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1
IMAGE PICKUP OPTICAL LENS ASSEMBLY

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an image pickup optical
lens assembly, and more particularly to an optical lens assem-
bly comprised of five lens elements that constitutes short total
length and features good aberration correction that applies to
electronic products for the capture of images.

2. Description of the Related Art

As science and technology advance, the development of
optical systems used in digital cameras, lenses used in web
cameras or mobile phone cameras tends to have a compact
design and a low cost, while providing good aberration cor-
rection ability, high resolution, and high image quality.

In general, a conventional optical lens assembly of a mini
electronic product comes with different designs, including
the two-lens, three-lens, four-lens, and five-or-more lens
designs. If the image quality is taken into consideration, the
optical lens assemblies with the four-lens and five-lens
designs have advantages on aberration correction and modu-
lation transfer function (MTF), and the five-lens design hav-
ing a higher resolution than the four-lens design is applicable
for electronic products of high video quality or high pixel
requirement.

In the products such as the mini digital cameras, web
cameras, and mobile phone cameras, a compact optical lens
assembly with a short focal length and a good aberration
correction is required. In various five-lens designs, an image
pickup optical lens assembly with a fixed focal length and
different combinations of positive and negative refractive
powers are adopted. As disclosed in Japanese Pat. Publication
Nos. JP2006-293042 and JP2005-015521, U.S. Pat. No.
7,826,151, 2010/0254029 and 2010/0253829, a fifth lens ele-
ment having an inflection point is adopted in the design for
shortening the total length, and as disclosed in R.O.C. Taiwan
Pat. No. 1329755, 201038966, and M332199 and U.S. Pat.
Nos. 7,710,665 and 7,502,181, a fourth-lens and a fifth-lens
with different refractive powers are used. Although these
designs can achieve a good aberration correction, yet it is
difficult to improve the modulation transfer function (MTF)
performance during the process of miniaturizing the optical
lens assembly. In these prior arts, the fifth lens element having
an inflection point is adopted to correct the aberration and
distortion of images, but the lens elements with a negative
refractive power (such as the second lens element and the
fourth lens elements) may have insufficient width or depth of
field in their allocating of the refractive power. Therefore, the
present invention provides a practical and feasible design to
shorten the optical lens assembly, while using the refractive
power of the five lens elements and the combination of convex
and concave surfaces to improve the image quality for the
application on compact electronic devices, in addition to the
effect of reducing the total length ofthe optical lens assembly.

SUMMARY OF THE INVENTION

Therefore, itis a primary objective of the present invention
to provide an image pick-up optical lens assembly, sequen-
tially arranged from an object side to an image side along an
optical axis, comprising: a first lens element, a second lens
element, a third lens element, a fourth lens element and a fifth
lens element, wherein the first lens element with a positive
refractive power has a convex object-side surface; the second
lens element has a negative refractive power; the third lens
element has a positive refractive power; the fourth lens ele-
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2

ment with a positive refractive power which is a meniscus lens
having at least one of the object-side and image-side surfaces
being aspheric; the fifth lens element with a positive refractive
power has a convex object-side surface and a concave image-
side surface, and at least one of the object-side and image-side
surfaces is aspheric, and the image-side surface of the fifth
lens element has at least one inflection point; and the image
pick-up optical lens assembly satisfies the following rela-
tions:

0.7<f1f1<2.0 (6]

0.8<CT,/CT,<2.80 )

Wherein, fis the focal length of the image pick-up optical
lens assembly, f; is the focal length of the first lens element,
CT), is the thickness of the first lens element on the optical
axis, and CT, is the thickness of the second lens element on
the optical axis.

The present invention further provides an image pick-up
optical lens assembly as described above including: the first
lens element, the second lens element, the third lens element,
the fourth lens element and the fifth lens element, and satisfies
not only the relations (1) and (2) but one of the following
relations:

—0.5<R,/Ry<0.5 )

0.07<(CT+CT3)/f<0.18 )

I+ 1f51<0.65 (6)

Wherein, R, is the radius of curvature of the object-side
surface of the second lens element, R, is the radius of curva-
ture of the image-side surface of the second lens element, CT,
is the thickness of the second lens element on the optical axis,
CT, is the thickness of the third lens element on the optical
axis, f is the focal length of the image pick-up optical lens
assembly, f; is the focal length of the third lens element, £, is
the focal length of the fourth lens element, and { is the focal
length of the fifth lens element.

The present invention further provides an image pick-up
optical lens assembly, sequentially arranged from an object
side to an image side along an optical axis, comprising: a first
lens element, a second lens element, a third lens element, a
fourth lens element and a fifth lens element, wherein the first
lens element with a positive refractive power has a convex
object-side surface, and the first lens element is made of a
glass material; the second lens element with a negative refrac-
tive power has a concave object-side surface and a concave
image-side surface; the third lens element has a positive
refractive power; the fourth lens element is a meniscus lens
element with a positive refractive power and having a concave
object-side surface and a convex object-side surface, and at
least one of the object-side and image-side surfaces is
aspheric; the fifth lens element with a positive refractive
power is made of a plastic material, and has a convex object-
side surface and a concave image-side surface, and at least
one of the object-side and image-side surfaces is aspheric,
and the image-side surface of the fifth lens element has at least
one inflection point. The first lens element, second lens ele-
ment, third lens element, fourth lens element and fifth lens
element on the optical axis are arranged with a specific air gap
apart from each other for imaging an object to be photo-
graphed at an image side. For various purposes of applica-
tions, the image pickup optical lens assembly satisfies one or
more combinations of the following relations, in addition to
Relations (1), (10) and (3):

VI 151 <0.90 3)
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0.65<T,/f<0.95 )

—13.5<fy/f<-4.0 ®)

0.01<(Rg-R,0)/(Rg+R 16)<0.07 ©)

28<y, -, <40 10)

0<ff<0.24 an

Wherein, fis the focal length of the image pick-up optical
lens assembly, f, is the focal length of the second lens ele-
ment, f; is the focal length of the third lens element, f, is the
focal length of the fourth lens element, £ is the focal length of
the fifth lens element, T is the distance from the object-side
surface of the first lens element to the image-side surface of
the fifth lens element on the optical axis, R, is the radius of
curvature of the object-side surface of the fifth lens element,
R, is the radius of curvature of the image-side surface of the
fifth lens element, v, is the Abbe number (or Abbe number) of
the first lens element, and v, is the Abbe number of the second
lens element.

Another objective of the present invention is to provide an
image pick-up optical lens assembly, sequentially arranged
from an object side to an image side along an optical axis,
comprising: a first lens element, a second lens element, a third
lens element, a fourth lens element and a fifth lens element,
wherein the first lens element with a positive refractive power
has a convex object-side surface; the second lens element has
a negative refractive power; the third lens element has a
positive refractive power; the fourth lens element with a posi-
tive refractive power, which is a meniscus lens element, and
had at least one of the object-side and image-side surfaces
being aspheric; and the fifth lens element with a positive
refractive power has a convex object-side surface and a con-
cave image-side surface, and at least one of the object-side
and image-side surfaces is aspheric, and the image-side sur-
face of the fifth lens element has at least one inflection point.
The image pick-up optical lens assembly satisfies the follow-
ing relations:

V1 1+ 151 <0.90 3)

~0.9<R,/R,<0.9 a2)

Wherein, fis the focal length of the image pick-up optical
lens assembly, f; is the focal length of the third lens element,
f, is the focal length of the fourth lens element, { is the focal
length of the fifth lens element, R is the radius of curvature of
the object-side surface of the second lens element, and R, is
the radius of curvature of the image-side surface of the second
lens element.

The present invention further provides an image pick-up
optical lens assembly, wherein the first lens element with a
positive refractive power has a convex object-side surface; the
second lens element with a negative refractive power has a
concave image-side surface; the third lens element has a
positive refractive power; the fourth lens element with a posi-
tive refractive power is a meniscus lens element, where its
object-side surface is concave and image-side surface is con-
vex, and at least one of the object-side surface and image-side
surface is aspheric; the fifth lens element with a positive
refractive power is made of a plastic material and has a convex
object-side surface and a concave image-side surface, and at
least one of the object-side and image-side surfaces is
aspheric, where the image-side surface of the fifth lens ele-
ment has at least one inflection point. The image pick-up
optical lens assembly satisfies one or more combinations of
the following relations, in addition to Relations (3) and (12):
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28<y, -1, <40 (10)

Preferably, [f7f;1+1f/f4]+|ff51<0.65 (6)

Preferably, —0.5<R,/R3<0.5 4

—13.5</3/f<-4.0 ®)

0.01<(Rg-R,0)/(Rg+R 16)<0.07 ©)

0.07<(CT,+CT3)/f<0.18 (5)

Wherein, v, is the Abbe number of the first lens element, v,
is the Abbe number of the second lens element, f is the focal
length of the image pick-up optical lens assembly, f, is the
focal length of the second lens element, f; is the focal length
of the third lens element, f, is the focal length of the fourth
lens element, f; is the focal length of the fifth lens element, R,
is the radius of curvature of the object-side surface of the fifth
lens element, R, , is the radius of curvature of the image-side
surface of the fifth lens element, CT, is the thickness of the
second lens element along the optical axis, and CT; is the
thickness of the third lens element along the optical axis.

The present invention further provides an image pick-up
optical lens assembly, sequentially arranged from an object
side to an image side along an optical axis, comprising: a first
lens element, a second lens element, a third lens element, a
fourth lens element and a fifth lens element, wherein the first
lens element with a positive refractive power is made of a
glass material and has a convex object-side surface; the sec-
ond lens element with a negative refractive power has a con-
cave image-side surface; the third lens element has a positive
refractive power; the fourth lens element with a positive
refractive power is a meniscus lens having a concave object-
side surface and a convex image-side surface, and at least one
of'the object-side and image-side surfaces is aspheric; and the
fifth lens element with a positive refractive power is made of
a plastic material and has a convex object-side surface and a
concave image-side surface, and at least one of the object-side
and image-side surfaces is aspheric, and the image-side sur-
face of the fifth lens element has at least one inflection point.
The image pick-up optical lens assembly satisfies one or a
combination of the following relations, in addition to Rela-
tions (3) and (12):

0<ff3<0.24 an

Wherein, fis the focal length of the image pick-up optical
lens assembly, and f; is the focal length of the third lens
element.

With appropriate gaps formed among the first lens element,
second lens element, third lens element, fourth lens element
and fifth lens element along the optical axis of the present
invention, the total length of the optical lens assembly can be
shortened and good aberration correction and modulation
transfer function (MTF) can be achieved effectively to its
application as an image pick-up optical lens assembly for
small electronic products.

In the image pick-up optical lens assembly of the present
invention, the combination of the first lens element with a
positive refractive power and the second lens element with a
negative refractive power provides the required refractive
power and corrects the aberration. Furthermore, the positive
refractive power of the third and fourth lens elements pro-
vides greater refractive power, decreases the focal length, and
adopts the modulation transfer function (MTF). Hence, the
fifth lens element and the fourth lens element have a shorter
gap in between to correct the aberrations, including chromatic
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aberrations, of the fourth lens element, so as to improve the
overall resolution, to meet the high resolution requirement.

In the image pick-up optical lens assembly of the present
invention, the combination of the first lens element with a
positive refractive power, the second lens element with a
negative refractive power, the third lens element with a posi-
tive refractive power and the combination of the fourth and
fifth lens elements can shorten the total length of the image
pick-up optical lens assembly.

In the image pick-up optical lens assembly of the present
invention, the first lens element can be made of a glass mate-
rial in order to shorten the focal length of the first lens ele-
ment, and to increase the refractive power of the first lens
element that facilitates its imaging and reduces its aberration.

In the image pick-up optical lens assembly of the present
invention, the fifth lens element can be made of a plastic
material to favor the manufacturing and the cost of the lens
production.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a schematic view of an optical lens assembly in
accordance with a first preferred embodiment of the present
invention;

FIG. 1B isaseries of aberration curves of the first preferred
embodiment of the present invention;

FIG. 2A is a schematic view of an optical lens assembly in
accordance with a second preferred embodiment of the
present invention;

FIG. 2B is a series of aberration curves of the second
preferred embodiment of the present invention;

FIG. 3A is a schematic view of an optical lens assembly in
accordance with a third preferred embodiment of the present
invention;

FIG. 3B is a series of aberration curves of the third pre-
ferred embodiment of the present invention;

FIG. 4A is a schematic view of an optical lens assembly in
accordance with a fourth preferred embodiment of the present
invention;

FIG. 4B is a series of aberration curves of the fourth pre-
ferred embodiment of the present invention;

FIG. 5A is a schematic view of an optical lens assembly in
accordance with a fifth preferred embodiment of the present
invention;

FIG. 5B is a series of aberration curves of the fifth preferred
embodiment of the present invention;

FIG. 6A is a schematic view of an optical lens assembly in
accordance with a sixth preferred embodiment of the present
invention;

FIG. 6B is a series of aberration curves of the sixth pre-
ferred embodiment of the present invention;

FIG. 7A is a schematic view of an optical lens assembly in
accordance with a seventh preferred embodiment of the
present invention;

FIG. 7B is a series of aberration curves of the seventh
preferred embodiment of the present invention;

FIG. 8A is a schematic view of an optical lens assembly in
accordance with an eighth preferred embodiment of the
present invention;

FIG. 8B is a series of aberration curves of the eighth pre-
ferred embodiment of the present invention;

FIG. 9 shows Table 1 that lists optical data of the first
preferred embodiment of the present invention;

FIG. 10 shows Table 2 that lists aspherical surface data of
the first preferred embodiment of the present invention;

FIG. 11 shows Table 3 that lists optical data of the second
preferred embodiment of the present invention;
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FIG. 12 shows Table 4 that lists aspherical surface data of
the second preferred embodiment of the present invention;

FIG. 13 shows Table 5 that lists optical data of the third
preferred embodiment of the present invention;

FIG. 14 shows Table 6 that lists aspherical surface data of
the third preferred embodiment of the present invention;

FIG. 15 shows Table 7 that lists optical data of the fourth
preferred embodiment of the present invention;

FIG. 16 shows Table 8 that lists aspherical surface data of
the fourth preferred embodiment of the present invention;

FIG. 17 shows Table 9 that lists optical data of the fifth
preferred embodiment of the present invention;

FIG. 18 shows Table 10 that lists aspherical surface data of
the fifth preferred embodiment of the present invention;

FIG. 19 shows Table 11 that lists optical data of the sixth
preferred embodiment of the present invention;

FIG. 20 shows Table 12 that lists aspherical surface data of
the sixth preferred embodiment of the present invention;

FIG. 21 shows Table 13 that lists optical data of the seventh
preferred embodiment of the present invention;

FIG. 22 shows Table 14 that lists aspherical surface data of
the seventh preferred embodiment of the present invention;

FIG. 23 shows Table 15 that lists optical data of the eighth
preferred embodiment of the present invention;

FIG. 24 shows Table 16 that lists aspherical surface data of
the eighth preferred embodiment of the present invention; and

FIG. 25 shows Table 17 that lists data of related relation in
the first to the eighth preferred embodiments of the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

With reference to FIG. 1A for animage pick-up optical lens
assembly of the present invention, the image pick-up optical
lens assembly, sequentially arranged from an object side to an
image side along an optical axis, comprises: a first lens ele-
ment (110), a second lens element (120), a third lens element
(130), a fourth lens element (140) and a fifth lens element
(150), wherein the first lens element (110) with a positive
refractive power has a convex object-side surface (111) and a
convex or concave image-side surface near the optical axis,
and the object-side surface (111) and the image-side surface
(112) can be aspheric or spheric; the second lens element
(120) with a negative refractive power has a convex or con-
cave object-side surface and a concave image-side surface
(122) near the optical axis, and the object-side surface (121)
and the image-side surface (122) can be aspheric or spheric;
the third lens element (130) with a positive refractive power is
a meniscus or bi-convex lens near the optical axis and has an
object-side surface (131) and an image-side surface (132)
which can be aspheric or spheric; the fourth lens element
(140) with a positive refractive power is a meniscus lens near
the optical axis and has a concave or convex object-side
surface, and the object-side surface (141) and image-side
surface (142) can be aspheric or spheric; the fifth lens element
(150) with a positive refractive power has a convex object-
side surface (151) and a concave image-side surface (152)
near the optical axis, and the object-side surface (151) and
image-side surface (152) can be aspheric or spheric, and the
image-side surface (152) has at least one inflection point. The
image pick-up optical lens assembly further comprises an
aperture (100) and an infrared filter (160), wherein the aper-
ture (100) is installed between the first lens element (110) and
the second lens element (120), or between the first lens ele-
ment (110) and an object to be photographed, and the infrared
filter (160) is installed between the fifth lens element (150)
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and an image plane (170), and is generally made of a plate
optical material without affecting the overall focal length of
the image pickup optical lens assembly of present invention.
The image pick-up optical lens assembly further comprises
an image sensor (180) installed at the image plane (170) for
imaging the object to be photographed. The first lens element
(110), second lens element (120), third lens element (130),
fourth lens element (140) and fifth lens element (150) come
with aspherical optical surfaces in compliance with the
aspherical surface formula as given in Equation (13):

(13)
X(¥) =

Y2/R .
SR (A

L+ -(L+KY/RY T

Wherein, X is the relative height from a point on the
aspherical surface with a distance Y from the optical axis to a
tangent plane at the tip of the optical axis of the aspherical
surface;

Y is the distance between a point on the curve of the
aspherical surface and the optical axis;

K is the conic coefficient; and

A, is the i level aspherical surface coefficient.

With the installation of the aforementioned first lens ele-
ment (110), second lens element (120), third lens element
(130), fourth lens element (140), fifth lens element (150),
aperture (100) and image sensor (180), the image pick-up
optical lens assembly satisfies the relations (1) and (2).

If the ratio of the focal length f; of the first lens element
(110) to the overall focal length fis limited to the condition as
shown in Relation (1), the first lens element (110) will have a
shorter focal length capable of adjusting the refractive power
of'the first lens element (110) appropriately. If the focal length
f, of the first lens element (110) is too small, then the total
length of the image pick-up optical lens assembly will be too
long, and the angle for entering the light into the image sensor
of the image pick-up optical lens assembly will be greater. If
the focal length £} of the first lens element (110) is too large,
then the field angle of the image pick-up optical lens assembly
will be too small. If the ratio of the thickness CT, of the first
lens element (110) to the thickness CT, of the second lens
element (120) on the optical axis is limited to the Relation (2),
the difference of the thickness CT, of the first lens element
(110) from the thickness of the second lens element (120) will
not be too large, such that the level of the positive refractive
power of the first lens element (110) can be reduced, in
addition to the effect of shortening the total length.

If the Relations (3), (6), (8) or (11) is satisfied, the overall
focal length f, the focal length f; of the first lens element
(110), the focal length f, of the second lens element (120), the
focal length f; of the third lens element (130), the focal length
f, of the fourth lens element (140) and the focal length f; of the
fifth lens element (150) can be maintained appropriately to
allocate the refractive power required by the first lens element
(110), third lens element (130), fourth lens element (140) and
fifth lens element (150) of the image pick-up optical lens
assembly and improve the sensitivity of the image pick-up
optical lens assembly effectively.

If the difference between the Abbe number v, of the first
lens element (110) and the Abbe number v, of the second lens
element (120) is limited to the Relation (10), then the chro-
matic aberration between the first lens element (110) and the
second lens element (120) can be reduced, and the chromatic
aberration compensation of the second lens element (120) can
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be improved to correct the chromatic aberration produced by
the first lens element (110) and the second lens element (120)
effectively.

If the ratio of the sum of the thickness CT, of the second
lens element (120) and the thickness CT; of the third lens
element (130) on the optical axis to the overall focal length f
is limited to the condition as shown in Relation (5), or the
distance T, from the object-side surface (111) of the first lens
element (110) to the image-side surface (152) of the fifth lens
element (150) on the optical axis is limited to Relation (7), the
total length of the optical lens assembly can be restricted.

If the ratio of the radius of curvature R of the object-side
surface (121) of the second lens element (120) to the radius of
curvature R, of the image-side surface (122) of the second
lens element (120) is limited to Relation (4) or (12), the
aberration correction capability of the second lens element
(120) with a negative refractive power can be improved. If the
radius of curvature R, of the object-side surface (151) of the
fifth lens element (150) and the radius of curvature R |, of the
image-side surface (152) of the fifth lens element (150) are
limited to Relation (9), the curvature of the optical surfaces on
both sides of the fifth lens element (150) can be adjusted to
shorten the total length of the optical lens assembly, in addi-
tion to the improvement of the aberration correction capabil-
ity.

The image pick-up optical lens assembly of the present
invention is described by preferred embodiments and related
drawings in details as follows.

First Preferred Embodiment

With reference to FIGS. 1A and 1B for a schematic view
and an aberration curve of an image pick-up optical lens
assembly in accordance with the first preferred embodiment
of'the present invention respectively, the image pick-up opti-
cal lens assembly comprises five lens elements, and the five
lens elements, sequentially arranged from an object side to an
image side along an optical axis, include: a first lens element
(110) with a positive refractive power, which is a bi-convex
lens element made of a plastic material and having an
aspheric object-side surface (111) and an aspheric image-side
surface (112) in this embodiment; a second lens element
(120) with a negative refractive power, which is a plastic lens
element having a concave object-side surface (121) and a
concave image-side surface (122) near the optical axis, and
both its object-side surface (121) and image-side surface
(122) are aspheric; a third lens element (130) with a positive
refractive power, which is a plastic lens element having a
convex object-side surface (131) and a concave image-side
surface (132), and both object-side surface (131) and image-
side surface (132) near the optical axis are aspheric; a fourth
lens element (140) with a positive refractive power, which is
a plastic lens element having a concave object-side surface
(141) and a convex image-side surface (142), and both object-
side surface (141) and image-side surface (142) are aspheric;
and a fifth lens element (150) with a positive refractive power,
which is a plastic lens element having a convex object-side
surface (151) and a concave image-side surface (152), and
both object-side surface (151) and image-side surface (152)
are aspheric, and the image-side surface (152) of the fifth lens
element (150) has at least one inflection point. In this pre-
ferred embodiment, the image pick-up optical lens assembly
further comprises an aperture (100) installed between the first
lens element (110) and the second lens element (120). With
the aperture (100) and the first lens element (110), second lens
element (120), third lens element (130), fourth lens element
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(140) and fifth lens element (150) arranged on the optical
axis, the object to be photographed can be imaged on the
image plane (170).

The image pick-up optical lens assembly of this preferred
embodiment can be installed in an optical system, and the
optical system further comprises an infrared filter (IR-filter)
(160) and an image sensor (180), wherein the infrared filter
(160) is generally made of a plate glass material without
affecting the focal length of the image pick-up optical lens
assembly of the present invention, and the image sensor (180)
which can be an electronic photosensor installed on an image
plane (170) for converting the light of an image electronically.

With reference to FIG. 9 (which shows Table 1) for optical
data of this preferred embodiment, the object-side surface
(111) and image-side surface (112) of the first lens element
(110), the object-side surface (121) and image-side surface
(122) of the second lens element (120), the object-side sur-
face (131) and image-side surface (132) of the third lens
element (130), the object-side surface (141) and image-side
surface (142) of the fourth lens element (140), and the object-
side surface (151) and image-side surface (152) of the fifth
lens element (150) satisfy the aspherical surface formula as
given in Equation (13), and FIG. 10 (which shows Table 2)
lists the aspherical surface coefficients.

In the image pickup optical lens assembly of this preferred
embodiment, the focal length of the whole image pickup
optical system is £=3.82 (mm), the aperture value (f-number)
of the whole image pickup optical system is Fno=2.60, and
half of the maximum view angle is HFOV=36.5 (degrees).

With reference to Table 1 for this preferred embodiment, £
is the focal length of the image pick-up optical lens assembly,
f, is the focal length of the first lens element (110) on the
optical axis, CT, is the thickness of the first lens element
(110) on the optical axis, CT, is the thickness of the second
lens element (120) on the optical axis, and they satisfy the
Relations (1) and (2) as follows: f/f;=1.31 and CT,/
CT,=1.73.

In this preferred embodiment, v, is the Abbe number of the
first lens element (110) and v, is the Abbe number of the
second lens element (120) of the image pick-up optical lens
assembly, and they satisty Equation (10): v,-v,=32.1; T, is
the distance from the object-side surface (111) of the first lens
element (110) to the image-side surface (152) of the fifth lens
element (150) on the optical axis, fis the focal length of the
image pick-up optical lens assembly, and they satisty Equa-
tion (7): T,/f=0.83; CT, is the thickness of the second lens
element (120) on the optical axis, CTj is the thickness of the
third lens element (130) on the optical axis, and they satisfy
Equation (5): (CT,+CT,)/f=0.16; R, is the radius of curvature
of the object-side surface (121) of the second lens element
(120), R, is the radius of curvature of the image-side surface
(122) of the second lens element (120), R, is the radius of
curvature of the object-side surface (151) of the fifth lens
element (150), R, , is the radius of curvature of the image-side
surface (152) of the fifth lens element (150), and they satisty
Equation (4) or Equation (12) and Equation (9): R /R;=-0.17
and (Rg—R )/ (Ro+R,)=0.054.

The image pick-up optical lens assembly satisfies the fol-
lowing relation (3) or (6), or (8) or (11): I/ 1+If/f,1+I1/
£51=0.52, £5/£,=-8.0 and £/{;=0.06, wherein f is the overall
focal length of the image pick-up optical lens assembly, f, is
the focal length of the first lens element (110), £, is the focal
length of the second lens element (120), £} is the focal length
of the third lens element (130), f, is the focal length of the
fourth lens element (140), {5 is the focal length of the fifth lens
element (150), and data of the foregoing relations are listed in
FIG. 25 (which shows Table 17).
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From the optical data listed in FIG. 9 (which is Table 1) and
the aberration curve as shown in FIG. 1B, good compensation
effects of the longitudinal spherical aberration, astigmatic
field curving and distortion can be achieved by the image
pickup optical lens assembly in accordance with this pre-
ferred embodiment of the present invention.

Second Preferred Embodiment

With reference to FIGS. 2A and 2B for a schematic view
and an aberration curve of an image pick-up optical lens
assembly in accordance with the second preferred embodi-
ment of the present invention respectively, the image pick-up
optical lens assembly comprises five lens elements, and the
five lens elements sequentially arranged from an object side
to an image side along an optical axis, include: a first lens
element (210) with a positive refractive power, which is a lens
element made of a plastic material and has a convex object-
side surface (211) and a concave image-side surface (212)
near the optical axis, and both object-side surface (211) and
image-side surface (212) are aspheric; a second lens element
(220) with a negative refractive power, which is a plastic lens
element having a convex object-side surface (221) and a
concave image-side surface (222) near the optical axis, and
both its object-side surface (221) and image-side surface
(222) are aspheric; a third lens element (230) with a positive
refractive power, which is a plastic lens element having a
convex object-side surface (231) and a concave image-side
surface (232), and both object-side surface (231) and image-
side surface (232) near the optical axis are aspheric; a fourth
lens element (240) with a positive refractive power, which is
a plastic lens element having a concave object-side surface
(241) and a convex image-side surface (242), and both object-
side surface (241) and image-side surface (242) are aspheric;
a fifth lens element (250) with a positive refractive power,
which is a plastic lens element having a convex object-side
surface (251) and a concave image-side surface (252), and
both object-side surface (251) and image-side surface (252)
are aspheric, and the image-side surface (252) of the fifth lens
element (250) has at least one inflection point. In this pre-
ferred embodiment, the image pick-up optical lens assembly
further comprises an aperture (200) installed between the first
lens element (210) and the object to be photographed. With
the aperture (200) and the first lens element (210), second lens
element (220), third lens element (230), fourth lens element
(140) and fifth lens element (250) arranged on the optical
axis, the object to be photographed can be imaged on the
image plane (270).

The image pick-up optical lens assembly of this preferred
embodiment can be installed in an optical system, and the
optical system further comprises an infrared filter (IR-filter)
(260) and an image sensor (280), wherein the infrared filter
(260) is generally made of a plate glass material without
affecting the focal length of the image pick-up optical lens
assembly of the present invention, and the image sensor (280)
which can be an electronic photosensor installed on an image
plane (270) for converting the light of an image electronically.

Withreference to FIG. 11 (which shows Table 3) for optical
data of this preferred embodiment, the object-side surface
(211) and image-side surface (212) of the first lens element
(210), the object-side surface (221) and image-side surface
(222) of the second lens element (220), the object-side sur-
face (231) and image-side surface (232) of the third lens
element (230), the object-side surface (241) and image-side
surface (242) of the fourth lens element (240), and the object-
side surface (251) and image-side surface (252) of the fifth
lens element (250) satisfy the aspherical surface formula as
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given in Equation (13), and FIG. 11 (which shows Table 3)
lists the aspherical surface coefficients.

In the image pickup optical lens assembly of this preferred
embodiment, the focal length of the whole image pickup
optical system is £=3.96 (mm), the aperture value of the whole
image pickup optical system is Fno=2.60, and half of the
maximum view angle is HFOV=35.4 (degrees).

With reference to Table 3 for this preferred embodiment, £
is the focal length of the image pick-up optical lens assembly,
f, is the focal length of the first lens element (210) on the
optical axis, CT, is the thickness of the first lens element
(210) on the optical axis, CT, is the thickness of the second
lens element (220) on the optical axis, and they satisfy the
Relations (1) and (2) as follows: f/f;=1.09 and CT,/
CT,=1.80.

In this preferred embodiment, v, is the Abbe number of the
first lens element (210) and v, is the Abbe number of the
second lens element (220) of the image pick-up optical lens
assembly, and they satisfy Equation (10): v,-v,=34.5; T is
the distance from the object-side surface (211) of the first lens
element (210) to the image-side surface (252) of the fifth lens
element (250) on the optical axis, f'is the focal length of the
image pick-up optical lens assembly, and they satisty Equa-
tion (7): T /£=0.83; CT, is the thickness of the second lens
element (220) on the optical axis, CTj; is the thickness of the
third lens element (230) on the optical axis, and they satisfy
Equation (5): (CT,+CT;)/=0.15; R, is the radius of curvature
of the object-side surface (221) of the second lens element
(220), R, is the radius of curvature of the image-side surface
(222) of the second lens element (220), R, is the radius of
curvature of the object-side surface (251) of the fifth lens
element (250), R | , is the radius of curvature of the image-side
surface (252) of the fifth lens element (250), and they satisty
Equation (4) or Equation (12) and Equation (9): R,/R;=-0.16
and (Rg-R,,)/(Rg+R,,)=0.05.

The image pick-up optical lens assembly satisfies the fol-
lowing relation (3) or (6), or (8) or (11): I/ 1+If/f,1+I1/
£51=0.63, £5/f,=-6.17 and £/{;=0.06, wherein { is the overall
focal length of the image pick-up optical lens assembly, f; is
the focal length of the first lens element (210), £, is the focal
length of the second lens element (220), {; is the focal length
of the third lens element (230), f, is the focal length of the
fourth lens element (240), {; is the focal length of the fifth lens
element (250), and data of the foregoing relations are listed in
FIG. 25 (which shows Table 17).

From the optical data listed in FIG. 11 (which is Table 3)
and the aberration curve as shown in FIG. 2B, good compen-
sation effects of the longitudinal spherical aberration, astig-
matic field curving and distortion can be achieved by the
image pickup optical lens assembly in accordance with this
preferred embodiment of the present invention.

Third Preferred Embodiment

With reference to FIGS. 3A and 3B for a schematic view
and an aberration curve of an image pick-up optical lens
assembly in accordance with the third preferred embodiment
of'the present invention respectively, the image pick-up opti-
cal lens assembly comprises five lens elements, and the five
lens elements sequentially arranged from an object side to an
image side along an optical axis, include: a first lens element
(310) with a positive refractive power, which is a bi-convex
lens element made of a plastic material and has an aspheric
object-side surface (311) and an aspheric image-side surface
(312); a second lens element (320) with a negative refractive
power, which is a plastic lens element having a convex object-
side surface (321) and a concave image-side surface (322),
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and both its object-side surface (321) and image-side surface
(322) are aspheric near the optical axis; a third lens element
(330) with a positive refractive power, which is a plastic lens
element having a concave object-side surface (331) and a
convex image-side surface (332), and both object-side sur-
face (331) and image-side surface (332) are aspheric near the
optical axis; a fourth lens element (340) with a positive refrac-
tive power which is a plastic lens element having a convex
object-side surface (341) and a concave image-side surface
(342), and both object-side surface (341) and image-side
surface (342) are aspheric near the optical axis; a fifth lens
element (350) with a positive refractive power, which is a
plastic lens element having a convex object-side surface (351)
and a concave image-side surface (352), and both object-side
surface (351) and image-side surface (352) are aspheric near
the optical axis, and the image-side surface (352) of the fifth
lens element (350) has at least one inflection point. In this
preferred embodiment, the image pick-up optical lens assem-
bly further comprises an aperture (300) installed between the
first lens element (310) and the second lens element (320).
With the aperture (300) and the first lens element (310),
second lens element (320), third lens element (330), fourth
lens element (340) and fifth lens element (350) arranged on
the optical axis, the object to be photographed can be imaged
on the image plane (370).

The image pick-up optical lens assembly of this preferred
embodiment can be installed in an optical system, and the
optical system further comprises an infrared filter (IR-filter)
(360) and an image sensor (380), wherein the infrared filter
(360) is generally made of a plate glass material without
affecting the focal length of the image pick-up optical lens
assembly of the present invention, and the image sensor (380)
which can be an electronic photosensor installed on an image
plane (370) for converting the light of an image electronically.

Withreference to FIG. 13 (which shows Table 5) for optical
data of this preferred embodiment, the object-side surface
(311) and image-side surface (312) of the first lens element
(310), the object-side surface (321) and image-side surface
(322) of the second lens element (320), the object-side sur-
face (331) and image-side surface (332) of the third lens
element (330), the object-side surface (341) and image-side
surface (342) of the fourth lens element (340), and the object-
side surface (351) and image-side surface (352) of the fifth
lens element (350) satisfy the aspherical surface formula as
given in Equation (13), and FIG. 14 (which shows Table 4)
lists the aspherical surface coefficients.

In the image pickup optical lens assembly of this preferred
embodiment, the focal length of the whole image pickup
optical system is {=4.38 (mm), the aperture value of the whole
image pickup optical system is Fno=2.40, and half of the
maximum view angle is HFOV=32.7 (degrees).

With reference to Table 5 for this preferred embodiment, £
is the focal length of the image pick-up optical lens assembly,
f, is the focal length of the first lens element (310) on the
optical axis, CT, is the thickness of the first lens element
(310) on the optical axis, CT, is the thickness of the second
lens element (320) on the optical axis, and they satisfy the
Relations (1) and (2) as follows: f/f;=1.49 and CT,/
CT,=2.27.

In this preferred embodiment, v, is the Abbe number of the
first lens element (310) and v, is the Abbe number of the
second lens element (320) of the image pick-up optical lens
assembly, and they satisfy Equation (10): v,-v,=32.5; T, is
the distance from the object-side surface (311) of the first lens
element (310) to the image-side surface (352) of the fifth lens
element (350) on the optical axis, fis the focal length of the
image pick-up optical lens assembly, and they satisty Equa-
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tion (7): T,/f=0.82; CT, is the thickness of the second lens
element (320) on the optical axis, CTj is the thickness of the
third lens element (330) on the optical axis, and they satisfy
Equation (5): (CT,+CT;)/f=0.14; R, is theradius of curvature
of the object-side surface (321) of the second lens element
(320), R, is the radius of curvature of the image-side surface
(322) of the second lens element (320), R, is the radius of
curvature of the object-side surface (351) of the fifth lens
element (350), R | , is the radius of curvature of the image-side
surface (352) of the fifth lens element (350), and they satisty
Equation (4) or Equation (12) and Equation (9): R,/R;=-0.36
and (Rg-R,,)/(Ry+R,,)=0.017.

The image pick-up optical lens assembly satisfies the fol-
lowing relation (3) or (6), or (8) or (11): /L 1+If/f,+I1/
£51=0.26, £5/f,=—6.16 and {/£,=0.04, wherein f is the overall
focal length of the image pick-up optical lens assembly, f; is
the focal length of the first lens element (310), £, is the focal
length of the second lens element (320), {; is the focal length
of the third lens element (330), f, is the focal length of the
fourth lens element (340), f; is the focal length of the fifth lens
element (350), and data of the foregoing relations are listed in
FIG. 25 (which shows Table 17).

From the optical data listed in FIG. 13 (which is Table 5)
and the aberration curve as shown in FIG. 3B, good compen-
sation effects of the longitudinal spherical aberration, astig-
matic field curving and distortion can be achieved by the
image pickup optical lens assembly in accordance with this
preferred embodiment of the present invention.

Fourth Preferred Embodiment

With reference to FIGS. 4A and 4B for a schematic view
and an aberration curve of an image pick-up optical lens
assembly in accordance with the fourth preferred embodi-
ment of the present invention respectively, the image pick-up
optical lens assembly comprises five lens elements, and the
five lens elements sequentially arranged from an object side
to an image side along an optical axis, include: a first lens
element (410) with a positive refractive power, which is a
plastic lens element having a convex object-side surface (411)
and a concave image-side surface (412), and both its object-
side surface (411) and image-side surface (412) are aspheric
near the optical axis; a second lens element (420) with a
negative refractive power, which is a plastic lens element
having a convex object-side surface (421) and a concave
image-side surface (422), and both object-side surface (421)
and image-side surface (422) are aspheric near the optical
axis; a third lens element (430) with a positive refractive
power, which is a plastic lens element having a concave
object-side surface (431) and a convex image-side surface
(432), and both object-side surface (431) and image-side
surface (432) are aspheric near the optical axis; a fourth lens
element (440) with a positive refractive power which is a
plastic lens element having a convex object-side surface (441)
and a concave image-side surface (442), and both object-side
surface (441) and image-side surface (442) are aspheric near
the optical axis; a fifth lens element (450) with a positive
refractive power, which is a lens element made of a plastic
material and has a convex object-side surface (451) and a
concave image-side surface (452), and both object-side sur-
face (451) and image-side surface (452) are aspheric near the
optical axis, and the image-side surface (452) of the fifth lens
element (450) has at least one inflection point. In this pre-
ferred embodiment, the image pick-up optical lens assembly
further comprises an aperture (400) installed between the first
lens element (410) and the second lens element (420). With
the aperture (400) and the first lens element (410), second lens
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element (420), third lens element (430), fourth lens element
(440) and fifth lens element (450) arranged on the optical
axis, the object to be photographed can be imaged on the
image plane (470).

The image pick-up optical lens assembly of this preferred
embodiment can be installed in an optical system, and the
optical system further comprises an infrared filter (IR-filter)
(460) and an image sensor (480), wherein the infrared filter
(460) is generally made of a plate glass material without
affecting the focal length of the image pick-up optical lens
assembly of the present invention, and the image sensor (480)
which can be an electronic photosensor installed on an image
plane (470) for converting the light of an image electronically.

With reference to FIG. 15 (which shows Table 7) for optical
data of this preferred embodiment, the object-side surface
(411) and image-side surface (412) of the first lens element
(410), the object-side surface (421) and image-side surface
(422) of the second lens element (420), the object-side sur-
face (431) and image-side surface (432) of the third lens
element (430), the object-side surface (441) and image-side
surface (442) of the fourth lens element (440), and the object-
side surface (451) and image-side surface (452) of the fifth
lens element (450) satisfy the aspherical surface formula as
given in Equation (13), and FIG. 16 (which shows Table 8)
lists the aspherical surface coefficients.

In the image pickup optical lens assembly of this preferred
embodiment, the focal length of the whole image pickup
optical system is {=4.63 (mm), the aperture value of the whole
image pickup optical system is Fno=2.80, and half of the
maximum view angle is HFOV=31.3 (degrees).

With reference to Table 7 for this preferred embodiment, £
is the focal length of the image pick-up optical lens assembly,
f, is the focal length of the first lens element (410) on the
optical axis, CT, is the thickness of the first lens element
(410) on the optical axis, CT, is the thickness of the second
lens element (420) on the optical axis, and they satisfy the
Relations (1) and (2) as follows: f/f;=1.40 and CT,/
CT,=2.05.

In this preferred embodiment, v, is the Abbe number of the
first lens element (410) and v, is the Abbe number of the
second lens element (420) of the image pick-up optical lens
assembly, and they satisty Equation (10): v,-v,=32.1; T, is
the distance from the object-side surface (411) of the first lens
element (410) to the image-side surface (452) of the fifth lens
element (450) on the optical axis, fis the focal length of the
image pick-up optical lens assembly, and they satisty Equa-
tion (7): T,/f=0.85; CT, is the thickness of the second lens
element (420) on the optical axis, CTj is the thickness of the
third lens element (430) on the optical axis, and they satisfy
Equation (5): (CT,+CT;)/f=0.14; R, is the radius of curvature
of the object-side surface (421) of the second lens element
(420), R, is the radius of curvature of the image-side surface
(422) of the second lens element (420), R, is the radius of
curvature of the object-side surface (451) of the fifth lens
element (450), R, , is the radius of curvature of the image-side
surface (452) of the fifth lens element (450), and they satisty
Equation (4) or Equation (12) and Equation (9): R,/R;=0.55
and (Rg-R )/ (Ro+R;,)=0.038.

The image pick-up optical lens assembly satisfies the fol-
lowing relation (3) or (6), or (8) or (11): I/L1+If/f,I+If/
£51=0.20, {5/f,=-12.39 and {/£,=0.08, wherein fis the overall
focal length of the image pick-up optical lens assembly, f, is
the focal length of the first lens element (410), £, is the focal
length of the second lens element (420), {; is the focal length
of the third lens element (430), f, is the focal length of the
fourth lens element (440), f; is the focal length of the fifth lens
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element (450), and data of the foregoing relations are listed in
FIG. 25 (which shows Table 17).

From the optical data listed in FIG. 15 (which is Table 7)
and the aberration curve as shown in FIG. 4B, good compen-
sation effects of the longitudinal spherical aberration, astig-
matic field curving and distortion can be achieved by the
image pickup optical lens assembly in accordance with this
preferred embodiment of the present invention.

Fifth Preferred Embodiment

With reference to FIGS. 5A and 5B for a schematic view
and an aberration curve of an image pick-up optical lens
assembly in accordance with the fifth preferred embodiment
of'the present invention respectively, the image pick-up opti-
cal lens assembly comprises five lens elements, and the five
lens elements sequentially arranged from an object side to an
image side along an optical axis, include: a first lens element
(510) with a positive refractive power, which is a plastic lens
element having a convex object-side surface (511) and a
concave image-side surface (512), and both object-side sur-
face (511) and image-side surface (512) are aspheric near the
optical axis; a second lens element (520) with a negative
refractive power, which is a plastic lens element having a
concave object-side surface (521) and a concave image-side
surface (522), and both object-side surface (521) and image-
side surface (522) are aspheric near the optical axis; a third
lens element (530) with a positive refractive power, which is
a plastic lens element having a convex object-side surface
(531) and a concave image-side surface (532), and both
object-side surface (531) and image-side surface (532) are
aspheric near the optical axis; a fourth lens element (540) with
a positive refractive power which is a plastic lens element
having a concave object-side surface (541) and a convex
image-side surface (542), and both object-side surface (541)
and image-side surface (542) are aspheric near the optical
axis; a fifth lens element (550) with a positive refractive
power, which is a lens element made of a plastic material and
has a convex object-side surface (551) and a concave image-
side surface (552), and both object-side surface (551) and
image-side surface (552) are aspheric near the optical axis,
and the image-side surface (552) of the fifth lens element
(550) has at least one inflection point. In this preferred
embodiment, the image pick-up optical lens assembly further
comprises an aperture (500) installed between the first lens
element (510) and the object to be photographed. With the
aperture (500) and the first lens element (510), second lens
element (520), third lens element (530), fourth lens element
(540) and fifth lens element (550) arranged on the optical
axis, the object to be photographed can be imaged on the
image plane (570).

The image pick-up optical lens assembly of this preferred
embodiment can be installed in an optical system, and the
optical system further comprises an infrared filter (IR-filter)
(560) and an image sensor (580), wherein the infrared filter
(560) is generally made of a plate glass material without
affecting the focal length of the image pick-up optical lens
assembly of the present invention, and the image sensor (580)
which can be an electronic photosensor installed on an image
plane (570) for converting the light of an image electronically.

With reference to FIG. 17 (which shows Table 9) for optical
data of this preferred embodiment, the object-side surface
(511) and image-side surface (512) of the first lens element
(510), the object-side surface (521) and image-side surface
(522) of the second lens element (520), the object-side sur-
face (531) and image-side surface (532) of the third lens
element (530), the object-side surface (541) and image-side

20

25

30

35

40

45

50

55

60

65

16
surface (542) of the fourth lens element (540), and the object-
side surface (551) and image-side surface (552) of the fifth
lens element (550) satisfy the aspherical surface formula as
given in Equation (13), and FIG. 18 (which shows Table 10)
lists the aspherical surface coefficients.

In the image pickup optical lens assembly of this preferred
embodiment, the focal length of the whole image pickup
optical system is f=4.12 (mm), the aperture value of the whole
image pickup optical system is Fno=2.52, and half of the
maximum view angle is HFOV=34.4 (degrees).

With reference to Table 9 for this preferred embodiment, £
is the focal length of the image pick-up optical lens assembly,
f1 is the focal length of the first lens element (510) on the
optical axis, CT1 is the thickness of the first lens element
(510) on the optical axis, CT2 is the thickness of the second
lens element (520) on the optical axis, and they satisfy the
Relations (1) and (2) as follows: f/f1=1.34 and CT1/
CT2=2.11.

In this preferred embodiment, v, is the Abbe number of the
first lens element (510) and v, is the Abbe number of the
second lens element (520) of the image pick-up optical lens
assembly, and they satisty Equation (10): v,-v,=32.1; T, is
the distance from the object-side surface (511) of the first lens
element (510) to the image-side surface (552) of the fifth lens
element (550) on the optical axis, fis the focal length of the
image pick-up optical lens assembly, and they satisty Equa-
tion (7): T, /{=0.76; CT, is the thickness of the second lens
element (520) on the optical axis, CTj is the thickness of the
third lens element (530) on the optical axis, and they satisfy
Equation (5): (CT,+CT;)/f=0.13; R is the radius of curvature
of the object-side surface (521) of the second lens element
(520), R, is the radius of curvature of the image-side surface
(522) of the second lens element (520), R, is the radius of
curvature of the object-side surface (551) of the fifth lens
element (550), R |, is the radius of curvature of the image-side
surface (552) of the fifth lens element (550), and they satisty
Equation (4) or Equation (12) and Equation (9): R,/R;=-0.35
and (Rg-R,,)/(Ry+R,,)=0.023.

The image pick-up optical lens assembly satisfies the fol-
lowing relation (3) or (6), or (8) or (11): I/L1+If/f,I+If/
£51=0.32, £5/f,=-5.52 and {/£,=0.09, wherein f is the overall
focal length of the image pick-up optical lens assembly, f; is
the focal length of the first lens element (510), £, is the focal
length of the second lens element (520), {; is the focal length
of the third lens element (530), f, is the focal length of the
fourth lens element (540), {5 is the focal length of the fifth lens
element (550), and data of the foregoing relations are listed in
FIG. 25 (which shows Table 17).

From the optical data listed in FIG. 17 (which is Table 9)
and the aberration curve as shown in FIG. 5B, good compen-
sation effects of the longitudinal spherical aberration, astig-
matic field curving and distortion can be achieved by the
image pickup optical lens assembly in accordance with this
preferred embodiment of the present invention.

Sixth Preferred Embodiment

With reference to FIGS. 6A and 6B for a schematic view
and an aberration curve of an image pick-up optical lens
assembly in accordance with the sixth preferred embodiment
of'the present invention respectively, the image pick-up opti-
cal lens assembly comprises five lens elements, and the five
lens elements sequentially arranged from an object side to an
image side along an optical axis, include: a first lens element
(610) with a positive refractive power, which is a plastic lens
element having a convex object-side surface (611) and a
concave image-side surface (612), and both object-side sur-
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face (611) and image-side surface (612) are aspheric near the
optical axis; a second lens element with a negative refractive
power (620), which is a plastic lens element having a concave
object-side surface (621) and a concave image-side surface
(622), and both object-side surface (621) and image-side
surface (622) are aspheric near the optical axis; a third lens
element with a positive refractive power (630), which is a
bi-convex lens element made of a plastic material, and both
object-side surface (631) and image-side surface (632) of the
third lens element (630) are aspheric; a fourth lens element
(640) with a positive refractive power which is a plastic lens
element having a concave object-side surface (641) and a
convex image-side surface (642), and both object-side sur-
face (641) and image-side surface (642) are aspheric near the
optical axis; a fifth lens element (650) with a positive refrac-
tive power, which is a plastic lens element having a convex
object-side surface (651) and a concave image-side surface
(652), and both object-side surface (651) and image-side
surface (652) are aspheric near the optical axis, and the
image-side surface (652) of'the fifth lens element (650) has at
least one inflection point. In this preferred embodiment, the
image pick-up optical lens assembly further comprises an
aperture (600) installed between the first lens element (610)
and the object to be photographed. With the aperture (600)
and the first lens element (610), second lens element (620),
third lens element (630), fourth lens element (640) and fifth
lens element (650) arranged on the optical axis, the object to
be photographed can be imaged on the image plane (670).

The image pick-up optical lens assembly of this preferred
embodiment can be installed in an optical system, and the
optical system further comprises an infrared filter (IR-filter)
(660) and an image sensor (680), wherein the infrared filter
(660) is generally made of a plate glass material without
affecting the focal length of the image pick-up optical lens
assembly of the present invention, and the image sensor (680)
which can be an electronic photosensor installed on an image
plane (670) for converting the light of an image electronically.

With reference to FIG. 19 (which shows Table 11) for
optical data of this preferred embodiment, the object-side
surface (611) and image-side surface (612) of the first lens
element (610), the object-side surface (621) and image-side
surface (622) of the second lens element (620), the object-
side surface (631) and image-side surface (632) of the third
lens element (630), the object-side surface (641) and image-
side surface (642) of the fourth lens element (640), and the
object-side surface (651) and image-side surface (652) of the
fifth lens element (650) satisfy the aspherical surface formula
as given in Equation (13), and FIG. 20 (which shows Table
12) lists the aspherical surface coefficients.

In the image pickup optical lens assembly of this preferred
embodiment, the focal length of the whole image pickup
optical system is =3.87 (mm), the aperture value of the whole
image pickup optical system is Fno=2.55, and half of the
maximum view angle is HFOV=35.9 (degrees).

With reference to Table 11 for this preferred embodiment,
fis the focal length of the image pick-up optical lens assem-
bly, f; is the focal length of the first lens element (610) on the
optical axis, CT, is the thickness of the first lens element
(610) on the optical axis, CT, is the thickness of the second
lens element (620) on the optical axis, and they satisfy the
Relations (1) and (2) as follows: f/f;=1.37 and CT,/
CT,=2.03.

In this preferred embodiment, v, is the Abbe number of the
first lens element (610) and v, is the Abbe number of the
second lens element (620) of the image pick-up optical lens
assembly, and they satisty Equation (10): v,-v,=32.5; T, is
the distance from the object-side surface (611) of the first lens
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element (610) to the image-side surface (652) of the fifth lens
element (650) on the optical axis, fis the focal length of the
image pick-up optical lens assembly, and they satisty Equa-
tion (7): T,/f=0.80; CT, is the thickness of the second lens
element (620) on the optical axis, CTj is the thickness of the
third lens element (630) on the optical axis, and they satisfy
Equation (5): (CT,+CT,)/f=0.15; R, is the radius of curvature
of the object-side surface (621) of the second lens element
(620), R, is the radius of curvature of the image-side surface
(622) of the second lens element (620), R, is the radius of
curvature of the object-side surface (651) of the fifth lens
element (650), R, , is the radius of curvature of the image-side
surface (652) of the fifth lens element (650), and they satisty
Equation (4) or Equation (12) and Equation (9): R ,/R;=-0.23
and (Rg—R )/ (Ro+R;,)=0.034.

The image pick-up optical lens assembly satisfies the fol-
lowing relation (3) or (6), or (8) or (11): I/ 1+If/f,1+I1/
£51=0.38, {./f,=-7.05 and 1/f,=0.31, wherein {f is the overall
focal length of the image pick-up optical lens assembly, f, is
the focal length of the first lens element (610), £, is the focal
length of the second lens element (620), £; is the focal length
of the third lens element (630), f, is the focal length of the
fourth lens element (640), f; is the focal length of the fifth lens
element (650), and data of the foregoing relations are listed in
FIG. 25 (which shows Table 17).

From the optical data listed in FIG. 19 (which is Table 11)
and the aberration curve as shown in FIG. 6B, good compen-
sation effects of the longitudinal spherical aberration, astig-
matic field curving and distortion can be achieved by the
image pickup optical lens assembly in accordance with this
preferred embodiment of the present invention.

Seventh Preferred Embodiment

With reference to FIGS. 7A and 7B for a schematic view
and an aberration curve of an image pick-up optical lens
assembly in accordance with the seventh preferred embodi-
ment of the present invention respectively, the image pick-up
optical lens assembly comprises five lens elements, and the
five lens elements sequentially arranged from an object side
to an image side along an optical axis, include: a first lens
element (710) with a positive refractive power, which is a lens
element made of a glass material and has a convex object-side
surface (711) and a concave image-side surface (712), and
both object-side surface (711) and image-side surface (712)
are aspheric near the optical axis; a second lens element with
a negative refractive power (720), which is a lens element
made of a plastic material and has a concave object-side
surface (721) and a concave image-side surface (722), and
both object-side surface (721) and image-side surface (722)
are aspheric near the optical axis; a third lens element with a
positive refractive power (730), which is a lens element made
of a plastic material and has a convex object-side surface
(731) and a concave image-side surface (732), and both
object-side surface (731) and image-side surface (732) are
aspheric near the optical axis; a fourth lens element (740) with
a positive refractive power which is a lens element made of a
plastic material, and has a concave object-side surface (741)
and a convex image-side surface (742), and both object-side
surface (741) and image-side surface (742) are aspheric near
the optical axis; a fifth lens element (750) with a positive
refractive power, which is a lens element made of a plastic
material and has a convex object-side surface (751) and a
concave image-side surface (752), and both object-side sur-
face (751) and image-side surface (752) are aspheric near the
optical axis, and the image-side surface (752) of the fifth lens
element (750) has at least one inflection point. In this pre-
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ferred embodiment, the image pick-up optical lens assembly
further comprises an aperture (700) installed between the first
lens element (710) and the object to be photographed. With
the aperture (700) and the first lens element (710), second lens
element (720), third lens element (730), fourth lens element
(740) and fifth lens element (750) arranged on the optical
axis, the object to be photographed can be imaged on the
image plane (770).

The image pick-up optical lens assembly of this preferred
embodiment can be installed in an optical system, and the
optical system further comprises an infrared filter (IR-filter)
(760) and an image sensor (780), wherein the infrared filter
(760) is generally made of a plate glass material without
affecting the focal length of the image pick-up optical lens
assembly of the present invention, and the image sensor (780)
which can be an electronic photosensor is installed on an
image plane (770) for converting the light of an image into an
electronic signal to be transmitted to the outside.

With reference to FIG. 21 (which shows Table 13) for
optical data of this preferred embodiment, the object-side
surface (711) and image-side surface (712) of the first lens
element (710), the object-side surface (721) and image-side
surface (722) of the second lens element (720), the object-
side surface (731) and image-side surface (732) of the third
lens element (730), the object-side surface (741) and image-
side surface (742) of the fourth lens element (740), and the
object-side surface (751) and image-side surface (752) of the
fifth lens element (750) satisfy the aspherical surface formula
as given in Equation (13), and FIG. 22 (which shows Table
14) lists the aspherical surface coefficients.

In the image pickup optical lens assembly of this preferred
embodiment, the focal length of the whole image pickup
optical system is £=3.98 (mm), the aperture value of the whole
image pickup optical system is Fno=2.55, and half of the
maximum view angle is HFOV=35.2 (degrees).

With reference to Table 13 for this preferred embodiment,
fis the focal length of the image pick-up optical lens assem-
bly, f; is the focal length of the first lens element (710) on the
optical axis, CT, is the thickness of the first lens element
(710) on the optical axis, CT, is the thickness of the second
lens element (720) on the optical axis, and they satisfy the
Relations (1) and (2) as follows: f/f;=1.60 and CT,/
CT,=2.59.

In this preferred embodiment, v, is the Abbe number of the
first lens element (710) and v, is the Abbe number of the
second lens element (720) of the image pick-up optical lens
assembly, and they satisfy Equation (10): v,-v,=19.4; T is
the distance from the object-side surface (711) of the first lens
element (710) to the image-side surface (752) of the fifth lens
element (750) on the optical axis, fis the focal length of the
image pick-up optical lens assembly, and they satisty Equa-
tion (7): T, /f=0.78; CT, is the thickness of the second lens
element (720) on the optical axis, CTj; is the thickness of the
third lens element (730) on the optical axis, and they satisfy
Equation (5): (CT,+CT;)/f=0.17; R, is theradius of curvature
of the object-side surface (721) of the second lens element
(720), R, is the radius of curvature of the image-side surface
(722) of the second lens element (720), R, is the radius of
curvature of the object-side surface (751) of the fifth lens
element (750), R | , is the radius of curvature of the image-side
surface (752) of the fifth lens element (750), and they satisty
Equation (4) or Equation (12) and Equation (9): R /R ;=-0.31
and (Rg-R,,)/(Ry+R,,)=0.037.

The image pick-up optical lens assembly satisfies the fol-
lowing relation (3) or (6), or (8) or (11): I/ 1+If/f,1+I1/
£51=0.38, £5/f,=—8.06 and {/£,=0.17, wherein f is the overall
focal length of the image pick-up optical lens assembly, f; is
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the focal length of the first lens element (710), £, is the focal
length of the second lens element (720), £; is the focal length
of the third lens element (730), f, is the focal length of the
fourth lens element (740), {5 is the focal length of the fifth lens
element (750), and data of the foregoing relations are listed in
FIG. 25 (which shows Table 17).

From the optical data listed in FIG. 21 (which is Table 13)
and the aberration curve as shown in FIG. 7B, good compen-
sation effects of the longitudinal spherical aberration, astig-
matic field curving and distortion can be achieved by the
image pickup optical lens assembly in accordance with this
preferred embodiment of the present invention.

Eighth Preferred Embodiment

With reference to FIGS. 8A and 8B for a schematic view
and an aberration curve of an image pick-up optical lens
assembly in accordance with the eighth preferred embodi-
ment of the present invention respectively, the image pick-up
optical lens assembly comprises five lens elements, and the
five lens elements sequentially arranged from an object side
to an image side along an optical axis, include: a first lens
element (810) with a positive refractive power, which is a
bi-convex lens element made of a glass material and has an
aspheric object-side surface (811) and an aspheric image-side
surface (812); a second lens element with a negative refrac-
tive power (820), which is a lens element made of a plastic
material and has a concave object-side surface (821) and a
concave image-side surface (822), and both object-side sur-
face (821) and image-side surface (822) are aspheric near the
optical axis; a third lens element with a positive refractive
power (830), which is a bi-convex lens element made of a
plastic material and has an aspheric object-side surface (831)
and an aspheric image-side surface (832); a fourth lens ele-
ment (840) with a positive refractive power which is a lens
element made of a plastic material, and has a concave object-
side surface (841) and a convex image-side surface (842), and
both object-side surface (841) and image-side surface (842)
are aspheric near the optical axis; a fifth lens element (850)
with a positive refractive power, which is a lens element made
of a plastic material and has a convex object-side surface
(851) and a concave image-side surface (852), and both
object-side surface (851) and image-side surface (852) are
aspheric near the optical axis, and the image-side surface
(852) of'the fifth lens element (850) has at least one inflection
point. In this preferred embodiment, the image pick-up opti-
cal lens assembly further comprises an aperture (800)
installed between the first lens element (810) and the object to
be photographed. With the aperture (800) and the first lens
element (810), second lens element (820), third lens element
(830), fourth lens element (840) and fifth lens element (850)
arranged on the optical axis, the object to be photographed
can be imaged on the image plane (870).

The image pick-up optical lens assembly of this preferred
embodiment can be installed in an optical system, and the
optical system further comprises an infrared filter (IR-filter)
(860) and an image sensor (880), wherein the infrared filter
(860) is generally made of a plate glass material without
affecting the focal length of the image pick-up optical lens
assembly of the present invention, and the image sensor (880)
which can be an electronic photosensor is installed on an
image plane (870) for converting the light of an image into an
electronic signal to be transmitted to the outside.

With reference to FIG. 23 (which shows Table 15) for
optical data of this preferred embodiment, the object-side
surface (811) and image-side surface (812) of the first lens
element (810), the object-side surface (821) and image-side



US 8,508,859 B2

21

surface (822) of the second lens element (820), the object-
side surface (831) and image-side surface (832) of the third
lens element (830), the object-side surface (841) and image-
side surface (842) of the fourth lens element (840), and the
object-side surface (851) and image-side surface (852) of the
fifth lens element (850) satisfy the aspherical surface formula
as given in Equation (13), and FIG. 24 (which shows Table
16) lists the aspherical surface coefficients.

In the image pickup optical lens assembly of this preferred
embodiment, the focal length of the whole image pickup
optical system is =3.87 (mm), the aperture value of the whole
image pickup optical system is Fno=2.57, and half of the
maximum view angle is HFOV=36.0 (degrees).

With reference to Table 15 for this preferred embodiment,
fis the focal length of the image pick-up optical lens assem-
bly, 1, is the focal length of the first lens element (810) on the
optical axis, CT, is the thickness of the first lens element
(810) on the optical axis, CT, is the thickness of the second
lens element (820) on the optical axis, and they satisfy the
Relations (1) and (2) as follows: f/f;=1.61 and CT,/
CT,=2.25.

In this preferred embodiment, v, is the Abbe number of the
first lens element (810) and v, is the Abbe number of the
second lens element (820) of the image pick-up optical lens
assembly, and they satisty Equation (10): v,-v,=19.4; T, is
the distance from the object-side surface (811) of the first lens
element (810) to the image-side surface (852) of the fifth lens
element (850) on the optical axis, f is the focal length of the
image pick-up optical lens assembly, and they satisty Equa-
tion (7): T /£=0.77; CT, is the thickness of the second lens
element (820) on the optical axis, CTj; is the thickness of the
third lens element (830) on the optical axis, and they satisfy
Equation (5): (CT,+CT,)/f=0.15; R, is the radius of curvature
of the object-side surface (821) of the second lens element
(820), R, is the radius of curvature of the image-side surface
(822) of the second lens element (820), R, is the radius of
curvature of the object-side surface (851) of the fifth lens
element (850), R |, is the radius of curvature of the image-side
surface (852) of the fifth lens element (850), and they satisty
Equation (4) or Equation (12) and Equation (9): R ,/R;=-0.18
and (Rg—R )/ (Ro+R;,)=0.038.

The image pick-up optical lens assembly satisfies the fol-
lowing relation (3) or (6), or (8) or (11): I/ 1+If/f,1+I1/
£51=0.48, £5/f,=-8.90 and {/£,=0.31, wherein f is the overall
focal length of the image pick-up optical lens assembly, f; is
the focal length of the first lens element (810), £, is the focal
length of the second lens element (820), £} is the focal length
of the third lens element (830), f, is the focal length of the
fourth lens element (840), £; is the focal length of the fifth lens
element (850), and data of the foregoing relations are listed in
FIG. 25 (which shows Table 17).

From the optical data listed in FIG. 23 (which is Table 15)
and the aberration curve as shown in FIG. 8B, good compen-
sation effects of the longitudinal spherical aberration, astig-
matic field curving and distortion can be achieved by the
image pickup optical lens assembly in accordance with this
preferred embodiment of the present invention.

In the image pick-up optical lens assembly of the present
invention, the lens can be made of a glass or plastic material.
Ifthe lens is made of a glass material, the refractive power of
the image pickup optical lens assembly can be selected more
flexibly. If the lens is made of a plastic material, the produc-
tion cost can be reduced effectively. In addition, an aspherical
surface is formed on an optical surface of the lens, and the
aspherical surface can be easily manufactured into a shape
other than that of a spherical surface to have more control
factors to eliminate or reduce aberrations, so as to reduce the
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number of lenses used and the total length of the image pickup
optical lens assembly of the present invention.

In the image pick-up optical lens assembly of the present
invention, if the lens surface is a convex surface, the lens
surface proximate to the optical axis is convex; and if the lens
surface is a concave surface, the lens surface proximate to the
optical axis is concave.

Inthe image pickup optical system of the present invention,
at least one stop such as a glare stop or a field stop (not shown
in the figure) can be provided for reducing stray lights and
improving the image quality.

Tables 1 to 16 (corresponding to FIGS. 9 to 24 respec-
tively) show changes of values of an image pickup optical
system in accordance with a preferred embodiment of the
present invention. However, the changes of values in the
preferred embodiments of the present invention are obtained
from experiments. Even if different values are used, products
of'the same structure are intended to be covered by the scope
of the present invention. Therefore, the aforementioned
description and the illustration of related drawings are illus-
trative, but not intended for limiting the scope of the present
invention.

What is claimed is:

1. An image pick-up optical lens assembly, sequentially
arranged from an object side to an image side along an optical
axis, comprising:

a first lens element with a positive refractive power, having

a convex object-side surface;

a second lens element with a negative refractive power;

a third lens element with a positive refractive power;

a fourth lens element with a positive refractive power,
being a meniscus lens element, and at least one of the
object-side and image-side surfaces being aspheric;

a fifth lens element with a positive refractive power, having
a convex object-side surface and a concave image-side
surface, and at least one of the object-side and image-
side surfaces being aspheric, and the image-side surface
of the fifth lens element having at least one inflection
point;

wherein, f is the focal length of the image pick-up optical
lens assembly, f; is the focal length of the first lens
element, CT| is the thickness of the first lens element on
the optical axis, CT, is the thickness of the second lens
element on the optical axis, and the relation of 0.7<f/
f,<2.0 and 0.8<CT,/CT,<2.80 are satisfied, wherein R
is the radius of curvature of the object-side surface ofthe
second lens element, R, is the radius of curvature of the
image-side surface of the second lens element, and the
relation of —0.5<R ,/R;<0.5 is satisfied.

2. The image pick-up optical lens assembly of claim 1,
wherein the second lens element has a concave image-side
surface, and the fifth lens element is made of plastic material.

3. The image pick-up optical lens assembly of claim 2,
wherein f'is the focal length of the image pick-up optical lens
assembly, f; is the focal length of the third lens element, £, is
the focal length of the fourth lens element, f; is the focal
length of the fifth lens element, and the relation of [f/f;|+If/
£,1+11/£51<0.90 is satisfied.

4. The image pick-up optical lens assembly of claim 3,
wherein f'is the focal length of the image pick-up optical lens
assembly, T ,is the distance from the object-side surface ofthe
first lens element to the image-side surface of the fifth lens
element on the optical axis, and the relation of 0.65<T /
£<0.95 is satisfied.

5. The image pick-up optical lens assembly of claim 3,
wherein the second lens element has a concave object-side
surface.
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6. The image pick-up optical lens assembly of claim 3,
wherein f, is the focal length of the second lens element, £ is
the focal length of the fifth lens element, and the relation of
-13.5<f,/f,<-4.0 is satisfied.

7. The image pick-up optical lens assembly of claim 3,
wherein R, is the radius of curvature of the object-side surface
of the fifth lens element, R, , is the radius of curvature of the
image-side surface of the fifth lens element, and the relation
0f 0.01<(Ry-R; )/ (Rg+R; ,)<0.07 is satisfied.

8. The image pick-up optical lens assembly of claim 2,
wherein v, is the Abbe number of the first lens element, v, is
the Abbe number of the second lens element, and the relation
of 28<v,-v,<40 is satisfied.

9. The image pick-up optical lens assembly of claim 2,
wherein the first lens element is made of glass material.

10. The image pick-up optical lens assembly of claim 2,
wherein the fourth lens element has a concave object-side
surface and a convex image-side surface.

11. The image pick-up optical lens assembly of claim 2,
wherein f'is the focal length of the image pick-up optical lens
assembly, f; is the focal length of the third lens element, and
the relation of 0<{/f;<0.24 is satisfied.

12. The image pick-up optical lens assembly of claim 1,
wherein f'is the focal length of the image pick-up optical lens
assembly, f; is the focal length of the third lens element, £, is
the focal length of the fourth lens element, fs is the focal
length of the fifth lens element, and the relation of [f/f;|+If/
£, 1+117£51<0.65 is satisfied.

13. The image pick-up optical lens assembly of claim 1,
wherein f'is the focal length of the image pick-up optical lens
assembly, CT, is the thickness of the second lens element on
the optical axis, CTj; is the thickness of the third lens element
on the optical axis, and the relation of 0.07<(CT,+CT,)/
£<0.18 is satisfied.

14. An image pick-up optical lens assembly, sequentially
arranged from an object side to an image side along an optical
axis, comprising:

afirst lens element with a positive refractive power, having
a convex object-side surface;

a second lens element with a negative refractive power;

a third lens element with a positive refractive power;

a fourth lens element with a positive refractive power,
being a meniscus lens element, and at least one of the
object-side and image-side surfaces being aspheric;

a fifth lens element with a positive refractive power, having
a convex object-side surface and a concave image-side
surface, and at least one of the object-side and image-
side surfaces being aspheric and the image-side surface
of the fifth lens element having at least one inflection
point;

wherein { is the focal length of the image pick-up optical
lens assembly, f; is the focal length of the third lens
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element, f, is the focal length of the fourth lens element,
f; is the focal length of the fifth lens element, R, is the
radius of curvature of the object-side surface of the sec-
ond lens element, R, is the radius of curvature of the
image-side surface of the second lens element, and the
relations of If/£5+1{/,1 +11/£51<0.90 and -0.9<R /R ,<0.9
are satisfied.

15. The image pick-up optical lens assembly of claim 14,
wherein the second lens element has a concave image-side
surface, and the fifth lens element is made of plastic material.

16. The image pick-up optical lens assembly of claim 15,
wherein the fourth lens element has a concave object-side
surface and a convex image-side surface.

17. The image pick-up optical lens assembly of claim 16,
wherein v, is the Abbe number of the first lens element, v, is
the Abbe number of the second lens element, and the relation
of 28<v,-v,<40 is satisfied.

18. The image pick-up optical lens assembly of claim 17,
wherein f'is the focal length of the image pick-up optical lens
assembly, f; is the focal length of the third lens element, f, is
the focal length of the fourth lens element, fs is the focal
length of the fifth lens element, and the relation of [f/f;|+If/
£, 1+117£51<0.65 is satisfied.

19. The image pick-up optical lens assembly of claim 17,
wherein R is the radius of curvature of the object-side surface
of'the second lens element, R, is the radius of curvature of the
image-side surface of the second lens element, and the rela-
tion of -0.5<R,/R;<0.5 is satisfied.

20. The image pick-up optical lens assembly of claim 17,
wherein f, is the focal length of the second lens element, f; is
the focal length of the fifth lens element, and the relation of
-13.5<f,/f,<-4.0 is satisfied.

21. The image pick-up optical lens assembly of claim 17,
wherein R, is the radius of curvature of the object-side surface
of'the fifth lens element, R, is the radius of curvature of the
image-side surface of the fifth lens element, and the relation
of 0.01<(Ry-R ;0 )/(Rg+R ;)<0.07 is satisfied.

22. The image pick-up optical lens assembly of claim 17,
wherein f'is the focal length of the image pick-up optical lens
assembly, CT, is the thickness of the second lens element on
the optical axis, CTj is the thickness of the third lens element
on the optical axis, and the relation of 0.07<(CT,+CT;)/
£<0.18 is satisfied.

23. The image pick-up optical lens assembly of claim 16,
wherein the first lens element is made of glass material.

24. The image pick-up optical lens assembly of claim 16,
wherein f'is the focal length of the image pick-up optical lens
assembly, f; is the focal length of the third lens element, and
the relation of 0<{/f;<0.24 is satisfied.
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