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PHOTOGRAPHING OPTICAL LENS 
ASSEMBLY, IMAGE CAPTURING UNIT AND 

ELECTRONIC DEVICE 

RELATED APPLICATIONS 

This application claims priority to Taiwan Application 
Serial Number 103126480, filed Aug. 1, 2014, which is incor­
porated by reference herein in its entirety. 

BACKGROUND 

1. Technical Field 

10 

2 
object-side surface and the image-side surface of the seventh 
lens element are both aspheric, and the image-side surface of 
the seventh lens element has at least one inflection point. 
When a focal length of the photographing optical lens assem­
bly is f, a vertical distance between a non-axial critical point 
on the image-side surface of the seventh lens element and an 
optical axis is Y c72, a focal length of the first lens element is 
fl, a focal length of the seventh lens element is f7, and the 
following conditions are satisfied: 

0.1 <Yc72/f<0.9; and 

!fllj71<3.0. 

According to another aspect of the present disclosure, a The present disclosure relates to a photographing optical 
lens assembly, an image capturing unit and an electronic 
device, more particularly to a photographing optical lens 
assembly and an image capturing unit applicable to an elec­
tronic device. 

2. Description of Related Art 

15 
photographing optical lens assembly includes, in order from 
an object side to an image side, a first lens element, a second 
lens element, a third lens element, a fourth lens element, a 
fifth lens element, a sixth lens element and a seventh lens 
element. The first lens element has positive refractive power. 

In recent years, with the popularity of electronic devices 
having camera functionalities, the demand of miniaturized 
optical systems has been increasing. The sensor of a conven­
tional optical system is typically a CCD (Charge-Coupled 
Device) or a CMOS (Complementary Metal-Oxide-Semi­
conductor) sensor. As the advanced semiconductor manufac­
turing technologies have allowed the pixel size of sensors to 

20 
The second lens element has refractive power. The third lens 
element has refractive power. The fourth lens element has 
refractive power. The fifth lens element has refractive power. 
The sixth lens element with refractive power has an image­
side surface being concave in a paraxial region thereof, 

be reduced and compact optical systems have gradually 
evolved toward the field of higher megapixels, there is an 
increasing demand for compact optical systems featuring 
better image quality. 

25 
wherein both of an object-side surface and the image-side 
surface of the sixth lens element are aspheric, and the image­
side surface of the sixth lens element has at least one inflec­
tion point. The seventh lens element with refractive power has 
an image-side surface being concave in a paraxial region 

30 
thereof, wherein bothofan object-side surface and the image­
side surface of the seventh lens element are aspheric, and the 
image-side surface of the seventh lens element has at least one 
inflection point. When a focal length of the photographing 
optical lens assembly is f, a vertical distance between a non-

A conventional optical system employed in a portable elec­
tronic product mainly adopts a lens structure with fewer lens 
elements, such as four or five lens elements. Due to the 
popularity of electronic devices with high-end specifications, 
such as smart phones and wearable apparatus, the require- 35 

ments for high resolution and image quality of present com­
pact optical systems increase significantly. However, the con­
ventional optical systems camiot satisfy these requirements 
of the compact optical systems. 

Other conventional compact optical systems with six-ele- 40 

ment lens structure are developed. However, the curvatures 
and the refractive powers of the lens elements are improperly 
arranged. Thus, it is difficult to reduce the back focal length of 
the optical systems whereby it is hard to keep the optical 
systems compact. Furthermore, the refractive power of the 45 

lens elements adjacent to the object side is unbalanced so that 

axial critical point on the image-side surface of the seventh 
lens element and an optical axis is Y c72, a focal length of the 
first lens element is fl, a focal length of the second lens 
element is f2, an axial distance between an object-side surface 
of the first lens element and an image surface is TL, a maxi-
mum image height of the photographing optical lens assem­
bly is ImgH, and the following conditions are satisfied: 

0.1 <Yc72/f<0.9; 

!fllj21<2.0; and 

TL!lmgH<2.20. 

the aberration is severe and the illumination is insufficient in 
the peripheral region of the image. 

SUMMARY 

According to still another aspect of the present disclosure, 
an image capturing unit includes the photographing optical 
lens assembly according to the aforementioned aspect and an 

50 image sensor, wherein the image sensor is disposed on the 
image side of the optical imaging lens assembly. 

According to one aspect of the present disclosure, a pho­
tographing optical lens assembly includes, in order from an 
object side to an image side, a first lens element, a second lens 
element, a third lens element, a fourth lens element, a fifth 55 

lens element, a sixth lens element and a seventh lens element. 
The first lens element has positive refractive power. The sec­
ond lens element has refractive power. The third lens element 
has refractive power. The fourth lens element has refractive 
power. The fifth lens element has refractive power. The sixth 60 

lens element with refractive power has an image-side surface 
being concave in a paraxial region thereof, wherein an object­
side surface and the image-side surface of the sixth lens 
element are both aspheric, and the image-side surface of the 
sixth lens element has at least one inflection point. The sev- 65 

enth lens element with refractive power has an image-side 
surface being concave in a paraxial region thereof, wherein an 

According to yet another aspect of the present disclosure, 
an electronic device includes the image capturing unit accord­
ing to the aforementioned aspect. 

BRIEF DESCRIPTION OF THE DRAWINGS 

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

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

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

FIG. 3 is a schematic view of an image capturing unit 
according to the 2nd embodiment of the present disclosure; 
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FIG. 4 shows spherical aberration curves, astigmatic field 
curves and a distortion curve of the image capturing unit 
according to the 2nd embodiment; 

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

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

FIG. 7 is a schematic view of an image capturing unit 
according to the 4th embodiment of the present disclosure; 10 

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

FIG. 9 is a schematic view of an image capturing unit 15 
according to the 5th embodiment of the present disclosure; 

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

FIG. 11 is a schematic view of an image capturing unit 20 

according to the 6th embodiment of the present disclosure; 
FIG. 12 shows spherical aberration curves, astigmatic field 

curves and a distortion curve of the image capturing unit 
according to the 6th embodiment; 

FIG. 13 is a schematic view of an image capturing unit 25 

according to the 7th embodiment of the present disclosure; 
FIG. 14 shows spherical aberration curves, astigmatic field 

curves and a distortion curve of the image capturing unit 
according to the 7th embodiment; 

4 
FIG. 30 shows an electronic device according to still 

another embodiment. 

DETAILED DESCRIPTION 

A photographing optical lens assembly includes, in order 
from an object side to an image side, a first lens element, a 
second lens element, a third lens element, a fourth lens ele­
ment, a fifth lens element, a sixth lens element and a seventh 
lens element. The photographing optical lens assembly has a 
total of seven single non-cemented lens elements with refrac­
tive power. 

The first lens element with positive refractive power can 
have an object-side surface being convex in a paraxial region 
thereof. Therefore, it is favorable for providing proper posi­
tive refractive power so as to effectively reduce a total track 
length of the photographing optical lens assembly. 

The second lens element can have negative refractive 
power. The second lens element can have an image-side sur­
face being concave in a paraxial region thereof. Therefore, it 
is favorable for correcting the aberration from the first lens 
element and improving the image quality. 

The third lens element can have positive refractive power. 
The third lens element can have an object-side surface being 
convex in a paraxial region thereof. Therefore, it is favorable 
for effectively reducing the sensitivity of the photographing 
optical lens assembly so as to increase the yield rate. 

The fourth lens element can have positive refractive power. 
Therefore, it is favorable for reducing the sensitivity with the 
first lens element having positive refractive power so as to 
further increase the yield rate. 

The fifth lens element can have negative refractive power. 

FIG. 15 a schematic view of an image capturing unit 30 

according to the 8th embodiment of the present disclosure; 
FIG.16 shows spherical aberration curves, astigmatic field 

curves and a distortion curve of the image capturing unit 
according to the 8th embodiment; 

The fifth lens element can have an object-side surface being 
concave in a paraxial region thereof and an image-side sur-

35 face being convex in a paraxial region thereof. Therefore, it is 
favorable for correcting the astigmatism of the photographing 
optical lens assembly so as to improve the image quality. 

FIG. 17 a schematic view of an image capturing unit 
according to the 9th embodiment of the present disclosure; 

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

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

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 a schematic view of an image capturing unit 
according to the 11th embodiment of the present disclosure; 

FIG. 22 shows spherical aberration curves, astigmatic field 
curves and a distortion curve of the image capturing unit 
according to the 11th embodiment; 

The sixth lens element can have positive refractive power. 
The sixth lens element can have an object-side surface being 

40 convex in a paraxial region thereof and an image-side surface 
being concave in a paraxial region thereof. The image-side 
surface of the sixth lens element has at least one inflection 
point. Therefore, it is favorable for further correcting the 
astigmatism of the photographing optical lens assembly. Fur-

45 thermore, it is favorable for balancing the arrangement of the 
refractive powers so as to avoid excessive aberration and 
improve the image quality. 

The seventh lens element can have negative refractive 
power. The seventh lens element can have an object-side 

50 surface being convex in a paraxial region thereof and an 
image-side surface being concave in a paraxial region thereof. 
The image-side surface of the seventh lens element has at 
least one inflection point. Both of the object-side surface and 

FIG. 23 a schematic view of an image capturing unit 
according to the 12th embodiment of the present disclosure; 

FIG. 24 shows spherical aberration curves, astigmatic field 
curves and a distortion curve of the image capturing unit 

55 
according to the 12th embodiment; 

the image-side surface of the seventh lens element are 
aspheric. Therefore, it is favorable for reducing a back focal 
length of the photographing optical lens assembly so as to 

FIG. 25 a schematic view of an image capturing unit 
according to the 13th embodiment of the present disclosure; 

FIG. 26 shows spherical aberration curves, astigmatic field 
curves and a distortion curve of the image capturing unit 60 
according to the 13th embodiment; 

FIG. 27 is a schematic view ofY c61 and Y c62 of a sixth 
lens element and Y c72 of a seventh lens element in FIG. 1; 

keep a compact size. Furthermore, it is favorable for correct­
ing the aberration of the off-axis so as to improve the image 
quality. 

When a focal length of the photographing optical lens 
assembly is f, a vertical distance between a non-axial critical 
point on the image-side surface of the seventh lens element 
and an optical axis is Y c72, the following condition is satis­
fied: O.l<Yc72/f<0.9. Therefore, it is favorable for control-FIG. 28 shows an electronic device according to an 

embodiment; 
FIG. 29 shows an electronic device according to another 

embodiment; and 

65 ling the incident angle of the light projecting onto the image 
sensor so as to keep sufficient illumination in the peripheral 
region of the image. Furthermore, it is favorable for correct-
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ing the aberration of the off-axis so as to enhance the resolu­
tion of the photographing optical lens assembly. 

When a focal length of the first lens element is fl, a focal 
length of the seventh lens element is f7, the following condi­
tion is satisfied: lfl/f71<3.0. Therefore, it is favorable for 5 

properly distributing the refractive power of the photograph­
ing optical lens assembly adjacent to the object side so as to 
avoid excessive aberration. 

When the focal length of the first lens element is fl, a focal 
length of the second lens element is f2, the following condi- 10 

tion is satisfied: lfl/f21<2.0. Therefore, it is favorable for 
reducing the total track length of the photographing optical 
lens assembly and correcting the aberration of the photo­
graphing optical lens assembly. 

When an axial distance between the object-side surface of 15 

the first lens element and an image surface is TL, a maximum 
image height of the photographing optical lens assembly (half 
of a diagonal length of an effective photosensitive area of an 
image sensor) is ImgH, the following condition is satisfied: 
TL/ImgH<2.20. Therefore, it is favorable for miniaturizing 20 

the photographing optical lens assembly so as to be equipped 
in an electronic device. 

The photographing optical lens assembly includes at least 
three lens elements having positive refractive power among 
the first lens element, the second lens element, the third lens 25 

element, the fourth lens element, the fifth lens element, the 
sixth lens element and the seventh lens element. Therefore, it 
is favorable for balancing the arrangement of the refractive 
powers of the photographing optical lens assembly so as to 
reduce the sensitivity of the photographing optical lens 30 

assembly. 
When the focal length of the photographing optical lens 

assembly is f, a curvature radius of the image-side surface of 
the seventh lens element is R14, the following condition is 
satisfied: 0<R14/f<0.7. Therefore, it is favorable for reducing 35 

the back focal length of the photographing optical lens assem-
bly so as to keep a compact size. 

When the focal length of the photographing optical lens 
assembly is f, a curvature radius of the image-side surface of 
the sixth lens element is R12, the following condition is 40 

satisfied: 0<f/Rl2<5.0. Therefore, it is favorable for balanc-

6 
When an axial distance between the object-side surface of 

the first lens element and an image surface is TL, the focal 
length of the photographing optical lens assembly is f, the 
following condition is satisfied: 0.S0<TL/f<l.80. Therefore, 
it is favorable for adjusting the total track length of the pho­
tographing optical lens assembly so as to be equipped in the 
compact electronic device. 

When a maximum refractive index among the first lens 
element, the second lens element, the third lens element, the 
fourth lens element, the fifth lens element, the sixth lens 
element and the seventh lens element is Nmax, the following 
condition is satisfied: 1.640sNmax<l.750. Therefore, it is 
favorable for adjusting the refractive index of each lens ele­
ment so that the material of each lens element can be properly 
chosen. 

When an Abbe number of the second lens element is V2, 
the following condition is satisfied: V2<26.0. Therefore, it is 
favorable for correcting the chromatic aberration of the pho­
tographing optical lens assembly. 

When a vertical distance between a non-axial critical point 
on the image-side surface of the sixth lens element and an 
optical axis is Yc62, the vertical distance between the non­
axial critical point on the image-side surface of the seventh 
lens element and the optical axis is Y c72, the following con­
dition is satisfied: 0.5<Y c62/Y c72<1.5. Therefore, it is favor­
able for correcting the aberration of the off-axis so as to 
improve the image quality. 

When the focal length of the photographing optical lens 
assembly is f, the following condition is satisfied: 3.0[mm]< 
f<6.5[mm]. Therefore, it is favorable for adjusting the focal 
length of the photographing optical lens assembly so as to 
keep a compact size. 

The photographing optical lens assembly further includes a 
stop. When an axial distance between the stop and the image­
side surface of the seventh lens element is SD, an axial dis­
tance between the object-side surface of the first lens element 
and the image-side surface of the seventh lens element is TD, 
the following condition is satisfied: 0.75<SD/TD<l.1. There­
fore, it is favorable for obtaining a balance between the tele­
centric and wide-angle characteristics. 

When a curvature radius of the object-side surface of the 
first lens element is Rl, a curvature radius of an image-side 
surface of the first lens element is R2, the following condition 
is satisfied: -0.2<Rl/R2<0.2. Therefore, it is favorable for 

ing the arrangement of the refractive powers of the photo­
graphing optical lens assembly so as to correct the aberration 
and improve the image quality. Preferably, the following con­
dition is satisfied: 0<f/Rl2<3.0. 

When a curvature radius of the object-side surface of the 
seventh lens element is R13, the curvature radius of the 
image-side surface of the seventh lens element is R14, the 
following condition is satisfied: 0<(R13-R14)/(R13+ 
R14)<1.5. Therefore, it is favorable for correcting the astig­
matism of the photographing optical lens assembly and keep­
ing a compact size. 

45 correcting the spherical aberration of the photographing opti­
cal lens assembly. 

When the focal length of the photographing optical lens 
assembly is f, an entrance pupil diameter of the photograph­
ing optical lens assembly is EPD, the following condition is 

When a sum of axial distances between any two lens ele­
ments adjacent to each other is ~AT (a sum of an axial dis­
tance between the first lens element and the second lens 
element T12, an axial distance between the second lens ele­
ment and the third lens element T23, an axial distance 
between the third lens element and the fourth lens element 

50 satisfied: 1.2<f/EPD<2.6. Therefore, it is favorable for pro­
viding sufficient amount of incident light with large aperture 
stop so as to emphasize an imaged object with shallow depth 
of view. 

When half of a maximal field of view of the photographing 
55 optical lens assembly is HFOV, the following condition is 

satisfied: 15[deg.]<HFOV<45[deg.]. Therefore, it is favor­
able for providing a sufficient field of view so as to obtain 
more of the image scene and avoiding the image distortion 
simultaneously. 

When a central thickness of the first lens element is CTI, a 
central thickness of the second lens element is CT2, the 
following condition is satisfied: 1.0<CT1/CT2<5.5. There­
fore, it is favorable for preventing the lens elements from 
unfavorable molding problem so that the thicknesses of the 

T34, an axial distance between the fourth lens element and the 
fifth lens elementT45, an axial distance between the fifth lens 60 

element and the sixth lens element T56, and an axial distance 
between the sixth lens element and the seventh lens element 
T67. That is, ~AT=T12+T23+T34+T45+T56+T67), the 
maximum image height of the photographing optical lens 
assembly is ImgH, the following condition is satisfied: 
0.20<~AT/ImgH<0.60. Therefore, itis favorable for properly 
arranging the lens elements so as to keep a compact size. 

65 lens elements are more homogeneous. 
When the axial distance between the second lens element 

and the third lens element is T23, the axial distance between 
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fore, it is favorable for effectively reducing the sensitivity of 
the photographing optical lens assembly so as to increase the 
yield rate. 

When the axial distance between the first lens element and 

the third lens element and the fourth lens element is T34, the 
following condition is satisfied: 0.5<T23/T34<4.5. There­
fore, the lens elements can be tightly arranged so that it is 
favorable for reducing the total track length of the photo­
graphing optical lens assembly. 

When the focal length of the first lens element is fl, the 
focal length of the second lens element is f2, a focal length of 
the third lens element is f3, a focal length of the fourth lens 
element is f4, a focal length of the fifth lens element is f5, a 
focal length of the sixth lens element is f6, the focal length of 

5 the second lens element is T12, the axial distance between the 
second lens element and the third lens element is T23, the 
axial distance between the third lens element and the fourth 
lens element is T34, the axial distance between the fourth lens 
element and the fifth lens element is T45, the axial distance 

10 between the fifth lens element and the sixth lens element is 

the seventh lens element is f7, the following condition is 
satisfied: If! l<lfil, wherein i=2, 3, 4, 5, 6, 7. Therefore, it is 
favorable for balancing the arrangement of the refractive 
power of the photographing optical lens assembly so as to 15 
correct the aberration of the photographing optical lens 
assembly. 

When a curvature radius of the object-side surface of the 
sixth lens element is Rl 1, the curvature radius of the image­
side surface of the sixth lens element is Rl 2, the following 20 

condition is satisfied: -2.0<(Rll-R12)/(Rl l+R12)<0.2. 
Therefore, it is favorable for effectively correcting the astig­
matism and reducing the back focal length of the photograph-
ing optical lens assembly. 

When the focal length of the photographing optical lens 25 

assembly is f, the focal length of the first lens element is fl, the 
focal length of the second lens element is f2, the focal length 
of the third lens element is f3, the focal length of the fourth 
lens element is f4, the focal length of the fifth lens element is 
f5, the focal length of the sixth lens element is f6, the focal 30 

length of the seventh lens element is f7, the following condi­
tion is satisfied: lf/fjl max<l.8, whereinj=l, 2, 3, 4, 5, 6, 7 
(That is, the refractive power of each lens element is the ratio 
of the focal length of the photographing optical lens assembly 

35 
to the focal length of each lens element, and a maximum 
absolute value among the refractive powers is lf/fj I max). 
Therefore, it is favorable for evenly distributing the refractive 
powers of the photographing optical lens assembly so as to 
reduce the refractive angle of the incident light. It is also 40 

favorable for correcting the aberration of the photographing 
optical lens assembly so as to improve the image quality. 

T56, the axial distance between the sixth lens element and the 
seventh lens element is T67, the following condition is satis­
fied: 0<(T12/T23)+(T34/T45)+(T56/T67)<3.8. Therefore, it 
is favorable for adjusting the axial distance between any two 
adjacent lens elements so as to reduce the total track length of 
the photographing optical lens assembly, thereby keeping a 
compact size. 

When the axial distance between the second lens element 
and the third lens element is T23, the central thickness of the 
second lens element is CT2, the following condition is satis­
fied: 0.3<T23/CT2<3.0. Therefore, it is favorable for manu-
facturing and assembling the photographing optical lens 
assembly so as to increase the yield rate. 

When the focal length of the photographing optical lens 
assembly is f, a curvature radius of an image-side surface of 
the third lens element is R6, the following condition is satis­
fied: -l .0<f/R6<2.5. Therefore, it is favorable for effectively 
correcting the Petzval' s sum of the photographing optical lens 
assembly so as to improve the flatness of the image surface. 

According to the optical imaging lens assembly of the 
present disclosure, an air gap in a paraxial region is arranged 
between any two of the first lens element, the second lens 
element, the third lens element, the fourth lens element, the 
fifth lens element, the sixth lens element, and the seventh lens 
element that are adjacent to each other, that is, each of the first 
through seventh lens elements of the photographing optical 
lens assembly is a single and non-cemented lens element. 
Moreover, the manufacturing process of the cemented lenses 
is more complex than the non-cemented lenses. In particular, 
an image-side surface of one lens element and an object-side 
surface of the following lens element need to have accurate 
curvature to ensure these two lens elements will be highly 
cemented. However, during the cementing process, those two 
lens elements might not be highly cemented due to displace­
ment and it is thereby not favorable for the image quality of 
the photographing optical lens assembly. Therefore, there is 
an air gap in a paraxial region between any two of the first lens 
element, the second lens element, the third lens element, the 
fourth lens element, the fifth lens element, the sixth lens 
element, and the seventh lens element that are adjacent to 
each other in the present disclosure for solving the problem 
generated by the cemented lens elements. 

According to the photographing optical lens assembly of 
the present disclosure, an aperture stop can be configured as a 

When an Abbe number of the first lens element is Vl, the 
Abbe number of the second lens element is V2, an Abbe 
number of the third lens element is V3, an Abbe numberofthe 45 

fourth lens element is V 4, an Abbe number of the fifth lens 
element is V5, an Abbe number of the sixth lens element is 
V6, an Abbe number of the seventh lens element is V7, and at 
least three lens elements among the first lens element to the 
seventh lens element satisfy the following condition: 50 

Vi<26.0, wherein i=l, 2, 3, 4, 5, 6, 7 (For example, in the 
second embodiment described below). Therefore, it is favor­
able for correcting the chromatic aberration of the photo­
graphing optical lens assembly so as to improve the image 
quality. 55 front stop or a middle stop. A front stop disposed between an 

imaged object and the first lens element can provide a longer 
distance between an exit pupil of the photographing optical 
lens assembly and the image surface and thereby improves 
the image-sensing efficiency of an image sensor. A middle 

When the vertical distance between the non-axial critical 
point on the image-side surface of the sixth lens element and 
the optical axis is Yc62, a vertical distance between a non­
axial critical point on the object-side surface of the sixth lens 
element and an optical axis is Y c61, the following condition is 
satisfied: 0.30<Y c62N c61 <1.80. Therefore, it is favorable 
for effectively reducing the incident angle of the light pro­
jecting onto the image sensor so as to improve the image­
sensing efficiency of the image sensor. 

When the focal length of the photographing optical lens 
assembly is f, the focal length of the third lens element is f3, 
the following condition is satisfied: -0.5<f/f3<0.6. There-

60 stop disposed between the first lens element and the image 
surface is favorable for enlarging the field of view of the 
photographing optical lens assembly and thereby provides a 
wider field of view for the same. 

According to the photographing optical lens assembly of 
65 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 
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the photographing optical lens assembly may be more flex­
ible 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, since 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 photo-
graphing optical lens assembly can also be reduced. 10 

According to the photographing optical lens assembly 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 15 
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 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 20 

surface, it indicates that the surface is concave in the paraxial 
region thereof. Moreover, when a lens element has a refrac­
tive power or a focus, it indicates the lens element has the 
refractive power in the paraxial region thereof or has the focus 
in the paraxial region thereof. Moreover, when the region of 25 

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 photographing optical lens assembly of 
the present disclosure, an image surface of the photographing 30 

optical lens assembly, based on the corresponding image 
sensor, can be flat or curved, especially a curved surface being 
concave facing towards the object side of the photographing 
optical lens assembly. 

According to the photographing optical lens assembly of 35 

the present disclosure, a critical point on a lens surface of a 
lens element is a non-axial point of the lens surface where its 
tangent is perpendicular to an optical axis. As seen in FIG. 27, 
FIG. 27 is a schematic view ofYc61 andYc62 ofa sixth lens 
element and Yc72 of a seventh lens element in FIG. 1. The 40 

10 
ments, the image capturing unit can further include a barrel 
member, a holding member or a combination thereof. 

In FIG. 28, FIG. 29 and FIG. 30, an image capturing device 
10 may be installed in, but not limited to, an electronic device, 
including a smart phone (FIG. 28), a tablet personal computer 
(FIG. 29) ora wearable device (FIG. 30). The three exemplary 
figures of different kinds of electronic device are only exem­
plary for showing the image capturing device of present dis­
closure installing in an electronic device and is not limited 
thereto. In some embodiments, the electronic device can fur­
ther 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 photographing optical lens assembly of 
the present disclosure, the photographing optical lens assem­
bly can be optionally applied to moving focus optical sys­
tems. Furthermore, the photographing optical lens assembly 
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, wireless monitoring devices, 
motion sensing input devices, driving recorders, rear view 
cameras and other electronic imaging devices. According to 
the above description of the present disclosure, the following 
specific embodiments are provided for further explanation. 

1st Embodiment 

FIG. 1 is a schematic view of an image capturing unit 
according to the 1st embodiment of the present disclosure. 
FIG. 2 shows, in order from left to right, spherical aberration 
curves, astigmatic field curves and a distortion curve of the 
image capturing unit according to the 1st embodiment. In 
FIG. 1, the image capturing unit includes the photographing 
optical lens assembly (its reference numeral is omitted) of the 
present disclosure and an image sensor 195. The photograph­
ing optical lens assembly includes, in order from an object 
side to an image side, an aperture stop 100, a first lens element 
110, a second lens element 120, a third lens element 130, a 
fourth lens element 140, a fifth lens element 150, a sixth lens 
element 160, a seventh lens element 170, an IR-cut filter 180 
and an image surface 190, wherein the photographing optical 
lens assembly has a total of seven non-cemented lens ele-

critical point on the object-side surface of the sixth lens ele­
ment is a non-axial point on the object-side surface of the 
sixth lens element where its tangent is perpendicular to the 
optical axis. The critical point on the image-side surface of the 
sixth lens element is a non-axial point on the image-side 
surface of the sixth lens element where its tangent is perpen­
dicularto the optical axis. The critical point on the image-side 
surface of the seventh lens element is a non-axial point on the 
image-side surface of the seventh lens element where its 
tangent is perpendicular to the optical axis. Specifically, the 
critical points mentioned above are not located on the optical 
axis. 

45 ments (110-170) with refractive power. 

According to the photographing optical lens assembly of 
the present disclosure, the photographing optical lens assem­
bly 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 pho­
tographing optical lens assembly according to the aforemen­
tioned photographing optical lens assembly of the present 
disclosure, and an image sensor, wherein the image sensor is 
disposed on the image side of the aforementioned photo­
graphing optical lens assembly, that is, the image sensor can 
be disposed on or near an image surface of the aforemen­
tioned photographing optical lens assembly. In some embodi-

The first lens element 110 with positive refractive power 
has an object-side surface 111 being convex in a paraxial 
region thereof and an image-side surface 112 being convex in 
a paraxial region thereof. The first lens element 110 is made of 

50 plastic material and has the object-side surface 111 and the 
image-side surface 112 being both aspheric. 

The second lens element 120 with negative refractive 
power has an object-side surface 121 being convex in a 
paraxial region thereof and an image-side surface 122 being 

55 concave 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 

60 region thereof and an image-side surface 132 being concave 
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 fourth lens element 140 with positive refractive power 
65 has an object-side surface 141 being convex in a paraxial 

region thereof and an image-side surface 142 being convex in 
a paraxial region thereof. The fourth lens element 140 is made 
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of plastic material and has the object-side surface 141 and the 
image-side surface 142 being both aspheric. 

The fifth lens element 150 with negative refractive power 
has an object-side surface 151 being concave in a paraxial 
region thereof and an image-side surface 152 being convex in 5 

a paraxial region thereof. The fifth lens element 150 is made 
of plastic material and has the object-side surface 151 and the 
image-side surface 152 being both aspheric. 

The sixth lens element 160 with positive refractive power 
has an object-side surface 161 being convex in a paraxial 10 
region thereof and an image-side surface 162 being concave 

12 
When an axial distance between the second lens element 

120 and the third lens element 130 is T23, the central thick­
ness of the second lens element 120 is CT2, the following 
condition is satisfied: 

T23/CT2~1.51. 

When the axial distance between the second lens element 
120 and the third lens element 130 is T23, an axial distance 
between the third lens element 130 and the fourth lens ele­
ment 140 is T34, the following condition is satisfied: 

T23/TJ4~3.30. 

When an axial distance between the first lens element 110 
and the second lens element 120 is T12, the axial distance 
between the second lens element 120 and the third lens ele-

in a paraxial region thereof. The sixth lens element 160 is 
made of plastic material and has the object-side surface 161 
and the image-side surface 162 being both aspheric. The 
image-side surface 162 of the sixth lens element 160 has at 
least one inflection point. 

The seventh lens element 170 with negative refractive 
power has an object-side surface 171 being convex in a 
paraxial region thereof and an image-side surface 172 being 
concave in a paraxial region thereof. The sixth lens element 
170 is made of plastic material and has the object-side surface 
171 and the image-side surface 172 being both aspheric. The 
image-side surface 172 of the seventh lens element 170 has at 
least one inflection point. 

15 ment 130 is T23, the axial distance between the third lens 
element 130 and the fourth lens element 140 is T34, an axial 
distance between the fourth lens element 140 and the fifth lens 
element 150 is T45, an axial distance between the fifth lens 
element 150 and the sixth lens element 160 is T56, an axial 

20 distance between the sixth lens element 160 and the seventh 

The IR-cut filter 180 is made of glass and located between 
the seventh lens element 170 and the image surface 190, and 25 
will not affect the focal length of the photographing optical 
lens assembly. The image sensor 195 is disposed on or near 
the image surface 180 of the photographing optical lens 
assembly. 

The equation of the aspheric surface profiles of the afore-
30 

mentioned lens elements of the 1st embodiment is expressed 
as follows: 

X(Y)~(Y2/R)/(l+sqrt(l-(l+k)x(Y/R)2))2))+L(Ai)x(Y), 

where, 
X is the relative distance between a point on the aspheric 35 

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; 40 

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 photographing optical lens assembly of the image 45 

capturing unit according to the 1st embodiment, when a focal 
length of the photographing optical lens assembly is f, a 
f-number of the photographing optical lens assembly is Fno, 
and half of a maximal field of view of the photographing 
optical lens assembly is HFOV, these parameters have the 50 
following values: f=3.89 mm; Fno=l.60; and HFOV=35.8 
degrees. 

When a maximum refractive index among the first lens 
element 110, the second lens element 120, the third lens 
element 130, the fourth lens element 140, the fifth lens ele­
ment 150, the sixth lens element 160 and the seventh lens 55 

element 170 is Nmax, the following condition is satisfied: 

Nmax~l.639. 

lens element 170 is T67, the following condition is satisfied: 

(TI 2/T23 )+(Tl4/T45)+(T5 6/T67)~0. 76. 

When a curvature radius of the object-side surface 111 of 
the first lens element 110 is Rl, a curvature radius of the 
image-side surface 112 of the first lens element 110 is R2, the 
following condition is satisfied: 

Rl/R2~-0.04. 

When the focal length of the photographing optical lens 
assembly is f, a curvature radius of the image-side surface 132 
of the third lens element 130 is R6, the following condition is 
satisfied: 

j7R6~0.18. 

When the focal length of the photographing optical lens 
assembly is f, a curvature radius of the image-side surface 162 
of the sixth lens element 160 is R12, the following condition 
is satisfied: 

j7R12~1.06. 

When the focal length of the photographing optical lens 
assembly is f, a curvature radius of the image-side surface 172 
of the seventh lens element 170 is Rl 4, the following condi­
tion is satisfied: 

R14if~0.36. 

When a curvature radius of the object-side surface 161 of 
the sixth lens element 160 is Rl 1, the curvature radius of the 
image-side surface 162 of the sixth lens element 160 is R12, 
the following condition is satisfied: 

(Rll-R12)/(Rll+R12)~-0.21. 

When a curvature radius of the object-side surface 171 of 
the seventh lens element 170 is Rl 3, the curvature radius of 
the image-side surface 172 of the seventh lens element 170 is 
R14, the following condition is satisfied: 

(R13-R14)/(R13-R14)~0.22. 

When a focal length of the first lens element 110 is fl, a 
When an Abbe number of the second lens element 120 is 

60 
focal length of the second lens element 120 is f2, the follow-

V2, the following condition is satisfied: ing condition is satisfied: 

V2~23.5. 

When a central thickness of the first lens element 110 is 
CTI, a central thickness of the second lens element 120 is 
CT2, the following condition is satisfied: 

CTI/CT2~3.24. 

!fllj2l~0.61. 

When the focal length of the photographing optical lens 
assembly is f, a focal length of the third lens element 130 is f3, 

65 the following condition is satisfied: 
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When the focal length of the first lens element 110 is fl. a 

focal length of the seventh lens element 170 is f7, the follow­
ing condition is satisfied: 

1/1 //7 I I " 

When the foc,d length or the' plmtogrnphing optic,d lens 
assembly is I 1he focal length ol the first lens clement 110 is 
fl, the focal length of the second lens element 120 is f2. the 
focal length of the third lens element 130 is f3, a focal length 

14 
When the focal length of the photographing optical lens 

assemblv is f. the vertical distance between the non-axial 
critical point on the image-side surface 172 of the sewn th lens 
clement 170 and the optical axis is Y c72. the foll(m ing. con-

' dition is s,1tis1icd: 

of the fourth lens element 140 is f4. a focal length of the fifth 10 
lens element is f5. a focal length of the sixth lens element is f6, 

When a sum of axial distances between any t\vo lens ele­
ments adj acentto each other is IAT. a maximum image height 
of the photographing optical lens assembly is ImgH. the 
following condition is satisfied: 

the focal Ieng.th or the seventh lens clement 170 is 17. the 
following n,ndition is satisfied: 

V}il 1\\:1~ L.17. wherein) t. 2 . . 1. 4. '· 7. 

When the focal length of the photographing optical lens 
assembly is f. an entrance pupil diameter of the photograph­
ing optical lens assembly is EPD. the following condition is 
satisfied: 

f/JJ'l! I."''· 

When a, crticcil distance bet,, ccn c1 non-axial critical puint 

L_/f I111c.>l ! !l __ l()_ 

When <1n cixial distance bet,, ecn the stop I 00 <1nd the 
15 image-side surface 172 of the sewnth lens element 170 is SD, 

an axial distance between the object-side surface 111 of the 
first lens element 110 and the image-side surface 172 of the 
seventh lens element 170 is TD. the following condition is 
satisfied: 

on the object-side surface 161 of the sixth lens element 160 
and an optical axis is Yc61, a wrtical distance between a 
non-axial critical point on the image-side surface 162 of the 
sixth lens element 160 and the optical axis is Yc62. the fol- 25 

lowing condition is satisfied: 

When the focal length or the photographing uptic:<11 lens 
assembly is f. an axial distance between the object-side sur­
face 111 of the first lens element 110 and the image surface 
190 is TL the following condition is satisfied: 

Tlfc=\ 

When the , enical distance bet,, een the non-axial critic,d 
point on the image-side surface 162 of the sixth lens element 
160 and the optical axis isYc62. a wrtical distance between 
a non-axial critical point on the image-side surface 172 of the 
seventh lens element 170 and the optical axis is Yc72. the 
following condition is satisfied: 

4 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

Note: 

When the <1xial distance het,, ern the object-side surfricc 
111 or the' lirst lens clement 110 <1nd the image surL1c·c 190 is 

30 TL, the maximmn image height ufthc phutugraphing. uptical 
lens assembly is ImgH, the folkming condition is satisfied: 

TL ImgH-1.73. 

The detailed optical data of the 1st embodiment are shown 
in "lt1hlc I ,md the asphcric surL1cc' dcita arc shown in T,1hlc 2 
below. 

TA13LE l 

1st Embodiment 

f- 3.89 nun. Fno - 1.60, HFO\. - 35.8 deg. 

Object l'Lrno !nil.nit) 

Ape. Stop PLrno -0.445 

Lens 1 1.861 (ASP) 0.713 Phstic 1.544 55.9 3.31 

-~11,111111 (ASP) 0.07(1 

T ,ens 2 2.4.'' (ASP) 0.22(1 Pl:1st!c t.639 23.) __ .:;;.42 

I. 1 ·1, (AS!') () __ )_)_". 

I .l'I\S _l (AS!') ()_4_')~ ] 11:isl ic U44 _.:;;_.:;;_,; l .'.SI 

21.225 (ASP) 0.101 

Lens4 40.356 (ASP) 0.369 Plastic 1.544 55.9 17.68 

-12.590 (ASP) 0.241 

Lens 5 -1.936 (ASP) 0.220 Plastic 1.639 23.5 -10.96 

-2.793 (ASP) 0.035 

Lens 6 2.402 (ASP) 0.470 Plastic 1.544 55.9 11.37 

3.656 (ASP) 0.270 

Lens 7 2.231 (ASP) 0.603 Plastic 1.544 55.9 -9.57 

1.413 (ASP) 0.500 

IR-cut filter Plano 0.300 Glass 1.517 64.2 

Plano 0.116 

Image Plano 

Reference wavelength is 587.6 nm (d-line). 
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TABLE2 

Asphcric Coefficients 

S11rfacc /! 4 

k- l _---:-,,1rJ1iJ<.-(J\ 

l ).;(Jt<t<l'.-U.1 

-l.9898E-02 
5.(1(154E-02 

-6. 7256E-02 
4.4541iE-02 

-l.l 697E-02 

__ .:;;_(j()()(J)·+II] 

-1.18341 _,,1 
3.6425E-i1l 

-5.0161E-i1l 
3.834CiE-i1l 

-1.5437E-i1l 
2.4066E-i12 

-_1_n<..:;;(1J<.+(J\ -1.1.:;; 11 1]<.+(J\ -2.22111·+ 11 ! 

A4 
A6-
A8-
A10-
A12-
A14-

-U,57711-U I l.114.l'JL-Ul -X.UX2Ul·-11_) 

4.0582E-01 
-5.1830E-01 

3.8206E-01 
-1.5562E-01 

2.6059E-02 

-2.3155E-01 -5.1877E-(13 
4.9683E-01 2.7782E-i12 

-5.679i)E-01 -5.3704E-i12 
3.2180E-01 2.6543E-i12 

-6.9334E-02 -2.2918E-i13 

S11rfacc // ') \1) II 

k­
A4-
A6-
A8-
A10-
A12-
A14-
\U,-

1,_~4(J2L+Ul (J_U(Hl11J·.+11) 4.C,Xl5L+Ol (, __ .:;;()2.11'.-Ul -.1. 7(J2')J-.+1 II 

3.06ii8E-03 -2.31Ci5E-i12 -1.1729E-Ol -4.5949E-02 -l.7335E-i1l 
-l.8838E-02 -2.4258E-i12 1.2332E-01 2.5817E-01 2.6799E-i1l 

-2.9972E-i1l 
2.1850E-i1l 

-8.0671E-i12 
1.1419F-i12 

-l.2663E-02 -8.3396E-i13 -1.0768E-01 -4.2i131E-01 
-5.5376E-03 2.1290E-i13 -1.1621E-01 4.ilili19E-01 

l.5245E-04 9.0359E-i17 3.0776E-01 -l.72i1lE-0l 

S11rfacc // 

k­
A4-
A6-
A8-
A10-
A12 
\14-
\1(,-

12 

-1.0154E+0l 
-4. 7196E-02 

4.0538E-02 
-8.2830E-02 

4.9781E-02 
- 1.8431 !'.-02 

,_J(J..:;;(JJ<.-(J_l 

-2.057JE-01 
4 _ _-:;;1 _.:;;_1F-(l2 

1 .1 

-2.8867E+0l 
-4.4i153E-03 

7.21i44E-03 
-2.6623E-02 

l.1357E-02 
. 71481':-03 

'.:-.:.(_,i <~]•_-()_.:;; 

14 

-1.274i:1E+(JO 

-3.7988E-ill 
1.9(1:?6E-(1l 

-5.84(19E-(J2 
1.353:?E-(12 

2._\ [1111]·-1Lj_ 

- I_( 121,1-J·.-I J.:;; 

In Table 1. the curvature radius. the thickness and the focal 
length are shmn1 in millimeters (mm). Surface numbers 0-18 
represent the surfaces sequentially arranged from the object-

-1.5032E+[lil 
-2.8152E-i1l 

1.6649E-i1l 
- 7.5287E-i12 

2.2737E-i12 
-4.1787!'-i13 

4.15141•-iJ-+ 
-l.UJ.'Nl•-(1.:;; 

of plastic material and has the object-side surface 211 and the 
image-side surface 212 being both aspheric. 

side to the im,1g_e-side along the nplieal axis. In T,1hle 2. k 15 
represents the' u,nic coellicienl "r the equation or the ,1,pheric 
surface pruliles .. \4-Al(, represent the aspheric cocllicicnts 
ranging from the 4th order to the 16th order. The tables 
presented belmv for each embodiment are the corresponding 
schematic parameter and aberration curves, and the defini- 40 

tions of the tables are the same as Table 1 and Table 2 of the 

The second lens element 220 with negative refractive 
power h,1s ,111 object-side surL1ce 221 being com ex in a 
paraxi,t! reg_ion thereof and ,111 im,1g_e-side surfoce 222 being 
concm c in a paraxial region thcrcuL The second lens clement 
220 is made of plastic material and has the object-side surface 
221 and the image-side surface 222 being both aspheric. 

The third lens element 230 \Vith positive refractiw power 
has an object-side surface 231 being convex in a paraxial 
region therenfand an image-side surfoce 232 being cnrn c'X in 
a paraxi,t! rc·g_ion thereof. The third lens clement 230 is made 
of plastic material and has the object-side surfoce 231 and the 

I st embodiment. Therefore, an explcmation in this regard will 
not be pro, ickd again. 

2nd Embodiment 

FIG. 3 is a schematic view of an image capturing unit 
according to the 2nd embodiment of the present disclosure. 
PIG. 4 s!Hms. in order from left to right. spherical aberration 
curves, astig_m,11ic field curves and ,1 distortion cun e llf the 
image capturing unit according lo the 2nd embodiment. In 
FIG. 3, the image capturing unit includes the photographing 
optical lens assembly (its reference numeral is omitted) of the 
present disclosure and an image sensor 295. The photograph­
ing optical lens assembly includes, in order from an object 
side to an image side an aperture stop 200, a first lens element 
210, a second lens element 220, a third lens element 230, a 
fourth lens element 240, a fifth lens element 250, a sixth lens 
element 260, a seventh lens element 270, an IR-cut filter 280 
and an image surface 290, wherein the photographing optical 
lens assembly has a total of seven non-cemented lens ele­
ments (210-270) with refractive power. 

The first lens element 210 with positive refractive power 
has an object-side surface 211 being convex in a paraxial 
region thereof and an image-side surface 212 being concave 
in a paraxial region thereof. The first lens element 210 is made 

45 image-side surface 232 being both aspherie. 
The fourth lens element 240 \vith negative refractiw power 

has an object-side surface 241 being concave in a paraxial 
region thereof and an image-side surface 242 being concave 
in a paraxial region thereof. The fourth lens clement 240 is 

511 made or pListic nrnterial and lws the object-side surL1ce 241 
and the im,1g_c-side surfoce 242 being both aspheric. 

The fifth lens element 250 with negative refractive power 
has an object-side surface 251 being concave in a paraxial 
region thereof and an image-side surface 252 being convex in 

55 a paraxial region thereof. The fifth lens element 250 is made 
of plastic material and has the object-side surface 251 and the 
image-side surface 252 being both aspheric. 

The sixth lens element 260 with positive refractive power 
has an object-side surface 261 being convex in a paraxial 

60 region thereof and an image-side surface 262 being concave 
in a paraxial region thereof. The sixth lens element 260 is 
made of plastic material and has the object-side surface 261 
and the image-side surface 262 being both aspheric. The 
image-side surface 262 of the sixth lens element 260 has at 

65 least one inflection point. 
The seventh lens element 270 with negative refractive 

power has an object-side surface 271 being convex in a 
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paraxial region thereof and an image-side surface 272 being 
concave in a paraxial region thereof. The sixth lens element 
270 is made of plastic material and has the object-side surface 
271 ,.md the image-side surface 272 being both aspheric. The 
inrngc-sidc surL1cc 272 ot"thc SC\ c'nlh lens clement 270 lws ,1( 
least one inllcctiun point. 

will not affect the focal length of the photographing optical 
lens assembly. The image sensor 295 is disposed on or near 
the image surface 290 of the photographing optical lens 
assembly. 

The (kl,tilcd optical data ot"thc 2nd embodiment ,ire' slrnwn 
in Table 3 and the aspheric surface data are shown in Table 4 
below. 

The IR-cut Jilter 280 is made uf gh1ss and lucatcd bet,, ccn 
the seventh lens element 270 and the image surface 290. and 

9 
1(1 

11 
1 .:1 

11 

14 

1 ~ 

16 
17 
18 

Surface:;::: 

k-
\4 -
\(, -

A8 
Al0 -
A12 -
A14-

Surface:;::: 

k­
\4-

A6 = 
A8-
A10= 
A12= 
A14= 
A16= 

Surface# 

k­
A4= 
A6= 
AS= 
Al0= 
A12= 
A14= 
A16= 

TABLE3 

2nd Ernhodirncnl 
r= l. )~ 111111, 1"110= \_X(), l[Hl\ =_i.::;.4dc~. 

h.h . .::d 

CmY:1hire Radius Thickness \fatcrial Index Abbe~ length 

Object 
Ape. Stop 

lens 1 

I .CIIS 2 

I .CllS] 

lens4 

lens 5 

T .ens 6 

I .CIIS 7 

PLrno 
PLrno 

1.673 (ASP) 
18.Ri< (ASP) 

'.•r•1 (AS!') 

Infinity 
-0.415 

0.73.:1 
0.078. 
()_2]() 

1.--:-12 (ASP) (J __ llo 
-.,. 14 

-1.:1.82~ 
-13.333 
125.(1(1(1 

-6.89(1 

'. I 

(ASP) 

(ASP) 
(ASP) 
(ASP) 
(ASP) 
(ASP) 
(ASP) 

---1-_.;;1_111 (ASP) 

-'-"'-' (AS!') 

L .4CC• (ASP) 

Phstic 1.544 55.9 3.32 

Phstic 1.650 21.4 -18.53 

Phstic 1.639 23.5 -11.85 

Pi:"Jstic 1.'."i44 

IR-cut filter PLrno 

().4()(\ 

0.131 
0.233 
0.141 
0.28(, 

0.082 
O."i:?4 

(J __ l_l l 

() __ .:;;_)') 

().4(!1) 

0.3(H, 

0.138 
Glass 1.517 64.2 

Image 

2 

l.X\lllll•-11\ 
1.2\(J\J<.-(J_l 

-2.\(J_.:;;(JJ,.-()2 

4.'J825E-U2 
-6.6592E-02 
4.4266E-02 

-1.1917E-02 

7 

-()_(J_.;;()_.;;J,_+(JI 

-(J.2_)4_.;;J,_-(!_1 

-2.5900E-02 
-1.2351E-02 
-6.3732E-03 

2.7261E-04 

12 

PLrno 
PLrno 

Aspheric Coefficients 

-:_.;;11)':J,.+OI 

-1.c'-l T-11\ 
1. SC•J4\·.-11\ 

-4.'!4C•4L-Ul 
3.86.:13E-01 

-U896E-01 
.:1.5457E-02 

i)_III I 111]'_+()1 

-~--11.;;...j.l'_-()2 

-l.9293E-02 
-1.1986E-02 

2.5025E-03 
-5.4314E-04 

4 

-4.221.)],+11] 

-1...;;_.;;1 IJ<.-111 

4_()_)()_.;;1-.-11 j 

-5.l 797L-,,1 
3.8718E-l,l 

-1.5285E-1,1 
2.3777E-l,.:1 

9 

_(J_()()()()]·.+1 

-1. I 1,1~1·-' I 
1.2364E-0l 

-1.1263E-01 
-1.1900E-01 

3.0858E-01 
-2.0355E-01 

4.5152E-02 

13 

-1.711'!1-.+ll\ 
I. I X'J5l•-II\ 

-2 .. 12.VJl•.-(ll 

4.'J764E-Ul 
-5.6017E-01 

3.2592E-01 
-6.5309E-02 

10 

L.X5 I l l•.+1111 
_.;;.472xJ<.-(J2 

2.3223E-0l 
-4.2344E-01 

4.0l 13E-01 
-1.7134E-01 

2.4330E-02 

14 

-1.6684E+Ol -8.6382E+0l -8.1998E-01 
-3.9615E-02 -2.1431E-03 -3.7628E-01 

3.8600E-02 8.5664E-03 1.9019E-01 
-8.2939E-02 -2.6536E-02 -5.8449E-02 

5.0185E-02 1.1174E-02 l.3528E-02 
-1.8395E-02 -l.7084E-03 -2.2724E-03 

3.1339E-03 8.4600E-05 2.3107E-04 
-1.0270E-05 

- -,_ l ~, l l·-tl2 
-\.~ )...\-IJ]·.-{12 

2.:-143~L-U2 
-5/16l~E-02 

2. 79~3E-02 

-9.7137E-l,4 

11 

__ .;;_ l 1]•.+1 10 

-l.t1~~ll·-Ol 

2.6813E-0l 
-3.0123E-01 

2.1806E-01 
-8.0785E-02 

l.1392E-02 

15 

-1.5219E+00 
-2.8325E-01 

1.6639E-01 
- 7.5248E-02 

2.2744E-02 
-4.1 790E-03 

4.1489E-04 
-1.6956E-05 
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In the 2nd embodiment, the equation of the aspheric sur­
face profiles of the aforementioned lens elements is the same 

20 
of plastic material and has the object-side surface 311 and the 
image-side surface 312 being both aspheric. 

as the equation of the 1st embodiment. Also, the definitions of 
these parameters shown in the follmving table arc the same as 
those stated in the I st cmbodime'nl \\ ith corresponding.\ ,ilucs ' 
for the 2nd e'mbudimcnt, so an exp Li nation in this regard\\ ill 
not be prm ided again. 

The second lens element 320 with negative refractive 
power has an object-side surface 321 being com ex in a 
parnxi,d reg.inn thereof and ,111 inwg.c-sidc surfocc 322 being 
concm c in ,1 p,1rnxial region the'rcoL The second lens e'lcmcnt 
320 is made of plastic material ,md has the object-side surface 
321 and the image-side surface 322 being both aspheric. 

Moreover. these parameters can be calculated from Table 3 
and Table 4 as the following values and satisfy the folkming 
conditions: 10 

The third lens element 330 \Yith positive refractiw power 
has an object-side surface 331 being convex in a paraxial 
region thereof and an image-side surface 332 being concave 
in a paraxial region thereof. The third lens clement 330 is 

f[rnrnj 
Fno 
HFOV [deg.] 
Nmax 
V2 
CTl!CT2 
T2Ti('T2 
'J'2_l.i'J'_l4 
(T\2/T23) +, I 1-1 J4Si + 
('1'56/T(,7) 
Rl/R2 
f/R6 
f/R12 
R14/f 
(Rll-R12)iRll +Rl2) 

3.98 
1.80 

35.4 

,Kl3 - Kl4)/(Kl3 + K14) 
fl f:' 

f f3 
1.650 fl f7 

21.4 f lj rmx 
3.33 t'FPD 
1.44 
2.41 
1.42 

0.09 
-0.31 

0.88 
0.37 

-0.35 

Y.__:11.::' YdJ! 
y.__-1,.:' y,._-72 

IAT lmgH 
SD TD 
Hf 
TllmgH 

3rd J ,:mbodimcnl 

1_1,32 

(1.90 

1.22 
1.67 

FIG. 5 is a schematic view of an image capturing unit 
according to the 3rd embodiment of the present disclosure. 
FIG. 6 shm,s. in order from left to right, spherical aberration 
curves, astigmatic field curves and ,1 distortion cuf\c or the 
image capturing. unit according. t" the 3rd cmbodime'nl. In 
Fl(i. 5, the imag.c capturing unit includes the photug.r,1phing 
optical lens assembly (its reference numeral is omitted) of the 
present disclosure and an image sensor 395. The photograph­
ing optical lens assembly includes. in order from an object 
side to an image side, an aperture stop 300, a first lens element 
310, a second lens clement 320. a third lens clement 330. a 
fourth lens ckmrnt 340, a fillh kns e'lcmcnt 350, a sixth ic'ns 
clement 360. ,1 sc\cnth lens clcme'nl 370, an IR-cut lillc'r 380 
and an imag.c, surface 390, wherein the photographing. up1ical 
lens assembly has a total of se,en non-cemented lens ele­
ments (310-3 70) with refractive pmwr. 

The first lens element 310 with positive refractiw pmver 
has an object-side surface 311 being convex in a paraxial 
region thereof and an image-side surfocc 312 being concave 
in a paraxi,d re'g.inn thereof'. The lirsl lens clement 310 i, 111,tdc 

Surface# 

0 

2 
3 
4 
5 
6 
7 
8 
9 

made of pL1stic material and lws the object-side surL1ce 331 
and the, i111,1g.e-sidc surfocc 332 being both asphcric. 

The fourth lens clement 340 \\ ith negative rcfracti\ c puwcr 
15 has an object-side surface 341 being concave in a paraxial 

region thereof and an image-side surface 342 being concave 
in a paraxial region thereof. The fourth lens element 340 is 
made of plastic material and has the object-side surface 341 
and the i111,1gc-sidc surfocc 342 he'ing. both aspheric. 

:2(J The firth lens clc111cnt 350 \\ ith positive refr,1cti, l.' pu,Yer 

has an object-side surfocc 351 being convex in a par,1xial 
region thereof and an image-side surface 352 being conwx in 
a paraxial region thereof. The fifth lens element 350 is made 
of plastic material and has the object-side surface 351 and the 

25 image-side surface 352 being both aspheric. 
The sixth lens clement 360 \\ith positive rcfrncti\ e power 

has an uhje'Ct-sidc surfocc 361 being convex in a p:1r,1xial 
region the're'ur and an image-side' surfocc 362 being. c·"nc,1vc 

30 in a paraxial region thereof'. The sixth lens clement 360 is 
made of plastic material and has the object-side surface 361 
and the image-side surface 362 being both aspheric. The 
image-side surface 362 of the sixth lens element 360 has at 
least one inflection point. 

The sc\cnth lens clement 370 with negative refractive 
-1 -" po\ver h.:1s .:111 object-side surl~1l'L' 371 being con,·L'X in ,1 

paraxial reg.inn thereof and an image-side surface 372 being 
concave in a paraxial region thereof. The sixth lens element 
370 is made of plastic material and has the object-side surface 
371 and the image-side surface 372 being both aspheric. The 

40 image-side surface 372 of the se,enth lens element 370 has at 
least one inflection point. 

45 

The IR-cul filter 380 is nrnde' nl'g.lass and located hcl\\Cl'll 
the sc\rnth lens clement 370 ,1nd the image surfocc 390. ,md 
will not alkct the focal length of 1hc photographing. up1ical 
lens assembly. The image sensor 395 is disposed on or near 
the image surface 390 of the photographing optical lens 
assembly. 

The detailed optical data of the 3rd embodiment are shown 
in Table 5 and the asphcric surfocc data arc shown in Table 6 
below. 

TABLES 

3rd Embodiment 
f = 3.65 mm, Fno = 1.90, HFOV = 37.9 deg. 

Focal 
CUNature Radius Thickness Material Index Abbe# Length 

Object Plano Infinity 
Ape. Stop Plano -0.315 

Lens 1 1.629 (ASP) 0.500 Plastic 1.544 55.9 3.36 
13.484 (ASP) 0.077 

Lens 2 3.326 (ASP) 0.271 Plastic 1.650 21.4 -7.51 
1.914 (ASP) 0.270 

Lens 3 6.139 (ASP) 0.393 Plastic 1.544 55.9 14.00 
30.926 (ASP) 0.157 

Lens4 -9.731 (ASP) 0.230 Plastic 1.650 21.4 -9.17 
15.504 (ASP) 0.060 
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TABLE 5-continued 

3rd Embodiment 
f - 3.65 mm. Fno - 1.90. IIFOV - 37.9 dee. 

hK:il 
('111Y:1111rc R:hli11~ J'hick11css M:11ni:1I !11,k·\. \hhc// l.c11µ.1li 

8.375 (ASP, 0.420 
-15.944 1ASP, 0.149 

2.897 (ASP, 0.499 
4.161 (ASP, 0.211 
2.529 1ASP, 0.552 
1.360 I. \,p, il.41][1 

Pl:1110 

Pl:111() 

Pl:1110 

il._)()() 

!1.J_llJ 

Plastic U44 55 .9 

Plastic U44 55.9 

Plastic U44 55 .9 

( il:1ss l..;; l 7 CA.2 

10.15 

15.39 

-6.49 

Reference wavelength is 587.6 nm (d-line). 

Surface II 

k­
A4-
A6-
A8-
\\11-
\ 12 -
\14-

Surface# 

.:i.1,179E-01 
-l.6154E-03 
-l.:'454E-02 

4.1966F-02 
_()_i 1)2_iF-02 

;;;_.;;--:-_-:; JJ,.-()2 

-l . ....\-:-<1\~J<.-(J2 

T\BI.E6 

4.0042E+1,1 
-1.2601E-l,l 

3.5287E-1,1 
-4.7518F-1,J 

)_():1_)(1]·-1 I] 

-\.75831 _,,[ 
_l_(l(J20l·-11:, 

4 

-3.6055E+0l 
-1.3594E-01 

4.1483E-01 
-5.2444F-01 

1.811711'-111 
-\ __ .;;_lX.lJ<.-(J\ 

1.2.1771•.-()2 

9 

-1.91,1 lE+0l 
1.:'763E-01 

-2/179='E-01 
4.9453F-01 

__ ;;;_--;-41\iil"-Ol 

3.c,-lt•.-11\ 
- -_-":7i,]·.-(J2 

11_1 

-5.0000E+l,l 
-7.1145E-(,:, 
-5.6667E-(,3 

2.2018F-1,2 
-2.<Jl lXl•-1 (' 

_.:;;_7(J(J?]·-1 

-4.<, I 881 -' 

11 

k­
A4-
A6-
A8 
\\11-
\ 12 -
\14-
Al6-

-:'.8582E+0l 7.8411E+1,1 -3.3333E+0l -9/1(1(11)E+Ol 7.3877E+(1l 
-4.(,830E-02 -1.3039E-(,:, -1.3 719E-0 1 -l.3756E-01 -1.8656E-l,l 
-6.9467E-02 -1.2086E-(,:, 1.3287E-01 :1.49(,7E-01 2.6422E-1,1 

1).1f)00E-0_1 -4.714/f-(12 - l .0724P-0 1 -4.::' 7_-:;_.:;;E-0 I -2.06f{lf-i"1 l 
-2.---1-~--:-t)J,.-()2 ()_()74()]·-1,1'.'; -1.2( J_c;;XJ<.-( l I '·')')\ 7l•.-(J\ 2. J(J_c;;(J]·-11\ 

2.--1- '4!1J<.-(J_l 7.(J22_1.]·-11_, _l_(J72(JJ•.-(l\ 

-2.112\ 7l•.-11\ 
4.5152E-U2 

-\.""'11]11J,.-(J\ -X_(J(}2(1J-.-112 

__ c;;_:-<:-<7tJ]',-12 152.ll·.-l l 2.4.;;;JX1'.-(J2 \.(J(J(J_lL-112 

Surface# 

k­
A4-
,\f,-

\8 -
\\11-

.\12 
A14-
A16-

12 

-:'.7405E+0l 
-6.7523F-02 

'Ji4X2F-02 
-~.! )_)()()] '.-( )2 

_.:;;_(JX7(J]•.-(J2 

- ] .8 \ 8(,] •,-IJ2 
3.0474E-03 

13 

-6.81'48E+0l 
-2 __ .:;;490R-02 

l .2 H14F-02 

-2_.:;;tJ24J<.-(J2 

l.l J!11JJ<.-(J2 

-l.i22Ul'.-U.1 
8.6956E-05 

14 

-8.7458E-lil 
-3.8149F-1,l 

1_iJ11,)_c;;r-111 

__ .:;;_?\4 l c;;J--1)2 

I __ 1,_.:;;2--1-J-.-112 

-2.27421:-11, 
2.3(193E-(14 

-l/124i:1E-05 

Tn the :Ire! embmlimenl. lheeqmtinn of'lhe a spheric smfoce 
profiles o !"the' ,1 forementioned kns c'lements is the s,1me as !he 
equation oft he Isl embodiment.. \!so, the definitions ol"lhese 
parameters shown in the following table are the same as those 
stated in the 1st embodiment with corresponding values for 
the 3rd embodiment, so an explanation 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: 

f[mm] 
Fno 

3rd Embodiment 

3.65 (R13 - R14)/(R13 + R14) 
1.90 lfl/f21 

37.9 J7f3 

15 

-1.4766E+i"' 
-2.7976F-1,J 

\ .(i7071•-', I 
-7 __ .:;;4(J_lJ<.-(12 

2.27MJL-112 

-4. \ 8()(,1 ·.-1,, 
4.1462E-1'4 

-1.6890E-l,5 

c;;() 

CT1/CT2 
T23/CT2 
T23/T34 

55 (T12/T23) + (T34/T45) + 
(T56/T67) 
Rl/R2 
f/R6 
f/R12 
R14/f 

60 (Rll - R12)/(Rll + R12) 

22 

-continued 

.lrd h11h,,di111,:u1 

1.85 f7EPD 1.90 
1.00 Yc62/Yc61 1.13 
1.72 Yc62/Yc72 0.76 
3.61 Yc72/f 0.33 

0.12 UT/ImgH 0.32 
0.12 SD/TD 0.92 
0.88 1L/f 1.27 
0.37 1L/ImgH 1.60 

-0.18 

4th Embodiment 
HFOV [deg.] 
Nmax 1.650 lfl/f7! 

0.30 
0.45 
0.26 
0.52 
1.09 

65 FIG. 7 is a schematic view of an image capturing unit 
V2 21.4 lf/fjl max according to the 4th embodiment of the present disclosure. 

FIG. 8 shows, in order from left to right, spherical aberration 
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curves, astigmatic field curves and a distortion cuf\"e of the 
image capturing unit according to the 4th embodiment. In 
FIG. 7, the image capturing unit includes the photographing 
optical lens assembly (its reference nmneral is omitted) of the 
present disc Insure and an inrng.c se·nsnr495. The phutng.r,1ph- , 
ing optical kns ,1sscmbly inclmks. in order from ,111 object 
side lo an image side, an aperture slop 400, a first lens clement 
410, a second lens element 420. a third lens element 430, a 
fourth lens element 440, a fifth lens element 450, a sixth lens 
element 460. a seventh lens element 470, an IR-cut filter 480 10 
and an image surface 490, wherein the photographing optical 
lens assembly has a total of seven non-cemented lens cle­
ments (410-470) with rcfracti,c p11,,cr. 

The first kns clement 410 \\ ith positive rcfractiVc' j1<l\\Cr 
has an objec,t-sidc surl)1cc 411 being convex in a paraxial 
region thereof and an image-side surface 412 being concave 15 

in a paraxial region thereof. The first lens element 410 is made 
of plastic material and has the object-side surface 411 and the 
image-side surface 412 being both aspheric. 

TI1e second lens clement 420 \Vith neg<.1tive refractive 
power has ,111 ubjcct-sidc surfoce' 421 being com ex in a 211 
parnxial region thereof' and an im,,ge-sidc surfocc 422 being 
concave in a par,1xial region thereof. The second lens clement 
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 refractiw power 25 
has an object-side surface 431 being convex in a paraxial 
region thcrco rand an image-side surface 432 being concave 
in a parnxi,d rq'.ion thereof'. The' third lens clement 430 is 
made of' pL1stic material and h,1s the object-side surL1c·e 431 
and the image-side surface 432 being both asphcric. 30 

The fourth lens element 440 \Vith negative refractiw power 
has an object-side surface 441 being concave in a paraxial 
region thereof and an image-side surface 442 being convex in 

24 
a paraxial region thereof. The fourth lens element 440 is made 
of plastic material and has the object-side surface 441 and the 
image-side surface 442 being both aspheric. 

The fifth lens element 450 \Vith negative refractiw power 
has an ohje·c·t-sidc surfocc 451 he·ing convex in ,I p,m1xial 
region the't'l'lil' and an inrngc-side surfocc 452 being c·, ,ncavc 
in a par,1xi,d region thereof. The iiilh lens clement 450 is 
made of plastic material and has the object-side surface 451 
and the image-side surface 452 being both aspheric. 

The sixth lens element 460 \vith positive refractiw power 
has an object-side surface 461 being convex in a paraxial 
region thereof and an image-side surface 462 being concave 
in a par,,xi,d region thereof'. The' sixth lens clement 460 is 
made of' pL1stic material and lws the object-side surL1c'l' 461 
and the image-side surface 462 being both aspheric. The 
image-side surface 462 of the sixth lens element 460 has at 
least one inflection point. 

The sewnth lens element 470 with negative refractive 
power has an object-side surface 471 being conwx in a 
parnxial region thereof and an image-side surface 472 being 
concave in ,I parnxial region there•,,!·. The sixth lens e·kment 
470 is m;ide of' plastic nrntcri,,i ,111d !ms the object-side surfocc 
471 and the image-side surface 472 being both asphcric. The 
image-side surface 472 of the seventh lens element 470 has at 
least one inflection point. 

The IR-cut filter 480 is made of glass and located benveen 
the seventh lens element 470 and the image surface 490. and 
will not affect the focal length of the photographing optical 
lens assemhh'. The image sensor 495 is disposed 011 or near 
the im,1ge' surfocc 490 of' the' photographing optic·,,! lens 
asscmblv. 

The d~tailed optical data of the 4th embodiment are shown 
in Table 7 and the aspheric surface data are shown in Table 8 
below. 

TABLE 7 

41 Ii hnhodi111c111 
r= .,.(,() 111111, 1"110 = 2.(H) ] [H)\ = .,i_(l dco_ 

Foc1l 
CmY:1h1re Radius Thickness \fatcrial Index Abbe= Length 

Object PLrno Infinity 

9 
1(1 

11 
1 .' 
11 

14 
15 
16 
17 
18 

Note: 

Ape. Stop 
I.ens 1 

I .CIIS 2 

Lens 3 

Lens4 

Lens 5 

I .CIIS () 

Lens 7 

IR-cut filter 

Image 

Pl:rno 
1.4.<4 
~--:; .:;;.:;; 

~. 1)~1 I 

1 14 
8.48:'i 

41.177 
-8.9(1(1 

-37.88(, 
3.72(1 
'.(J73 

.' . .',-l 

-l. '".' 
2.176 
1.324 

Plano 
Plano 
Plano 

-0.321 
iASl'i n."()(.1 Pl:1s1 ic 1..,44 ::;.:;.,; 1. I, 
(AS!') ()_()/<j 

(AS!') ()_\()(, l)l:1:--1 ic i.(J_'')(j 21.4 - .n 
(AS!') U.254 
(ASP) 0.320 Phstic 1.544 55.9 19.57 
(ASP) 0.152 
(ASP) 0.23(, Pbstic 1.650 21.4 -17.96 
(ASP) 0.069 
(ASP) 0.280 Phstic 1.650 21.4 -:'4.38 
(ASP) 0.24(, 
(AS!') ()_4(j( I Pl:1"1 ic U44 _.:;;_.:;;_,; ~- ! ·2 
(AS!') (J.2(j\ 

(ASP) 0.530 Plastic 1.535 55.7 -8.08 
(ASP) 0.400 

0.300 Glass 1.517 64.2 
0.138 

Reference wavelength is 587.6 nm (d-line). 

TABLES 

Aspheric Coefficients 

Surface# 2 3 4 5 6 

1.9505E-01 2.0741E+0l -4.6124E+0l -2.1269E+0l 5.2858E+00 
-2.2156E-03 -1.2598E-01 -1.3019E-01 1.3082E-01 -6.8701E-02 
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TABLE 8-continued 

Asphcric Coefficients 

.\(,­

\8 -
\\II -
;\ 12 
A14-

-l.c441J•-112 1.4115X]-lil 4.222Xl•.-!J\ 
-5.24\41•.-II\ 

1.71J\81•-II\ 
-\.471J5J,-()\ 

3.3003E-02 

-1.:-.:.1,nF-(l\ -1.577Kl•-11_::: 
_i_1,--1-.:;;_-;J,_-(J2 -4.X_.:;;2Kl·-11 \ ..:;;_11_i(1.::'l•.-(J\ 1.472()]·-1 J.::' 

-( 1 .( 1 ']1J<.-(J2 _)_(J2(Jo]·-l1] _.:;;_:-,;4~Kl•.-!l\ -2.14\'Jl·-112 
_.:;; __ i(JlJ2L-()2 -l.7UYJL- 11 1 1t<Kl'.-Ul (>.45151-.- 11 2 

-l.6996E-02 3.4459E-I(' -3.11998E-02 -5.9778E-I(' 

Surface# 

k-
A4 
\(, -
\8 -
;\\II­
A12-
A14-
A16-

Surface# 

k­
\4-
\(, -

A8 
A10-
A12-
A14-
A16-

9 11) 

8.5464E+0l 7.8986E+l1l 9.0000E+0l 
-1.27.54F-n1 

\.21J\41•-II\ 

- 7.4189E+0l 
.5'!'! 7 E-01 

c."1 I l•-11\ 
----l- __ ;..:;;..:;;1,J<.-(J\ 

_i_')1,1l)41'.-0l 

-l.G929E-01 
2 .432 lE-02 

-4.~.::'--l-KL-!J2 l. l 72il•-11.:' 
1) . .:;;~ --l-_il•.-!l_l -(>.127()]·-1 1.::' - I_! J2()(>L-! l I 

-_'i_l 1114(JL-U2 5.04.1.i] • -11_) -1.17%1•-II\ 
l /16(1GE-02 1.0062E-(12 3.0849E-01 

-2.0052E-01 U1691E-11 6.6539E-L' 
4.5152E-02 -2.9257E-10 

12 

-l.18111Ji'.+II\ 
-()_{J()\(JJ,.-()2 

i.hX.12L-!J2 
-8.2(,1 IJHJ2 

5.0950E-02 
-l .8032E-02 

3.0605E-03 

13 

1( l{HJJ•.+(J\ 

-2.2--l-i,XJ<.-(J2 

')_-;-.;;7.;;i,._(J_l 

-2.:.;;~{)(i]'.-()2 

l.1145E-02 
-l.7c65E-03 

8.3c96E-05 

14 

-1. t'i_'.;l•+l1iJ 

-.1.x.;;2-1•-IJ) 

l.')l_.;;,JJ•-11! 

1.3~22E-1:i2 
-2.2749E-03 

2.3(19~E-(14 
-1.Cll9(1E-(J5 

11 

-3.4802E+l1l 
-L8448F-11J 

2.4(J_llj]•-1 .1 l 

-_l_!HJ_.:;;21·-11[ 

2. I (J24l·-11 l 
-8.0748E-112 

1.1196E-I(' 
6.2381E-115 

15 

-2.(J6(i.1F+I II 1 

-2.(JX J(J]•-1 11 

l .(A(J21·.-11 t 

- 7.554\ ]·.-I le 

2.2794E-11c 
-4.1793E-113 

4.1443E-114 
-1.6902E-115 

side to ,Ill inrngc side. an aperture' stop 500. a lirst kns e'kmcnt 
510. a scrnnd lens element 520. a third lens clement 530. a 

In the 4th e'mhudimcnt. thccqmti"n or the asphcric surL1cc 
prolilcs or the aforementioned lens clements is the Senne as the 
equation of the 1st embodiment. Also. the definitions of these 
parameters shmn1 in the following table are the same as those 
stated in the 1st embodiment ,vith corresponding values for 
the 4th embodiment, so an explanation in this regard ,vill not 
be pnwidcd ag,1in. 

30 fourth lens element 540, a fifth lens element 550, a sixth lens 
element 560. a seventh lens element 570, an IR-cut filter 580 
and an image surface 590, wherein the photographing optical 
lens assembly has a total of sewn non-cemented lens ele-

15 mcnts (510-570) with relractin· power. 
Moreover. ihcsc parameters can he calculated from T,1hlc 7 

and ·niblc X as the following values and satisly the l,11lm, ing 
conditions: 

4th Embodiment 

r I 111111 I .l.MJ ,RI' - Rl4)/(R\1 + R\41 11.24 
1'"110 2.(HJ II le IJ_-1-lJ 

1 IH 1\· I deg. I .17.(J 11, 11_J1J 

Nrnax 1.65U JI j 1.1.39 

V2 21.4 fij I11:1X 1.16 
CT1/CT2 3.01 fEPD 2.1:io 
T23/CT2 1.53 Yc6c Yc61 1.1)0 

T23/T34 1.67 Yc6c Yc72 (1.79 
(T12/T23) + IT34 T45) + 3.36 Yc72 f (1.31 
(T'i6/T<,7) 
Rl/R2 11. \ 7 C: \I l111gl I I I_ ~X 

\!RC, ().()() ,1) IIJ IJ_l)! 

l/R12 0.84 TLJf 1.22 
R14/f 0.36 TIJimgH 1.53 
(Rl 1 - Rl 2)/(Rll + Rl 2) -0,31 

5th Embodiment 

40 

45 

.;;() 

55 

The lirsl lens clement 510 \\ ilh positive rcl"rncti, e' po\\cr 
has an object-side surfocc 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. 

The second lens clement 520 with negative refractive 
power h,is ,111 object-side surL,c·c 521 being cone·,!\ e' in a 
paraxi,il region thcrcor and iln image-side surfocc 522 being 
concave in a paraxial region thereof. The second lens element 
520 is made of plastic material and has the object-side surface 
521 and the image-side surface 522 being both aspheric. 

The third lens element 530 \\ith positive refractiw power 
has an object-side surface 531 being convex in a paraxial 
region thcre•or mid an image-side· surfocc 532 being c·1111cavc 
in a pari!Xiiil region thcrcoL The third lens clcmrnl 530 is 
made of plastic material and has the object-side surface 531 
and the image-side surface 532 being both aspheric. 

The fourth lens element 540 with positive refractive power 
has an object-side surface 541 being convex in a paraxial 
region thereof and an image-side surface 542 being concave 
in a paraxial region thereof. The fourth lens element 540 is 
made of plastic material and has the object-side surface 541 
and the image-side surface 542 being both aspheric. 

The fifth lens element 550 with negative refractive power 
has an object-side surface 551 being concave in a paraxial 
region thereof and an image-side surface 552 being convex in 
a paraxial region thereof. The fifth lens element 550 is made 
of plastic material and has the object-side surface 551 and the 

FIG. 9 is a schematic view of an image capturing unit 
according to the 5th embodiment of the present disclosure. 60 

FIG. 10 shows, in order from left to right, spherical aberration 
curves, astigmatic field curves and a distortion curve of the 
image capturing unit according to the 5th embodiment. In 
FIG. 9, the image capturing unit includes the photographing 
optical lens assembly (its reference numeral is omitted) of the 
present disclosure and an image sensor 595. The photograph­

65 image-side surface 552 being both aspheric. 

ing optical lens assembly includes, in order from an object 
The sixth lens element 560 with positive refractive power 

has an object-side surface 561 being convex in a paraxial 
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region thereof and an image-side surface 562 being concave 
in a paraxial region thereof. The sixth lens element 560 is 
made of plastic material and has the object-side surface 561 

571 and the image-side surface 572 being both aspheric. The 
image-side surface 572 of the seventh lens element 570 has at 
least one inflection point. 

The TR-cut filter 580 is made of glass and located between and the image-side surfr1ce 562 being both aspheric. The 
image-side ,urL1ce 562 or the sixth lens clement 560 lws ,it 
least one inllel'lion point. 

, the seventh lc·ns clement 570 and the image surfocc' 590. ,111d 
will not arkcl the focal length "r the photographing "Ptical 
lens assembly. The image sensur 595 is disposed on ur near 
the image surface 590 of the photographing optical lens The seventh lens element 570 \Vith negative refractive 

power has an object-side surface 571 being convex in a 
paraxial region thereof and an image-side surface 572 being 10 
concave in a paraxial region thereof. The sixth lens element 
570 is made or plastic material and h,1s the object-side surfoce 

assembly. 
The detailed optical data of the 5th embodiment are shown 

in Table 9 and the aspheric surface data are shown in Table 10 
below. 

4 

I" 
II 
1.:1 

13 
14 
1~ 
16 

IS 

( )h_jcc1 

\pc. S1op 
I ,l)l\S 1 

Lens 2 

Lens 3 

T .ens 4 

I .CIIS _.:;; 

Lens 6 

Lens 7 

IR-cut filter 

I1n:1gc 

5th Embodiment 
f = 5.59 mm, Fno = 1.75, HFO\. = 34.5 deg. 

Focal 
Cun-:1nire Radius Thickness \faterial Index Abbe= Length 

Pl:11!ci 

])i:tlh) 

(ASl'J 
19.8611 (ASP) 

-1(111.(11111 (ASP) 
3.513 (ASP) 
3.4111 (ASP) 
7.549 (ASP) 
,_ 7 4; (ASP) 

I11fl11i1:,. 
-l).(114 

U.8~ i 

0.303 
0.480 
0.209 
0.594 
0.209 
n.11 _c;; 

Phstic 1.640 23.3 

Phstic 1.544 55.9 

c;;11_1 ...,, (ASP) (J __ l(l-.:J-

- -;_.:,11j 

:i.967 
:'.969 
3.61~ 
2.i:118 

PLrno 
Pl:tno 
]Jl:!110 

(ASI') 

(AS!') 

(ASP) 
(ASP) 
(ASP) 
(ASP) 

(J.2X( 1 

U.4U7 

0.506 
0.492 
0.642 
0.450 

Phstic 1.544 55.9 

Phstic 1.544 55.9 

0.405 Ghss 1.517 64.:' 

-~.29 

111.83 

1 IY•J 

89.92 

-9.78 

Rdtrtnct wavelength is 587.6 run I cl-lint 1. 

k= 
A4= 
A6= 
A8= 
AlO = 
Al2 
\14 = 

Surl'a..;...: TT 

k= 
A4= 
A6= 
A8= 
Al0= 
A12= 
A14= 
A16= 

Surface# 

k= 
A4= 
A6= 
A8= 
Al0= 
A12= 

TABLE 10 

\spheric Cocllicic111s 

4 

1.081 lE-01 9.(1(1(1(1E+Ol -9.0000E+lil -6.1500E+0l 
-2.6060E-03 -4.6:':' lE-02 -7.1270E-11:' 3.4637E-02 
-2.0373E-03 7.118:'6E-02 8.9664E-11:' -4.9408E-02 

5.7872E-03 -5.88411E-02 -6.4034E-11:' 6.0255E-02 
-4. 6207E-03 :'.6393E-02 2.6293E-11:' -3.8080E-02 

1.6981 F-OJ _,_,1(),]"-11., 1.21171'-()2 
-2._)(JJ_')J,.-()4 4_;;;.:,.:,(,L-!J4 4_()()()4],_-11-:J- - ! .4_;;;( l(JJ<.-( l_l 

7 ~ ~ lU 

-9.0000E+0l -7.7232E+0l -9.0000E+0l 8.5901E-01 
-6.2548E-03 -L2959E-02 -4.9457E-02 -2.7576E-02 
-3. 7399E-03 -9.0488E-03 2.5771E-02 5.6050E-02 
-2.0208E-03 -2.8225E-03 - l.3 l 83E-02 -5.1619E-02 
-5.2849E-04 1.4955E-04 -7.8580E-03 2.6848E-02 

l.3417E-04 2.2501E-04 1.1335E-02 -6.3375E-03 
-4.1569E-03 4.7641E-04 

4.9563E-04 

12 13 14 

-2.2824E+0l -2.6785E+0l -7.6801E-01 
-9.6573E-03 -3.9287E-03 -L5339E-01 

5.5718E-03 2.2761E-03 4.2266E-02 
-9. 7778E-03 -3.2864E-03 -7.1460E-03 

3.4291E-03 7.5579E-04 9.0915E-04 
-6.7980E-04 -6.3018E-05 -8.3652E-05 

-2.5137E+Ol 
1.9711E-03 

-5.2(145E-03 
3.27(15E-03 

-3.3926E-(13 
K.K2W~l:_-il4 

-!_() ~;;;11]·-0() 

11 

-9.621 ?E+00 
-7.2823E-02 

5.7698E-02 
-3.7112E-02 

1.4648E-02 
-2.9591E-03 

2.4060E-04 

15 

-L5490E+00 
-L1290E-01 

3.6935E-02 
-9.2042E-03 

1.5279E-03 
-1.5392E-04 
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TABLE 10-continued 

Asphcric Coefficients 

X.:1lJ( l4F-1 1(, 

- l .XX()(JL-11~ 

In the 5th 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 10 

parameters sho,vn in the following table arc the same as those 
stated in the I st embodiment \\ ith corresponding\ ,iluc·s for 

of plastic material and has the object-side surface 611 and the 
image-side surface 612 being both aspheric. 

The second lens element 620 with negative refractive 
power has an object-side surface 621 being conwx in a 
paraxi,d region thereof' and an inwge-side surfoce 622 being 
concm c' in a 1x1raxial region therc·,,L The second lens c·kment 
620 is made of plastic material ,llld has the object-side surface 

the 5th embodiment. so an cxpbmtion in this regard\\ ill not 
be provided again. 

Moreover. these parameters can be calculated from Table 9 
and Table 10 as the following values and satisfy the folkming 
conditions: 

r [111111[ 

hto 
HFOV [deg.] 
Nmax 
V2 
CT1/CT2 
T23/CT2 
·1·2_1/'J'.14 
(Tl2/T21) +, I ,-J \-JS)+ 
(TS(,/T(,7) 

Rl/R2 
f/R6 
f/R12 
R14/f 
(Rll -R12)-1Rll + R12) 

_.:;; __ c;;(J 

1.75 
34.5 

1.640 
23.3 

1.79 
0.44 
\ .IHI 

2_()() 

U.12 
0.74 
1.88 

,Rt, - R\4)/(R\1 + R\4, 
fl Jc 

f f3 
fl f7 
fiJ m:1x 

fEPD 
Yc62 Yc6t 

l:.\l Jmgll 
SD TD 
Hf 

0.36 TllmgH 
-0.0003 

(,th J ,:mbmlimrnt 

11.~X 

11,:)2 

(1.52 

(1.50 

1.14 
1.75 

\.IJ! 

I 1_4\) 

(1.89 

1.20 
1.72 

FIG. 11 is a schematic vie,v of an image capturing unit 
according to the 6th embodiment of the present disclosure. 
FIG. 12 shmvs. in order from left to right, spherical aberration 
curves, astigmatic field curves and a distortion cuf\"e of the 
image captming unit according to the 6th embodiment. In 
]!J( i. 11. the· inwgc capturing unit includes the photogr,1phing 
optical lens assembly (its rcl"cretll'c' numeral is omilled I ol"thc 
present disclosure and an image scnsur 695. The photograph­
ing optical lens assembly includes. in order from an object 
side to an image side, a first lens element 610, anapernJre stop 
600, a second lens element 620. a third lens element 630. a 
fourth lens element 640, a fifth lens element 650, a sixth lens 
clement 660. a ,evcnth lens clement 670. an IR-cut filter 680 
and an inrngc surfr,cc 690. wherein the photographing optical 
lens assemhh· has a total or sc'\ c'n non-cemented kns cle­
ments (610-670) with refractive power. 

The first lens element 610 with positive refractive power 
has an object-side surface 611 being convex in a paraxial 
region thereof and an image-side surface 612 being concave 
in a paraxial region thereof. The first lens element 610 is made 

Surface# 

0 

2 

15 621 and the image-side surface 622 being both aspheric. 
The third lens element 630 ,vith negative refractiw power 

has an object-side surface 631 being convex in a paraxial 
region thereof and an image-side surface 632 being concave 
in a paraxial region thereof. The third lens element 630 is 

2" made or plastic material and k1s the object-side surL,cc· 631 
and the image-side surfoce 632 being both asphcric. 

The fourth lens clement 640 \\ ith positive rcfracti, e puwer 
has an object-side surface 641 being convex in a paraxial 
region thereof and an image-side surface 642 being conwx in 

25 a paraxial region thereof. The fourth lens element 640 is made 
of plastic material and has the object-side surface 641 and the 
image-side smfacc 642 being both asphcric. 

The fifth kns clement 650 \\ ith negative refracti, e pmver 
has an uhjc'L'l-side surfoce 651 being concave in a pc1r,1xial 
region thcrcuLmd an image-side surface 652 being cum ex in 

30 a paraxial region thereof. The fifth lens element 650 is made 
of plastic material and has the object-side surface 651 and the 
image-side surface 652 being both aspheric. 

The sixth lens element 660 ,vith positive refractiw power 
has an object-side surface 661 being convex in a paraxial 

,s region therc•,,r mid an image-side· surfoce 662 being c-,,ncave 
in a pmaxial region thereof. The sixth lens clemc·nt 660 is 
made ur plastic material and has the object-side surbcc 661 
and the image-side surface 662 being both aspheric. The 
image-side surface 662 of the sixth lens element 660 has at 

40 least one inflection point. 
The sewnth lens element 670 with negative refractive 

power has an object-side surL,ce 671 being conca\ e in a 
paraxi,d region thereof and an inwge-side surfoce 672 being 
concm c' in " parnxial region thc·rcor. The sixth lens c·kment 
670 is made of plastic material ,llld has the object-siclc surface 

45 671 and the image-side surface 672 being both aspheric. The 
image-side surface 672 of the seYenth lens element 670 has at 
least one inflection point. 

The IR-cut filter 680 is made of glass and located benveen 
the seventh lens element 670 and the image surface 690, and 

Sil will nut ,ilkcl the focal length nr the photographing nptical 
lens assc·mhly. The image sensor 695 is disposed on or near 
the image surface 690 of the photographing optical lens 
assembly. 

The detailed optical data of the 6th embodiment are shown 
in Table 11 and the aspheric surface data are shown in Table 
12 below. 

Object 
lens 1 

TABLE 11 

6th Embodiment 
f ~ 5.04 mm, Fno ~ 1.85, HFOV ~ 37.4 deg. 

Focal 
Curvature Radius Thickness Material Index Abbe # Length 

Plano 
2.496 (ASP) 

15.830 (ASP) 

Infinity 
0.704 
0.040 

Plastic 1.544 55.9 5.35 
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3 
4 
5 
6 
7 
R 
') 

\II 
II 
12 
13 
14 
15 
16 
17 
IX 

N\1k: 

Rl'ICn.:ni:c 

S11rfacc // 

k 
A4-
A6-
A8-
A10-
A12-
A\4 

S11rfacc // 

k­
A4-
A6-
A8-
A10-
A12-
•\14-
\\(,-

Surfa.ce // 

k­
A4-
A6-
AS­
•\ Ill 

\ 12 -
\14-

Al6-
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TABLE 11-continued 

6th Embodiment 
f - 5.04 mm. Fno - 1.85. IIFOV - 37.4 dee. 

hK:il 
('111Y:1111rc R:hli11~ J'hick11css M:11ni:1I !11,k·\. \hhc// l.c11µ.1li 

Ape. Stop 
lens 2 

Plano 0.265 
12.102 1ASP, 0.380 Plastic 1.6411 23.3 -7.09 
3.258 (ASP, 0.217 

lens 3 3.681 (ASP, 0.257 Plastic 1.6411 23.3 -144.69 
3.444 1ASP, 0.100 

4 4.11.5 I. \,P, il.Ril3 Plastic 55.9 

lens G 

lens 7 

IR-cut filter 

- I 1.21 I 
-2_X(J7 

-4.(,75 
2.869 

23.810 
-81.301 

2.432 
Plano 
Plano 
Pl:1110 

i-, )P.7.6 nm (d-lim:). 

,,.-\:S:l) I 

(.\~PI 

(ASP·, 

(ASP, 
1ASP, 
1ASP, 

i).J_c;;(J 

iJ.4_)_.:;; 

f J_2(Jl 

0.678 
0.828 
0.330 
0.450 
0.405 
0.2.59 

Pl:1s1 ic l _r,-f, 1 2.1 .. l 

Plastic U44 55.9 

Plastic U44 55.9 

Glass U 1 7 64.2 

-I _l_ !(, 

5.93 

-4.33 

TABLE 12 

Asphcric Coefficients 

(l.t<_"ilJ)l·,-()2 4.U()()()]·.+ 1 

-2.8321E-03 -4.04671:-112 
-l.4731E-03 6.1460E-112 

5.1463E-03 -5.6709E-112 
-4.5969E-03 2.7905E-112 

l .8550E-03 -6.1855E-113 
-2.C)f,:(J~P-04 .1.2910f-(14 

-~.l 7Y7E+Ul -9.UUUUL+1_ 1 l 
-3.2142E-03 -1.0487E-112 
-4.523 lE-03 - 7.4209E-113 
-2.3837E-03 -1.1805E-113 
-5.8788E-04 5.1669E-114 

1.6482E-04 1.6909F-114 

12 

4 

-5.(IIJIJU\1+()\ -4.44,7\·.+IJ\ -4.1331'!·+111 
-7.75381:-02 3.39291:-02 2.31591:-113 

8.9954E-02 -4.8589E-02 -9.2979E-113 
-6.3382E-02 5.81178E-02 1.3899E-113 

2.6509E-02 -3.8458E-02 -3.6916E-113 
-5.6856E-03 1.254 7E-02 8.8820E-l14 

4.19.'iRP-04 1.5406F-03 -'i.R326f-115 

') 111 

3.6727E+Ul ~.o2117E-Ol 
-5.6950E-02 -2.11581E-02 

2.7187E-02 5.3934E-02 
-1.3948E-02 -5.162liE-02 
-8.1876E-03 2.6968E-02 

1.1294F-02 -6.12 \4F-03 
-4.1,,11•:-01 4.,17'1•-114 

5.1144%-114 

L3 14 

II 

-4.59581.+l_il_l 
-6.5935E-112 

5.9828E-112 
-3.6983E-112 

1.4619E-112 
-2.9677F-i-1~ 

2.l(iX41•-114 

lS 

-l.7235E+Ol 
-4.6214E-03 

6. 7552E-03 
-9.7961E-03 

s.46421•:-n, 
-(,.X_l( J(J] '.-( J4 

"'JJ24_.:;;J,.-(J_,:;; 

5.Ji186E+OO 
l.7428E-03 
1.8709E-03 

-9/1(1(1(1E+Ol 

-1.4438E-11l 
4.2329E-1:i2 

-7.146.SE-03 
9. \11_', .. '.\]·-(14 

-X.lr,4·:q._11'°' 

4.i•C•-111 -1<(0 

-l.lb33b-U7 

-3.7825E+C111 
-1.0384E-11l 

3.6797E-112 
-9.2589E-113 

I --"26."l<'-11l 
-3. 3402E-03 

; __ .:;;;_.:;7p_()4 

- 1._')_lX4L-114 
~LN_.:;;4] ,_-1 Jn 

-l.8664b-u7 

In the 6th embodiment, the equation of the aspheric surface 55 

profiles of the aforementioned lens elements is the same as the 

equation of the 1st embodiment. Also, the definitions of these f[mm] 

parameters shown in the following table are the same as those Fno 
HFOV[deg.] 

stated in the 1st embodiment with corresponding values for 60 Nmax 

the 6th embodiment, so an explanation in this regard will not V2 

be provided again. 
CT1/CT2 
T23/CT2 
T23/T34 

Moreover, these parameters can be calculated from Table (T12/T23) + (T34fT45) + 
65 (T56/T67) 

11 and Table 12 as the following values and satisfy the fol- Rl/R2 

lowing conditions: 

32 

6th Embodiment 

5.04 (R13 - R14)/(R13 + R14) 1.06 
1.85 lfl/f21 0.75 

37.4 J7f3 -0.03 
1.640 lfl/f71 1.23 

23.3 li7fjl max 1.16 
1.85 f7EPD 1.85 
0.57 Yc62/Yc61 0.96 
2.17 Yc62/Yc72 1.09 
2.39 Yc72/f 0.25 

0.16 UT/ImgH 0.49 
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UR<, 
l!R\2 
R\4/1' 
[RI I - R\2j ,RI I+ Rl2J 

33 
-continued 

6th Embodiment 

1.4(, Sil Ill 
11.21 11 I 
11.4X l I l111cl I 

-u.78 

7th Embodiment 

]<'](i. 11 is ,I schcnrntic vie\\ of ,111 image capturing unit 
according tu the 7th embodiment 1,r the present discll)surc. 
FICi. 14 shm\ s. in order from lcli tu right, spherical abcrr,1tion 
curves, astigmatic field curves and a distortion cun-e of the 
image capturing unit according to the 7th embodiment. In 
FIG. 13, the image capturing unit includes the photographing 
optical lens assembly (its reference numeral is omitted) of the 
present disclusmc and an image sensor 795. The plmtugraph­

34 
region thereof and an image-side surface 732 being concave 
in a paraxial region thereof. The third lens element 730 is 
made of plastic material and has the object-side surface 731 
and the im,1gc-sidc surface 7.U being both asphcric. 

The l,,urth lens clement 740 \\ ith positive rcfracti\ c' puwcr 
has an object-side surfocc 741 being convex in ,1 p,1r,1xial 
region thereof and an image-side surface 742 being conwx in 
a paraxial region thereof. The fourth lens element 740 is made 
of plastic material and has the object-side surface 741 and the 

10 image-side surface 742 being both aspheric. 
The fifth lens element 750 \Yith negative refracti,e pmver 

has an ohjc·ct-sidc surfocc 751 bc·ing concave in ,I p,1r,1xial 
region thc'rc'1 ,f,1nd an inrngc-,idc' surfr1cc 752 being com ex in 
a paraxi,d region thereof. The lil\h lens clement 750 is made 

15 of plastic material and has the object-side surface 751 and the 
image-side surface 752 being both aspheric. 

The sixth lens element 760 \Yith positive refractiw power 
has an object-side surface 761 being convex in a paraxial 
region thereof and an image-side smfacc 762 being concave 

211 in a par,1xi,il region thereof'. The' sixth lens clement 760 is 
made or pL1stic material and has the object-side surL1cT 761 
and the image-side surface 762 being both aspheric. The 
image-side surface 762 of the sixth lens element 760 has at 

ing optical kns ,1sscmbly inclmks. in order from ,111 object 
side to an image side. an aperture ,tl)p 700. a first lens c'lcmrnt 
710, a second lens element 720. a third lens element 730. a 
fourth lens element 740, a fifth lens element 750, a sixth lens 
element 760. a seventh lens element 770, an IR-cut filter 780 
and an image surface 790, wherein the photographing optical 25 

lens assembly has a total of se\·en non-cemented lens ele-

least one inflection point. 
The sewnth lens element 770 with positive refractive 

power has an object-side surface 771 being conwx in a 
paraxi,il regiun thereof and ,111 inwgc-sidc surfocc 772 being 
concave in ,1 p,1raxial region thcTeoL The sixth lens clement 
770 is made of plastic material ,ind has the object-side surface 

men ts (710-770) with rcfracti\ c p11\\cr. 
The first kns clement 710 with pusitivc rcfracti\ c p1 >\\Cr 

has an object-side surl)1cc 711 being con\cx in a par,1xi,d 
region thereof and an image-side surface 712 being concave 
in a paraxial region thereof. The first lens element 710 is made 
of plastic material and has the object-side surface 711 and the 
image-side surface 712 being both aspheric. 

30 771 and the image-side surface 772 being both aspheric. The 
image-side surface 772 of the se,enth lens element 770 has at 
least one inflection point. 

111c second lens clement 720 \Yith ncgc1tivc refractive 
power lws ,111 nbjcct-sidc surL1cc 721 being com c'X in a ,, 
paraxial region thereof and an im,1ge-sidc surfocc 722 being 
concave in ,1 p,iraxial region thereof. The second lens clement 
720 is made of plastic material and has the object-side surface 
721 and the image-side surface 722 being both aspheric. 

The IR-cut filter 780 is made of glass and located bet\Yeen 
the sc,cnth lens clement 770 mid the image surface 790. and 
will not ,1n;_.'l't the focal length n!' the photographing nptical 
lens as,;cmbly. The image sensor 795 is disposed 1m or near 
the image surface 790 of the photographing optical lens 
assembly. 

The detailed optical data of the 7th embodiment are shown 
in Table 13 and the aspheric surface data are shown in Table 
14 belmY. 

The third lens element 730 with positive refractiw power 40 

has an object-side surface 731 being convex in a paraxial 

Ohjccl 
\pc. S1op 
I .CIIS I 

4 Lens 2 
5 
6 Lens 3 
7 
8 Lens4 
9 

10 Lens 5 
11 
12 Lens 6 
13 
14 Lens 7 
15 
16 IR-cut filter 
17 
18 Image 

Note: 

7th b11hodi111r..·m 
f~ 3.86 mm, Fno ~ 1.65, HFO\' ~ 36.0 deg. 

Focal 
CmY:1h1re Radius Thickness \faterial Index Abbe= Length 

Pl:rno Inf1ni1y 
Pl:1110 -()_4_':\:? 

1.:--:.11-'f (AS!') ()_()_'~?', JJl:1~1 ic U44 .:;;,:;;_(} ~.K2 

ll.~'J3 (ASl'J U.U7U 

2.403 (ASP) 0.220 Plastic 1.639 23.5 -7.07 
1.512 (ASP) 0.245 
3.430 (ASP) 0.328 Plastic 1.544 55.9 33.13 
4.094 (ASP) 0.180 
6.413 (ASP) 0.430 Plastic 1.544 55.9 7.93 

-12.887 (ASP) 0.270 
-1.813 (ASP) 0.270 Plastic 1.639 23.5 -7.93 
-2.986 (ASP) 0,035 

2.152 (ASP) 0.455 Plastic 1.544 55.9 31.31 
2.280 (ASP) 0.241 
1.425 (ASP) 0.601 Plastic 1.544 55.9 83.35 
1.253 (ASP) 0.500 

Plano 0.300 Glass 1.517 64.2 
Plano 0.142 
Plano 

Reference wavelength is 587.6 nm (d-line). 
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35 36 
TABLE 14 

Asphcric Coefficients 

S11rfacc /! 4 

k-
A4 
A6-
A8-
A10-
A12-
A14-

-:'.l14118E-02 
5/1675E-02 

-6.6396E-02 
4.4585E-02 

-l.:'l:'5E-02 

-(J _ _'')X2] )·+II] 

-1.4(,31 
3.71411E-l1l 

-4.9646E-11l 
3.8237E-11l 

-1.5624E-11l 
2.4322E-11:' 

-2.221 IJ<.+(J\ 
-1.833111-(1I 

4.0431E-01 
-5 .134 7E-O 1 

3.8365E-01 
-1.5630E-01 

2.5640E-02 

-I I 1421•+111 

1.1 ScSl1-U I 
-:'.44:'7E-01 

4.9181E-01 
-5.5861E-01 

3.:16:'lE-01 

-(,.81441 +' 11 

-6. \2U51·-11.) 

-8.0501E-113 
3.0308E-11:' 

-5.2573E-11:' 
2.3947E-11:' 

-3.4618E-113 - 7.3615E-02 

S11rfacc // ') \1) II 

k­
A4-
A6-
A8-
A10-
A12-
A14-
\ 1(, -

-l.0'JL1L+Ol -9.0(HH1J·+lil (,.(,4811•+111 -.1 cs 11•-(I[ 

-9/14(JlE-03 -2.9942E-(12 -1.2128E-Ol -4.4:'04E-02 -l.7692E-11l 
2.6741E-11l 

-2.9964E-11l 
2.1867E-11l 

-8.0591E-11:' 
1.1514F-11:' 

-l.14!i9E-02 -3.3768E-11:' 1.1903E-01 :'.6399E-01 
-6.!17:'JE-03 -1.3263E-11:' -1.1038E-01 -4.17:'SE-01 
-8.l1577E-03 2.6773E-113 -1.1959E-01 3.9961E-01 
-8.7548E-12 8.8115E-l:' 3.0655E-01 -l.71811E-Ol 

S11rfacc // 

k­
A4-
A6-
A8-
A10-
A12 
\14-
\1(,-

12 

-8.2784E+OO 
-4.5219E-02 

3.9095E-02 
-8.2337E-02 

5.0063E-02 
-1 )0591'.-02 

'.! l.1441 •.-( l_l 

-2.0549E-01 
4 _ _-:;;1 _.::;_lF-(l2 

1 _l 

-l.91181E+Ol 
-5.l(i72E-03 

9.3768E-03 
-:'.71140E-02 

l.l:'60E-02 
1591•:-01 

:-.:..2 \tiXJ<.-(J_,:;; 

14 

-2.5314E+(J0 
-3.8116E-11l 

1.9H1(1E-(1l 

-5.8397E-(J2 
1.3532E-(12 

2._\[11\]·-114 

-I _(11_,:s;J,,-1J.::; 

In the 7th embodiment, the equation of the aspheric surface 
profiles of the aforementioned lens elements is the same as the 
equation of the I st embodiment. Also. the definitions of these 
parameters shlm 11 in the following uble arc the same :1s those 
stated in the' I st embodiment ,, ith corresponding, iilllc's liir 
the 7th cmbudimcnt, so an cxpla11a1iun in this regard\\ ill not 
be provided again. 

Moreover. these parameters can be calculated from Table 

-1.6180E+l111 
-2. 851SE-111 

1.6705E-11l 
- 7.51 SOE-11:' 

2.2739E-11:' 
-4.17'J'J!'-113 

4.141Jiil•-'14 
-1.urn,1•-( 1.::; 

optical lens assembly (its reference nllllleral is omined) of the 
present disclosure and an image sensor 895. The photograph­
ing optical lens assembly includes. in order from an object 

,, side to :111 imi1gc side. a first lens c·lcmcnt 810. an ,1pcrturc' stop 
800. a scu,nd lens clement 820. ii third lens clement 810. a 

13 and Table 14 as the following ,a!ues and satisfy the fol- 40 

fourth lens clement 840, a fil\h lens clement 850, a sixth lens 
element 860. a seventh lens element 870, an IR-cut filter 880 
and an image surface 890, wherein the photographing optical 
lens assembly has a total of sewn non-cemented lens ele­
ments (810-870) with refractiw power. lowing conditions: 

f[rnrn] 
Fno 
HFOV [deg.] 
Nmax 
V2 
(''J't/("I':' 
T2.l.i('T2 
'J'2_l.i'J'_l4 

('1'121'1'23 J + (T34/T45) + 
(T56/T67) 
Rl/R2 
f/R6 
f/R12 
R14/f 
(Rl 1 - R12)/(Rll + R12) 

3.86 
1.65 

36.0 

,Rl3 - Rl4)/(R13 + Rl4j 
fl f:' 

f f3 
1.639 fl f7 

23.5 
2_()() 

t.t t 
\._l() 

1.10 

0.15 
0.94 
1.69 
0.32 

-0.03 

fij ffi:lX 

f J I'll 

Ye"' Yc72 
Yc72/f 

l:AT/ImgH 
SDfTD 
TUf 
TIJimgH 

8th Embodiment 

0.36 
0.89 
1.28 
1.71 

FIG. 15 is a schematic view of an image capturing unit 
according to the 8th embodiment of the present disclosure. 
FIG. 16 shows, in order from left to right, spherical aberration 
curves, astigmatic field curves and a distortion curve of the 
image capturing unit according to the 8th embodiment. In 
FIG. 15, the image capturing unit includes the photographing 

The first lens clement 810 with positive rcl'rnctin· power 
has an "bjc·ct-sidc surfocc 811 being convex in a pi1rnxial 
region thcrc<l!' mid an image-side surfocc 812 being_ cunc,1vc 

45 in a paraxial region thereof. The Jirst lens element 810 is made 
of glass material and has the object-side surface 811 and the 
image-side surface 812 being both aspheric. 

The second lens element 820 with negative refractive 
power has an object-side surface 821 being con,ex in a 

"' parnxi,il region thcrcor and ,111 imi1gc-sidc surfocc 822 being 
concm c in ii parnxial region thc·rc<lL The second lens c·lcmcnt 
820 is made of plastic material and has the object-side surface 
821 and the image-side surface 822 being both aspheric. 

The third lens element 830 with positive refractive power 
55 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 

60 

and the image-side surface 832 being both aspheric. 
The fourth lens element 840 with positive refractive power 

has an object-side surface 841 being convex in a paraxial 
region thereof and an image-side surface 842 being convex in 
a paraxial region thereof. The fourth lens element 840 is made 
of plastic material and has the object-side surface 841 and the 

65 image-side surface 842 being both aspheric. 
The fifth lens element 850 with negative refractive power 

has an object-side surface 851 being concave in a paraxial 
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37 38 
region thereofand an image-side surface 852 being convex in 
a paraxial region thereof. The fifth lens element 850 is made 
of plastic material and has the object-side surface 851 and the 
image-side surface 852 being both aspheric. 

concave in a paraxial region thereof. The sixth lens element 
870 is made of plastic material and has the object-side surface 
871 and the image-side surface 872 being both aspheric. The 
image-side surface 872 or the sc\ cnth lens clement 870 has at 
least one' inlkction point. The sixth lens clement 860 \\ ith p<lsitivc rct"rnctivc J1l>\\er , 

has an objc'c·t-sidc surfocc 861 being convex in a p,1r,1xi,d 
region thereof ,llld an image-side surface 862 being cum:,1\ c 
in a paraxial region thereof. The sixth lens element 860 is 
made of plastic material and has the object-side surface 861 
and the image-side surface 862 being both aspheric. The 10 
image-side surface 862 of the sixth lens element 860 has at 
least one intlcction point. 

The IR-cut liltcr880 is made of glass and locakd lwt\\ecn 
the seventh lens element 870 and the image surface 890. and 
will not affect the focal length of the photographing optical 
lens assembly. The image sensor 895 is disposed on or near 
the image surface 890 of the photographing optical lens 
assembly. 

The SC\ cnth lens clement 870 with positive rcfrac·tivc 
power lrns an <lbjcct-sidc surL1c·c 871 being com ex in ,1 
paraxial region thereof and an image-side surface 872 being 

The ckt,1ilcd optical data of the' gth embodiment arc shown 
in 'li1blc 15 ,md the asphcric surL1cc data arc shown in l,1blc 
16 bckm. 

9 
1(1 

11 
L' 
1.3 

1-l 

I' 
l(, 

17 
18 

Object 
Lens 1 

Ape. Stop 
T ,ens 2 

I .CIIS _l 

Lens4 

Lens 5 

Lens 6 

I .CIIS 7 

Image 

TABLE 15 

8th Embodiment 
f = ::;, 1J,; mm, Fno = 2.:rn, ITfO\~ = _;).1 deg. 

( ·lln:!1111\.: R:1di11s Thick11c::-:::-: \l:i\1..,•ri:il Index \hh,: 

PLrno 
1.857 (ASP) 

31.734 (ASP) 

Infinitv 
0.531 
0.035 

PLrno 0.035 
CASPI ll.2'i8 

1.-1: (ASP) (J.2_;;;2 

-l.1-l-l (AS!') 11.2\(, 
4.14., (AS!') IJ. \ 9., 
5.722 (ASP) 0.48Y 

-11.474 (ASP) 0.252 
-1.798 (ASP) 0.385 
-3.:184 (ASP) 0.039 

:1.1:16 (ASP) 0.463 
(ASP) 0.2J3 

l .--1-~_;;; (ASP) (J_(J2;;; 

!.~;;;,) (ASP) (j_;;;(H 1 

J)l:rno (J.](H1 

l'Lrno 
PLrno 

0.200 

Glass 1.571 50.9 

Pl:1stic 1.619 r;:~ 

Phstic 1.544 55.Y 

Phstic 1.639 23.5 

Phstic 1.544 55.9 

1:,,,.._·;il 

J ... :nglh 

3.43 

-6,92 

:16.88 

Rderence wavelength is 587.6 nm id-line). 

Aspheric Coeffi.ci<?nts 

Surface= 

4 

k~ l.7(,\IIJ•-11\ ').I 1(1(111]·.+()\ -_)_()()\ 7],_+I I] -1.14(,\l•+II\ -:_i) j I 11)],+{HJ 

\4 ~ 4.( JX I _l I•.-( l_l -1. , j ]11]·_-()\ -1.747111'-', I 1. \4211•-II\ __ ,;;;_---\-(, --],_-{ 1_) 

Au~ -2.2U41L-U2 3.5326L-Ul 4.UW5L-Ul -2.J576L-Ul -2.loluL-U2 
AS= 4.9702E-02 -5.0652E-01 -5.1539E-01 4.9483E-01 2.8708E-02 
Al0= -6.5378E-02 3.9105E-01 3.8355E-01 -5. 7329E-01 -4.5589E-02 
A12= 4.5669E-02 -l.4361E-01 -l.5354E-01 3.2351E-01 2.9753E-02 
A14= -l.7001E-02 l.0912E-02 2.7689E-02 -5.4749E-02 -8.8348E-03 

Surface# 

7 8 9 10 11 

k= -1.1960E+0l -7.1358E+0l 7.2694E+0l 7.9135E-01 -1.8296E+00 
A4= -5.3977E-03 -3.1019E-02 -1.2591E-01 -3.7160E-02 -1.7589E-01 
A6= -7.6666E-03 -2.8856E-02 l.1963E-01 2.6580E-01 2.6897E-01 
AS= -2.2734E-03 -l.0251E-02 -l.1064E-01 -4. l 743E-01 -2.9924E-01 
Al0= -6.0752E-03 5.5126E-03 -l.2138E-01 3.9905E-01 2.1874E-01 
A12= -6.6535E-07 5.7768E-07 3.0594E-01 -l.7180E-01 -8.0610E-02 
A14= -2.051 ?E-01 2.4453E-02 1.1557E-02 
A16= 4.5153E-02 
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k­
A4-
A6-
A8-
A10 -
A12 
\14-
\1(, -

12 

-7.8325E+00 
-4.3177E-02 

3.7571E-02 
-8.2490E-02 

5.0484E-02 
.8279F-02 

-::.o J (J(JJ<.-(J_l 

39 
TABLE 16-continued 

Asphcric Coefficients 

S11rface /! 

-1.648:'E+0l 
- 7.111:'6E-03 

U1375E-02 
-:'.6953E-02 

l.l:':'9E-02 

14 

-2.4885E+(111 
-3.7824E-11l 

1.91Ci6E-l1l 
-5.8441E-11:' 

1.3S2SE-(12 

2 .. 11 11l·-11-f 

- I_( i_l1 i_l) • -1 I..:;; 

In the 8th embodiment, the equation of the a.spheric surface 
profiles of the aforementioned lens elements is the same as the 
equation of the 1st embodiment. Also. the definitions of these 
parameters ,d1m1 n in the following. t:1hle arc the same :1s those 
stated in the 1st embodiment with corresponding values for 
the 8th embudiment, su an explanaiion in this regard 11 ill nut 
be provided again. 

-1.6844E+00 
-2.8445E-0l 

1.6710E-0l 
-7.5149E-0:' 

2.2737E-02 
-4.179GE-0;\ 

4. 141!71 •.-114 
-l.UJ4XJ<.-(1_..:;; 

15 

40 

of glass material and has the object-side surface 911 and the 
image-side surface 912 being both a.spheric. 

The second lens element 920 with negative refractive 

211 power has :111 ob_jcet-sidc surL1cc' 921 being corn ex in a 
parnxial rc'g.ion thcrcor and an i111c1g.c-sidc surfocc 922 being 
concave in a parnxial region thcrcuL The second lens clement 
920 is made of plastic material and has the object-side surface 
921 and the image-side surface 922 being both a.spheric. 

Moreover. these parameters can be calculated from Table 
25 

15 and Table 16 as the following values and satisfy the fol-
The third lens element 930 1vith negative refractiw power 

has an object-side surface 931 being convex in a paraxial 
region thcrcnl" and an image-side smfocc 932 being conc:1vc 
in a par:1xi:il region thcrcoL The third lens clement 930 is 
made of plastic material and has the object-side surL1cc 931 

lowing conditions: 

f[rnrn] 
Fno 
HFOV [deg.] 
Nmax 
V2 
("Tl/("'1"2 

T2.l.i('T2 
T2J/T34 
(Tl2/T23) + 1134 l45J + 
(T56/T67) 
Rl/R2 
f/R6 
f/R12 
R14/f 
(RI I - RI Rl l + Rl2) 

8th Ernbodirrh.'Jll 

3.93 1Rl3 - R14)/(R13 + R14! 
2.30 

35.1 
fl f:' 

f f3 
1.639 fl f7 

2_1 __ ..:;; 

2.()() 

(J_(JX 

j' Ji 11\:lX 

11 !'I l 

1.2(J l Y,.:72 
1.22 Yc72 f 

0.06 
0.95 
1.71 
0.12 

-()_()4 

IAT lmgH 
SD TD 
Hf 
Tl. Im~!! 

9th Embodiment 

(1,1)6 

(1.54 
(1,1)1 

(1,1)6 

1.1_..:;; 

I.I'! 
1.11,) 

11.3!) 

(1.86 
1.28 

FIG. 17 is a schematic vie,, of an image capturing unit 
according to the 9th embodiment of the present disclosure. 
Fl( i. 18 shows. in order !"mm left tn rigJ1t, spherical ahcrr:1tion 
curves, astig.m:1tic lick! curves :111d ,1 distortion cun c' , ,r the 
image capturing unit according to the 9th embodiment. In 
FIG. 17, the image capturing unit includes the photographing 
optical lens assembly (its reference numeral is omitted) of the 
present disclosure and an image sensor 995. The photograph­
ing optical lens assembly includes, in order from an object 
side to an image side, a first lens element 910, an aperture stop 
900, a second lens element 920, a third lens element 930, a 
fourth lens element 940, a fifth lens element 950, a sixth lens 
element 960, a seventh lens element 970, an IR-cut filter 980 
and an image surface 990, wherein the photographing optical 
lens assembly has a total of seven non-cemented lens ele­
ments (910-970) with refractive power. 

The first lens element 910 with positive refractive power 

30 and the image-side surface 932 being both a.spheric. 
The fourth lens element 940 1vith positive refractiw power 

has an object-side surface 941 being convex in a paraxial 
region thereof and an image-side surface 942 being conwx in 
a paraxfal region thereof. The fomth lens element 940 is made 

,, or plastic 111:1tcrial and has the ohjc'ct-sidc surfocc 941 :111d the 
image-side surfocc 942 being. huth asphcric. 

The Jilih lens clement 950 11ith negative rcfracti1 e puwcr 
has an object-side surface 951 being concave in a paraxial 
region thereof and an image-side surface 952 being conwx in 

40 a paraxial region thereof. The fifth lens element 950 is made 
of plastic material and has the object-side surface 951 and the 
image-side surfocc 952 being. hoth asphcric. 

The sixth lens clement 960 11 ith negative rcl"rncti1 c' power 
has an object-side surfocc 961 being convex in :1 p,1r:1xial 

45 regiun thereof and an image-side surface 962 being concave 
in a paraxial region thereof. The sixth lens element 960 is 
made of plastic material and has the object-side surface 961 
and the image-side surface 962 being both a.spheric. The 
image-side surface 962 of the sixth lens clement 960 has at 

"' least one inlkction point. 
The sci cnth lens clement 970 with positive rcfr:1ctivc 

power has an object-side surface 971 being convex in a 
paraxial region thereof and an image-side surface 972 being 
concave in a paraxial region thereof. The sixth lens element 

55 970 is made of plastic material and has the object-side surface 
971 and the image-side surface 972 being both a.spheric. The 
image-side surface 972 of the seventh lens element 970 has at 
least one inflection point. 

The IR-cut filter 980 is made of glass and located between 
60 the seventh lens element 970 and the image surface 990, and 

will not affect the focal length of the photographing optical 
lens assembly. The image sensor 995 is disposed on or near 
the image surface 990 of the photographing optical lens 
assembly. 

has an object-side surface 911 being convex in a paraxial 65 

region thereof and an image-side surface 912 being concave 
The detailed optical data of the 9th embodiment are shown 

in Table 17 and the a.spheric surface data are shown in Table 
18 below. in a paraxial region thereof. The first lens element 910 is made 
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TABLE17 

9th Embodiment 

f'= _1_()4111111. I-"r1c, = .::' . .::'.''i, H!•O\" = _lS.6 d'--,~-

hK:il 

Cu1vature Radius Thickness Material Index Abbe# Length 

Plano Infinity 

1.833 (ASP, 0.524 Glass U71 50.9 

18.842 (ASP, 0.035 

Pl:1110 !1.0_l_"i 

.l.177 (_\S]J, il.22(J Pl:1s1 i,: 

1.752 (_\;-,;p·, 0.\9() 

4.093 (ASP, 0.459 Plastic U44 55 .9 -140. 77 

3.732 (ASP, 0.146 

5.034 (ASP, 0.428 Plastic U44 55.9 6 77 

-10.294 (ASP, 0.249 

-1.811 (-\SP, !l.1:19 Phs1ic -7.1() 

-_l.2.12 (_-\SP·, !1.(l(J(J 

2.2.11 (.\SP, 11.414 Pl:1s1 i,.: ,14 2.1.X -12(J.4-4 

2.Ul5 (_\SP·, 0.245 

1.278 (ASP, 0.612 Plastic U44 55 .9 17.83 

1.223 (ASP, 0.500 

Plano 0.300 Glass U 1 7 64.2 

Plano 0.225 

Pl:1110 

Reference wawltng:th 1s 587.6 nm (d-line). 

k­
A4-
A6-
A8 
\\0-

\ 12 -
\14-

k-
A4-
\(, -
\X -

AlO-
A12-
A14= 
A16 = 

k-
A4-
A6= 
AS= 
Al0 = 
A12 = 
A14-
A16 -

9.3:15:'E-02 
9.8768E-04 

-:'.11147E-02 
4.4f-::~:~F-02 

4_:s;',11---t]·,-!)2 

-l. 1h, 1J.::'L-02 

-8.89:'4E+00 
-1.X[!,s\'-lll 
- 1.:;;.;;~L-O_l 

_.:;;_;-;-ti 11)]•.-!l_l 

-1.2658E-02 
-6.6514E-07 

TABLE 18 

2 

-8.4787E+l1l 
-1.3431E-11l 

3.4294E-11 l 
-5.1264E-11\ 

_l_(J(JX J J,-11 \ 

-1.42()()1'_-11] 

(J_ \ 7\(J]·_-11_, 

-4.9073E+l11 
-1.44(,(J]·.-112 

-2_()()()4]·.-1 I~ 

-1.47241'-"c 
4.184%-03 
5.7789E-07 

S11rfacc // 

4 

-3.1108E+0l 
- l.7399E-0 1 

4.0378E-01 
-5.1653E-01 

,.x7411•-01 
-\.,771)\•-II\ 

1.() 74 7J<.-()2 

Smface # 

9 

-7.4884E+0l 
- 1 .ll ,42 \ ',-ll \ 

!.2(J2XJ<.-(J\ 
-J_(J4.12J<.-(J\ 

-1.1771E-0l 
3.0728E-01 

-2.0461E-01 
4.5153E-02 

-1.3 3:'E+0l 
1.1 :'lE-01 

-:1.3 68E-01 
4.9 5(1F-Ol 

_.;;_ _)~]·-{)\ 

_1.~.:;;~,)l ·.-01 

__ .:;; __ .:;;_.:;;.;;;1Jj·_-(J2 

1(1 

7.71 l lE-01 
h-1.l·_-((~ 

~----;---; ~ .:;;J•-!)\ 

-4, t,,-Jl \.-11\ 

3.9853E-0l 
-1.7180E-01 

2.4453E-02 

Smface # 

12 13 14 

-9.9793E+00 -1.6998E+0l -2.7718E+00 
-4.3061E-02 -1.3672E-02 -3.7780E-01 

3.6984E-02 1.0448E-02 1.9095E-01 
-8.2847E-02 -2.6832E-02 -5.8437E-02 

5.0458E-02 l.1234E-02 l.3526E-02 
-1.8292E-02 -l.7063E-03 -2.2714E-03 

3.0175E-03 8.1733E-05 2.3117E-04 
-1.0297E-05 

-1.9985E+J111 
-4.5050E-113 
-2.3872E-11:' 

2.7032F-C12 
-4.4XUJI ·.-1 (' 

.l.2.17.11',-l 1~ 

11 

-1.1979E+J111 
- I. 7X56Ji-11 I 

2.()()2.l J<.-( 1 l 
-2.(J(J_-:;;J L-111 

2.1875E-01 
-8.0616E-02 

l.1550E-02 

15 

-1. 8207E+00 
-2.8260E-01 

1.6721E-01 
-7.5159E-02 

2.2733E-02 
-4. l 799E-03 

4.1498E-04 
-1.6947E-05 

42 
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In the 9th embodiment, the equation of the aspheric surface 
profiles of the aforementioned lens elements is the same as the 
equation of the !st embodiment. Also. the definitions of these 
parameters shown in the following table arc the same as those 
stated in the· I st embodiment \\ ith L'l>rrcsponding v,due·s i<1r , 
the ')th embodiment. so an cxpbn,1linn in this regard\\ ill not 

The second lens element 1020 with positive refractive 
power has an object-side surface 1021 being com ex in a 
paraxial region thereof and an image-side surface 1022 being 
concave in a paraxial region thcrcor. The second lens clement 
I 020 is nwde· ol' plastic nrntcri,il ,ind has the objcct-,ide· sur­
face 1021 ,ind the image-side surface 1022 being both 

be provided again. 
Moreover. these parameters can be calculated from Table 

17 and Table 18 as the following ,a!ues and satisfy the fol-
lowing conditions: 

R.14)/(R.13 + R.141 1_1.u2 

aspheric. 
The third lens element 1030 ,,ith negative refractiw power 

has an object-side surface 1031 being convex in a paraxial 
10 region thereofand an image-side surface 1032 being concave 

in a paraxial region thereof. The third lens clement 1030 is 
made ol' pL1stic material and lws the object-side surL1ce· I 031 
and the im,1gc-sidc surfricc I 032 being both asphcric·. 

r [rnrnj 
Fno 

3.~)4 
2.25 

35.6 

,R.13 
fl f:' 

f f3 
(1.54 15 

The fourth lens clement 1040 with positive refractive 
power has an object-side surface 1041 being con,ex in a 
paraxial region thereof and an image-side surface 1042 being 
convex in a paraxial region thereof. The fourth lens element 
1040 is made of plastic material and has the object-side sur-

HFOV [deg.] 
Nmax 
V2 
CT1/CT2 
'1'2.1/(''1'2 
'J'2_1.i'J'_l4 
('J'\2/'1'21) +, \1-l 1-1,, + 
('!'5(,/'\'(,7) 

Rl/R2 
f/R6 
f/R12 

1.634 fl f7 
23.8 

2.32 
O.X7 
1.14 
1.2.1 

fiJ m:1x 
fEPD 
Y c(,2 y,._,() 1 
y.__-1,~ Y..:T2 
y,._.-~ j 

-(1.03 
(1.20 

1.12 

I. I 7 

1_1,34 

(1.86 

1.28 

211 fricc I 041 and the inrngc-,ide· surfricc I 042 be·ing both 
a spheric. 

R14/f 

0.10 
1.05 
1.95 
0.31 
0.05 

2-:Ar ImgH 
SD TD 
Hf 
TllmgH 1.76 25 

The Jil\h lens clement 1050 ,, ith negative rcfracti, c power 
has an object-side surface 1051 being concave in a paraxial 
region thereof and an image-side surface 1052 being convex 
in a paraxial region thereof. The fifth lens element 1050 is 
made of plastic material and has the object-side surface 1051 
and the inwge-sidc surfricc I 052 being both asphcric. 

(Rll -Rl2j!Rll + Rl2) 

10th limbodimcnt 

FIG. 19 is a schematic vie,, of an image capturing unit 
according to the 10th embodiment of the present disclosure. 
FIG. 20 shm,s. in order from left to right, spherical aberration 
curves, astigmatic field curves and a distortion cuf\"e of the 
image capturing unit according lo the I 0th embodiment. In 
Fl( i. 19. the image capturing unit includes the photogr,1phing 
optical lens assembly (its rcforcncc numeral is omitted) ul'thc 
present disclosure and an image sensor 1095. The photo­
graphing optical lens assembly includes, in order from an 
object side to an image side, a first lens element 1010. a 
second lens element 1020, an aperture stop 1000, a third lens 
clement l 030. a frrnrth lens clement 1040. a fil1h lens clement 
I 050. a sixth lens clement I 060. ,1 sc, cnth lens clement I 070. 

The sixth lens clement I 060 \\ ith positive rcfr,1cti, e' pnwcr 
has an ubject-sidc surface 1061 being convex in ,1 par,1xial 

30 region thereofand an image-side surface 1062 being concave 
in a paraxial region thereof. The sixth lens element 1060 is 
made of plastic material and has the object-side surface 1061 
and the image-side surface 1062 being both aspheric. The 

,, image-side surfocc I 062 of'thc sixth lens clement I 060 has at 
least one inllection point. 

The se, enth lens clement I 070 with negative refractive 
power has an object-side surface 1071 being com ex in a 
paraxial region thereof and an image-side surface 1072 being 

40 concave in a paraxial region thereof. The sixth lens element 
1070 is made of plastic material and has the object-side sur­
face 1071 and the image-side surface 1072 being both 
asphcric. The image-side surL1c·e 1072 of' the sc,e·nth lens 

an IR-cut li!lc'r I 080 and an image· surfricc I 090. whcre·in the 
photographing optical lens assembly has a total uf sc\cn 45 

non-cemented lens elements (1010-1070) with refractive 

clement I 070 has at least one inllection point. 
The IR-cut 1lltcr 1080 is made of glass and located bet\\ ccn 

the seventh lens element 1070 and the image surface 1090, 
and will not affect the focal length of the photographing 
optical lens assembly. The image sensor 1095 is disposed on 
or near the image surface 1090 of the photographing optical 

power. 
The first lens element 1010 with positive refractiw power 

has an object-side surface 1011 being convex in a paraxial 
region thcrcol',md an image-side surL1cc 1012 being rnmcx 
in a paraxi,il region thereof'. The· lirsl lens clement IO IO is 
made of glass material and has the object-side surface 1011 
and the image-side surface 1012 being both aspheric. 

Surface# 

0 

2 
3 
4 
5 
6 

"1 lens asscm h h·. 
The de·tailcd optical daL1 ni' the 10th cmbodime·nt ,ire 

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

Object 
Lens 1 

Lens 2 

Ape. Stop 
Lens 3 

TABLE 19 

10th Embodiment 
f ~ 4.31 mm, Fno ~ 2.35, HFOV ~ 38.7 deg. 

Focal 
Curvature Radius Thickness Material Index Abbe# Length 

Plano Infinity 
4.017 (ASP) 0.524 Glass 1.571 50.9 6.65 

-65.317 (ASP) 0.100 
5.011 (ASP) 0.243 Plastic 1.535 55.7 27.49 
7.473 (ASP) 0.052 

Plano 0.035 
5.645 (ASP) 0.240 Plastic 1.544 55.9 -12.38 
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TABLE 19-continued 

1 (1th Embodiment 
f - 4.31 mm. Fno - :1.35. IIFOV - 38.7 dee. 

hK:il 
S11rl:icd/ ('111Y:1111rc R:hli11~ J'hick11css M:11ni:1I !11,k·\. \hhc// l.c11µ.1li 

3.025 (ASP, 0.285 7 
8 
9 

10 

lens 4 3.931 tASP, 0.625 Plastic 1.535 55.7 4.84 
-7.163 (ASP, 0.184 

lens 5 -1.886 (ASP, 0.685 Plastic 1. 63 9 23 .5 -6.50 
-3.944 tASP, 0.160 

2. 759 (, \SP ·1 0.939 
_c;;_(J(JX !.-\~P, il.4()X 

_l_(j(JX ,,.-\:S:l) I -X.112 
i.(J57 ( .\'.')jl I 

11 
12 
1.1 

14 
15 
16 
17 
18 

IR-cut filter Pla110 

{J.7()2 

1 J.550 

0.300 
0.174 

Glass 1.51 7 64.2 
Plano 

Inugc Plano 

Note: 
Reference wavcknp:th is 587.6 nm (d-linc). 

k­
\4-

;\() 

A8-
A10-
A12-
A14-

k­
A4-
A6-
A8-
A10-
A12-
•\14-
\\(,-

k­
A4-
•\6 

\X -
\\II -

Al2 -
A14-
A16 = 

-4.41 cl ]·-II\ 

I .4.< c., l ·.-IJ3 
8.99571:-03 

- 7.1935E-03 
2.81(1(1E-03 

-5.6176E-04 

-l.8.c8:'l:+Ul 
-:'.1179:'E-02 
-:'.91196E-02 
-2.9(1~2E-02 
-5.7:'86E-03 

L\ll!I,: 20 

Asphcric Coefficients 

_()_()()()()]<_+11] 

-()_(J72(JJ-.-1 1 2 

l .U2~)()1".- 1 1 l 

-8.70601'-11.:i 
4.2813E-11:' 

-1.1746E-11:' 
1.3249E-113 

-3.43701.:+1,1 
-3.0596E-113 
-1.7556E-11:' 
-1.0621E-11:' 
-2.9892E-113 

Surface# 

-"'.2CA7J<.+(J\ 
-X .. 1X7(J] '.-( J2 

l.lU\31'.-IJ\ 

-1.17501'-01 
5.1732E-02 
7.2692E-03 

-6.2848E-03 

S11rf:1cc I! 

') 

3.12891.:+Ul 
- 7.6244E-02 

2.5788E-02 
-2.5584E-02 
-1.6928E-02 

-3. 3949F-07 -3.9023F-11, 1.9201 F-02 
-7.216XJ•.-0l 

I\, I l•-11, 

Sur[u:L // 

12 13 

4 

- _11111111]·.+{l\ 

__ ,....\---:;; ',]·_-{12 

,xJ·.-!!2 
.681191'-02 

-U,78:'E-01 
6.561:'E-02 
9.1499E-03 

8.744:11.:-IJ1 
-1.48:1:'E-02 

6.81134E-02 
-7.51144E-02 

4.475:'E-02 

14 

-1.6732E+0l -8.6779E+0l -2.4628E+(1(1 
-:'.0969E-02 

1 .il7\41•:-02 
- l .4_..:;;(JXI '.-( J2 

_;;;_ J _1_171-.-(J_l 

-1.27211'-UJ 
1.4426E-04 

-2.~72~E-03 
~ J-J4(, 1JF-O."l 

--4. 1'1'.-(l_l 
l .~ J ..:;;_~l-.-(J_l 

-l.1342h-U4 
3.2593E-06 

-1.797(1E-(1l 

-1.(i_lil l·-11~ 
\ _4(,(1(1] ·-I I~ 

-l.5U3%-u4 
9.3177E-06 

-2.5810E-07 

In the 10th embodiment, the equation of the aspheric sur­
face 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 explanation in this regard will 
not be provided again. 

()_ 74.lXL+I II 1 

l.2(J2()]•-(12 

-.1.47X51'.-( 12 
-4.54621'-11.:i 
-1.1942E-11:' 

4.4816E-11:' 
-2.5794E-11:' 

II 

-2.27261.:+1,1, 
- 7. 7815E-11:' 

8.1748E-11:' 
-5.3130E-11:' 

2.3619E-11:' 
-5.3502F-11.J 

~.224(iF-114 

15 

-1.4309E+00 
-1.3653E-01 

4.X41J."ill-02 
- I __ l_l_lCJI '.-( 12 

2.4MJ_..:;;J,.-(J_l 

-2. 76661'-04 
1.6751E-05 

-4.1855E-07 

f[mm] 
6° Fno 

HFOV[deg.] 

Nmax 

V2 
CT1/CT2 

Moreover, these parameters can be calculated from Table 65 T23;cT2 

19 and Table 20 as the following values and satisfy the fol- T23/T34 

lowing conditions: 

46 

10th Embodiment 

4.31 (R13 - R14)/(R13 + R14) 0.30 
2.35 lfl/f21 0.24 

38.7 f7f3 -0.35 

1.639 lfl/f71 0.83 

55.7 lflfjl max 0.89 

2.16 f7EPD 2.35 

0.36 Yc62Nc61 1.15 

0.31 Yc62Nc72 0.88 
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('1'12/'1'21) +, I ,4 T-lS) + 

(TS(,/T(,7) 

RI/R2 
DR<, 
f/R12 
R14/f 
(Rll -Rl2j1Rll + Rl2) 

47 
-continued 

10th Embodiment 

_l_(J(J 

-(J_(l(J :::_ \ l !111µ.l I 

1.42 ,IJ lll 
0.76 Tl f 
0.38 Tl ImgH 

-0.35 

11th 1,:mbudimcnt 

1.44 
1.72 

FIG. 21 is a schematic view of an image capturing unit 
according to the 11th embodiment of the present disclosure. 
FIG. 22 shmvs. in order from left to right, spherical aberration 
curves, astigmatic field curves and a distortion cun-e of the 
image capn1ring unit according to the 11th embodiment. Tn 

48 
The third lens element 1130 \Vith positive refractiw power 

has an object-side surface 1131 being convex in a paraxial 
region thereofand an image-side surface 1132 being concave 
in a paraxial region thereof. The third lens element 1130 is 

s made ur pL1stic nrntcrial and h,is the object-side surfocc· 113 I 
and the im:1gc-sidc surfocc 1132 being both asphcric. 

The fourth lens clement 1140 with positive rcfr,1ctive 
power has an object-side surface 1141 being convex in a 
paraxial region thereof and an image-side surface 1142 being 

10 convex in a paraxial region thereof. The fourth lens element 
1140 is made of plastic material and has the object-side sur­
foce 1141 ,rnd the image-side surfoce 1142 being hnth 
a spheric. 

The Jilih lens clement 1150 \\ ith negative rcl"ract i, c puwcr 
15 has an object-side surface 1151 being concave in a paraxial 

region thereof and an image-side surface 1152 being convex 
in a paraxial region thereof. The fifth lens element 1150 is 
made of plastic material and has the object-side surface 1151 
and the image-side surface 1152 being both aspheric. 

The sixth lens clement 1160 with positive rcfracti, c power 
has an object-side surfocc 1161 being convex in a p:1raxial 
region thcreoL111d an image-,idc surface 1162 being concave 
in a paraxial region thereof. The sixth lens element 1160 is 
made of plastic material and has the object-side surface 1161 

Fl( i. 21. the im:1gc capturing unit includes the photogr,1phing 211 

optical lens :1sscmbly (its rcl"crc1Kc numeral is omitted I ui"thc 
present disclosure and an imag1: s1:nsor 1195. The pl1010-
graphing optical lens assembly includes, in order from an 
object side to an image side, a first lens element 1110. a 
second lens element 1120, an aperture stop 1100, a third lens 
element 1130. a fourth lens element 1140, a fifth lens element 
1150. a sixth lens clement 1160. a sc\cnth lens clement 1170. 

25 and the image-side surface 1162 being both aspheric. The 
image-side surface 1162 of the sixth lens element 1160 has at 
least one inllcction point. 

an IR-cut liltcT 1180 and an image· surfocc 1190. whcrc·in the 
photographing optical lens assembly has a total ui" sc,cn 
non-cemented lens clements (1110-1170) with refractive 30 

The sc'\ c·nth lens clement 1170 with negative rc·i"r:1ctivc 
power ha, c1n object-side surfocc 1171 being cumcx in a 
paraxial region thereof and an image-side surface 1172 being 
concave in a paraxial region thereof. The sixth lens element power. 

The first lens element 1110 with positive refractiw power 
has an object-side surface 1111 being convex in a paraxial 
region thereof and an image-side surface 1112 being convex 
in a parnxi,il region thereor. The first lens clement 1110 is 
made or pListic nrnterial and Im, the object-side surL1c·c· 1111 
and the image-side surface 1112 being both aspheric. 

The second lens element 1120 \Vith negative refractive 
power has an object-side surface 1121 being conwx in a 
paraxial region thereof and an image-side surface 1122 being 
concave in a paraxial region thereof. The second lens element 
1120 is made or plastic material and has the object-side sur­
foce 1121 :111d the image-side surfoce 1122 being hoth 
a spheric. 

:-;111·1:1\..·\._'"' 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

1170 is made of plastic material and has the object-side sur­
face 1171 and the image-side surface 1172 being both 
aspheric. The image-side surface 1172 of the sewn th lens 

,s clement 1170 has at least one inlkction point. 
The IR-rnt filter 1180 is nwdc or glass and located hct,, ccn 

the sc\c'nth lens clement 1170 and the image surfacT 1190, 
and will not affect the focal length of the photographing 
optical lens assembly. The image sensor 1195 is disposed on 

40 or near the image surface 1190 of the photographing optical 
lens assembly. 

The dc1c1ilcd optical data or the I I th embodiment arc 
shown in· L1 hlc 21 and the asphc·ric surfocc data arc shm\11 in 
'li1ble 2::' lxlmv. 

TABLE 21 

11th Embodiment 
f ~ 3.97 mm, Fno ~ 2.30, HFO\. ~ 41.3 deg. 

1-x:il 
c·111,:11111..__. R:1di11s Thick11<..·:---:; \l:tk·ri:il Index \hh1..· l _.__·11g1h 

Object Plano Infinity 
Lens 1 5.689 (ASP) 0.480 Plastic 1.572 56.0 6.67 

-11.221 (ASP) 0.100 
Lens 2 20.389 (ASP) 0.240 Plastic 1.614 25.6 -13.91 

5.993 (ASP) 0.067 
Ape. Stop Plano 0.035 

Lens 3 2.310 (ASP) 0.308 Plastic 1.535 55.7 25.32 
2.656 (ASP) 0.341 

Lens4 4.637 (ASP) 0.543 Plastic 1.535 55.7 5.36 
-7.207 (ASP) 0.251 

Lens 5 -1.862 (ASP) 0.265 Plastic 1.634 23.8 -5.66 
-4.085 (ASP) 0.249 

Lens 6 2.265 (ASP) 0.889 Plastic 1.535 55.7 7.85 
4.247 (ASP) 0.352 

Lens 7 2.131 (ASP) 0.763 Plastic 1.535 55.7 -12.27 

1.408 (ASP) 0.550 
IR-cut filter Plano 0.300 Glass 1.517 64.2 
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TABLE 21-continued 

11th Embodiment 
f - 3.97 mm. Fno - :1.30. IIFOV - 41.3 dee. 

hK:il 
S11rl:icd/ ('111Y:1111rc R:hli11~ J'hick11css M:11ni:1I !11,k·\. \hhc// l.c11µ.1li 

17 
18 

Note: 

Inugc 
Plano 
Plano 

Reference wavelength is 587.6 nm (d-line). 

0.131 

Asphcric Coefficients 

k­
\4-
\(, -
A8-
A10-
A12-
A14-

2 

- [ .4'""711')l·+!l\ _4 _ _-')()7(JI,.+I 1 \ 

-'J.~--1-11"""']·.-!l_l __ .:;;_(J_l2XJ-.-11_::: 

1._.:;;_--;.;;;41'_-0_l \.(J2::;;7J--11t 

9. !21_161.:-UJ -8.6269L-1_1_::: 
- 7.457:'E-03 4.2217E-11:' 

:1.587:'E-03 -1.2253E-11:' 
-5.111611E-04 1.5058E-113 

Surface# 

4 

(i.24()2J•.+()\ __ .:;;.-41 JI 1( 1L+Ol 

-7 __ l77(JJ<.-(J2 -(,_S:-<~ 1)]·_-!J_l 

l.(J7(J(JJ<.-(J\ -x.-_:::~;L-il2 

-1.26671'-0l 0.4593Ji-U2 
5.0677E-02 -9.91174E-02 
7.1679E-03 7.J1383E-02 

-6.4004E-03 -l.7445E-02 

Surface# 

') 

- 7 .. 1X.17F+I II 1 

2.2X_lCJl•-1 1' 

-4.(J\X(JL-112 

-4.J427Ji-11:' 
-2.0134E-114 

5.9565E-11:' 
-4.6875E-11:' 

II 

k -') .. :> 1-t11!·.+00 -4.45 tul·.+1 11 .::'..X~J25L+Ol 7.211')_)J-.-!ll (>.5U32J'.-( 1 l 

A4-
A6-
A8-
A10-
A12-
A\4 
\\(,-

-:1.%561:-02 2.64171'-113 -5.58821'-02 -7.111971:-03 -8.23121'-11.:i 
-3.8413E-02 -1.5849E-11:' 2.9817E-02 6.5856E-02 8.4288E-11:' 
-1. 83 69E-02 -6.8958E-113 -2.1791E-02 -7.58711E-02 -5.2882E-11:' 
-l.:'l193E-02 -1.3932E-113 -1.5702E-02 4.555:iE-02 2.3573E-11:' 
-6.8416E-07 -5.5272E-113 1.9813E-02 -9 .165 7E-03 -5.2664E-113 

k­
A4-
A6-
•\X -
\\II -
\ 12 -

.\14 
A16 -

12 

-9.5414E+OO 
-l.5280E-02 

1.0160F-02 
1.,,,111-:-112 
'°'.!J(,:')71•.-(l_l 

-1 _.)(J:')(JJ<.-(J_l 

\ .45(,~] ',-IJ4 

-/i.650RE-01 
I 111 I l•.-111 

:'. I 7, I F-01 

S11rl:icc // 

13 

-5.9611lE+Ol 
4.47411E-03 
2.4525E-03 

-4Y'4-ff.-111 
l . .:' l .:'ul•.-(l_l 

-1.1c•Ji,J•-114 
., . .-:;;r 1;_·:q._-()() 

14 

-3.28:'4E+J111 
-1.83C1lE-l1l 

S.S96i~F-i-12 
-1.n_14-;r-11.::i 

1.4h 7::<l·-1 1--; 

-\ _ _'')(14-]·-114 

9 .. 1125 l ·.- 11 () 

-2.5895E-117 

In the 11th embodiment, the equation of the aspheric sur­
focc profiles ol'ihc aforementioned lens clements is !he same 
as the cqu:11i"n ,,rthc I st cmbodimc'nl. :\lso, the dclinilinns or 
these parameters shown in the follm\ ing table arc the same as 
those stated in the 1st embodiment with corresponding values 
for the 11th embodiment, so an explanation in this regard will 
not be provided again. 

Moreover, these parameters can be calculated from Table 
21 and Table 22 as the following values and satisfy the fol­
lowing conditions: 

f[mm] 
Fno 

11th Embodiment 

(R13 - R14)/(R13 + R14) 
lfl/f21 

15 

-1.9943E+Ol1 
-1.2462E-O 1 

4.7412F-02 
-l.11Xll•-112 

2.472()]<.-(J"°, 

-2.7(J2! J<.-()4 
1.675-1\'.-1)5 

-4.2022E-07 

c;;(J 

T23/CT2 
T23/T34 
(T12/T23) + (T34/T45) + 

55 
(T56/T67) 
Rl/R2 
f/R6 
f/R12 
R14/f 
(Rl 1 - R12)/(Rll + R12) 

60 

50 

-continued 

I 11 Ii Linh,.,, li111l'lll 

0.43 Yc62/Yc61 
0.30 Yc62/Yc72 
3.05 Yc72/f 

-0.51 l:AT/ImgH 
1.49 SD/TD 
0.93 1L/f 
0.36 1L/lmgH 

-0.30 

12th Embodiment 

1.11 
0.90 
0.42 

0.39 
0.82 
1.48 
1.63 

HFOV [deg.] 
Nmax 
V2 

3.97 
2.30 

41.3 
1.634 

f7f3 
lfl/f71 

25.6 lf/fjl max 

0.20 
0.48 
0.16 
0.54 
0.74 
2.30 

FIG. 23 is a schematic view of an image capturing unit 
65 according to the 12th embodiment of the present disclosure. 

CT1/CT2 2.00 f7EPD FIG. 24 shows, in order from left to right, spherical aberration 
curves, astigmatic field curves and a distortion curve of the 
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51 

image capturing unit according to the 12th embodiment. In 
FIG. 23, the image capturing unit includes the photographing 
optical lens assembly (its reference numeral is omined) of the 

52 
paraxial region thereof and an image-side surface 1242 being 
convex in a paraxial region thereof. The fourth lens element 
1240 is made of plastic material and has the object-side sur­
face 1241 and the image-side surface 1242 being both 

present disclosure and an inrngc sc·nsor 1295. The photo- , asphcric. 
graphing optic·,d lens assembly includes. in order fr"m an 
object side to an image side. a lirst lens clement 1210. a 
second lens element 1220, an aperture stop 1200, a third lens 
element 1230. a fourth lens element 1240, a fifth lens element 
1250, a sixth lens element 1260. a seventh lens element 1270, 10 

The lil\h ll'lls clement 1250 \\ ith negative rcl'racti\ c power 
has an object-side surface 1251 being concave in ,J p,Jfaxial 
region thereof and an image-side surface 1252 being convex 
in a paraxial region thereof. The fifth lens element 1250 is 
made of plastic material and has the object-side surface 1251 
and the image-side surface 1252 being both aspheric. 

an IR-cut filter 1280 and an image surface 1290. wherein the 
photographing optical lens asscmhlv has a total ol' sc'\cn 
11011-ccmcnlc'd lens clements I 1210-1270) with rcli·,1c·ti\c 
power. 

The first lens element 1210 ,vith positive refractiw pmver 
has an object-side surface 1211 being convex in a paraxial 
region thereof and an image-side surface 1212 being convex 

The sixth lens clement 1260 ,, ith positive rcfracti, c power 
has an uhjcc·t-sidc surfocc 1261 being convex in ,1 p,1r,1xial 
region thcrcuL111d an image-side surfocc 1262 being C<ll1cc1vc 

15 in a paraxial region thereof. The sixth lens clement 1260 is 
made of plastic material and has the object-side surface 1261 
and the image-side surface 1262 being both aspheric. The 
image-side surface 1262 of the sixth lens element 1260 has at 
least one inflection point. in a paraxial region thereof. The first lens element 1210 is 

made or pL1,tic material and has the object-side surfocc 1211 2" 
and the imagc·-sidc surfocc 1212 being both asphcric. 

The sc\ l'llth lens clement 1270 with negative rcl'r,1ctivc 
power hc1s <111 object-side surL1cc 1271 being com c'X in a 
parnxial rcgiun thcrcorand an imc1gc-sidc surfocc 1272 being 
concave in a paraxial region thereof. The sixth lens element 
1270 is made of plastic material and has the object-side sur-

The second lens clement 1220 \\ilh negative rcli-ac,ti\c 
power has an object-side surface 1221 being concme in a 
paraxial region thereof and an image-side surface 1222 being 
convex in a paraxial region thereof. The second lens element 
1220 is made of plastic material and has the object-side sur­
face 1221 and the image-side surface 1222 being both 
a spheric. 

The third kns clement 1230 \\ ith positive rcl'racti\ c' pm\cr 

25 face 1271 and the image-side surface 1272 being both 
aspheric. The image-side surface 1272 of the sewnth lens 
clement 1270 has at least one inllcction point. 

has an object-side surface 1231 being convex in a paraxial 30 
region thereofand an image-side surface 1232 being concave 

The IR-rnt filter 1280 is mc1dc· ol'glass and located bc·t,vccn 
the scvl'llth lens clement 1270 c111d the image surL1c·c· 1290. 
and will nut affect the focal length or the photographing 
optical lens assembly. The image sensor 1295 is disposed on 
or near the image surface 1290 of the photographing optical 
lens assembly. 

in a paraxial region thereof. The third lens element 1230 is 
made of plastic material and has the object-side surface 1231 
and the image-side surface 1232 being both aspheric. 

The fourth lens clement 1240 ,vith positive rcl'racti\ c 
power has ,111 object-side surfocc· 1241 being comcx in a 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

Note: 

The detailed optical data of the 12th embodiment are 
shown in T,1hle 23 and the ,1sphcric surl:JCc data me shown in 
'li1ble 24 hc·lmv. 

'!ABLE 23 

12th Embodiment 

f - 4.11 mm, Fno - 2.30, HFO\ • - 411.9 deg. 

Object Pbno Infinity 

Lens 1 11.22~ (ASP) 0.449 Pbstic 1.572 56.0 8.63 

-8.686 (ASP) 0.120 

Lens 2 -11.334 (ASP) 0.280 Pbstic 1.614 25.6 -41.01 

-::>:.1.8(12 (ASP) 0.021 

\pc. S1op !1 l:1110 (J_(JX2 

I .l'I\S _l C.' I h (ASP) () __ )(!-:; l)l:J-.;1 ic U44 .:;;.:;;_,) 1,H) __ ,:;;4 

2.308 (ASP) 0.351 

Lens4 4.401 (ASP) 0.576 Plastic 1.535 55.7 5.00 

-6.516 (ASP) 0.293 

Lens 5 -1.870 (ASP) 0.285 Plastic 1.634 23.8 -5.53 

-4.245 (ASP) 0.278 

Lens 6 2.684 (ASP) 0.775 Plastic 1.535 55.7 5.05 

354.425 (ASP) 0.796 

Lens 7 1.960 (ASP) 0.391 Plastic 1.530 55.8 -4.99 

1.048 (ASP) 0.550 

IR-cut filter Plano 0.300 Glass 1.517 64.2 

Plano 0.159 

Image Plano 

Reference wavelength is 587.6 nm (d-line). 
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53 54 
TABLE24 

Asphcric Coefficients 

4 

k­
A4-
A6-
A8-
A10-
A12 
\14-

- .23411E+0l -1.4070E+l1l -6.5000E+0l -4.4176E+0l -5.8692E+J111 
- .3247E-03 -6.3047E-112 -6.8302E-02 2.16115E-02 1.2530E-112 

.8J183E-03 1.0233E-11l l.1349E-01 -5.5147E-02 -1.8222E-112 

.8228E-03 -8.5855E-112 -1.2184E-01 7.9171E-02 -1.3389E-112 
- .7192E-03 4.2245E-112 5.1446E-02 -l.li1189E-01 -1.7729E-112 

-1.2341 f- 1\~ 6.9862E-03 .2785F-02 2.2049f-(12 
---:J-J1'l \L-04 1..-:;;_)((1]·_-IJi -7.X_l()_lJ,.-(J_l -]_'""7]1111)•-!J2 -l.12X(JJ<.-(12 

S11rfacc // 

9 1(1 11 

k­
A4-
A6-
\8 -
\111-
\ 12 -

Al4 
A16-

-l.11396E+0l -4.4804E+l1l 1.3926E+0l 6.3511J1E-0l -6.2043E-11l 
-2.635:iE-02 5.4948E-113 -5.1982E-02 -8.45119E-03 -7.9694E-112 
-2 .. 52"E-02 -1.8601 E-112 1.9219E-02 8.4533F-112 
- i 12111•-!l_l -7.1_17~J,_-11i -2_(J6_-:;;4J,_-(J2 __ ,:;;_26(i7F-11.:, 
-t.11]--4l·.-!l2 _l_\_l_l(JJ-.-11_i -l.4.177J<.-(J2 2 .. lCJX(Jl•-11.:' 

-(1_-l;'\J]·.-07 (J_(J7_-:;;()J·_-11--t 2.(l_l(l_lJ,.-(J2 -~_,)'i---:-2l'.-!l_l __ -:;;_J(J_c;;(JJ<.-(1_i 

-4.4'!2 7 1:-1)8 -1.1776\'.-li(J -(,.265211-u.1 2.2c421-ll.1 7 .. 18UUJ·-li4 

k­
\4-
\1, -

A8-
A10 -
A12 -
A14-
A16 -

12 

-1.271!41 •.+II I 
-l .1J_l(J_c;;J,.-(J2 

] . J57lJ]•.-()2 

-l.2507E-02 
5.0020E-03 

-l .3328E-03 
l.5503E-04 

1.1131E-03 -l.2373E-04 

Surface# 

13 

-').I Ii II II 1]•.+()\ 

-2 __ ;;;-44_.:;;J '.-( l_l 
_.:; __ .:;-:-t<7l•.-U.1 

-4.%14E-03 
l.1975E-03 

-l.1561E-04 
3.21193E-06 

14 

-I \()')r,J-+11\ 

-\.()_12.::;J--11] 

5.(,!(1::;;J·-(1.}. 

-1.02661:-i_12 
1.4753E-(13 

-1.4985E-cl4 
9.2933E-116 

-2.9255E-(17 

In the 12th embodiment. the, equ,1tion or the aspheric sur­
face proilles of the aforementioned lens elements is the same 
as the equation of the 1st embodiment. Also, the definitions of 
these parameters shown in the follmving table are the same as 
those stated in the 1st embodiment \Vith corresponding values 
for the 12th embodiment, so an explanation in this regard will 
not be prm iclcd again. 

Moreover. lhesc parameters c,1n he calculated from L1ble 
23 and 'foblc 24 ,is the following \cducs and satisl~ the fol­
lowing conditions: 

f'[mm[ 
1"110 

I IH )\' [deg. [ 
Nmax 
V2 
CT1/CT2 
T23/CT2 
T23/T34 
(T12/T23) + (T34/T45) + 
(T56/T67) 
Rl/R2 
f/R6 
f/R12 
R14/f 
(Rl 1 - Rl 2)/(Rll + Rl 2) 

12th Embodiment 

4.11 ,11.10 - Rl4)/(R11 + Rl4t 
2 .. 1() II le 

4()_() I [C 

1.634 lfl/f71 
25.6 lf/fjl max 

1.60 f7EPD 
0.37 Yc62Nc61 
0.29 Yc62Nc72 
2.71 Yc72/f 

-1.29 UT/ImgH 
1.78 SD/TD 
0.01 TUf 
0.25 TIJimgH 

-0.98 

13th Embodiment 

11.ill 

, ,.21 

1.73 
0.82 
2.30 
0.68 
0.60 
0.37 

0.52 
0.83 
1.46 
1.62 

FIG. 25 is a schematic view of an image capturing unit 
according to the 13th embodiment of the present disclosure. 

15 

-4. J_,:;;7(JJ<.+(H1 

-\.11(1581•-III 
4.49211•.-112 

-1.3408E-1Jc 
2.4798E-03 

-2.7587E-04 
1.6756E-05 

-4.2257E-07 

Fl( i. 26 sh,rn s. in order rrnm lei'! t,1 right. spherical ,ilxrr,1tion 
curves. astigmatic field curves and a distortion curve of the 
image capniring unit according to the 13th embodiment. In 

40 FIG. 25. the image capturing unit includes the photographing 
optical lens assembly (its reference numeral is omitted) of the 
present disclosure and an image sensor 1395. The photo­
graphing oplical lens asscmhh· includes. in order Ii-om an 
object side' t,, an image side. ,1 lirst lens clement DI 0. an 

45 aperture stup 1300, a second lens clement LUO, a third lens 
element 1330. a fourth lens element 1340, a fifth lens element 
1350, a sixth lens element 1360. a seventh lens element 1370, 

an IR-cut filter 1380 and an image surface 1390, wherein the 
photographing optical lens assembly has a total of seven 

,11 non-ccmcn\c'd lens clements ( D 10-1370) with rcfr,1ctivc 
power. 

The first lens element 1310 with positive refractive power 
has an object-side surface 1311 being convex in a paraxial 
region thereofand an image-side surface 1312 being concave 

55 in a paraxial region thereof, The first lens element 1310 is 
made of plastic material and has the object-side surface 1311 

and the image-side surface 1312 being both aspheric. 
The second lens element 1320 with negative refractive 

power has an object-side surface 1321 being convex in a 
60 paraxial region thereof and an image-side surface 1322 being 

concave in a paraxial region thereof. The second lens element 
1320 is made of plastic material and has the object-side sur­
face 1321 and the image-side surface 1322 being both 
aspheric. 

65 The third lens element 1330 with positive refractive power 
has an object-side surface 1331 being convex in a paraxial 
region thereof and an image-side surface 1332 being concave 
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55 56 
in a paraxial region thereof. The third lens element 1330 is 
made of plastic material and has the object-side surface 1331 
and the image-side surface 1332 being both aspheric. 

made of plastic material and has the object-side surface 1361 
and the image-side surface 1362 being both aspheric. The 
image-side surface 1362 of the sixth lens element 1360 has at 
least one inflection point. "l11c fourth lens clement 1340 with positive rcCracti1 c 

power lws ,111 ubjcct-sidc surL1ce' 1341 being come'X in a s 
paraxial reg.ion lhcrcot"and an imag.e-siclc surface 1342 being 
convex in a paraxial region thereof. The fourth lens element 
1340 is made of plastic material and has the object-side sur­
face 1341 and the image-side surface 1342 being both 
aspheric. 10 

"l11c firth lens clement 1350 \\ ilh positive refract ii c pmvcr 
has an objec·t-side surfocc 1351 he'ing, concave in c1 p,1r,1xial 
region thcreoL111d an image-side' surfocc 1352 being. com ex 

The Se'\e'nlh lens clement 1370 with negative re'i"r,1c·tivc 
power ha, ,Ill object-side surL1ce 1371 being cum ex in a 
paraxial rcg,iun thereof and an image-side surface 1372 being 
concaYe in a paraxial region thereof. The sixth lens element 
1370 is made of plastic material and has the object-side sur­
face 1371 and the image-side surface 1372 being both 
aspheric. The image-side surface 1372 of the sewnth lens 
clement 1:170 has al least one intlcction point. 

in a paraxial region thereof. The Jii\h lens clement 1350 is 15 
made of plastic material and has the object-side surface 1351 
and the image-side surface 1352 being both aspheric. 

The IR-rnl filter 1380 is made' oi"g.lass and localed he'l\vccn 
the sci rnth lens clement 1370 ,111d the image surL1ce 1390. 
and will not affect the focal length of the photographing 
optical lens assembly. The image sensor 1395 is disposed on 
or near the image surface 1390 of the photographing optical 
lens assembly. The sixth lens element 1360 ,vith negative refractiw power 

has an object-side surface 1361 being convex in a paraxial 
region thcre()i",md an image-side surLicc 1362 being conc,11 c 
in a paraxi,il reg.ion thcrcor. The sixth lens clement 1360 is 

The detailed optical data of the 13th embodiment are 
shown in ·1 ·,1 hie 25 and the ,1spheric surl:.1cc data me sho11 n in 
"li.1blc 2(i helmv. 

\l1l¢ 

4 

\<, 

11 
L' 
13 
14 
1~ 
1() 

IC 

Is 

( )h_jcc1 
Lens 1 

Ape. Stop 
Lens 2 

Lens 3 

I .CIIS 4 

Lens 6 

Lens 7 

IR-cut filter 

TA.13LE 25 

13th Embodiment 
f ~ :i.18 mm. Fno ~ 2.05, HFO\. ~ 36.2 deg. 

f1,cal 
C111Y:l1111-L' R:1di11s Thick11cs-.., \l:11cri:il Index \hhL' l 1._'ll~lh 

l)l:!110 I11fl11i1~: 

.:'.3S:i iASPJ l.UUS Pbstic l.544 55i! 4.85 
:'l.1164 (ASP) 0.035 

PLrno 0.035 
3.9:i8 (ASP) 0.240 Phstic 1.640 23,3 - 7.93 
:' .1 71 (ASP) 0.298 
4.31111 (ASP) 0.375 Phstic 1.535 56.3 

(AS!') 11.3S4 
-~._-.;; 1-.;; (ASP) 
-:1.311 (ASP) 

4.1113 (ASP) 
3.431 (ASP) 
3.96:i (ASP) 
:'.11:17 (ASP) 

(J.48.l 

0.05U 
0.630 
0.521 
0.641 
0.550 
il.3'i(I 
11.17(, 

Phstic 1.535 56.3 - 711.88 

Pl:1110 

Pl:rno 

] 1 1:Ji!O 

Phstic 1.544 55,9 -8.63 

Cile1ss l.'il7 64.:1 

Rdtrtncc ·wavelength is 587,6 nm I cl-line), 

TABLE26 

\spheric ( 'ocllicic11h 

Smfaccrr 

2 4 5 6 

k= l.2342E-01 -5.4024E+0l -3.0797E+0l -1.23 00 E+0 1 -3.4382E+00 
A4= 6.2894E-04 -5.1866E-02 -7.1581E-02 4.9076E-02 -2.9698E-03 
A6= -3.9444E-03 7.0917E-02 8.1607E-02 -4.6676E-02 -4.3978E-03 
A8= 4.8939E-03 -5.6186E-02 -5.5232E-02 5.4443E-02 3.1752E-03 
AlO= -3.9053E-03 2.3824E-02 2.2933E-02 -3.2824E-02 -2.4545E-03 
A12= 1.5291E-03 -4.1985E-03 -4.5695E-03 1.0694E-02 1.0537E-03 
A14= -2.5994E-04 -9.7570E-05 4.5844E-05 -1.4476E-03 -1.7663E-04 

Surface# 

7 8 9 10 11 

k= -1.8245E+0l -6.5557E+0 1 -9.0000E+0l 8.1992E-01 -7.2410E+00 
A4= -6.9906E-03 -1.3965E-02 -5.3443E-02 -1.4757E-02 -7.0388E-02 
A6= -3.8719E-03 -8.5228E-03 2.3836E-02 5.5912E-02 5.5116E-02 
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TABLE 26-continued 

Asphcric Coefficients 

\X -
\\II -
\ 12 -
;\ 14 
A16-

_:,.:,_ 1---::1r-04 - .7:17(iL- 111 -! .1745F-(l2 -4.<,2:-.:.'l•-!l2 -_l __ l(J72J•_-(12 
-4. 1.:;;.:;;J,_-04 _7_.:;;7(J]·-114 -7.112\J<.-(J_l 2.1---1-11 1,i]•.-il2 1.2X_.:;;7J,.-112 

.:;; 'l l ·.-! J_.:;; _(J 777J<.-11_.:;; 1 ; __ .:;;_.:;;()7J<.-( l_l - _.:;; __ 1,,1,;4] ·.-0_l -2_::;;2X7L-111 

-.1.4.1.)()1',-(),) 1. ~)293 !'.-( 14 

4.0471E-04 

Surface# 

12 13 14 15 

k­
\4-
;\(,­

A8-
A10 -
A12 -
A14-
A16 -

-l.73X71•+11\ -l .. l~\..:;;7J·+111 -\ __ .:;;_.:;;_lXJ<.+(H1 

-1.22() I J<.-(J2 -l.4()2r',J·-111 -\. \1157\•.-II\ 
1,.14X71•-111 

-9.1594E-03 
3.0021E-03 

-5.6901E-04 
5.0007E-05 

.H\·.-11.3 
-2.9614E-03 

6.61153E-04 
-S.3S2SE-05 

l.3385E-06 

-6.4SC10E-(13 
7.956(1E-(14 

-7.12H1E-(1S 
3.8565E-116 

-9.2763E-118 

.1.45(,()] '.-( 12 

-8.2963E-03 
1.3376E-03 

-1.3096E-04 
6.9293E-06 

-1.5085E-07 

In the L"\th embodiment, the e'qu,1tion ot"the asphe·ric· sur­
face profiles of the aforementioned lens elements is the same 

angle or the light projecting untu ,111 image surE1ce' su ,ts to 
keep su11iciem incident light in the peripheral region of the 
image. Meanwhile, it is favorable for further correcting the 
aberration of the off-axis so as to enhance the resolution of the 

as the equation of the 1st embodiment. Also, the definitions of 
these parameters shown in the follmving table are the same as 
those stated in the 1st embodiment \Vith corresponding values 
for the 13th embodiment, so an explanation in this regard \Vill 

25 photographing optical lens assembly. 

not be prm ickd again. 
Moreove'r. these parameters c,111 be calculated from L1blc 

25 and "fable 2C, as the following ,alues and satisl)' the fol- 30 
lowing conditions: 

13th Embodiment 

r 1111111 I 5. IX , R 10 - R 14)/(R 13 + R 141 _)_') 

1"110 2.(J_,:;; II le I 1_/, j 

IIH>Vlrk~.I _l().2 1·n 11.Ji) 

Nmax 1.640 fl f7 1_1,:56 

V2 23.3 fij ffi:lX 1.1)7 

CT1/CT2 4.20 fEPD 2/J5 
T23/CT2 1.24 Yc62 Yc61 1.21 40 
T23/T34 1.24 Yc62 Yc72 l.114 
(Tt2/T23) + ,n4 T45) + 0.96 Yc72 f 
("\"5(,!'J"(,7) 
Rl/R2 11.\\ ::: \T l111gl I IJ_--1-lJ 

\!RC, \_()_.:;; SI l Ill 11.K l 

J/R.12 1.51 JL l 1.26 45 R14/f 0.39 TL!mgH 1.67 
(Rll -R12).1Rll + R12) 0.08 

The foregoing image capturing unit is able to be installed 
in, but not limited to, an clectrnnic device. According tn the 511 
present disclusure, a photogr,tphing optical lens ,tsse·mbly 
provided in the disclosure includes, in order from an object 
side to an image side, a first lens element, a second lens 
element, a third lens element, a fourth lens element, a fifth 
lens element, a sixth lens element and a seventh lens element. 55 
The photographing optical lens assembly has a total of seven 
non-cemented lens elements with refractive power, wherein 
the sixth lens element has an image-side surface being con­
cave in a paraxial region thereof, and the seventh lens element 
has an image-side surface being concave in a paraxial region 60 
thereof. When specific conditions are satisfied, it is favorable 
for effectively reduce a back focal length of the photograph-
ing optical lens assembly so as to keep a compact size. Fur­
thermore, it is favorable for properly distributing the refrac­
tive power of the photographing optical lens assembly 65 
adjacent to the object side so as to correct the aberration. 
Moreover, it is also favorable for controlling the incident 

The foregoing description. for the purpose of explanation, 
has bern described with rcl"crrnce tn specific embodime'nls. It 
is to be, noted that T!\HI.I 1:S 1-.:'(i show dilkrent cLtt,1 ul" the 
dilkrent embodiments; hm,e, er. the data or the dil1"crcnt 
embodiments are obtained from experiments. The embodi­
ments \Yere 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 
disclosmc and various embodiments with various moditic<.1-
tions as ,tre' suited to the p,1rticuL1r use contempL1ted. The 
embodiments depicted abm e and the appended dr,1,, ings ,ire 
exemplary and are not intended 10 be exhaustive or tu limit the 
scope of the present disclosure to the precise forms disclosed. 
Many modifications and variations are possible in Yie\v of the 
above teachings. 

What is chiimed is: 
I. A plmtngrnphing optical kns assembly comprising. in 

order from an object side to ,111 im,1ge side: 
a first lens element having positive refractive plm er: 
a second lens element haYing negative refractiYe pmwr; 
a third lens element; 
a fourth lens element having positive refractive pmwr: 
a fifth lens clement with ncgatiYe refractive pmvcr hm"ing 

,111 uhject-side surfoce being concave in a paraxi,t! region 
there, 11" ,111d an image-side· surfoce being cum ex in a 
paraxial region thereof; 

a sixth lens element having an image-side surface being 
concave in a paraxial region thereof, wherein both of an 
object-side surface and the image-side surface of the 
sixth lens element are aspheric, and the image-side sur­
face of the sixth lens element has at least one inflection 
point; and 

a seventh lens element having an image-side surface being 
concave in a paraxial region thereof, wherein both of an 
object-side surface and the image-side surface of the 
seventh lens element are aspheric, and the image-side 
surface of the seventh lens element has at least one 
inflection point; 

wherein the photographing optical lens assembly has a 
total of seven lens elements, there is a non-axial critical 
point on the image-side surface of the sixth lens element 
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at which a tangent to the image-side surface of the sixth 
lens element is perpendicular to an optical axis, there is 
anon-axial critical point on the image-side surface of the 
seventh lens element at which a tangent to the image­
side surface of the seventh lens element is perpendicular 
to the optical axis, a vertical distance between the non­
axial critical point on the image-side surface of the sixth 
lens element and the optical axis is Y c62, a vertical 
distance between the non-axial critical point on the 
image-side surface of the seventh lens element and the 10 

optical axis is Y c72, a focal length of the photographing 
optical lens assembly is f, a focal length of the first lens 
element is fl, a focal length of the seventh lens element 
is f7, and the following conditions are satisfied: 

60 
both of an object-side surface and an image-side surface of 
the fourth lens element are aspheric, both of an object-side 
surface and an image-side surface of the fifth lens element are 
aspheric, an axial distance between the object-side surface of 
the first lens element and an image surface is TL, the focal 
length of the photographing optical lens assembly is f, and the 
following condition is satisfied: 

0.S0<TLlf<l.80. 

11. The photographing optical lens assembly of claim 1, 
wherein a maximum refractive index of one single lens ele­
ment among the first lens element, the second lens element, 
the third lens element, the fourth lens element, the fifth lens 
element, the sixth lens element and the seventh lens element 

0.5<Yc62/Yc72<1.5; 
15 is Nmax, and the following condition is satisfied: 

1.640,;Nmax<l.750. 

0.1 <Yc72/f<0.9; and 

!fllj71<3.0. 

2. The photographing optical lens assembly of claim 1, 
wherein the object-side surface of the sixth lens element is 
convex in a paraxial region thereof. 

12. The photographing optical lens assembly of claim 1, 
wherein an Abbe number of the second lens element is V2, 

20 
and the following condition is satisfied: 

3. The photographing optical lens assembly of claim 1, 
wherein the object-side surface of the seventh lens element is 
convex in a paraxial region thereof. 

4. The photographing optical lens assembly of claim 1, 
wherein the third lens element has positive refractive power. 

25 

5. The photographing optical lens assembly of claim 1, 
wherein at least three lens elements have positive refractive 

30 
power among the first lens element, the second lens element, 
the third lens element, the fourth lens element, the fifth lens 
element, the sixth lens element and the seventh lens element, 
the focal length of the photographing optical lens assembly is 
f, a curvature radius of the image-side surface of the seventh 

35 
lens element is R14, and the following condition is satisfied: 

0<R14/f<0.7. 

V2<26.0. 

13. The photographing optical lens assembly of claim 1, 
wherein the focal length of the photographing optical lens 
assembly is f, and the following condition is satisfied: 

3.0[mm]<f<6.5[mm]. 

14. The photographing optical lens assembly of claim 1, 
further comprising an aperture stop, wherein an axial distance 
between the aperture stop and the image-side surface of the 
seventh lens element is SD, an axial distance between an 
object-side surface of the first lens element and the image­
side surface of the seventh lens element is TD, and the fol­
lowing condition is satisfied: 

0.75<SD/TD<l.1. 

15. The photographing optical lens assembly of claim 1, 
wherein a curvature radius of an object-side surface of the 
first lens element is Rl, a curvature radius of an image-side 
surface of the first lens element is R2, and the following 

6. The photographing optical lens assembly of claim 1, 
wherein the focal length of the photographing optical lens 
assembly is f, a curvature radius of the image-side surface of 
the sixth lens element is R12, and the following condition is 
satisfied: 

40 condition is satisfied: 

0<flR12<5.0. 

7. The photographing optical lens assembly of claim 1, 45 

wherein the seventh lens element has negative refractive 
power. 

8. The photographing optical lens assembly of claim 1, 
wherein a curvature radius of the object-side surface of the 
seventh lens element is R13, a curvature radius of the image- 50 

side surface of the seventh lens element is R14, and the 
following condition is satisfied: 

0<(R13-R14)/(R13+R14)<1.5. 

-0.2<Rl/R2<0.2. 

16. The photographing optical lens assembly of claim 1, 
wherein the focal length of the photographing optical lens 
assembly is f, an entrance pupil diameter of the photograph­
ing optical lens assembly is EPD, half of a maximal field of 
view of the photographing optical lens assembly is HFOV, 
and the following conditions are satisfied: 

1.2<flEPD<2.6; and 

15[deg.]<HFOV<45[deg.]. 

17. The photographing optical lens assembly of claim 1, 
wherein a central thickness of the first lens element is CTI, a 
central thickness of the second lens element is CT2, an axial 

9. The photographing optical lens assembly of claim 1, 
wherein a sum of axial distances between any two lens ele­
ments adjacent to each other is ~AT, a maximum image height 
of the photographing optical lens assembly is ImgH, and the 
following condition is satisfied: 

55 distance between the second lens element and the third lens 
element is T23, an axial distance between the third lens ele­
ment and the fourth lens element is T34, and the following 
conditions are satisfied: 

60 1.0<CT1/CT2<5.5; and 
0.20<L4TilmgH<0.60. 

10. The photographing optical lens assembly of claim 1, 
wherein both of an object-side surface and an image-side 
surface of the first lens element are aspheric, both of an 
object-side surface and an image-side surface of the second 65 

lens element are aspheric, both of an object-side surface and 
an image-side surface of the third lens element are aspheric, 

0.5<T23/T34<4.5. 

18. An image capturing unit, comprising: 
the photographing optical lens assembly of claim 1; and 
an image sensor, wherein the image sensor is disposed on 

the image side of the photographing optical lens assem­
bly. 

Page 61 of 63



US 9,366,845 B2 
61 

19. An electronic device, comprising: 
the image capturing unit of claim 18. 
20. A photographing optical lens assembly comprising, in 

order from an object side to an image side: 
a first lens element having positive refractive power; 
a second lens element; 
a third lens element having positive refractive power; 
a fourth lens element having positive refractive power; 
a fifth lens element; 

62 
focal length of the sixth lens element is f6, a focal length of the 
seventh lens element is f7, and the following condition is 
satisfied: 

!fl l<!fil, wherein ;~2, 3, 4, 5, 6, 7. 

27. The photographing optical lens assembly of claim 20, 
wherein a curvature radius of the object-side surface of the 
sixth lens element is Rl 1, a curvature radius of the image-side 
surface of the sixth lens element is R12, and the following 
condition is satisfied: 

-2.0<(Rl 1-R12)/(Rl 1 +R12)<0.2. 

28. The photographing optical lens assembly of claim 20, 
wherein the focal length of the photographing optical lens 

a sixth lens element with positive refractive power having 10 

an image-side surface being concave in a paraxial region 
thereof, wherein both of an object-side surface and the 
image-side surface of the sixth lens element are 
aspheric, and the image-side surface of the sixth lens 
element has at least one inflection point; and 

a seventh lens element having an image-side surface being 
concave in a paraxial region thereof, wherein both of an 
object-side surface and the image-side surface of the 
seventh lens element are aspheric, and the image-side 
surface of the seventh lens element has at least one 20 

15 
assembly is f, the focal length of the first lens element is fl, the 
focal length of the second lens element is f2, a focal length of 
the third lens element is f3, a focal length of the fourth lens 
element is f4, a focal length of the fifth lens element is f5, a 
focal length of the sixth lens element is f6, a focal length of the 

inflection point; 
wherein the photographing optical lens assembly has a 

total of seven lens elements, there is a non-axial critical 
point on the image-side surface of the seventh lens ele­
ment at which a tangent to the image-side surface of the 25 

seventh lens element is perpendicular to an optical axis, 
a focal length of the photographing optical lens assem-
bly is f, a vertical distance between the non-axial critical 
point on the image-side surface of the seventh lens ele­
ment and the optical axis is Y c72, a focal length of the 30 

first lens element is fl, a focal length of the second lens 
element is f2, an axial distance between an object-side 
surface of the first lens element and an image surface is 
TL, a maximum image height of the photographing opti-
cal lens assembly is ImgH, and the following conditions 35 

are satisfied: 

0.1 <Yc72/f<0.9; 

seventh lens element is f7, and the following condition is 
satisfied: 

ljl/jl max<l.8, wherein)~!, 2, 3, 4, 5, 6, 7. 

29. The photographing optical lens assembly of claim 20, 
wherein an Abbe number of the first lens element is Vl, an 
Abbe number of the second lens element is V2, an Abbe 
numberofthe third lens element is V3, anAbbe number of the 
fourth lens element is V 4, an Abbe number of the fifth lens 
element is V5, an Abbe number of the sixth lens element is 
V6, an Abbe number of the seventh lens element is V7, and at 
least three lens elements among the first lens element to the 
seventh lens element satisfy the following condition: 

Vi<26.0, wherein ;~1, 2, 3, 4, 5, 6, 7. 

30. The photographing optical lens assembly of claim 20, 
further comprising an aperture stop, wherein the first lens 
element, the second lens element, the third lens element, the 
fourth lens element, the fifth lens element, the sixth lens 
element and the seventh lens element are all non-cemented 
lens elements, and the aperture stop is located between an !fllj21<2.0; and 

40 imaged object and the second lens element. 

TL/lmgH<2.20. 

21. The photographing optical lens assembly of claim 20, 
wherein the object-side surface of the first lens element is 
convex in a paraxial region thereof, and the second lens ele­
ment has an image-side surface being concave in a paraxial 
region thereof. 

22. The photographing optical lens assembly of claim 20, 
wherein the third lens element has an object-side surface 
being convex in a paraxial region thereof. 

23. The photographing optical lens assembly of claim 20, 
wherein the fifth lens element has negative refractive power. 

24. The photographing optical lens assembly of claim 20, 
wherein the fifth lens element has an image-side surface being 
convex in a paraxial region thereof. 

25. The photographing optical lens assembly of claim 20, 
wherein the focal length of the photographing optical lens 
assembly is f, a curvature radius of the image-side surface of 
the sixth lens element is R12, and the following condition is 
satisfied: 

0<flR12<3.0. 

26. The photographing optical lens assembly of claim 20, 
wherein the focal length of the first lens element is fl, the 
focal length of the second lens element is f2, a focal length of 
the third lens element is f3, a focal length of the fourth lens 
element is f4, a focal length of the fifth lens element is f5, a 

31. The photographing optical lens assembly of claim 20, 
wherein there is a non-axial critical point on the object-side 
surface of the sixth lens element at which a tangent to the 
object-side surface of the sixth lens element is perpendicular 

45 to the optical axis, there is a non-axial critical point on the 
image-side surface of the sixth lens element at which a tan­
gent to the image-side surface of the sixth lens element is 
perpendicular to the optical axis, a vertical distance between 
the non-axial critical point on the object-side surface of the 

50 sixth lens element and the optical axis is Yc61, a vertical 
distance between the non-axial critical point on the image­
side surface of the sixth lens element and the optical axis is 
Y c62, and the following condition is satisfied: 

55 

60 

0.30<Yc62/Yc61 <1.80. 

32. The photographing optical lens assembly of claim 20, 
wherein the focal length of the photographing optical lens 
assembly is f, a focal length of the third lens element is f3, and 
the following condition is satisfied: 

-0.5<flj3<0.6. 

33. The photographing optical lens assembly of claim 20, 
wherein an axial distance between the first lens element and 
the second lens element is T12, an axial distance between the 

65 second lens element and the third lens element is T23, an axial 
distance between the third lens element and the fourth lens 
element is T34, an axial distance between the fourth lens 
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element and the fifth lens element is T45, an axial distance 
between the fifth lens element and the sixth lens element is 
T56, an axial distance between the sixth lens element and the 
seventh lens element is T67, and the following condition is 
satisfied: 

0<(TI2/T23)+(Tl4/T45)+(T56/T67)<3.8. 

34. The photographing optical lens assembly of claim 20, 
further comprising aperture stop, wherein the aperture stop is 
located between an imaged object and the first lens element, 10 
an axial distance between the second lens element and the 
third lens element is T23, a central thickness of the second 
lens element is CT2, the focal length of the photographing 
optical lens assembly is f, a curvature radius of an image-side 
surface of the third lens element is R6, and the following 15 
conditions are satisfied: 

0.3<T23/CT2<3.0; and 

-1.0<j!R6<2.5. 

20 

* * * * * 
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