the paraxial region. The fourth lens 540 has a positive
refractive power, a convex first surface in the paraxial
region, and a concave second surface in the paraxial region.

The fifth lens 550 has a negative refractive power, a
convex first surface in the paraxial region, and a concave
second surface in the paraxial region. The sixth lens 560 has
a positive refractive power, a concave first surface in the
paraxial region, and a convex second surface in the paraxial
region. The seventh lens 570 has a negative refractive power
and concave first and second surfaces in the paraxial region.
In addition, at least one inflection point may be formed on
one or both of the first and second surfaces of seventh lens
570. For example, the first surface of seventh lens 570 is
concave in a paraxial region and becomes convex toward an
edge of lens 570. In addition, the second surface of seventh
lens 570 is concave in the paraxial region and becomes
convex at an edge of lens 570. The eighth lens 580 has a
positive refractive power and convex first and second sur-
faces in the paraxial region.

Respective surfaces of first to eighth lenses 510 to 580
have aspherical coefficients as listed in FIG. 20. For
example, all of object-side surfaces and image-side surfaces
of first to eighth lenses 510 to 580 are aspherical. Optionally,
stop ST is disposed between third lens 530 and fourth lens
540. In addition, the optical imaging system configured as
described above has aberration characteristics as illustrated
by the graphs in FIG. 18.

An optical imaging system according to a sixth example
in the present disclosure will be described with reference to
FIGS. 21 through 24. The optical imaging system according
to the sixth example includes a first lens 610, a second lens
620, a third lens 630, a fourth lens 640, a fifth lens 650, a
sixth lens 660, a seventh lens 670, and an eighth lens 680.
The optical imaging system according to the sixth example
may further include a stop ST, an infrared cut-off filter 690,
and an image sensor 691.

Respective characteristics (radii of curvature, thicknesses
or distances between lenses, refractive indices, and Abbe
numbers) of lenses are listed in FIG. 23. Meanwhile, by way
of'example, a focal length (f1) of the first lens is 4.4844 mm,
a focal length (f2) of the second lens is —=7.3212 mm, a focal
length (f3) of the third lens is 12.1061 mm, a focal length
(f4) of the fourth lens is 29.3566 mm, a focal length (f5) of
the fifth lens is —5.8446 mm, a focal length (f6) of the sixth
lens is —243.2353 mm, a focal length (f7) of the seventh lens
is —8.4043 mm, and a focal length (f8) of the eighth lens is
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120.4209 mm. In addition, for the optical imaging system
according to the sixth example, BFL/fis 0.1, TTL/fis 0.833,
f/ImgH is 2.686, f6/f is =27.026, and TTL/ImgH is 1.119.

In the sixth embodiment, the first lens 610 has a positive
refractive power, a convex first surface in the paraxial
region, and a concave second surface in the paraxial region.
The second lens 620 has a negative refractive power, a
convex first surface in the paraxial region, and a concave
second surface in the paraxial region. The third lens 630 has
a positive refractive power, a convex first surface in the
paraxial region, and a concave second surface in the paraxial
region. The fourth lens 640 has a positive refractive power,
a convex first surface in the paraxial region, and a concave
second surface in the paraxial region.

The fifth lens 650 has a negative refractive power and
concave first and second surfaces in the paraxial region. The
sixth lens 660 has a negative refractive power, a concave
first surface in the paraxial region, and a convex second
surface in the paraxial region. The seventh lens 670 has a
negative refractive power and concave first and second
surfaces in the paraxial region. In addition, at least one
inflection point may be formed on one or both of the first and
second surfaces of seventh lens 670. For example, the first
surface of seventh lens 670 is concave in a paraxial region
and becomes convex toward an edge of lens 670. In addition,
the second surface of seventh lens 670 is concave in the
paraxial region and becomes convex at an edge of lens 670.
The eighth lens 680 has a positive refractive power, a convex
first surface in the paraxial region, and a concave second
surface in the paraxial region. In addition, at least one
inflection point may be formed on the second surface of
eighth lens 680. For example, the second surface of eighth
lens 680 is concave in the paraxial region and becomes
convex toward an edge of lens 680.

Respective surfaces of first to eighth lenses 610 to 680
have aspherical coefficients as listed in FIG. 24. For
example, all of object-side surfaces and image-side surfaces
of first to eighth lenses 610 to 680 are aspherical. Optionally,
stop ST is disposed between fourth lens 640 and fifth lens
650. In addition, the optical imaging system configured as
described above has aberration characteristics as illustrated
by the graphs in FIG. 22.

As set forth above, according to embodiments in the
present disclosure, an optical imaging system having a
narrow field of view while maintaining a thin width may be
implemented. In addition, an improved aberration correction
effect may be realized, and a high level of resolution may be
implemented. While embodiments have been shown and
described above, it will be apparent to those after an
understanding of the disclosure that modifications and varia-
tions could be made without departing from the scope of the
present application as defined by the appended claims.

What is claimed is:

1. An optical imaging system comprising:

a first lens comprising a positive refractive power, a
second lens comprising a negative refractive power, a
third lens comprising a refractive power, a fourth lens
comprising a positive refractive power, a fifth lens
comprising a negative refractive power, a sixth lens
comprising a refractive power, a seventh lens compris-
ing a refractive power, and an eighth lens comprising a
refractive power, sequentially disposed from an object
side to an imaging plane,

wherein BFL/f<0.15, where BFL represents a distance
from an image-side surface of the eighth lens to an
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imaging plane of an image sensor and f represents an
overall focal length of an optical system including the
first to eighth lenses.

2. The optical imaging system of claim 1, wherein
0.7<TTL/f<1.0, where TTL represents a distance from an
object-side surface of the first lens to the imaging plane of
the image sensor.

3. The optical imaging system of claim 1, wherein
f/ImgH<2.9, where ImgH represents a half of a diagonal
length of the imaging plane of the image sensor.

4. The optical imaging system of claim 1, wherein
-30<f6/f<30, where 6 represents a focal length of the sixth
lens.

5. The optical imaging system of claim 1, wherein TTL/
ImgH>1.0, where TTL represents a distance from an object-
side surface of the first lens to the imaging plane of the
image sensor and ImgH represents a half of a diagonal
length of the imaging plane of the image sensor.

6. The optical imaging system of claim 1, further com-
prising a stop disposed between the third lens and the fourth
lens or between the fourth lens and the fifth lens.

7. The optical imaging system of claim 1, wherein object-
side surfaces and image-side surfaces of the first to eighth
lenses are aspherical.

8. The optical imaging system of claim 1, wherein the first
lens comprises a convex object-side surface along an optical
axis.

9. The optical imaging system of claim 1, wherein the
second lens comprises a convex object-side surface along an
optical axis and a concave image-side surface along the
optical axis.

10. The optical imaging system of claim 1, wherein the
third lens comprises a convex object-side surface along an
optical axis and a concave image-side surface along the
optical axis.

11. The optical imaging system of claim 1, wherein the
fourth lens comprises a convex object-side surface along an
optical axis and a concave image-side surface along the
optical axis.

12. The optical imaging system of claim 1, wherein the
fifth lens comprises a concave image-side surface along an
optical axis.

13. The optical imaging system of claim 1, wherein the
sixth lens comprises a concave object-side surface along an
optical axis.

14. The optical imaging system of claim 1, wherein the
seventh lens comprises a negative refractive power, a con-
cave object-side surface along an optical axis, and a concave
image-side surface along the optical axis.

15. The optical imaging system of claim 1, wherein the
eighth lens comprises a positive refractive power and a
convex object-side surface along an optical axis.

16. The optical imaging system of claim 1, wherein

the first lens, second lens, the third lens, the fourth lens,
and the eighth lens each comprise a convex object-side
surface,

the second lens, the third lens, the fourth lens, the fifth
lens, and the seventh lens each comprise a concave
image-side surface, and

the sixth lens and the seventh lens each comprise a
concave object-side surface.

17. An optical imaging system comprising:

a first lens comprising a positive refractive power, a
second lens comprising a negative refractive power, a
third lens comprising a refractive power, a fourth lens
comprising a positive refractive power, a fifth lens
comprising a negative refractive power, a sixth lens
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comprising a refractive power, a seventh lens compris-
ing a refractive power, and an eighth lens comprising a
refractive power, sequentially disposed from an object
side to an imaging plane, and

wherein 0.7<ITL/f<1.0, where TTL represents a distance
from an object-side surface of the first lens to an
imaging plane of an image sensor and f represents an
overall focal length of the optical imaging system.

18. The optical imaging system of claim 17, wherein

the first lens, second lens, the third lens, the fourth lens,
and the eighth lens each comprise a convex object-side
surface,

the second lens, the third lens, the fourth lens, the fifth
lens, and the seventh lens each comprise a concave
image-side surface, and

the sixth lens and the seventh lens each comprise a
concave object-side surface.

19. An optical imaging system comprising:

a first lens having a positive refractive power;

a second lens comprising a negative refractive power, a
third lens comprising a refractive power, a fourth lens
comprising a positive refractive power, a fifth lens
comprising a negative refractive power, a sixth lens
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comprising a refractive power, and a seventh lens
comprising a refractive power;

an eighth lens having a refractive power and a convex
object-side surface along an optical axis,

wherein the first to eighth lenses are sequentially disposed
from an object side to an imaging plane,

wherein an F-number of the optical imaging system is 2.4
or less,

wherein a field of view (FOV) of the optical imaging
system is 40° or less, and

wherein 0.7<TTL/f<1.0, where TTL represents a distance
from an object-side surface of the first lens to an
imaging plane of an image sensor and f represents an
overall focal length of the optical imaging system.

20. The optical imaging system of claim 19, wherein

the first lens, second lens, the third lens, and the fourth
lens each comprise a convex object-side surface,

the second lens, the third lens, the fourth lens, the fifth
lens, and the seventh lens each comprise a concave
image-side surface, and

the sixth lens and the seventh lens each comprise a
concave object-side surface.
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