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COMPACT OPTICAL SYSTEM, IMAGE
CAPTURING UNIT AND ELECTRONIC
DEVICE

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.

RELATED APPLICATIONS

This application is a continuation reissue of application
Ser. No. 16/709,871, which is an application for reissue of
U.S. Pat. No. 9,885,856 B2, now RE48,828 E.

This application claims priority to Taiwan Application
104100808, filed Jan. 9, 2015, which is incorporated by
reference herein in its entirety.

BACKGROUND

Technical Field

The present disclosure relates to a compact optical sys-
tem, an image capturing unit and an electronic device, more
particularly to a compact optical system and an image
capturing unit applicable to an electronic device.

Description of Related Art

A conventional biometric system equipped in a mobile
device generally utilizes a capacitive sensor. Although the
capacitive sensor is favorable for miniaturizing the biomet-
ric system, complex electronic circuits in the capacitive
sensor are unfavorable for reducing the manufacturing cost.
Therefore, the mobile device with the capacitive biometric
system requires a higher production cost which makes it
difficult to gain popularity.

Other biometric systems with conventional optical system
are developed, such as fingerprint recognition systems and
vein recognition systems. However, the larger volume of the
conventional optical system is unfavorable for miniaturizing
an electronic device having the biometric system and keep-
ing the electronic device compact, and therefore the porta-
bility of the electronic device is reduced. Thus, there is a
need for a compact optical system of low costs and good
manufacturing yield rate, which can be favorably applied to
biometric applications.

SUMMARY

According to one aspect of the present disclosure, a
compact optical system includes, in order from an object
side to an image side, a first lens element, a second lens
element and a third lens element. The first lens element with
negative refractive power has an image-side surface being
concave in a paraxial region thereof. The second lens
element has refractive power, wherein at least one of an
object-side surface and an image-side surface of the second
lens element is aspheric, and the second lens element is
made of plastic material. The third lens element has positive
refractive power, wherein at least one of an object-side
surface and an image-side surface of the third lens element
is aspheric, and the third lens element is made of plastic
material. The compact optical system has a total of three lens
elements with refractive power. The compact optical system
further comprises a stop located between the first lens
element and the second lens element. The first lens element,
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2

the second lens element and the third lens element are all
stationary relative to one another in a paraxial region
thereof. When a focal length of the compact optical system
is f, a maximum image height of the compact optical system
is ImgH, a refractive index of the first lens element is N1, a
refractive index of the second lens element is N2, a refrac-
tive index of the third lens element is N3, an axial distance
between the stop and the object-side surface of the second
lens element is Dsr3, an axial distance between the stop and
the object-side surface of the third lens element is Dsr5, the
following conditions are satisfied:

f/ImgH<0.55;
4.70<N1+N2+N3<5.50; and

0<|Dsr3/Dsr51<0.50.

According to another aspect of the present disclosure, an
image capturing unit includes an image sensor and the
aforementioned compact optical system, wherein the image
sensor is disposed on the image side of the compact optical
system.

According to still another aspect of the present disclosure,
an electronic device includes a biometric system, and the
biometric system includes the aforementioned image cap-
turing unit.

According to yet another aspect of the present disclosure,
a compact optical system includes, in order from an object
side to an image side, a first lens element, a second lens
element and a third lens element. The first lens element with
negative refractive power has an image-side surface being
concave in a paraxial region thereof. The second lens
element has refractive power, wherein at least one of an
object-side surface and an image-side surface of the second
lens element is aspheric, and the second lens element is
made of plastic material. The third lens element has positive
refractive power, wherein at least one of an object-side
surface and an image-side surface of the third lens element
is aspheric, and the third lens element is made of plastic
material. The compact optical system has a total of three lens
elements with refractive power. The compact optical system
further comprises a stop located between the first lens
element and the second lens element. The first lens element,
the second lens element and the third lens element are all
stationary relative to one another in a paraxial region
thereof. When a focal length of the compact optical system
is f, a maximum image height of the compact optical system
is ImgH, a refractive index of the first lens element is N1, a
refractive index of the second lens element is N2, a refrac-
tive index of the third lens element is N3, an axial distance
between the stop and the object-side surface of the second
lens element is Dsr3, an axial distance between the stop and
the object-side surface of the third lens element is DsrS5, an
axial distance between an imaged object and an image
surface is OTL, a sum of central thicknesses of the first lens
element, the second lens element and the third lens element
is 2CT, the following conditions are satisfied:

f/ImgH<0.70;
4.70<N1+N2+N3<5.50;
0<|Dsr3/Dsr51<0.50; and

OTL/ZCT<4.0.

According to yet still another aspect of the present dis-
closure, an image capturing unit includes a light source, an
image sensor and the aforementioned compact optical sys-
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tem, wherein the image sensor is disposed on the image side
of the compact optical system.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure can be more fully understood by reading
the following detailed description of the embodiments, with
reference made to the accompanying drawings as follows:

FIG. 1A is a schematic view of an image capturing unit
according to the 1st embodiment of the present disclosure;

FIG. 1B is a partially enlarged schematic view of the
image capturing unit in FIG. 1A;

FIG. 2 shows spherical aberration curves, astigmatic field
curves and a distortion curve of the image capturing unit
according to the 1st embodiment;

FIG. 3A is a schematic view of an image capturing unit
according to the 2nd embodiment of the present disclosure;

FIG. 3B is a partially enlarged schematic view of the
image capturing unit in FIG. 3A;

FIG. 4 shows spherical aberration curves, astigmatic field
curves and a distortion curve of the image capturing unit
according to the 2nd embodiment;

FIG. 5A is a schematic view of an image capturing unit
according to the 3rd embodiment of the present disclosure;

FIG. 5B is a partially enlarged schematic view of the
image capturing unit in FIG. 5A;

FIG. 6 shows spherical aberration curves, astigmatic field
curves and a distortion curve of the image capturing unit
according to the 3rd embodiment;

FIG. 7A is a schematic view of an image capturing unit
according to the 4th embodiment of the present disclosure;

FIG. 7B is a partially enlarged schematic view of the
image capturing unit in FIG. 7A;

FIG. 8 shows spherical aberration curves, astigmatic field
curves and a distortion curve of the image capturing unit
according to the 4th embodiment;

FIG. 9A is a schematic view of an image capturing unit
according to the 5th embodiment of the present disclosure;

FIG. 9B is a partially enlarged schematic view of the
image capturing unit in FIG. 9A;

FIG. 10 shows spherical aberration curves, astigmatic
field curves and a distortion curve of the image capturing
unit according to the 5th embodiment;

FIG. 11A is a schematic view of an image capturing unit
according to the 6th embodiment of the present disclosure;

FIG. 11B is a partially enlarged schematic view of the
image capturing unit in FIG. 11A;

FIG. 12 shows spherical aberration curves, astigmatic
field curves and a distortion curve of the image capturing
unit according to the 6th embodiment;

FIG. 13A is a schematic view of an image capturing unit
according to the 7th embodiment of the present disclosure;

FIG. 13B is a partially enlarged schematic view of the
image capturing unit in FIG. 13A;

FIG. 14 shows spherical aberration curves, astigmatic
field curves and a distortion curve of the image capturing
unit according to the 7th embodiment;

FIG. 15A is a schematic view of an image capturing unit
according to the 8th embodiment of the present disclosure;

FIG. 15B is a partially enlarged schematic view of the
image capturing unit in FIG. 15A;

FIG. 16 shows spherical aberration curves, astigmatic
field curves and a distortion curve of the image capturing
unit according to the 8th embodiment;

FIG. 17A is a schematic view of an image capturing unit
according to the 9th embodiment of the present disclosure;
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FIG. 17B is a partially enlarged schematic view of the
image capturing unit in FIG. 17A;

FIG. 18 shows spherical aberration curves, astigmatic
field curves and a distortion curve of the image capturing
unit according to the 9th embodiment;

FIG. 19A is a schematic view of an image capturing unit
according to the 10th embodiment of the present disclosure;

FIG. 19B is a partially enlarged schematic view of the
image capturing unit in FIG. 19A;

FIG. 20 shows spherical aberration curves, astigmatic
field curves and a distortion curve of the image capturing
unit according to the 10th embodiment;

FIG. 21 is a schematic view of OL, TL and OTL in FIG.
1; and

FIG. 22 shows an electronic device according to an
embodiment.

DETAILED DESCRIPTION

A compact optical system includes, in order from an
object side to an image side, a first lens element, a second
lens element and a third lens element. The compact optical
system has a total of three lens elements with refractive
power. The first lens element, the second lens element and
the third lens element can all be stationary relative to one
another in a paraxial region thereof. For example, in some
embodiments, an air gap in a paraxial region is located
between every two of the first lens element, the second lens
element and the third lens element that are adjacent to each
other, and the air gaps are all constant.

The first lens element with negative refractive power has
an image-side surface being concave in a paraxial region
thereof. Therefore, it is favorable for enlarging the field of
view of the compact optical system so as to provide a wider
field of view for the same.

The second lens element can have positive refractive
power. The second lens element can have an image-side
surface being convex in a paraxial region thereof. Therefore,
the second lens element is favorable for correcting the
aberration from the first lens element and the spherical
aberration of the compact optical system so as to improve
the image quality.

The third lens element has positive refractive power. The
third lens element can have an image-side surface being
convex in a paraxial region thereof. At least one of an
object-side surface and the image-side surface of the third
lens element can have at least one inflection point. There-
fore, it is favorable for providing the compact optical system
with retrofocus (reversed telephoto) performance so as to
reduce the chief ray angle of the compact optical system,
thereby providing the compact optical system with enhanced
telecentric performance.

When a focal length of the compact optical system is f, a
maximum image height of the compact optical system (half
of a diagonal length of an effective photosensitive area of an
image sensor) is ImgH, the following condition is satisfied:
f/ImgH<0.70. Therefore, it is favorable for collecting the
light with large incident angle so as to allow the compact
optical system to capture a wide field of view and recognize
an imaged object while the distance between the imaged
object and the compact optical system is extremely close.
Preferably, the {following condition 1is satisfied:
f/ImgH<0.55. More preferably, the following condition is
satisfied: f/ImgH<0.45.

When a refractive index of the first lens element is N1, a
refractive index of the second lens element is N2, a refrac-
tive index of the third lens element is N3, the following
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condition is satisfied: 4.70<N1+N2+N3<5.50. Therefore, it
is favorable for reducing a required distance for image
capturing between the imaged object and the compact opti-
cal system so as to keep the compact optical system com-
pact.

According to the present disclosure, the compact optical
system further comprises a stop located between the first
lens element and the second lens element. When an axial
distance between the stop and an object-side surface of the
second lens element is Dsr3, an axial distance between the
stop and the object-side surface of the third lens element is
Dsr5, the following condition is satisfied: 0<IDsr3/
Dsr51<0.50. Therefore, it is favorable for properly allocating
the stop so as to enlarge the field of view of the compact
optical system, thereby providing a wider field of view for
the same.

When an axial distance between the imaged object and an
image surface is OTL, a sum of central thicknesses of the
first lens element, the second lens element and the third lens
element is 2CT (That is, a sum of a central thickness of the
first lens element, a central thickness of the second lens
element and a central thickness of the third lens element),
the following condition is satisfied: OTL/ZCT<4.0. There-
fore, it is favorable for further keeping the compact optical
system compact. As seen in FIG. 21, it shows a schematic
view of OTL in FIG. 1.

When a curvature radius of the object-side surface of the
third lens element is RS, a curvature radius of the image-side
surface of the third lens element is R6, the following
condition can be satisfied: (R5+R6)/(R5-R6)<0.90. There-
fore, it is favorable for avoiding excessive astigmatism and
spherical aberration of the compact optical system so as to
improve the image quality. Preferably, the following condi-
tion can be satisfied: —0.50<(R5+R6)/(R5-R6)<0.50.

When the axial distance between the imaged object and
the image surface is OTL, the following condition can be
satisfied: OTL<8.0 millimeters (mm). Therefore, it is favor-
able for keeping the compact optical system compact so as
to be equipped in a compact electronic device having a
biometric system. Preferably, the following condition can be
satisfied: OTL<5.0 mm.

When an Abbe number of the first lens element is V1, an
Abbe number of the second lens element is V2, an Abbe
number of the third lens element is V3, the following
condition can be satisfied: V1+V2+V3<80. Therefore, it is
favorable for correcting the chromatic aberration of the
compact optical system.

When the focal length of the compact optical system is f,
an entrance pupil diameter of the compact optical system is
EPD, the following condition can be satisfied: /EPD<2.60.
Therefore, it is favorable for obtaining a large aperture for
receiving sufficient incoming light, thereby increasing the
image quality in a low light condition.

When the focal length of the compact optical system is f,
a focal length of the first lens element is f1, a focal length
of the second lens element is f2, a focal length of the third
lens element is 13, the following condition can be satisfied:
[/£11+11/£21+1f/f31<1.1. Therefore, it is favorable for balanc-
ing the arrangement of the compact optical system so as to
effectively correct the aberration of the compact optical
system and reducing the sensitivity of the compact optical
system.

When the axial distance between the imaged object and
the image surface is OTL, the maximum image height of the
compact optical system is ImgH, the following condition
can be satisfied: OTL/ImgH<12. Therefore, it is favorable
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for keeping the compact optical system compact so as to be
equipped in an electronic device.

When a maximal field of view of the compact optical
system is FOV, the following condition can be satisfied:
140.0 degrees (deg.)<FOV<180.0 deg. Therefore, it is favor-
able for providing a sufficient field of view so as to obtain
more of the image scene and properly reducing the image
distortion simultaneously.

According to the present disclosure, the compact optical
system further comprises a flat panel located between the
imaged object and an object-side surface of the first lens
element. The flat panel is, for example, a glass cover or a
plastic cover. When a central thickness of the flat panel is
CTH, a central thickness of the first lens element is CT1, the
following condition can be satisfied: 0.95<CTH/CT1<5.5.
Therefore, the thicknesses of the flat panel and the first lens
element are properly distributed so that it is favorable for
reducing manufacturing cost and keeping in a compact size
thereof.

When an axial distance between the first lens element and
the second lens element is T12, the central thickness of the
first lens element is CT1, the following condition can be
satisfied: 1.50<T12/CT1<10. Therefore, it is favorable for
assembling the compact optical system so as to increase the
manufacturing yield rate.

When an axial distance between the imaged object and the
object-side surface of the first lens element is OL, an axial
distance between the object-side surface of the first lens
element and the image surface is TL, the following condition
can be satisfied: 0<OL/TL<1.0. Therefore, it is favorable for
reducing the required distance for image capturing between
the imaged object and the compact optical system so as to
keep the compact optical system compact. As seen in FIG.
21, it shows a schematic view of OL and TL in FIG. 1.

When an axial distance between the object-side surface of
the first lens element and the image-side surface of the third
lens element is TD, the focal length of the compact optical
system is f, the following condition can be satisfied: 8<TD/
£<30. Therefore, it is favorable for tightly arranging the lens
elements so as to reduce a total track length of the compact
optical system.

According to the compact optical system of the present
disclosure, an aperture stop can be configured as a middle
stop. A middle stop disposed between the first lens element
and the image surface is favorable for enlarging the field of
view of the compact optical system and thereby provides a
wider field of view for the same.

According to the compact optical system of the present
disclosure, the lens elements thereof can be made of glass or
plastic material. When the lens elements are made of glass
material, the distribution of the refractive power of the
compact optical system may be more flexible to design.
When the lens elements are made of plastic material, the
manufacturing cost can be effectively reduced. Furthermore,
surfaces of each lens element can be arranged to be aspheric
or spherical. The aspheric surface of the lens element is easy
to form a shape other than spherical surface so as to have
more controllable variables for eliminating the aberration
thereof, and to further decrease the required number of the
lens elements. Therefore, the total track length of the com-
pact optical system can also be reduced.

According to the compact optical system of the present
disclosure, each of an object-side surface and an image-side
surface has a paraxial region and an off-axis region. The
paraxial region refers to the region of the surface where light
rays travel close to the optical axis, and the off-axis region
refers to the region of the surface away from the paraxial
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region. Particularly, when the lens element has a convex
surface, it indicates that the surface is convex in the paraxial
region thereof; when the lens element has a concave surface,
it indicates that the surface is concave in the paraxial region
thereof. Moreover, when a region of refractive power or
focus of a lens element is not defined, it indicates that the
region of refractive power or focus of the lens element is in
the paraxial region thereof.

According to the compact optical system of the present
disclosure, an image surface of the compact optical system,
based on the corresponding image sensor, can be flat or
curved, especially a curved surface being concave facing
towards the object side of the compact optical system.

According to the compact optical system of the present
disclosure, the compact optical system can include at least
one stop, such as an aperture stop, a glare stop or a field stop.
Said glare stop or said field stop is set for eliminating the
stray light and thereby improving the image quality thereof.

According to the present disclosure, an image capturing
unit is provided. The image capturing unit includes the
compact optical system according to the aforementioned
compact optical system of the present disclosure, and an
image sensor, wherein the image sensor is disposed on the
image side of the aforementioned compact optical system,
that is, the image sensor can be disposed on or near an image
surface of the aforementioned compact optical system. In
some embodiments, the image capturing unit can further
include a barrel member, a holding member or a combina-
tion thereof.

In FIG. 22, an image capturing device 10 may be installed
in, but not limited to, an electronic device including a
biometric system, such as a fingerprint recognition device
(FIG. 22) and a vein recognition device. The image captur-
ing device 10 can comprises a light source S located at one
side of the compact optical system. The figure of the
electronic device are only exemplary for showing the image
capturing device of present disclosure installing in an elec-
tronic device and is not limited thereto. In some embodi-
ments, the electronic device can further include, but not
limited to, a display unit, a control unit, a storage unit, a
random access memory unit (RAM), a read only memory
unit (ROM) or a combination thereof.

According to the compact optical system of the present
disclosure, the compact optical system is featured with good
capability in the correction of aberration and high image
quality, and can be applied to 3D (three-dimensional) image
capturing applications, in products such as digital cameras,
mobile devices, digital tablets, wearable devices, smart
televisions and other electronic imaging devices. Further-
more, the compact optical system is favorable for being
operated within a wavelength range of blue light spectrum,
red light spectrum or visible light spectrum. When the
compact optical system is operated within the wavelength
range of blue light spectrum (400 nm~500 nm), it is favor-
able for miniaturizing the compact optical system. When the
compact optical system is operated within the wavelength
range of red light spectrum (620 nm~750 nm), it is favorable
for reducing the interference with the human eyes so as to
enhance the degree of comfort. According to the above
description of the present disclosure, the following specific
embodiments are provided for further explanation.

1st Embodiment

FIG. 1A is a schematic view of an image capturing unit
according to the 1st embodiment of the present disclosure.
FIG. 1B is a partially enlarged schematic view of the image
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capturing unit in FIG. 1A. FIG. 2 shows spherical aberration
curves, astigmatic field curves and a distortion curve of the
image capturing unit according to the 1st embodiment. In
FIG. 1A and FIG. 1B, the image capturing unit includes the
compact optical system (its reference numeral is omitted) of
the present disclosure and an image sensor 160. The com-
pact optical system includes, in order from an object side to
an image side, a flat panel 140, a first lens element 110, an
aperture stop 100, a second lens element 120, a third lens
element 130 and an image surface 150, wherein the compact
optical system has a total of three lens elements (110-130)
with refractive power. The first lens element 110, the second
lens element 120 and the third lens element 130 are all
stationary relative to one another in a paraxial region
thereof.

The first lens element 110 with negative refractive power
has an object-side surface 111 being convex in a paraxial
region thereof and an image-side surface 112 being concave
in a paraxial region thereof. The first lens element 110 is
made of plastic material, and has the object-side surface 111
and the image-side surface 112 being both aspheric.

The second lens element 120 with positive refractive
power has an object-side surface 121 being convex in a
paraxial region thereof and an image-side surface 122 being
convex in a paraxial region thereof. The second lens element
120 is made of plastic material, and has the object-side
surface 121 and the image-side surface 122 being both
aspheric.

The third lens element 130 with positive refractive power
has an object-side surface 131 being convex in a paraxial
region thereof and an image-side surface 132 being convex
in a paraxial region thereof. The third lens element 130 is
made of plastic material, and has the object-side surface 131
and the image-side surface 132 being both aspheric. The
object-side surface 131 and the image-side surface 132 of
the third lens element 130 have at least one inflection point.

The flat panel 140 is made of glass and located between
an imaged object O and the first lens element 110, and will
not affect the focal length of the compact optical system. The
image sensor 160 is disposed on or near the image surface
150 of the compact optical system.

The equation of the aspheric surface profiles of the
aforementioned lens elements of the 1st embodiment is
expressed as follows:

X(Y) = (Y2 /R) /(1 +sqrt(l - (1 +)x (Y/R)?)) + Z(Ai)x (Y"),

where,

X is the relative distance between a point on the aspheric
surface spaced at a distance Y from an optical axis and the
tangential plane at the aspheric surface vertex on the optical
axis;

Y is the vertical distance from the point on the aspheric
surface to the optical axis;

R is the curvature radius;

k is the conic coefficient; and

Ai is the i-th aspheric coefficient, and in the embodiments,
i may be, but is not limited to, 4, 6, 8, 10, 12, 14 and 16.

In the compact optical system of the image capturing unit
according to the 1st embodiment, when a focal length of the
compact optical system is f, an f-number of the compact
optical system is Fno, and half of a maximal field of view of
the compact optical system is HFOV, these parameters have
the following values: f=0.14 millimeters (mm); Fno=2.20;
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and HFOV=84.5 degrees (deg.). The value of the aforemen-
tioned f-number (Fno) is obtained when the compact optical
system is focused on infinity.

When the f-number of the compact optical system is Fno,
the following condition is satisfied: FOV=169.0 degrees.

When an Abbe number of the first lens element 110 is V1,
an Abbe number of the second lens element 120 is V2, an
Abbe number of the third lens element 130 is V3, the
following condition is satisfied: V1+V2+V3=64.5.

When a refractive index of the first lens element 110 is
N1, a refractive index of the second lens element 120 is N2,
a refractive index of the third lens element 130 is N3, the
following condition is satisfied: N1+N2+N3=5.022.

When an axial distance between the first lens element 110
and the second lens element 120 is T12, a central thickness
of the first lens element 110 is CT1, the following condition
is satisfied: T12/CT1=1.84.

When a central thickness of the flat panel 140 is CTf, the
central thickness of the first lens element 110 is CT1, the
following condition is satisfied: CTf/CT1=1.25.

When a curvature radius of the object-side surface 131 of
the third lens element 130 is RS, a curvature radius of the
image-side surface 132 of the third lens element 130 is R6,
the following condition is satisfied: (R5+R6)/(R5-R6)=
0.21.

20
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When the axial distance between the imaged object O and
the image surface 150 is OTL, a sum of central thicknesses
of the first lens element 110, the second lens element 120 and
the third lens element 130 is 2CT, the following condition is
satisfied: OTL/ZCT=2.22.

When the axial distance between the imaged object O and
the image surface 150 is OTL, the maximum image height
of the compact optical system is ImgH, the following
condition is satisfied: OTL/ImgH=8.34.

When an axial distance between the object-side surface
111 of the first lens element 110 and the image-side surface
132 of the third lens element 130 is TD, the focal length of
the compact optical system is f, the following condition is
satisfied: TD/f=22.91.

When an axial distance between the stop 100 and the
object-side surface 121 of the second lens element 120 is
Dsr3, an axial distance between the stop 100 and the

object-side surface 131 of the third lens element 130 is Dsr5,
the following condition is satisfied: |Dsr3/Dsr51=0.04.

The detailed optical data of the 1st embodiment are shown
in Table 1 and the aspheric surface data are shown in Table
2 below.

TABLE 1

1st Embodiment
f=0.14 mm, Fno = 2.20, HFOV = 84.5 deg.

Focal
Surface # Curvature Radius Thickness Material Index Abbe# Length
0 Object Plano 0.000
1 Flat Panel Plano 0.737  Glass 1.523  64.2 —
2 Plano 0.143
3 Lensl 42472 (ASP)  0.589 Plastic  1.674 215  -0.50
4 0331 (ASP)  1.039
5 Ape. Stop Plano 0.046
6  Lens2 0703 (ASP) 0907 Plastic 1.674 21.5 0.97
7 -4342  (ASP)  0.201
8  Lens3 0487 (ASP) 0411 Plastic 1.674 215 0.36
9 -0315 (ASP)  0.164
10 Image Plano —
Note:
Reference wavelength is 480 nm.
45

When the focal length of the compact optical system is f, TABLE 2
a focal length of the first lens element 110 is f1, a focal
length of the second lens element 120 is 2, a focal length of Aspheric Coefficients
the. third lens element 130 is {3, the following condition is Surface # 3 4 6
satisfied: |¥/f11+If/£21+1/£31=0.81. 50

When the focal length of the compact optical system is f, k= -9.9987E-01  -5.1522E-01 8.1551E-01
a maximum image height of the compact optical system is Ad = 2.3345E-02 7.3633E+00 7.8826E-32

g€ height ol the compact op Yy A6 = 43784B-02  -2.1253B+01 2.6020E-63
ImgH, the following condition is satisfied: f/ImgH:0.27. A8 = _4.8657E-02  1.3223E+02 _

When the focal length of the compact optical system is f, AL0 = 2.2663E-02  —7.0557E+02 —

an entrance pupil diameter of the compact optical system is 53 Al2= -5.2380E-03  6.0711E+03 —
EPD, the following condition is satisfied: f/EPD=2.20, Al4d = 4.8720E-04  -3.2973E+04 —
wherein the value of the aforementioned entrance pupil AL6 = ~1.3106E-07  6.4174T+04 —
dlameter (EPD) is .obta}ned when the compact optical sys- Surface # . 8 o
tem is focused on infinity.

When an axial distance between the imaged object O and 60 k= ~1.1768E+01  -9.6555E+00 ~1.4512E+00
the object-side surface 111 of the first lens element 110 is Ad = -1.6706E+01  -9.8058E+00 4.8582E+00
OL, an axial distance between the object-side surface 111 of Ab = 2.8312E+02  14240E+02 3.9655E+00
the first lens element 110 and the image surface 150 is TL, A8 = “2.5732E+03 - -8.3240E+02 ~3.7622E+01

. s . ; N Al0 = 1.1960E+04  2.1542E+03 —
the following .COIld.ltIOIl is satisfied: OI.J/TLfO.26.. AL2 = Z2.0337E404  —2.5845E+03 -

When an axial distance between the imaged object O and 65 Ald = _ 1.1841FE+03 _

the image surface 150 is OTL, the following condition is
satisfied: OTL=4.24 mm.
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In Table 1, the curvature radius, the thickness and the
focal length are shown in millimeters (mm). Surface num-
bers 0-10 represent the surfaces sequentially arranged from
the object-side to the image-side along the optical axis. In
Table 2, k represents the conic coeflicient of the equation of
the aspheric surface profiles. A4-16 represent the aspheric
coeflicients ranging from the 4th order to the 16th order. The
tables presented below for each embodiment are the corre-
sponding schematic parameter and aberration curves, and

5
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The third lens element 230 with positive refractive power
has an object-side surface 231 being convex in a paraxial
region thereof and an image-side surface 232 being convex
in a paraxial region thereof. The third lens element 230 is
made of plastic material, and has the object-side surface 231
and the image-side surface 232 being both aspheric. The
object-side surface 231 and the image-side surface 232 of
the third lens element 230 have at least one inflection point.

the definitions of the tables are the same as Table 1 and Table 10
2 of the .lst embodlmer.lt. Therefore, an explanation in this The flat panel 240 is made of glass and located between
regard will not be provided again. an imaged object O and the first lens element 210, and will
20d Embodiment pot affect the focal .length of'the compact OptICZ.ll system. The
|5 image sensor 260 is disposed on or near the image surface
FIG. 3A is a schematic view of an image capturing unit 250 of the compact optical system.
according to the 2nd embodiment of the present disclosure. The detailed optical data of the 2nd embodiment are
FIG. 3B is a partially enlarged schematic view of the image shown in Table 3 and the aspheric surface data are shown in
capturing unit in FIG. 3A. FIG. 4 shows spherical aberration Table 4 below.
TABLE 3
2nd Embodiment
f=0.10 mm, Fno = 2.10, HFOV = 82.4 deg.
Focal
Surface # Curvature Radius Thickness Material Index Abbe# Length
0 Object Plano 0.000
1 Flat Panel Plano 0.550  Glass 1.523  64.2 —
2 Plano 0.050
3 Lens ! 31.696 (ASP) 0475 Plastic  1.661 233  -037
4 0244 (ASP)  0.775
5 Ape. Stop Plano 0.010
6 Lens2 0.644 (ASP)  0.590 Plastic  1.661 23.3 0.60
7 -0.666 (ASP)  0.081
8  Lens3 0485 (ASP) 0324 Plasic 1674 21.5 0.32
9 -0.289 (ASP)  0.133
10 Image Plano —
Note:
Reference wavelength is 480 nm.
curves, astigmatic field curves and a distortion curve of the 4 TABLE 4
image capturing unit according to the 2nd embodiment. In
FIG. 3A and FIG. 3B, the image capturing unit includes the Aspheric Coefficients
compact optical system (its reference numeral is omitted) of Surface # 3 4 6
the present disclosure and an image sensor 260. The com-
: : : : : k= -9.9987E-01  -5.1522E-01 3.7355E-01
pac.t optlca1 system includes, in order from an object side to 45 o IR0l 18634Re01 | 8986E_31
an image side, a flat panel 240, a first lens element 210, an A6 = _1.5024E-01  -9.5138F+01 1.1212E-62
aperture stop 200, a second lens element 220, a third lens A8 = 6.9193E-02  1.0756E+03 —
element 230 and an image surface 250, wherein the compact AlD = -LO759E-02  -1.0428E+04 -
. Al2 = -3.8825E-03  1.6303E+05 —
optical system has a total of three lens elements (210-230) Ald = 1.7994E-03  —1.6088E+06 _
with refractive power. The first lens element 210, the second >° Al6 = -2.0157E-04  5.6892E+06 —
lens element 220 and the third lens element 230 are all
. . . . . Surface # 7 8 9
stationary relative to one another in a paraxial region
thereof. k= -4.7025E-01  -5.4711E+01 ~7.1549E-01
The first lens element 210 with negative refractive power Ad = -2.2916E+01  -3.1050E+00 1.2747E+01
h biect-side surface 211 bei . il > A6 = 4.8764E+02  4.4635E+01 -3.4918E+01
as an opject-side surlace ~11 being CONvex in a paraxia A8 = —4.9292E+03  2.7280E+02 5.2167E+01
region thereof and an image-side surface 212 being concave Al0 = 2.6991E+04  -7.8370E+03 —
in a paraxial region thereof. The first lens element 210 is Al2 = -5.8653E+04  4.8880E+04 —
made of plastic material, and has the object-side surface 211 Ald = _ ~1.0511E+05 _
and the image-side surface 212 being both aspheric. 60
The second lens element 220 with positive refractive In the 2nd embodiment, the equation of the aspheric
power has an object-side surface 221 being convex in a surface profiles of the aforementioned lens elements is the
paraxial region thereof and an image-side surface 222 being same as the equation of the 1st embodiment. Also, the
convex in a paraxial region thereof. The second lens element definitions of these parameters shown in the following table
220 is made of plastic material, and has the object-side ¢5 are the same as those stated in the 1st embodiment with

surface 221 and the image-side surface 222 being both
aspheric.

corresponding values for the 2nd embodiment, so an expla-
nation in this regard will not be provided again.
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Moreover, these parameters can be calculated from Table
3 and Table 4 as the following values and satisfy the
following conditions:

2nd Embodiment

f [mm] 0.10 DAL + [£/£2] + |D/E3] 0.74
Fno 2.10 fImgH 0.19
HFOV [deg.] 82.4 f/EPD 2.10
FOV [deg.] 164.8 OL/TL 0.25
V1+V2+V3 68.1 OTL [mm] 2.99
N1 + N2 + N3 4997 OTL/ECT 215
T12/CT1 1.65 OTL/ImgH 5.81
CTf/CT1 1.16 TD/f 2261
(RS + R6)/(RS - R6) 0.25 IDst3/Dsr5| 0.01

3rd Embodiment

FIG. 5A is a schematic view of an image capturing unit
according to the 3rd embodiment of the present disclosure.

10
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320 is made of plastic material, and has the object-side
surface 321 and the image-side surface 322 being both
aspheric.

The third lens element 330 with positive refractive power
has an object-side surface 331 being convex in a paraxial
region thereof and an image-side surface 332 being convex
in a paraxial region thereof. The third lens element 330 is
made of plastic material, and has the object-side surface 331
and the image-side surface 332 being both aspheric. The
object-side surface 331 and the image-side surface 332 of
the third lens element 330 have at least one inflection point.

The flat panel 340 is made of glass and located between
an imaged object O and the first lens element 310, and will
not affect the focal length of the compact optical system. The
image sensor 360 is disposed on or near the image surface
350 of the compact optical system.

The detailed optical data of the 3rd embodiment are
shown in Table 5 and the aspheric surface data are shown in
Table 6 below.

TABLE 5

3rd Embodiment
f=0.14 mm, Fno = 2.00, HFOV = 74.3 deg.

Focal

Surface # Curvature Radius Thickness Material Index Abbe# Length

0 Object Plano 0.000
1 Flat Panel Plano 0.737  Glass 1.523 64.2 —
2 Plano 0.505
3 Lems1 42472 (ASP)  0.200 Plastic  1.674 21.5  -0.47
4 0311 (ASP)  1.039
5 Ape. Stop Plano 0.135
6  Lens2 1397 (ASP)  0.508 Plastic  1.661  23.3 0.96
7 -0992 (ASP)  0.072
8  Lens3 0.629 (ASP) 0709 Plastic 1.674 21.5 0.60
9 -0.625 (ASP)  0.174
10 Image Plano —
Note:
Reference wavelength is 480 nm.
40
FIG. 5B is a partially enlarged schematic view of the image TABLE 6
capturing unit in FIG. 5A. FIG. 6 shows spherical aberration
curves, astigmatic field curves and a distortion curve of the Aspheric Coefficients
image capturing unit according to the 3rd embodiment. In 45 Surface # 3 4 6
FIG. 5A and FIG. 5B, the image capturing unit includes the
. . . . k= -9.9987E-01  -5.1522E-01 -9.0865E+00
compact optlgal system (its reff:rence numeral is omitted) of A L 61ROR.100 2 0055T400 7 4826T. 32
the present disclosure and an image sensor 360. The com- A6 = _27423F+00  —2.3142F+01 1.0758F—59
pact optical system includes, in order from an object side to A8 = 2.5003E+00  1.4814E+02 —
an image side, a flat panel 340, a first lens element 310, an 5, AlD = —9.2504E-01  -8.1321E+02 -

. Al2 = -2.2419E-01  7.1988E+03 —
aperture stop 300, a second lens element 320, a third lens Ald = 3.0513E<01  —4.0224F+04 _
element 330 and an image surface 350, wherein the compact Al6 = ~7.2247E-02  8.0542E+04 —
optical system has a total of three lens elements (310-330) Srfae 7 . 2 5

. . uriace
with refractive power. The first lens element 310, the second
lens element 320 and the third lens element 330 are all 55 k- -5.6437E~01  -4.0679E+00 ~3.2004E-01
stationary relative to one another in a paraxial region Ad = -1.5072E+00  -3.3687E-01 2.2964E+00
thereof A6 = 2.7810E+00 1.0720E+00 -5.8735E+00
) . . . A8 = 4.8165E+00  —-8.6659E+00 8.0988E+00
The ﬁrs.t lens.element 310 with negative refrgctlve power ALO = Z3.1535E401  —4.4549E400 L
has an object-side surface 311 being convex in a paraxial Al2 = 4.3669E+01 6.7302FE+01 _
region thereof and an image-side surface 312 being concave 60 Al4 = — ~7.0683E+01 —

in a paraxial region thereof. The first lens element 310 is
made of plastic material, and has the object-side surface 311
and the image-side surface 312 being both aspheric.

The second lens element 320 with positive refractive
power has an object-side surface 321 being convex in a
paraxial region thereof and an image-side surface 322 being
convex in a paraxial region thereof. The second lens element

In the 3rd embodiment, the equation of the aspheric
surface profiles of the aforementioned lens elements is the
same as the equation of the 1st embodiment. Also, the
definitions of these parameters shown in the following table
are the same as those stated in the 1st embodiment with
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corresponding values for the 3rd embodiment, so an expla-
nation in this regard will not be provided again.

Moreover, these parameters can be calculated from Table
5 and Table 6 as the following values and satisfy the
following conditions:

3rd Embodiment

16

convex in a paraxial region thereof. The second lens element
420 is made of plastic material, and has the object-side
surface 421 and the image-side surface 422 being both
aspheric.

The third lens element 430 with positive refractive power
has an object-side surface 431 being convex in a paraxial
region thereof and an image-side surface 432 being convex

f [mm] 0.14 1L+ 92 + 1§13 0.70 in a paraxial region thereof. The third lens element 430 is
10 . . . .

Fno 200 fmgH 0.26 made of plastic material, and has the object-side surface 431

HFOV [deg.] 74.3 f/EPD 2.00 : ) ) ]

FOV [deg.] 148.6 OL/TL 0.44 and the image-side surface 432 being both aspheric. The

V1+V2+V3 66.3 OTL [mm] 4.08 . . . .

NI+ N2 + N3 5010 OTL/ASCT fpon object-side surface 431 and the image-side surface 432 of

T12/CT1 587  OTL/AmgH 7.45 the third lens element 430 have at least one inflection point.

CTf/CT1 3.69  TD/f 18.43 15 ]

(R5 + R6)/(R5 - R6) 0.003  |Dsr3/Dst3l 0.19 The flat panel 440 is made of glass and located between
an imaged object O and the first lens element 410, and will
not affect the focal length of the compact optical system. The

4th Embodiment image sensor 460 is disposed on or near the image surface
5o 450 of the compact optical system.

FIG. 7A is a schematic view of an image capturing unit The detailed optical data of the 4th embodiment are
according to the 4th embodiment of the present disclosure. shown in Table 7 and the aspheric surface data are shown in
FIG. 7B is a partially enlarged schematic view of the image Table 8 below.

TABLE 7
4th Embodiment
f=0.11 mm, Fno = 2.00, HFOV = 75.5 deg.
Focal
Surface # Curvature Radius Thickness Material Index Abbe# Length
0 Object Plano 0.000
1 Flat Panel Plano 0.550  Glass 1.523  64.2 —
2 Plano 0.361
3 Lensl 31.696 (ASP)  0.200 plastic  1.674 215 -0.34
4 0230 (ASP)  0.775
5 Ape. Stop Plano 0.047
6  Lens2 1182 (ASP) 0316 Plastic  1.661 233 0.59
7 -0.523  (ASP)  0.098
8  Lens3 0701 (ASP) 0431 Plastic 1.674 215 0.47
9 -0434 (ASP)  0.173
10 Image Plano —
Note:
Reference wavelength is 480 nm.

capturing unit in FIG. 7A. FIG. 8 shows spherical aberration TABLE 8

curves, astigmatic field curves and a distortion curve of the 45

image capturing unit according to the 4th embodiment. In Aspheric Coefficients

FIG. 7A and FIG. 7B, the image capturing unit includes the

compact optical system (its reference numeral is omitted) of Surface #

the present disclosure and an image sensor 460. The com- 5 4 s

pact optical system includes, in order from an object side to 50

an image side, a flat panel 440, a first lens element 410, an ko ~9.0987E-01 _5.1522F-01 7. 6822F400

aperture stop 400, a second lens element 420, a third lens Ad = 3.0712E+00 1.9262E401 1.8966E-31

element 430 and an image surface 450, wherein the compact A6 = ~7.8509E+00 ~9.9985E+01 4.3187E-59
optical system has a total of three lens elements (410-430) A8 = 1.0861E+01 1.1492E+03 —

with refractive power. The first lens element 410, the second 55 Al0 = ~4.7991E+00 -1.1328E+04 —

lens element 420 and the third lens element 430 are all Alz= =6.4306E+00 1.8006E~+05 -

stationary relative to one another in a paraxial region Ald = 9.43935E+00 ~1.8065E+06 -

Al6 = ~3.5569E+00 6.4953E+06 —
thereof.

The first lens element 410 with negative refractive power Surface #
has an object-side surface 411 being convex in a paraxial 60
region thereof and an image-side surface 412 being concave 7 3 9
in a paraxial region thereof. The first lens element 410 is
made of plastic material, and has the object-side surface 411 k= _9.1753E-01 _8.8837E4+00 _3.3096E-01
and the image-side surface 412 being both aspheric. A4 ~4.1660E+00 ~1.6434E+00 3.2705E+00

The second lens element 420 with positive refractive 65 A6 = 9.9102E+00 ~2.8362E+01 -1.6737E+01
power has an object-side surface 421 being convex in a A8 3.3776E+02 2.8018E+02 8.6517E+01

paraxial region thereof and an image-side surface 422 being
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TABLE 8-continued

Aspheric Coefficients

Al0 = -3.8793E+03 -1.1781E+03 —
Al2 = 1.3258E+04 2.6959E+03 —
Al4 = — —-2.8184E+03 —

In the 4th embodiment, the equation of the aspheric
surface profiles of the aforementioned lens elements is the

18

the second lens element 520 and the third lens element 530
are all stationary relative to one another in a paraxial region
thereof.

The first lens element 510 with negative refractive power
has an object-side surface 511 being convex in a paraxial
region thereof and an image-side surface 512 being concave
in a paraxial region thereof. The first lens element 510 is
made of plastic material, and has the object-side surface 511
and the image-side surface 512 being both aspheric.

same as the equation of the 1st embodiment. Also, the 10

definitions of these parameters shown in the following table The second lens element 520 with positive refractive
are the same as those stated in the 1st embodiment with power has an object-side surface 521 being convex in a
corresponding values for the 4th embodiment, so an expla- paraxial region thereof and an image-side surface 522 being
nation in this regard will not be provided again. convex in a paraxial region thereof. The second lens element

Moreover, these parameters can be calculated from Table 15 520 is made of plastic material, and has the object-side
7 and Table 8 as the following values and satisty the surface 521 and the image-side surface 522 being both
following conditions: aspheric.

The third lens element 530 with positive refractive power
4th Embodiment 2 has. an object-side surface 53.1 being convex in a paraxial
region thereof and an image-side surface 532 being convex
f [mm] 0.11 /Ll + |21 + 1/£3 0.75 in a paraxial region thereof. The third lens element 530 is
EHFOOV 4 7?'20 gg;gDH g'éé made of plastic material, and has the object-side surface 531
FOV [d[ege_ ig'] 1510 OL/TL 0.45 anq the.image-side surface 532. being both aspheric. The
V1I+V2+V3 66.3 OTL [mm] 2.95 25 object-side surface 531 of the third lens element 530 has at
NI + N2+ N3 5.010 OTL/ZCT 3.12 least one inflection point.
T12/CT1 411  OTL/ImgH 6.01 .
CTHCTL 275  TD/A 16.80 The flat panel 540 is made of glass and located between
(R5 + RO)/(R5 - R6) 0.23  Dsr3/Dsrsl 0.10 an imaged object O and the first lens element 510, and will
not affect the focal length of the compact optical system. The
30 . . .
. image sensor 560 is disposed on or near the image surface
5th Embodiment .
550 of the compact optical system.

FIG. 9A is a schematic view of an image capturing unit The detailed optical data of the 5th embodiment are
according to the 5th embodiment of the present disclosure. shown in Table 9 and the aspheric surface data are shown in
FIG. 9B is a partially enlarged schematic view of the image Table 10 below.

TABLE 9
5th Embodiment
f=0.14 mm, Fno = 2.00, HFOV = 73.4 deg.
Focal
Surface # Curvature Radius Thickness Material Index Abbe# Length
0 Object Plano 0.000
1 Flat Panel Plano 0.737  Glass 1.523  64.2 —
2 Plano 0.552
3 Lensl 42472 (ASP)  0.249 Plastic  1.674 215 -0.47
4 0311 (ASP)  1.039
5 Ape. Stop Plano 0.147
6  Lens2 1381 (ASP) 0502 Plastic  1.661 233 0.99
7 -1.057 (ASP)  0.059
8  Lens3 0.604 (ASP)  0.615 Plastic 1.674 21.5 0.57
9 -0.624 (ASP)  0.207
10 Image Plano —
Note:
Reference wavelength is 480 nm.
55
capturing unit in FIG. 9A. FIG. 10 shows spherical aberra- TABLE 10
tion curves, astigmatic field curves and a distortion curve of
the image capturing unit according to the Sth embodiment. Aspheric Coefficients
In FIG. 9A and FIG. 9B, the image capturing unit includes Surface #
the compact optical system (its reference numeral is omit- 60
ted) of the present disclosure and an image sensor 560. The 3 4 6
compact optical system includes, in order from an object
side to an image side, a flat panel 540, a first lens element - ~9.9987E-01 -3.1322E-01 ~1.O03SE+01
: Ad = 1.4034E+00 8.0055E+00 7.8826E-32
510, an aperture stop 500, a second lens element 520, a third A6 = 2 2020400 23142401 —6.6466E-60
lens element 530 and an image surface 550, wherein the 65 A8 = 1.8647E+00 1.4814F+02 _
compact optical system has a total of three lens elements Al0 = -6.2729E~01 -8.1321E+02 —

(510-530) with refractive power. The first lens element 510,
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TABLE 10-continued

Aspheric Coefficients

20

FIG. 11B is a partially enlarged schematic view of the image
capturing unit in FIG. 11A. FIG. 12 shows spherical aber-
ration curves, astigmatic field curves and a distortion curve
of the image capturing unit according to the 6th embodi-

ﬁ}ii _}:;ggg:g} _Z;:éggig:gi _ 5 ment. In FIG. 11A and FIG. 11B, the image capturing unit
Al6 = _4.4073F-02 8.0542F404 _ includes the compact optical system (its reference numeral
is omitted) of the present disclosure and an image sensor
Surface # 660. The compact optical system includes, in order from an
; < 0 object side to an image side, a flat panel 640, a first lens
10 element §10, an aperture stop 600, a sgcond lens element
= —6.9910E-01 —3.6343E+00 —3.0516E-01 620, a third lens element 630 and an mage surface 650,
Ad = ~1.3267E+00 -2.3442E-01 2.1915E+00 wherein the compact optical system has a total of three lens
Ab = 1.9601E+00 2.6443E-01 =3.2437E+00 elements (610-630) with refractive power. The first lens
i§1§0== _g:igig:gﬁ jg;ig:g? 6'77fE+00 element 610, the second.lens elemem 620 and the third !ens
Al2 = 4.7385E401 0.1454F+01 _ s element 630 are all stationary relative to one another in a
Al4 = — ~8.0498E+01 — paraxial region thereof.
The first lens element 610 with negative refractive power
In the 5th embodiment, the equation of the aspheric has. an object-side sul.'face 61.1 being convex iI.l a paraxial
. . region thereof and an image-side surface 612 being concave
surface profiles of the aforementioned lens elements is the . . . .
. . in a paraxial region thereof. The first lens element 610 is
same as the equation of the Ist embodiment. Also, the 20 . . . -
. . . made of plastic material, and has the object-side surface 611
definitions of these parameters .shown in the follqwmg tal?le and the image-side surface 612 being both aspheric.
are the same as those stated in the lSt. embodiment with The second lens element 620 with negative refractive
corresponding values for the 5th embodiment, so an expla-  power has an object-side surface 621 being convex in a
nation in this regard will not be provided again. paraxial region thereof and an image-side surface 622 being
Moreover, these parameters can be calculated from Table 2% copcave in a paraxial region thereof. The second lens
9 and Table 10 as the following values and satisfy the element 620 is made of plastic material, and has the object-
following conditions: side surface 621 and the image-side surface 622 being both
aspheric.
The third lens element 630 with positive refractive power
5th Embodiment % has an object-side surface 631 being convex in a paraxial
£ [mm] 014  If61] + 102 + [©53) 0.67 region thereof and an image-side surface 632 being convex
Fno 200  fImgH 0.28 in a paraxial region thereof. The third lens element 630 is
?gng[deg-] 112 -g g il/’]TDL é-gg made of plastic material, and has the object-side surface 631
Vie [\/ng v o3 OTL [m] all 35 anq the.lmage-mde surface 632. being both aspheric. The
N1+ N2 + N3 5010 OTL/SCT 301 object-side surface 631 of the third lens element 630 has at
T12/CT1 476  OTL/mgH 8.41 least one inflection point.
CTf/CT1 296  TDA 19.25 The flat panel 640 is made of glass and located between
(RS + RO)(RS - RO) -0.02 IDsr3/Dsr3| 0.21 an imaged object O and the first lens element 610, and will
2 not affect the focal length of the compact optical system. The
image sensor 660 is disposed on or near the image surface
6th Embodiment 650 of the compact optical system.
The detailed optical data of the 6th embodiment are
FIG. 11A is a schematic view of an image capturing unit shown in Table 11 and the aspheric surface data are shown
according to the 6th embodiment of the present disclosure. in Table 12 below.
TABLE 11
6th Embodiment
f = 0.10 mm, Fuo = 2.00, HFOV = 75.1 deg,
Focal
Surface # Curvature Radius Thickness Material Index Abbe# Length
0 Object Plano 0.000
1 Flat Panel Plano 0.737  Glass 1.523  64.2 —
2 Plano 0.507
3 Lens ! 42472 (ASP) 0230 Plastic 1717 200  -0.44
4 0311 (ASP)  1.039
5 Ape. Stop Plano 0.011
6 Lens2 1523 (ASP) 0369 Plastic 1.661 233  -2.24
7 0.679 (ASP)  0.020
8  Lens3 0233 (ASP)  0.508 Plasic 1.674 21.5 0.32
9 -0326 (ASP)  0.192
10 Image Plano —

Note:

Reference wavelength is 480 nm.
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TABLE 12

Aspheric Coefficients

22

7th Embodiment

FIG. 13A is a schematic view of an image capturing unit
according to the 7th embodiment of the present disclosure.

Surface # 5 FIG. 13B is a partially enlarged schematic view of the image
3 4 6 capturing unit in FIG. 13A. FIG. 14 shows spherical aber-
ration curves, astigmatic field curves and a distortion curve
k= —9.9987E-01 -5.1522E-01 ~7.0741E+01 of the image capturing unit according to the 7th embodi-
Ad = 1.3047E+00 8.0035E+00 7.8826E-32 ment. In FIG. 13A and FIG. 13B, the image capturing unit
A6 = ~2.0646E+00 ~2.3142E+01 ~6.3405E-61 : : .

AR = 170795400 L AR 14E+02 o 10 %nclud.es the compact optlcal. system (its referf:nce numeral
ALO = _6.3998E-01 _8.1321E4+02 _ is omitted) of the present disclosure and an image sensor
Al2 = -1.6732E-03 7.1988E+03 — 760. The compact optical system includes, in order from an
Al4 = 7.6570E-02 -4.0224E+04 — object side to an image side, a flat panel 740, a first lens
Al6 = -1.6643E-02 8.0542E+04 - element 710, an aperture stop 700, a second lens element
Surface # 720, a third lens element 730 and an image surface 750,
15 wherein the compact optical system has a total of three lens
7 8 9 elements (710-730) with refractive power. The first lens
element 710, the second lens element 720 and the third lens
" ‘;-igézgigi ‘?-giéé?gg ‘i-ééégglgi element 730 are all stationary relative to one another in a

A6 = 7.4251E402 11784401 ~47779E+401 paraxial region thereof. . . .
AS = _1.3347E404 4 5766F401 1.2667E+02 20 The first lens element 710 with negative refractive power
Al0 = 1.3063E+05 _1.9406E402 _ has an object-side surface 711 being convex in a paraxial
Al2 = -5.2744E+05 2.1210E+03 — region thereof and an image-side surface 712 being concave
Al4 = — -3.2702E+03 — in a paraxial region thereof. The first lens element 710 is
made of plastic material, and has the object-side surface 711

. . .25 and the image-side surface 712 being both aspheric.

In the 6th embodiment, the .equatlon of the aSPhem The second lens element 720 with positive refractive
surface profiles of t.he aforementioned len§ elements is the power has an object-side surface 721 being concave in a
same as the equation of the Ist embodiment. Also, the  paraxial region thereof and an image-side surface 722 being
definitions of these parameters shown in the following table  convex in a paraxial region thereof. The second lens element
are the same as those stated in the 1st embodiment with 30 720 is made of plastic material, and has the object-side
corresponding values for the 6th embodiment, so an expla- surface 721 and the image-side surface 722 being both
nation in this regard will not be provided again. aspheric.

Moreover, these parameters can be calculated from Table The third lens element 730 with positive refractive power
11 and Table 12 as the following values and satisfy the has. an object-side surface 73 1 being concave in. a paraxial
following conditions: 35 region ther.eof aqd an image-side surface 732 being convex

in a paraxial region thereof. The third lens element 730 is
made of plastic material, and has the object-side surface 731
6th Embodiment and the image-side surface 732 being both aspheric. The
object-side surface 731 of the third lens element 730 has at

f [mm] 010 P11 + [F/f2] + 1/£3] 0.59 40 least one inflection point.

EHFOOV [deg] 7?:?0 gg?,gDH %8 The flat panel 740 is made of glass and located between

FOV [deg] 150.1 OL/TL 0.52 an imaged object O and the first lens element 710, and will

V1+V2+V3 64.8 OTL [mm] 3.61 not affect the focal length of the compact optical system. The

NI + N2 + N3 5052 OTL/ZCT 3.26 image sensor 760 is disposed on or near the image surface

T12/CT1 456  OTL/ImgH 9.40 :

P 120 DI 2150 45 750 of the compact optical system.

(RS + R6)/(RS — R6) 017  |Dst3/Dst5 0.03 The detailed optical data of the 7th embodiment are
shown in Table 13 and the aspheric surface data are shown
in Table 14 below.

TABLE 13
7th Embodiment
f = 0.09 mm, Fuo = 2.40, HFOV = 80.5 deg.
Focal
Surface # Curvature Radius Thickness Material Index Abbe# Length
0 Object Plano 0.000
1 Flat Panel Plano 0.500  Glass 1.523  64.2 —
2 Plano 0.398
3 Lens! 15000 (ASP) 0300 Plastic 1.674 21.5  -0.25
4 0162 (ASP)  0.393
5 Ape. Stop Plano 0.010
6  Lens2 -5418 (ASP) 0380 Plastic 1.674 214 0.46
7 -0301 (ASP)  0.050
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TABLE 13-continued

24

7th Embodiment
f=0.09 mm, Fno = 2.40, HFOV = 80.5 deg.

ration curves, astigmatic field curves and a distortion curve
of the image capturing unit according to the 8th embodi-
ment. In FIG. 15A and FIG. 15B, the image capturing unit
includes the compact optical system (its reference numeral
is omitted) of the present disclosure and an image sensor
860. The compact optical system includes, in order from an
object side to an image side, a flat panel 840, a first lens
element 810, an aperture stop 800, a second lens element
820, a third lens element 830 and an image surface 850,
wherein the compact optical system has a total of three lens
elements (810-830) with refractive power. The first lens
element 810, the second lens element 820 and the third lens
element 830 are all stationary relative to one another in a
paraxial region thereof.

The first lens element 810 with negative refractive power
has an object-side surface 811 being concave in a paraxial
region thereof and an image-side surface 812 being concave
in a paraxial region thereof. The first lens element 810 is
made of plastic material, and has the object-side surface 811
and the image-side surface 812 being both aspheric.

The second lens element 820 with positive refractive
power has an object-side surface 821 being convex in a
paraxial region thereof and an image-side surface 822 being
convex in a paraxial region thereof. The second lens element
820 is made of plastic material, and has the object-side
surface 821 and the image-side surface 822 being both

The third lens element 830 with positive refractive power
has an object-side surface 831 being convex in a paraxial
region thereof and an image-side surface 832 being concave
in a paraxial region thereof. The third lens element 830 is
made of plastic material, and has the object-side surface 831
and the image-side surface 832 being both aspheric. The
object-side surface 831 and the image-side surface 832 of
the third lens element 830 have at least one inflection point.

The flat panel 840 is made of glass and located between
an imaged object O and the first lens element 810, and will
not affect the focal length of the compact optical system. The
image sensor 860 is disposed on or near the image surface
850 of the compact optical system.

Focal
Surface # Curvature Radius Thickness Material Index Abbe# Length
8  Lens3 -1.337 (ASP) 0447 Plasic 1660 235  0.33
9 -0.215 (ASP) 0257
10 Image Plano —
Note:
Reference wavelength is 480 nm.
TABLE 14
15
Aspheric Coefficients
Surface #
3 4 6
20
- ~1.0000E+00 -5.1522E-01 -3.2825E-14
Ad = -2.0759E-01 ~1.0338E+01 4.5040E+00
A6 = 1.9664E+00 5.9030E+02 —
A8 = ~3.2004E+00 ~6.4492E+04 —
Al0 = 2.4242E+00 1.5168E+06 —
Al2 = ~6.8958E-01 ~9.9874E+06 —
Al4 = 4.4762B-03 — — 23
Surface #
7 8 9
- ~1.4160E+00 ~9.0000E+01 ~7.3530E-01 30
Ad = ~4.3664E+00 2.7081E+00 1.8200E+01
A6 = 6.8533E+01 ~1.1956E+01 -8.9143E+01
A8 = ~1.4923E+03 1.1073E+01 5.8239E+02
Al0 = 1.5227E+04 ~1.0257E+01 -1.0583E+03
35

In the 7th embodiment, the equation of the aspheric
surface profiles of the aforementioned lens elements is the
same as the equation of the 1st embodiment. Also, the
definitions of these parameters shown in the following table 2
are the same as those stated in the 1st embodiment with
corresponding values for the 7th embodiment, so an expla-
nation in this regard will not be provided again.

Moreover, these parameters can be calculated from Table 45
13 and Table 14 as the following values and satisfy the
following conditions: aspheric.

7th Embodiment

50
f [mm] 0.09 P11 + [F/f2] + 1113 0.84
Fno 240  fImgH 0.24
HFOV [deg.] 80.5 f/EPD 2.40
FOV [deg.] 160.9 OL/TL 0.49
V1+V2+V3 66.4 OTL [mm] 2.74
N1+ N2+ N3 5.009 OTL/ECT 2.43 55
T12/CT1 134 OTL/ImgH 7.25
CTf/CT1 1.67  TD/ 17.30
(RS + R6)/(RS - R6) 138 IDsr3/Dsr 0.02

60

8th Embodiment

FIG. 15A is a schematic view of an image capturing unit

according to the 8th embodiment of the present disclosure. 65

FIG. 15B is a partially enlarged schematic view of the image
capturing unit in FIG. 15A. FIG. 16 shows spherical aber-

The detailed optical data of the 8th embodiment are
shown in Table 15 and the aspheric surface data are shown
in Table 16 below.
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TABLE 15

26

8th Embodiment
f=0.21 mm, Fno = 2.40, HFOV = 74.3 deg.

Focal
Surface # Curvature Radius Thickness Material Index Abbe# Length
0 Object Plano 0.000
1 Flat Panel Plano 0.500 Glass 1.523 64.2 —
2 Plano 0.708
3 Lens ! -8835 (ASP)  0.200 Plastic 1.660 235  -049
4 0338 (ASP) 0429
5 Ape. Stop Plano 0.022
6  Lens2 1428 (ASP) 0515 Plastic  1.598  30.2 0.50
7 -0324 (ASP)  0.020
8  Lens3 0589 (ASP) 0211 Plasic  1.660 23.5 1.62
9 1126 (ASP)  0.355
10 Image Plano —
Note:
Reference wavelength is 480 nm.
TABLE 16 20 9th Embodiment
Aspheric Coefficients FIG. 17A is a schematic view of an image capturing unit
Surface # according to the 9th embodiment of the present disclosure.
FIG. 17B is a partially enlarged schematic view of the image
3 4 6 25 capturing unit in FIG. 17A. FIG. 18 shows spherical aber-
ration curves, astigmatic field curves and a distortion curve
= —9.9992E-01 -35.1522E-01 L7181E+01 of the image capturing unit according to the 9th embodi-
Ad = 1.1491E+01 3.6278E+01 ~1.6594E+00 ment. In FIG. 17A and FIG. 17B, the image capturing unit
A6 = ~7.3638E+01 ~3.0095E+02 ~7.3073E+00 ineludes th ¢ optical svst its rof 1
AR = 2 8193E402 4 0905E403 - includes the compact optical system (its reference numera
A10 = _3.8213F4+02 1.6377E+04 _ 30 is omitted) of the present disclosure and an image sensor
Al2 = -9.1428E+02 ~7.4275E+05 — 960. The compact optical system includes, in order from an
Al4 = 3.7522E+03 4.2082E+06 — object side to an image side, a flat panel 940, a first lens
Al6 = -3.3581E+03 ~6.7616E+06 - element 910, an aperture stop 900, a second lens element
S 920, a third lens element 930 and an image surface 950,
urface # . .
45 Wherein the compact optical system has a total of three lens
7 8 9 elements (910-930) with refractive power. The first lens
element 910, the second lens element 920 and the third lens
= ~6.7877E-01 4.3772E-01 3.0043E+00 element 930 are all stationary relative to one another in a
A4 = 1.9698E-01 ~2.2897E+00 ~5.3307E+00 paraxial region thereof.
A6 = -1.7633E+01 ~2.8553E+01 -4.1074E-01 . . .
AS = 7. 0664E+01 390165402 3.9946E402 0 The ﬁrs.t lens. element 910 with negative refrgctlve power
Al0 = 2.6099E+03 ~1.5627E+03 —2.6874F+03 has an object-side surface 911 being concave in a paraxial
Al2 = ~1.0959E+04 2.5641E+03 6.9987E+03 region thereof and an image-side surface 912 being concave
Al4 = — ~3.3699E+03 -6.5280E+03 in a paraxial region thereof. The first lens element 910 is
made of plastic material, and has the object-side surface 911
. . . and the image-side surface 912 being both aspheric.

In the 8th embodiment, the equation of the asphenc 45 The second lens element 920 with positive refractive
surface profiles of the aforementioned lens elements is the power has an object-side surface 921 being convex in a
same as the equation of the 1st embodiment. Also, the paraxial region thereof and an image-side surface 922 being
definitions of these parameters shown in the following table convex in a paraxial region thereof. The second lens element
are the same as those stated in the Ist embodiment with 920 is made of plastic material, and has the object-side
corresponding values for the 8th embodiment, so an expla- 50 surface 921 and the image-side surface 922 being both
nation in this regard will not be provided again. aspheric.

Moreover, these parameters can be calculated from Table b The th{)r,d len§ delem;:;lt 9390 3\;]151 posiive refr active pow.ei
15 and Table 16 as the following values and satisfy the as an object-side surface 931 being convex i a paraxia

. L region thereof and an image-side surface 932 being convex
following conditions: . . . . .
55 in a paraxial region thereof. The third lens element 930 is
made of plastic material, and has the object-side surface 931
8th Embodiment and the image-side surface 932 being both aspheric. The
object-side surface 931 and the image-side surface 932 of
f [mm] 0.21 g/ﬂ‘ + 17821 + 19131 1.00 the third lens element 930 have at least one inflection point.
EHFOOV [deg] 7i'§0 ﬂg?,gDH g'ig 60  The flat panel 940 is made of glass and located between
FOV [deg] 148.6 OL/TL 0.69 an imaged object O and the first lens element 910, and will
V1+V2+V3 71.2 OTL [mm] 2.96 not affect the focal length of the compact optical system. The
NI + N2 + N3 4919 OTL/ZCT 3.20 image sensor 960 is disposed on or near the image surface
T12/CT1 226  OTL/ImgH 4.05 950 of th ical
CTHCTI 550 TD/f 657 of the cpmpact .optlca system. )
(RS + R6)/(RS — R6) -3.19  |Dst3/Dsrs| 0.04 65  The detailed optical data of the 9th embodiment are

shown in Table 17 and the aspheric surface data are shown
in Table 18 below.
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TABLE 17

28

9th Embodiment
f=0.15 mm, Fno = 1.60, HFOV = 79.3 deg.

Focal
Surface # Curvature Radius Thickness Material Index Abbe# Length
0 Object Plano 0.000
1 Flat Panel Plano 0.500  Glass 1.523  64.2 —
2 Plano 0.739
3 Lens ! -16.036 (ASP) 0200 Plastic 1674 21.5 -042
4 0.287 (ASP) 0473
5 Ape. Stop Plano 0.025
6  Lens2 1.260 (ASP) 0386 Plastic  1.598 30.2 0.85
7 -0.750 (ASP)  0.075
8  Lens3 0493 (ASP) 0317 Plastic  1.674 215 0.41
9 -0.458 (ASP)  0.267
10 Image Plano —
Note:
Reference wavelength is 480 nm.
TABLE 18 20 10th Embodiment
Aspheric Coefficients FIG. 19A is a schematic view of an image capturing unit
Surface # according to the 10th embodiment of the present disclosure.
FIG. 19B is a partially enlarged schematic view of the image
3 4 6 25 capturing unit in FIG. 19A. FIG. 20 shows spherical aber-
ration curves, astigmatic field curves and a distortion curve
= —9.9986E-01 -5.1522E-01 3.4814E+00 of the image capturing unit according to the 10th embodi-
Ad = 2.1555E+00 6.0675E+00 ~7.2076E-01 ment. In FIG. 19A and FIG. 19B, the image capturing unit
A6 = ~5.5319E+00 ~1.5280E+01 — . . .
AS = 8.5214E+00 6.3044E4+01 _ includes the compact optical system (its reference numeral
AL0 = ~5.9901E+00 7.6621E+01 — 30 is omitted) of the present disclosure and an image sensor
Al2 = 6.2520E-01 -1.0549E+03 — 1060. The compact optical system includes, in order from an
i}gf _i'égggfg? _é'é}tgigigg _ object side to an image side, a flat panel 1040, a first lens
_ : : element 1010, an aperture stop 1000, a second lens element
Surface # 1020, a third lens element 1030 and an image surface 1050,
35 wherein the compact optical system has a total of three lens
7 8 o elements (1010-1030) with refractive power. The first lens
_ 1L A44TE+00 ~3.7783F-01 2 5927E-01 element 1010, the second lens element 1020 and the third
Ad = -9.9434E+00 ~1.0543E+01 5.0921E+00 lens element 1030 are all stationary relative to one another
Ab = 4.9153E+01 9.6135E+01 -3.2901E+01 in a paraxial region thereof.
A8 = 2.7144E+00 ~1.0514E+03 1.3855E+02 40 The first lens element 1010 with negative refractive power
Al0 = -3.7730E+02 6.2546E+03 — h bi d face 1011 bei : ial
AL2 = 500955402 _1.6837E4+04 _ as an object-side surface  being convex in a paraxia
Ald = _ 1.6440E+04 _ region thereof and an image-side surface 1012 being con-
cave in a paraxial region thereof. The first lens element 1010
) ) ) is made of plastic material, and has the object-side surface
In the 9th embodiment, the equation of the aspheric 45 1011 and the image-side surface 1012 being both aspheric.
surface profiles of the aforementioned lens elements is the The second lens element 1020 with positive refractive
same as the equation of the 1st embodiment. Also, the power has an object-side surface 1021 being flat in a paraxial
definitions of these parameters shown in the following table region thereof and an image-side surface 1022 being convex
are the same as those stated in the 1st embodiment with in a paraxial region thereof The second lens element 1020 is
corresponding values for the 9th embodiment, so an expla- 50 made of plastic material, and has the object-side surface
nation in this regard will not be provided again. 1021 and the image-side surface 1022 being both aspheric.
Moreover, these parameters can be calculated from Table The ﬁhlrd lerés. elel?fm 1230 ;V(;t;i EO,vae refrac.tlve
17 and Table 18 as the following values and satisfy the power has an object-side surface CINg convex in a
. L paraxial region thereof and an image-side surface 1032
following conditions: . . . . .
55 being convex in a paraxial region thereof. The third lens
element 1030 is made of plastic material, and has the
oth Embodiment object-side surface 1031 and the image-side surface 1032
being both aspheric. The image-side surface 1032 of the
f [mm] 0.15 LI+ IF£2] + /63 0.92 third lens element 1030 has at least one inflection point.
EHFOOV [deg] 7;20 gg?,gDH ?'éé 60 The flat panel 1040 is made of glass and located between
FOV [deg.] 1587  OL/TL 071 an imaged object O and the first lens element 1010, and will
V1+V2+V3 73.2 OTL [mm] 2.98 not affect the focal length of the compact optical system. The
NI + N2 + N3 4.947  OTL/ZCT 3.30 image sensor 1060 is disposed on or near the image surface
T12/CT1 249  OTL/ImgH 4.39 -
P Y50 TDIE 070 1050 of the compact optical system.
(RS + RE)/(RS - R6) 004  Dsr3/Dsts| 0.05 65  The detailed optical data of the 10th embodiment are

shown in Table 19 and the aspheric surface data are shown
in Table 20 below.
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TABLE 19

30

10th Embodiment

f=0.12 mm, Fno = 2.40, HFOV = 76.4 deg.

Focal
Surface # Curvature Radius Thickness Material Index Abbe# Length
0 Object Plano 0.000
1 Flat Panel Plano 0.500  Glass 1.523  64.2 —
2 Plano 0.661
3 Lensl 15000 (ASP) 0249 Plastic 1.674 21.5  -042
4 0276 (ASP)  0.558
5 Ape. Stop Plano 0.009
6 Lens 2 Plano 0.290  Plastic 1.660  23.5 0.80
7 -0.531 (ASP)  0.045
8  Lens3 1324 (ASP) 0434 Plastic  1.660 23.5 0.33
9 -0226 (ASP)  0.249
10 Image Plano —
Note:
Reference wavelength is 480 nm.
TABLE 20 20 the compact optical system has a total of three lens elements
with refractive power. In order to satisfy the requirements of
Aspheric Coefficients compact size and wide field of view when the imaged object
Surface # is extremely close to the compact optical system, the first
25 lens element has negative refractive power, and the third lens
3 4 7 element has positive refractive power. Therefore, it is favor-
- —1.0000E+00 _5.1522F-01 _1.0629F+01 able for providing the compact optical system with retrofo-
A4 = -5.5241E-01 8.2831E+00 -5.1546E+00 cus performance so as to reduce the chief ray angle of the
A6 = 3.0468F+00 —4.41695+02 1.8667E+02 compact optical system, thereby providing the compact
A8 = -4.6870E+00 5.1872E+03 -5.1532E+03 . . .
ALO = 337026400 5 3830E4+04 5.0028E4+04 3o optical system with enhanced telecentric performance. Fur-
Al2 = -9.5570E-01 3.7594E+04 — thermore, when specific conditions are satisfied, it is favor-
Al4 = 2.0562E-03 — able for collecting the light with large incident angle so as
to allow the compact optical system to capture a wide field
Surface # . . . . . .
of view and recognize an imaged object while the distance
8 9 35 between the imaged object and the compact optical system
is extremely close. Moreover, it is favorable for reducing a
= —4.3453E+01 ~7.3057E-01 required distance for imaging capturing between the imaged
Ad = 5.7245E+00 1.5752E+01 : :
A6 = —27525E401 _1.6147E401 object and the compact optical system so as to keep the
A8 = 3.7878E+01 -1.6867E+02 compact optical system compact.
Al = -2.6500E+01 1.3324E+03 40  The foregoing description, for the purpose of explanation,

In the 10th embodiment, the equation of the aspheric
surface profiles of the aforementioned lens elements is the
same as the equation of the 1st embodiment. Also, the
definitions of these parameters shown in the following table
are the same as those stated in the 1st embodiment with
corresponding values for the 10th embodiment, so an expla-
nation in this regard will not be provided again.

Moreover, these parameters can be calculated from Table
19 and Table 20 as the following values and satisfy the
following conditions:

10th Embodiment

45

50

f [mm] 0.12 LI + 1621 + /63 0.78 55
Fno 240  fImgH 0.34
HFOV [deg.] 76.4 f/EPD 2.40
FOV [deg.] 152.9 OL/TL 0.63
V1 +V2+V3 68.5 OTL [mm] 3.00
NI + N2 + N3 4995  OTL/ZCT 3.08
T12/CT1 228  OTL/mgH 8.61 60
CTf/CT1 201 TD/A 13.47
(R5 + R6)/(RS - R6) 0.71  IDsr3/Dst5l 0.03
The foregoing image capturing unit is able to be installed
in, but not limited to, an electronic device, including smart 65

phones, tablet personal computers, wearable apparatus and
driving assist devices. According to the present disclosure,

has been described with reference to specific embodiments.
It is to be noted that TABLES 1-20 show different data of the
different embodiments; however, the data of the different
embodiments are obtained from experiments. The embodi-
ments were chosen and described in order to best explain the
principles of the disclosure and its practical applications, to
thereby enable others skilled in the art to best utilize the
disclosure and various embodiments with various modifica-
tions as are suited to the particular use contemplated. The
embodiments depicted above and the appended drawings are
exemplary and are not intended to be exhaustive or to limit
the scope of the present disclosure to the precise forms
disclosed. Many modifications and variations are possible in
view of the above teachings.

What is claimed is:

[1. A compact optical system comprising, in order from an

object side to an image side:

a first lens element with negative refractive power having
an image-side surface being concave in a paraxial
region thereof;

a second lens element, wherein at least one of an object-
side surface and an image-side surface of the second
lens element is aspheric, and the second lens element is
made of plastic material; and

a third lens element having positive refractive power,
wherein at least one of an object-side surface and an
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image-side surface of the third lens element is aspheric,
and the third lens element is made of plastic material;

wherein the compact optical system has a total of three
lens elements, the compact optical system further com-
prises an aperture stop located between the first lens
element and the second lens element, the first lens
element, the second lens element and the third lens
element are all stationary relative to one another in a
paraxial region thereof;

wherein a focal length of the compact optical system is f,
a maximum image height of the compact optical system
is ImgH, an entrance pupil diameter of the compact
optical system is EPD, a refractive index of the first
lens element is N1, a refractive index of the second lens
element is N2, a refractive index of the third lens
element is N3, an axial distance between the aperture
stop and the object-side surface of the second lens
element is Dsr3, an axial distance between the aperture
stop and the object-side surface of the third lens ele-
ment is Dsr5, and the following conditions are satisfied:

f/ImgH<0.55;
F/EPD<2.60;
4.70<N1+N2+N3<5.50; and

0<|Ds13/Dsr51<0.50. ]

[2. The compact optical system of claim 1, wherein the
image-side surface of the third lens element is convex in a
paraxial region thereof']

[3. The compact optical system of claim 2, wherein the
second lens element has positive refractive power, and the
image-side surface of the second lens element is convex in
a paraxial region thereof]

[4. The compact optical system of claim 2, wherein a
curvature radius of the object-side surface of the third lens
element is RS, a curvature radius of the image-side surface
of the third lens element is R6, and the following condition
is satisfied:

~0.50<(R5+R6)/(R5-R6)<0.50. ]

[5. The compact optical system of claim 1, wherein at
least one of the object-side surface and the image-side
surface of the third lens element has at least one inflection
point, a curvature radius of the object-side surface of the
third lens element is RS, a curvature radius of the image-side
surface of the third lens element is R6, and the following
condition is satisfied:

(R5+R6)/(R5-R6)<0.90. ]

[6. The compact optical system of claim 1, wherein an
axial distance between an imaged object and an image
surface is OTL, and the following condition is satisfied:

OTL<8.0 millimeters (mm).]

[7. The compact optical system of claim 1, wherein the
focal length of the compact optical system is f, the maximum
image height of the compact optical system is ImgH, and the
following condition is satisfied:

fImgH<0.45. ]

[8. The compact optical system of claim 1, wherein an
Abbe number of the first lens element is V1, an Abbe
number of the second lens element is V2, an Abbe number
of the third lens element is V3, and the following condition
is satisfied:

V1+V2+V3<g0. ]
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[9. The compact optical system of claim 1, further com-
prising a flat panel, wherein the flat panel is located between
an imaged object and an object-side surface of the first lens
element.]

[10. An image capturing unit, comprising:

the compact optical system of claim 1; and

an image sensor, wherein the image sensor is disposed on
the image side of the compact optical system.]

[11. An electronic device comprising:

a biometric system, wherein the biometric system com-
prises the image capturing unit of claim 10.]

[12. A compact optical system comprising, in order from

an object side to an image side:

a first lens element with negative refractive power having
an image-side surface being concave in a paraxial
region thereof;

a second lens element, wherein at least one of an object-
side surface and an image-side surface of the second
lens element is aspheric, and the second lens element is
made of plastic material; and

a third lens element having positive refractive power,
wherein at least one of an object-side surface and an
image-side surface of the third lens element is aspheric,
and the third lens element is made of plastic material;

wherein the compact optical system has a total of three
lens elements, the compact optical system further com-
prises an aperture stop located between the first lens
element and the second lens element, the first lens
element, the second lens element and the third lens
element are all stationary relative to one another in a
paraxial region thereof;

wherein a focal length of the compact optical system is f,
a focal length of the first lens element is f1, a focal
length of the second lens element is 12, a focal length
of the third lens element is 3, a maximum image height
of the compact optical system is ImgH, a refractive
index of the first lens element is N1, a refractive index
of the second lens element is N2, a refractive index of
the third lens element is N3, an axial distance between
the aperture stop and the object-side surface of the
second lens element is Dsr3, an axial distance between
the aperture stop and the object-side surface of the third
lens element is Dsr5, an axial distance between an
imaged object and an image surface is OTL, a sum of
central thicknesses of the first lens element, the second
lens element and the third lens element is 2CT, and the
following conditions are satisfied:

0.5<IFf11+Iff21+10/131<1.1;
f/ImgH<0.70;
4.70<N1+N2+N3<5.50;
0<|Dsr3/Dsr51<0.50; and

OTL/ZCT<4.0. ]

[13. The compact optical system of claim 12, wherein the
image-side surface of the third lens element is convex in a
paraxial region thereof']

[14. The compact optical system of claim 12, wherein the
axial distance between the imaged object and the image
surface is OTL, the maximum image height of the compact
optical system is ImgH, and the following condition is
satisfied:

OTL/ImgH<12. ]
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[15. The compact optical system of claim 14, wherein a
maximal field of view of the compact optical system is FOV,
and the following condition is satisfied:

140.0 degrees (deg.)<FOV<180.0 deg. ]

[16. The compact optical system of claim 14, wherein the
compact optical system further comprises a flat panel
located between the imaged object and an object-side sur-
face of the first lens element, a central thickness of the flat
panel is CTf, a central thickness of the first lens element is
CT1, and the following condition is satisfied:

0.95<CTf/CT1<5.5. ]

[17. The compact optical system of claim 12, wherein at
least one of the object-side surface and the image-side
surface of the third lens element has at least one inflection
point, the axial distance between the imaged object and the
image surface is OTL, and the following condition is satis-
fied:

OTL<5.0 mm. ]

[18. The compact optical system of claim 12, wherein a
curvature radius of the object-side surface of the third lens
element is RS, a curvature radius of the image-side surface
of the third lens element is R6, and the following condition
is satisfied:

(R5+R6)/(R5-R6)<0.90. ]

[19. The compact optical system of claim 12, wherein an
axial distance between the first lens element and the second
lens element is T12, a central thickness of the first lens
element is CT1, and the following condition is satisfied:

1.50<T12/CT1<10. ]

[20. The compact optical system of claim 12, wherein an
axial distance between the imaged object and an object-side
surface of the first lens element is OL, an axial distance
between the object-side surface of the first lens element and
the image surface is TL, and the following condition is
satisfied:

0<OL/TL<1.0. ]

[21. The compact optical system of claim 12, wherein an
axial distance between the object-side surface of the first
lens element and the image-side surface of the third lens
element is TD, the focal length of the compact optical
system is f, and the following condition is satisfied:

8<TD/f<30. ]

[22. An image capturing unit, comprising:

the compact optical system of claim 12;

a light source; and

an image sensor, wherein the image sensor is disposed on

the image side of the compact optical system.]

[23. The image capturing unit of claim 22, wherein the
light source is within a wavelength range of 400 nanometers
(nm) to 500 nm.]

24. A compact optical system comprising three lens ele-
ments, the three lens elements being, in order from an object
side to an image side, a first lens element, a second lens
element and a third lens element, and each of the three lens
elements having an object-side surface facing toward the
object side and an image-side surface facing toward the
image side;

wherein the first lens element has negative refractive

power, the object-side surface of the first lens element
is concave in a paraxial region thereof, the object-side
surface of the first lens element has at least one convex
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shape in an off-axis region thereof, the object-side
surface of the second lens element is convex in a
paraxial region thereof, and the third lens element has
positive refractive power, and

wherein a focal length of the compact optical system is f,

an entrance pupil diameter of the compact optical
system is EPD, and the following condition is satisfied:

JEPD<2.60.

25. The compact optical system of claim 24, wherein the
second lens element has positive refractive power, the
image-side surface of the second lens element is convex in
a paraxial region thereof.

26. The compact optical system of claim 24, wherein the
image-side surface of the third lens element is convex in a
paraxial vegion thereof.

27. The compact optical system of claim 24, wherein the
image-side surface of the first lens element is concave in a
paraxial vegion thereof, and an axial distance between the
first lens element and the second lens element is larger than
an axial distance between the second lens element and the
third lens element.

28. The compact optical system of claim 24, wherein a
refractive index of the first lens element is NI, a refractive
index of the second lens element is N2, a refractive index of
the third lens element is N3, and the following condition is
satisfied:

4.70<NI+N2+N3<5.50.

29. The compact optical system of claim 24, wherein an
axial distance between the first lens element and the second
lens element is TI2, a central thickness of the first lens
element is CTI, and the following condition is satisfied:

1.50<T12/CTI<I0.

30. The compact optical system of claim 24, wherein at
least one of the object-side surface and the image-side
surface of the third lens element has at least one inflection
point, a curvature radius of the object-side surface of the
thivd lens element is RS, a curvature radius of the image-side
surface of the third lens element is R6, and the following
condition is satisfied.:

(R5+R6)/(R5—-R6)<0.90.

31. The compact optical system of claim 24, wherein a
curvature radius of the object-side surface of the third lens
element is R5, a curvature radius of the image-side surface
of the third lens element is R6, and the following condition
is satisfied:

~0.50<(R5+R6)/(R5-R6)<0.50.

32. The compact optical system of claim 24, wherein an
axial distance between an imaged object and an image
surface is OTL, and the following condition is satisfied.:

OTL<S5.0 millimeters (mm).

33. The compact optical system of claim 24, further
comprising a flat panel located between an imaged object
and the object-side surface of the first lens element, wherein
a central thickness of the flat panel is CIf, a central
thickness of the first lens element is CT1, and the following
condition is satisfied.:

0.95<CTf/CTI<3.5.

34. An image capturing unit, comprising:

the compact optical system of claim 24;

a barrel member; and

an image sensor, disposed on the image side of the
compact optical system.
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35. An electronic device comprising:
a biometric system, wherein the biometric system com-
prises the image capturing unit of claim 34.

36. A compact optical system comprising three lens ele-
ments, the three lens elements being, in order from an object
side to an image side, a first lens element, a second lens
element and a third lens element, and each of the three lens
elements having an object-side surface facing toward the
object side and an image-side surface facing toward the
image side;

wherein the first lens element has negative refractive

power, the object-side surface of the first lens element
is concave in a paraxial region thereof, the object-side
surface of the first lens element has at least one convex
shape in an off-axis region therveof, and the object-side
surface of the second lens element is convex in a
paraxial vegion thereof: and

wherein a focal length of the compact optical system is f,

an entrance pupil diameter of the compact optical
system is EPD, an axial distance between an imaged
object and an image surface is OTL, a maximum image
height of the compact optical system is ImgH, and the
following conditions are satisfied.:

JEPD<2.60;
fImgH<0.70; and

OTL/ImgH<12.

37. The compact optical system of claim 36, wherein at
least one of the object-side surface and the image-side
surface of the first lens element is aspheric, at least one of
the object-side surface and the image-side surface of the
second lens element is aspheric, at least one of the object-
side surface and the image-side surface of the thivd lens
element is aspheric, each of the first lens element, the second
lens element and the third lens element is made of plastic
material, the first lens element, the second lens element and
the third lens element are all stationary relative to one
another in a paraxial region thereof.

38. The compact optical system of claim 36, wherein the
focal length of the compact optical system is f, the entrance
pupil diameter of the compact optical system is EPD, and
the following condition is satisfied:

J/EPD<1.60.

39. The compact optical system of claim 36, wherein an
axial distance between the imaged object and the object-side
surface of the first lens element is OL, an axial distance
between the object-side surface of the first lens element and
the image surface is TL, and the following condition is

satisfied:
0<OL/TL<1.0.

40. The compact optical system of claim 36, wherein the
axial distance between the imaged object and the image
surface is OTL, and the following condition is satisfied.:

OTL<8.0 mm.

41. The compact optical system of claim 36, further
comprising an aperture stop located between the first lens
element and the second lens element, wherein an axial
distance between the aperture stop and the object-side
surface of the second lens element is Dsr3, an axial distance
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between the aperture stop and the object-side surface of the
third lens element is Dsr5, and the following condition is

satisfied:
0<|Dsr3/Dsr51<0.50.

42. An image capturing unit, comprising:

the compact optical system of claim 36;

a light source; and

an image sensor, wherein the image sensor is disposed on

the image side of the compact optical system.

43. The image capturing unit of claim 42, wherein the
light source is within a wavelength range of 400 nanometers
(nm) to 500 nm.

44. A compact optical system comprising three lens ele-
ments, the three lens elements being, in order from an object
side to an image side, a first lens element, a second lens
element and a third lens element, and each of the three lens
elements having an object-side surface facing toward the
object side and an image-side surface facing toward the
image side;

wherein the first lens element has negative refractive

power, the object-side surface of the first lens element
is concave in a paraxial region thereof, the object-side
surface of the first lens element has at least one convex
shape in an off-axis region thereof, the third lens
element has positive refractive power, the object-side
surface of the third lens element is convex in a paraxial
region thereof, and the image-side surface of the third
lens element is concave in a paraxial vegion thereof;
and

wherein a focal length of the compact optical system is f,

an entrance pupil diameter of the compact optical
system is EPD, and the following condition is satisfied:

JEPD<2.60.

45. The compact optical system of claim 44, wherein the
second lens element has positive refractive power, the
image-side surface of the first lens element is concave in a
paraxial vegion thereof.

46. The compact optical system of claim 44, wherein an
axial distance between an imaged object and an image
surface is OTL, a sum of central thicknesses of the first lens
element, the second lens element and the third lens element
is ZCT, and the following condition is satisfied:

OTL/ZCT<4.0.

47. The compact optical system of claim 44, further
comprising an aperture stop located between the first lens
element and the second lens element, wherein an axial
distance between the aperture stop and the object-side
surface of the second lens element is Dsr3, an axial distance
between the aperture stop and the object-side surface of the
third lens element is Dsr5, and the following condition is

satisfied:
0<|Dsr3/Dsr51<0.50.

48. The compact optical system of claim 44, further
comprising a flat panel located between an imaged object
and the object-side surface of the first lens element, wherein
an axial distance between the first lens element and the
second lens element is larger than an axial distance between
the second lens element and the third lens element.
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