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IMAGING LENS HAVING FIVE LENS
ELEMENTS AND ELECTRONIC APPARATUS
HAVING THE SAME

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 13/617,304, filed Sep. 14, 2012, which claims
priority to Taiwanese Application No. 101111478, filed Mar.
30, 2012, the disclosures of which are incorporated herein by
reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an imaging lens and
an electronic apparatus, more particularly to an imaging lens
having five lens elements and an electronic apparatus having
the same.

[0004] 2. Description of the Related Art

[0005] Inrecentyears, as use of portable electronic devices
(e.g., mobile phones and digital cameras) becomes ubiqui-
tous, much effort has been put into reducing dimensions of
portable electronic devices. Moreover, as dimensions of
charged coupled device (CCD) and complementary metal-
oxide semiconductor (CMOS) based optical sensors are
reduced, dimensions of imaging lenses for use with the opti-
cal sensors must be correspondingly reduced without signifi-
cantly compromising optical performance.

[0006] Inview of the above, each of Taiwanese Patent Pub-
lication Nos. 201022714, 201137430, and 201043999 dis-
closes a conventional imaging lens with five lens elements, of
which the first, second, and third lens elements have positive,
negative, and positive refracting powers, respectively. Fur-
ther, U.S. Patent Application Publication No. 20110249346
discloses a conventional imaging lens with five lens elements,
each of which has a relatively large thickness and is spaced
apart from an adjacent one of the lens elements by a relatively
wide gap.

[0007] U.S. Patent Application Publication No.
20110013069 and Taiwanese Patent Publication Nos.
201144890 and 201106040 also disclose conventional imag-
ing lenses with five lens elements.

[0008] Although the above conventional imaging lenses
have reduced overall lengths, some of them may still be too
long. For example, the conventional imaging lens disclosed in
Taiwanese Patent Publication No. 201144890 has an overall
length of 6.5 mm, which may be too long for certain minia-
turized portable electronic devices.

[0009] Thus, it is apparent that the current trend in devel-
opment of imaging systems for portable electronic devices
focuses on reducing overall lengths of the imaging systems.
However, optical performances and imaging qualities of the
imaging systems may be compromised as the overall lengths
are reduced.

BRIEF SUMMARY OF THE INVENTION

[0010] Therefore, an object of the present invention is to
provide an imaging lens having a shorter overall length while
maintaining good optical performance.

[0011] Accordingly, an imaging lens of the present inven-
tion includes first, second, third, fourth, and fifth lens ele-
ments arranged from an object side to an image side in the
given order. Each of the first, second, third, fourth, and fifth

May 1, 2014

lens elements has an object-side surface facing toward the
object side and an image-side surface facing toward the image
side.

[0012] The first lens element has a positive refracting
power, and the object-side surface thereofis a convex surface.
The second lens element has a negative refracting power, and
the image-side surface thereof is a concave surface. The third
lens element has a negative refracting power. The image-side
surface of the fourth lens element is a convex surface. The
image-side surface of the fifth lens element has a concave
portion in a vicinity of an optical axis of the imaging lens and
a convex portion in a vicinity of a periphery of the fifth lens
element.

[0013] The imaging lens satisfies Iv,-v;1<10 and 0.5<T,/
G, ,<1.0, where:

“v,” represents an Abbe number of the second lens element;
“v,” represents an Abbe number of the third lens element;
“T,” represents a distance between the object-side surface
and the image-side surface of the fourth lens element at the
optical axis; and

“G,,” represents a sum of a distance between the image-side
surface of the first lens element and the object-side surface of
the second lens element at the optical axis, a distance between
the image-side surface of the second lens element and the
object-side surface of the third lens element at the optical
axis, a distance between the image-side surface of the third
lens element and the object-side surface of the fourth lens
element at the optical axis, and a distance between the image-
side surface of the fourth lens element and the object-side
surface of the fifth lens element at the optical axis.

[0014] Another object of the present invention is to provide
an electronic apparatus having an imaging lens with five lens
elements.

[0015] Accordingly, an electronic apparatus of the present
invention includes:

a housing; and

animaging module disposed in the housing, and including the
imaging lens of the present invention, a barrel on which the
imaging lens is disposed, a seat unit on which the barrel is
disposed, and an image sensor disposed at the image side and
operatively associated with the imaging lens for capturing
images.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Other features and advantages of the present inven-
tion will become apparent in the following detailed descrip-
tion of the preferred embodiments with reference to the
accompanying drawings, of which:

[0017] FIG.1isaschematic diagram that illustrates the first
preferred embodiment of an imaging lens according to the
present invention;

[0018] FIG. 2 shows values of some optical parameters
corresponding to the imaging lens of the first preferred
embodiment;

[0019] FIG. 3 shows values of some parameters of an opti-
cal relationship corresponding to the imaging lens of the first
preferred embodiment;

[0020] FIGS. 4(a) to 4(d) show different optical character-
istics of the imaging lens of the first preferred embodiment;
[0021] FIG. 5 is a schematic diagram that illustrates the
second preferred embodiment of an imaging lens according
to the present invention;
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[0022] FIG. 6 shows values of some optical parameters
corresponding to the imaging lens of the second preferred
embodiment;

[0023] FIG. 7 shows values of some parameters of the
optical relationship corresponding to the imaging lens of the
second preferred embodiment;

[0024] FIGS. 8(a) to 8(d) show different optical character-
istics of the imaging lens of the second preferred embodi-
ment;

[0025] FIG. 9 is a schematic diagram that illustrates the
third preferred embodiment of an imaging lens according to
the present invention;

[0026] FIG. 10 shows values of some optical parameters
corresponding to the imaging lens of the third preferred
embodiment;

[0027] FIG. 11 shows values of some parameters of the
optical relationship corresponding to the imaging lens of the
third preferred embodiment;

[0028] FIGS. 12(a) to 12(d) show different optical charac-
teristics of the imaging lens of the third preferred embodi-
ment;

[0029] FIG. 13 is a schematic diagram that illustrates the
fourth preferred embodiment of an imaging lens according to
the present invention;

[0030] FIG. 14 shows values of some optical parameters
corresponding to the imaging lens of the fourth preferred
embodiment;

[0031] FIG. 15 shows values of some parameters of the
optical relationship corresponding to the imaging lens of the
fourth preferred embodiment;

[0032] FIGS. 16(a) to 16(d) show different optical charac-
teristics of the imaging lens of the fourth preferred embodi-
ment;

[0033] FIG.17is atable that shows values of parameters of
other optical relationships corresponding to the imaging
lenses of'the first, second, third, and fourth preferred embodi-
ments;

[0034] FIG. 18 is a schematic partly sectional view to illus-
trate a first exemplary application of the imaging lens of the
present invention; and

[0035] FIG.19 is a schematic partly sectional view to illus-
trate a second exemplary application of the imaging lens of
the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0036] Before the present invention is described in greater
detail, it should be noted that like elements are denoted by the
same reference numerals throughout the disclosure.

[0037] Referring to FIG. 1, an imaging lens 2 of the present
invention includes an aperture stop 8, first, second, third,
fourth, and fifth lens elements 3-7, and an optical filter 9
arranged in the given order along an optical axis (I) from an
object side to an image side. The optical filter 9 is an infrared
cut filter for filtering infrared light to thereby reduce aberra-
tion of images formed at an image plane 10.

[0038] Each of the first, second, third, fourth, and fifth lens
elements 3-7 and the optical filter 9 has an object-side surface
31, 41, 51, 61, 71, 91 facing toward the object side, and an
image-side surface 32, 42, 52, 62, 72, 92 facing toward the
image side. Light entering the imaging lens 2 travels through
the aperture stop 8, the object-side and image-side surfaces
31, 32 of the first lens element 3, the object-side and image-
side surfaces 41, 42 of the second lens element 4, the object-
side and image-side surfaces 51, 52 of the third lens element
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5, the object-side and image-side surfaces 61, 62 of the fourth
lens element 6, the object-side and image-side surfaces 71, 72
of'the fifth lens element 7, and the object-side and image-side
surfaces 91, 92 of the optical filter 9, in the given order, to
form an image on the image plane 10. Each of the object-side
surfaces 31,41, 51, 61, 71, 91 and the image-side surfaces 32,
42, 52, 62, 72, 92 has a center point coinciding with the
optical axis (I).

[0039] Thelenselements 3-7 are made of plastic material in
this embodiment, and at least one of them may be made of
other materials in other embodiments.

[0040] Relationships among some optical parameters of

the imaging lens 2 of the present invention are as follows:
Ivo-v31<10; (€8]
0.5<T4/G4,<1.0; 2
0.33<Ty/G4,1<0.60; 3)
S<Ify/Ty51<8; 4
0.42<IR/f,|<0.62; and Q)
T3> Tr3.42-24415 6)

where:

“v,”and “v,” represent Abbe numbers of the second and third
lens elements 4, 5, respectively;

“T,” represents a distance between the center points of the
object-side and image-side surfaces 61, 62 of the fourth lens
element 6 (i.e., “T,” represents a thickness of the fourth lens
element 6 the optical axis (I));

“G,,” represents a sum of a distance between the center
points of the image-side and object-side surfaces 32, 41, a
distance between the center points of the image-side and
object-side surfaces 42, 51, a distance between the center
points of the image-side and object-side surfaces 52, 61, and
a distance between the center points of the image-side and
object-side surfaces 62, 71 (i.e., “G,,” represents a sum of
widths of air gaps among the lenses 3-7 at the optical axis (1));
“T5” represents a distance between the center points of the
object-side and image-side surfaces 51, 52 of the third lens
element 5 (i.e., “T,” represents a thickness of the third lens
element 5 at the optical axis (I));

“f,” represents a focal length of the fourth lens element 6;
“T,_s” represents a distance between the center points of the
object-side surfaces 61, 71 of the fourth and fifth lens ele-
ments 6, 7;

[0041] “R,” represents a radius of curvature of the object-
side surface 61 at the center point thereof; and

“Trsan.r441 represents a distance between the center points
ofthe image-side and object-side surfaces 52,61 (i.e.,“T, 5 5.
zaa1” represents the width of the air gap between the third and
fourth lens elements 5, 6 at the optical axis (I)).

[0042] Inthe first preferred embodiment, which is depicted
in FIG. 1, the first lens element 3 has a positive refracting
power, and the object-side surface 31 and the image-side
surface 32 thereof are aspherical convex surfaces.

[0043] The second lens element 4 has a negative refracting
power, the object-side surface 41 thereof has a convex portion
411 in a vicinity of the optical axis (I) and another convex
portion 412 in a vicinity of a periphery of the second lens
element 4, and the image-side surface 42 thereof'is a concave
surface.



US 2014/0118848 Al

[0044] The third lens element 5 has a negative refracting
power, the object-side surface 51 thereofhas a convex portion
511 in a vicinity of the optical axis (I) and a concave portion
512 in a vicinity of a periphery of the third lens element 5, and
the image-side surface 52 thereofhas a concave portion 521 in
a vicinity of the optical axis (I) and a convex portion 522 in a
vicinity of the periphery of the third lens element 5.

[0045] The fourth lens element 6 has a positive refracting
power, the object-side surface 61 thereofis a concave surface,
and the image-side surface 62 thereof is a convex surface.
[0046] The fifth lens element 7 has a negative refracting
power, the object-side surface 71 thereofhas a convex portion
711 in a vicinity of the optical axis (I) and another convex
portion 712 in a vicinity of a periphery of the fifth lens
element 7, and the image-side surface 72 thereof has a con-
cave portion 721 in a vicinity of the optical axis () and a
convex portion 722 in a vicinity of the periphery of the fifth
lens element 7.

[0047] Inthis embodiment, each of the object-side surfaces
31-71 and the image-side surfaces 32-72 is aspherical. How-
ever, configurations of the object-side and image-side sur-
faces 31-71, 32-72 are not limited to such.

[0048] The optical filter 9 is disposed between the fifth lens
element 7 and the image plane 10, and is a piece of flat glass
in this embodiment.

[0049] Relationships among some of the aforementioned
optical parameters corresponding to the first preferred
embodiment are as follows:

IVo-v4|=2.75;
TG 4 =0.71;
Ty/G 4 =0.40;
/T 51=6.86;

IR/f,1=0.45.

[0050] In this embodiment, “T; 5,5 ;44,” is equal to 0.17,
and “T,” is equal to 0.56, which is greater than “T; 5 ;5 ;.,,”-
The imaging lens 2 has an overall system focal length of 3.26
mm, a half field-of-view (HFOV) of 35.15°, and a system
length of 3.68 mm. Shown in FIG. 2 is a table that shows
values of some optical parameters corresponding to the sur-
faces 31-71, 32-72 of the first preferred embodiment.

[0051] Each of the object-side surfaces 31-71 and the
image-side surfaces 32-72 satisfies the optical relationship of

D

¥? vz 3 "
Z(Y):F/ L+ 10+ K +;a2;*y

where:

“R” represents a radius of curvature of the surface;

“Y” represents a perpendicular distance between an arbitrary
point on the surface and the optical axis (I);

“Z” represents a distance between projections of the arbitrary
point and the center point of the surface onto the optical axis
@

“K” represents a conic constant of the surface; and

“a,” represents a 2i”*-order coefficient of the surface.
[0052] Shownin FIG. 3 is a table that shows values of some
optical parameters of the aforementioned optical relationship
(7) corresponding to the first preferred embodiment.
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[0053] FIGS. 4(a) to 4(d) show simulation results corre-
sponding to longitudinal spherical aberration, sagittal astig-
matism aberration, tangential astigmatism aberration, and
distortion aberration of the first preferred embodiment,
respectively. In each of the simulation results, curves corre-
sponding respectively to wavelengths of 470 nm, 555 nm, and
650 nm are shown.

[0054] Itcan beunderstood from FIGS. 4(a), 4(b), 4(c) and
4(d) that the first preferred embodiment is able to achieve a
good optical performance.

[0055] Inview of'the above, with the system length reduced
down to below 4 mm, the imaging lens 2 of the first preferred
embodiment is still able to achieve a relatively good optical
performance.

[0056] Referring to FIG. 5, the difference between the first
and second preferred embodiments resides in that, in the
second preferred embodiment, the image-side surface 32 of
the first lens element 3 is a concave surface, and the second
and third lens elements 4, 5 have Abbe numbers different
from those of the second and third lens elements 4, 5 of the
first preferred embodiment.

[0057] Relationships among some of the aforementioned
optical parameters corresponding to the second preferred
embodiment are as follows:

Vv |=0.64;
T,/G 4 =0.93;
T5/G 4 =0.37;
Y/ T 51=5.92;

IR/f,1=0.47.

[0058] Further, in this embodiment, “T;5 ;5 7.4, is equal
to 0.21, and “T,” is equal to 0.63, which is greater than
“TL3A2—L4A1”'

[0059] Inthis embodiment, the imaging lens 2 has an over-
all system focal length of 3.25 mm, a half field-of-view
(HFOV) 0f35.36°, and a system length of 3.65 mm. Shown in
FIG. 6 is a table that shows values of the optical parameters
corresponding to the surfaces 31-71, 32-72 of the second
preferred embodiment. Shown in FIG. 7 is a table that shows
values of some parameters of the aforementioned optical
relationship (7) corresponding to each of the object-side sur-
faces 31-71 and the image-side surfaces 32-72 of the second
preferred embodiment.

[0060] FIGS. 8(a) to 8(d) show simulation results corre-
sponding to longitudinal spherical aberration, sagittal astig-
matism aberration, tangential astigmatism aberration, and
distortion aberration of the second preferred embodiment,
respectively.

[0061] It is apparent from FIG. 8(a) that the second pre-
ferred embodiment has a relatively low spherical aberration
and a relatively low chromatic aberration at each of the wave-
lengths. It can be understood from FIGS. 8(5), 8(c) and 8(d)
that the second preferred embodiment is able to achieve a
good optical performance.

[0062] Inview ofthe above, with the system length reduced
down to below 4 mm, the imaging lens 2 of the second
preferred embodiment is still able to achieve a relatively good
optical performance.

[0063] Referring to FIG. 9, the difference between the first
and third preferred embodiments resides in that, in the third
preferred embodiment, the image-side surface 32 of the first
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lens element 3 is a concave surface, and the second lens
element 4 has an Abbe number different from that of the
second lens element 4 of the first preferred embodiment.
[0064] Relationships among some of the aforementioned
optical parameters corresponding to the third preferred
embodiment are as follows:

IV>-v31=6.02;
T\/G 4 =0.82;
Ty/G 1 =0.51;
/Ty 5I=7.61;

IR/f,1=0.47.

[0065] Further, in this embodiment, “T,, ,, ;.,,” is equal
to 0.16, and “T,” is equal to 0.56, which is greater than
“TL3A2—L4A1”'

[0066] In this embodiment, the imaging lens 2 has an over-
all system focal length of 3.25 mm, a half field-of-view
(HFOV) 0f35.26°, and a system length of3.75 mm. Shown in
FIG. 10 is a table that shows values of the optical parameters
corresponding to the surfaces 31-71, 32-72 of the third pre-
ferred embodiment. Shown in FIG. 11 is a table that shows
values of some parameters of the aforementioned optical
relationship (7) corresponding to each of the object-side sur-
faces 31-71 and the image-side surfaces 32-72 of the third
preferred embodiment.

[0067] Referring to FIGS. 12(a) to 12(d), with the system
length reduced down to below 4 mm, the imaging lens 2 of the
third preferred embodiment is still able to achieve a relatively
good optical performance and a reduced chromatic aberra-
tion.

[0068] Referring to FIG. 13, the difference between the first
and fourth preferred embodiments resides in that, in the
fourth preferred embodiment, the image-side surface 32 of
the first lens element 3 is a concave surface, the object-side
surface 51 of the third lens element 5 has a concave portion
511' in the vicinity of the optical axis (I), the image-side
surface 52 of the third lens element 5 has a convex portion
521' in the vicinity of the optical axis (I), and the second lens
element 4 has an Abbe number different from that of the
second lens element 4 of the first preferred embodiment.
[0069] Relationships among some of the aforementioned
optical parameters corresponding to the fourth preferred
embodiment are as follows:

IV 5-v31=0.00;
T\/G 4 =0.68;
Ty/G 4 =0.35;
/T 51=6.69;

IR4/1=0.56

[0070] Further, in this embodiment, “T;5 5 7.4, is equal
to 0.26, and “T,” is equal to 0.52, which is greater than

23

“TL3A2—L4A1 .
[0071] Inthis embodiment, the imaging lens 2 has an over-
all system focal length of 3.36 mm, a half field-of-view
(HFOV) 0f34.64°, and a system length 0f3.59 mm. Shown in
FIG. 14 is a table that shows values of the optical parameters
corresponding to the surfaces 31-71, 32-72 of the fourth pre-
ferred embodiment. Shown in FIG. 15 is a table that shows
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values of some parameters of the aforementioned optical
relationship (7) corresponding to each of the object-side sur-
faces 31-71 and the image-side surfaces 32-72 of the fourth
preferred embodiment.

[0072] Referring to FIGS. 16(a) to 16(d), with the system
length reduced down to below 4 mm, the imaging lens 2 ofthe
fourth preferred embodiment is still able to achieve a rela-
tively good optical performance.

[0073] Shown in FIG. 17 is a table that shows the aforesaid
relationships among some of the aforementioned optical
parameters corresponding to the preferred embodiments for
comparison.

[0074] Effects of the various optical parameters on the
imaging quality are described hereinafter.

[0075] Regarding optical relationship 1, when the imaging
lens 2 satisfies optical relationship 1 (i.e., [v,-v,1<10), a dif-
ference in extent of dispersion between the second and third
lens elements 4, 5 is relatively small, such that the refracting
powers of the second lens element 4 and the third lens element
5 may be effectively distributed.

[0076] Regarding optical relationship 2, when the imaging
lens 2 satisfies optical relationship 2 (i.e., 0.5<T,/G,,<1.0),
distribution of the thickness of the fourth lens element 6 with
respect to the sum of the widths of the air gaps among the lens
elements 3-7 is optimal. When the imaging lens 2 satisfies
T,/G,,=1.0,the thickness of the fourth lens element 6 may be
too large and the radius of curvature of the same may be too
small, such that sensitivity of the imaging lens 2 to inaccuracy
of the manufacturing process may be too high. On the other
hand, when the imaging lens 2 satisfies T,/G,,=<0.5, the
widths of the air gaps among the lens elements 3-7 need to be
increased, which may be unfavorable for reducing the overall
system length of the imaging lens 2.

[0077] When the imaging lens 2 satisfies optical relation-
ship 3 (i.e., 0.33<T,/G ,<0.60), distribution of the thickness
of the third lens element 5 with respect to the sum of the
widths of the air gaps among the lens elements 3-7 is optimal.
When the imaging lens 2 satisfies T;/G, ,=0.60, the widths of
the air gaps among the lens elements 3-7 may be too small,
which may render manufacturing of the imaging lens 2 diffi-
cult. On the other hand, when the imaging lens 2 satisfies
T,/G,,=0.33, the thickness of the third lens element 5 may be
too small, which may also render manufacturing of the imag-
ing lens 2 difficult.

[0078] Regarding optical relationship 4, when the imaging
lens 2 satisfies optical relationship 4 (i.e., 5<If,/T, 5I<8), the
refracting power of the fourth lens element 6 has minimal
influence upon distribution of overall refracting power of the
imaging lens 2, and the distance between the object-side
surfaces 61, 71 of the fourth and fifth lens elements 6, 7 is
optimal, such that the height, at which light from the fourth
lens element 6 enters the fifth lens element 7, falls within an
optimal range. When the imaging lens 2 satisfies If,/T, 5|=8,
the distance between the object-side surfaces 61, 71 may be
too small such that the height, at which light from the fourth
lens element 6 enters the fifth lens element 7, falls outside of
the optimal range. When the imaging lens 2 satisfies 1£,/T,_
s|=5, the focal length of the fourth lens element 6 may be too
small and the refracting power of the same may be too large,
which may have an adverse effect on the distribution of the
overall refracting power of the imaging lens 2 and may cause
severe aberration.

[0079] Regarding optical relationship 5 (i.e., 0.42<IR,/
£,1<0.62), when the imaging lens 2 satisfies optical relation-
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ship 5, effective distribution of the overall refracting power of
the imaging lens 2 may be achieved without increasing diffi-
culty of manufacturing. Preferably, the imaging lens 2 satis-
fies 0.42<IR,/f,1<0.60. When the imaging lens 2 satisfies
IR,/f,4120.62, the focal length of the fourth lens element 6 may
be too small and the refracting power of the same may be too
large, which may have an adverse effect upon the distribution
of the overall refracting power of the imaging lens 2. On the
otherhand, when the imaging lens 2 satisfies IR ,/f,1<0.42, the
radius of curvature of the object-side surface 61 of the fourth
lens element 6 may be too small, which may result in
increased difficulty and hence cost of manufacturing of the
fourth lens element 6.

[0080] Regarding optical relationship 6, when the imaging
lens 2 satisfies optical relationship 6 (i.e., T,>T ;5 45 74.4;), the
distance between the third and fourth lens elements 5, 6 falls
within an optimal range, thereby facilitating miniaturization
of the imaging lens 2.

[0081] Aside from the above optical parameters, effects
achieved through designs of the object-side surfaces 31-71
and the image-side surfaces 32-72 are described hereinafter.
[0082] By virtue of the positive refracting power and the
convex object-side surface 31 of the first lens element 3, the
first lens element 3 is able to achieve a good light receiving
capability and to distribute partly the refracting power of the
second lens element 4.

[0083] Through arranging the aperture stop 8 such that the
first lens element 3 is disposed between the aperture stop 8
and the second lens element 4, the system length of the
imaging lens 2 may be effectively reduced.

[0084] By virtue of the negative refracting power and the
concave image-side surface 42 of the second lens element 4,
as well as the negative refracting power of the third lens 5,
aberration of images formed at the image plane 10 may be
effectively reduced or even eliminated.

[0085] Since the design of the convex image-side surface
62 of the fourth lens element 6 is favorable for increasing the
light receiving capability and reducing the overall system
length, the concave image-side surface 61 of the fourth lens
element 6 may be matched with the convex image-side sur-
face 62 for further increasing the light receiving capability of
the imaging lens 2.

[0086] The design of the concave portion 721 and the con-
vex portion 722 of the image-side surface 72 of the fifth lens
element 7 is favorable for reducing distortion and aberration,
and is capable of achieving better control of the angle of light
travelling through the fifth lens element 7 toward the image
plane 10, at which an image sensor is to be disposed, to fall
within an optimal range. In addition, the convex portion 711
of'the object-side surface 71 of the fifth lens element 7 serves
to reduce aberration.

[0087] Shown in FIG. 18 is a first exemplary application of
the imaging lens 2, in which the imaging lens 2 is disposed in
a housing 11 of an electronic apparatus 1 (such as a mobile
phone), and forms a part of an imaging module 12 of the
electronic apparatus 1. The imaging module 12 includes a
barrel 21 on which the imaging lens 2 is disposed, a seat unit
120 on which the barrel 21 is disposed, and an image sensor
130 disposed at the image plane 10 (see FIG. 1) and opera-
tively associated with the imaging lens 2 for capturing
images.

[0088] The seatunit 120 includes a first seat portion 121 in
which the barrel 21 is disposed, and a second seat portion 122
having a portion interposed between the first seat portion 121
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and the image sensor 130. The barrel 21 and the first seat
portion 121 of the seat unit 120 extend along an axis (II),
which coincides with the optical axis (1) of the imaging lens 2.

[0089] Shown in FIG. 19 is a second exemplary application
of the imaging lens 2. The difference between the first and
second exemplary applications resides in that, in the second
exemplary application, the seat unit 120 is configured as a
voice-coil motor (VCM), and the first seat portion 121
includes an inner section 123 in which the barrel 21 is dis-
posed, an outer section 124 that surrounds the inner section
123, a coil 125 that is interposed between the inner and outer
sections 123, 124, and a magnetic component 126 that is
disposed between an outer side of the coil 125 and an inner
side of the outer section 124.

[0090] The inner section 123 and the barrel 21, together
with the imaging lens 2 therein, are movable with respect to
the image sensor 130 along an axis (I1I), which coincides with
the optical axis (I) of the imaging lens 2. The optical filter 9 of
the imaging lens 2 is disposed at the second seat portion 122,
which is disposed to abut against the outer section 124. Con-
figuration and arrangement of other components of the elec-
tronic apparatus 1 in the second exemplary application are
identical to those in the first exemplary application, and hence
will not be described hereinafter for the sake of brevity.

[0091] By virtue of the imaging lens 2 of the present inven-
tion, the electronic apparatus 1 in each of the exemplary
applications may be configured to have a relatively reduced
overall thickness. Furthermore, application and configuration
of the imaging lens 2 are not limited to such.

[0092] During manufacture, the first lens element 3 may be
formed with an extending portion, which may be flat or
stepped in shape. In terms of function, while the object-side
and image-side surfaces 31, 32 are configured to enable pas-
sage of light through the first lens element 3, the extending
portion merely serves to provide the function of installation
and does not contribute toward passage of light through the
first lens element 3. The other lens elements 4-7 may also be
formed with extending portions similar to that of the first lens
element 3.

[0093] Insummary, the system length of the imaging lens 2
may be reduced to below 4 mm without significantly com-
promising the optical performance of the imaging lens 2.

[0094] While the present invention has been described in
connection with what are considered the most practical and
preferred embodiments, it is understood that this invention is
not limited to the disclosed embodiments but is intended to
cover various arrangements included within the spirit and
scope of the broadest interpretation so as to encompass all
such modifications and equivalent arrangements.

What is claimed is:

1. An optical imaging lens comprising, from an object side
to an image side, a first lens element, a second lens element,
a third lens element, a fourth lens element, and a fifth lens
element, each of the first, second, third, fourth and fifth lens
element having an object-side surface facing toward the
object side and an image-side surface facing toward the image
side, wherein:

the first lens element has a positive refracting power, and
the object-side surface of the first lens element has a
convex portion in a vicinity of an optical axis and a
convex portion near a circumference of the first lens
element;
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the second lens element has a negative refracting power,
and the object-side surface of the second lens element
has a convex portion near a circumference of the second
lens element;

the object-side surface of the third lens element has a
concave portion near a circumference of the third lens
element, and the image-side surface of the third lens
element has a convex portion near the circumference of
the third lens element;

the object-side surface of the fourth lens element has a
concave portion near a circumference of the fourth lens
element, and the image-side surface of the fourth lens
element has a convex portion near the circumference of
the fourth lens element;

the image-side surface of the fifth lens element has a con-
cave portion in a vicinity of the optical axis and a convex
portion near a circumference of the fifth lens element;

the optical imaging lens has only five lens elements having
a refracting power; and

the optical imaging lens satisfies the following relations:

0.74<T3/(AG12+4G34)=1.67;
1.39=T1/73<1.96; and

1.60=(T1+4G12)/4G23<1.93,

wherein T3 is a thickness of the third lens element along the
optical axis, AG12 is a width of an air gap between the
first and second lens elements along the optical axis,
AG34 is a width of an air gap between the third and
fourth lens elements along the optical axis, T1 is a thick-
ness of the first lens element along the optical axis, and
AG23 is a width of an air gap between the second and
third lens elements along the optical axis.

2. The optical imaging lens of claim 1, wherein a ratio
(T4/AG12) is between 5.16 and 12.63, wherein T4 is a thick-
ness of the fourth lens element along the optical axis.

3. The optical imaging lens of claim 2, wherein a ratio
(AG12+AG23)/T2 is between 1.33 and 1.84, wherein T2 is a
thickness of the second lens element along the optical axis.

4. The optical imaging lens of claim 1, wherein a ratio
AG23/(AG12+AG34) is between 0.84 and 1.55.

5. The optical imaging lens of claim 1, wherein a ratio
T3/AG23 is between 0.80 and 1.10.

6. The optical imaging lens of claim 1, wherein a ratio
T1/(AG12+AG34) is between 1.34 and 2.34.

7. The optical imaging lens of claim 1, wherein a ratio
T4/AG4S5 is between 2.09 and 5.74, wherein T4 is a thickness
of the fourth lens element along the optical axis and AG45 is
a width of an air gap between the fourth and fifth lens ele-
ments along the optical axis.

8. An optical imaging lens comprising, from an object side
to an image side, an aperture stop, a first lens element, a
second lens element, a third lens element, a fourth lens ele-
ment, and a fifth lens element, each of the first, second, third,
fourth and fifth lens element having an object-side surface
facing toward the object side and an image-side surface facing
toward the image side, wherein:

the first lens element has a positive refracting power, and

the object-side surface of the first lens element has a
convex portion in a vicinity of an optical axis and a
convex portion near a circumference of the first lens
element;
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the second lens element has a negative refracting power,
and the object-side surface of the second lens element
has a convex portion near a circumference of the second
lens element;

the object-side surface of the third lens element has a
concave portion near a circumference of the third lens
element, and the image-side surface of the third lens
element has a convex portion near the circumference of
the third lens element;

the object-side surface of the fourth lens element has a
concave portion near a circumference of the fourth lens
element and the image-side surface of the fourth lens
element has a convex portion near the circumference of
the fourth lens element;

the object-side surface of the fifth lens element has a con-
vex portion in the vicinity of the optical axis, and the
image-side surface of the fifth lens element has a con-
cave portion in the vicinity of the optical axis and a
convex portion near a circumference of the fifth lens
element;

the optical imaging lens has only five lens elements having
a refracting power; and;

the optical imaging lens satisfies the following relations:

5.16=T4/4G12<12.63;
1.39=T1/73<1.96; and

1.60=(T1+4G12)/4G23<1.93,

wherein T4 is a thickness of the fourth lens element along
the optical axis, AG12 is a width of an air gap between
the first and second lens elements along the optical axis,
T1 is a thickness of the first lens element along the
optical axis, T3 is a thickness of the third lens element
along the optical axis, and AG23 is a width of an air gap
between the second and third lens elements along the
optical axis.

9. The optical imaging lens of claim 8, wherein a ratio
T3/(AG12+AG34) is between 0.74 and 1.67, wherein AG34
is a width of an air gap between the third and fourth lens
elements along the optical axis.

10. The optical imaging lens of claim 9, wherein a ratio
(AG12+AG23)/T2 is between 1.33 and 1.84, wherein T2 is a
thickness of the second lens element along the optical axis.

11. The optical imaging lens of claim 8, wherein a ratio
T3/AG23 is between 0.80 and 1.10.

12. The optical imaging lens of claim 8, wherein a ratio
T1/(AG12+AG34) is between 1.34 and 2.34, wherein AG34
is a width of an air gap between the third and fourth lens
elements along the optical axis.

13. The optical imaging lens of claim 8, wherein a ratio
T5/AG34 is between 1.66 and 2.36, wherein T5 is a thickness
of'the fifth lens element along the optical axis and AG34 is a
width of an air gap between the third and fourth lens elements
along the optical axis.

14. An optical imaging lens comprising, from an object
side to an image side, an aperture stop, a first lens element, a
second lens element, a third lens element, a fourth lens ele-
ment, and a fifth lens element, each of the first, second, third,
fourth and fifth lens element having an object-side surface
facing toward the object side and an image-side surface facing
toward the image side, wherein:
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the first lens element has a positive refracting power, and
the object-side surface of the first lens element has a
convex portion in a vicinity of an optical axis and a
convex portion near a circumference of the first lens
element;

the second lens element has a negative refracting power,
and the object-side surface of the second lens element
has a convex portion near a circumference of the second
lens element;

the third lens element has a negative refracting power, the
object-side surface of the third lens element has a con-
cave portion near a circumference of the third lens ele-
ment, and the image-side surface of the third lens ele-
ment has a convex portion near the circumference of the
third lens element;

the object-side surface of the fourth lens element has a
concave portion near a circumference of the fourth lens
element, and the image-side surface of the fourth lens
element has a convex portion near the circumference of
the fourth lens element;

the object-side surface of the fifth lens element has a con-
vex portion in the vicinity of the optical axis, and the
image-side surface of the fifth lens element has a con-
cave portion in the vicinity of the optical axis and a
convex portion near a circumference of the fifth lens
element;

the optical imaging lens has only five lens elements having
a refracting power; and
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the optical imaging lens satisfies the following relations:
0.74T3/(AG12+4G34)=1.67;

1.60=(T1+4G12)/4G23<1.93,

wherein T3 is athickness of the third lens element along the
optical axis, AG12 is a width of an air gap between the
first and second lens elements along the optical axis,
AG34 is a width of an air gap between the third and
fourth lens elements along the optical axis, T1 is a thick-
ness of the first lens element along the optical axis, and
AG23 is a width of an air gap between the second and
third lens elements along the optical axis.

15. The optical imaging lens of claim 14, wherein a ratio
T4/AG12 is between 5.16 and 12.63, wherein T4 is a thick-
ness of the fourth lens element along the optical axis.

16. The optical imaging lens of claim 15, wherein a ratio
T1/(AG12+AG34) is between 1.34 and 2.34.

17. The optical imaging lens of claim 14, wherein a ratio
AG23/(AG12+AG34) is between 0.84 and 1.55.

18. The optical imaging lens of claim 14, wherein a ratio
T1/T3 is between 1.39 and 1.96.

19. The optical imaging lens of claim 14, wherein a ratio
T5/AG34 is between 1.66 and 2.36, wherein T5 is a thickness
of' the fifth lens element along the optical axis.

20. The optical imaging lens of claim 14, wherein a ratio
T4/AGA4S5 is between 2.09 and 5.74, wherein T4 is a thickness
of the fourth lens element along the optical axis and AG45 is
a width of an air gap between the fourth and fifth lens ele-
ments along the optical axis.
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