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(57) ABSTRACT 

The present invention relates to an auto-focusing optical 
System, and more particularly, to an auto-focusing optical 
System for a camera module, capable of obtaining a high 
resolution in a Small size using a liquid lens whose curvature 
is varied depending on an applied Voltage. In the auto 
focusing optical System, a first lens group has a liquid lens 
whose curvature is varied and having a plus optical power, 
a Second lens group has a plus optical power, and a third lens 
group has a minus optical power. Thanks to an auto-focusing 
optical System including a liquid lens according to the 
present invention, not only a manufacturing in a Small size 
is possibly realized but also a high resolution can be 
obtained, and power consumption is Small. 
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AUTO-FOCUSING OPTICAL SYSTEM FOR 
CAMERAMODULE 

RELATED APPLICATION 

0001. The present application is based on, and claims 
priority from, Korean Application Number 2004-0069726, 
filed Sep. 1, 2004, the disclosure of which is hereby incor 
porated by reference herein in its entirety. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to an auto-focusing 
optical System, and more particularly, to an auto-focusing 
optical System for a camera module, capable of obtaining a 
high resolution in a Small size using a liquid lens whose 
curvature is varied depending on an applied Voltage. 
0004 2. Description of the Related Art 
0005 Generally, a camera has a plurality of lenses and is 
configured to adjust an optical focal length by moving each 
lens to change a relative distance between lenses. Recently, 
a cellular phone with a built-in camera has emerged and 
accordingly it has become possible to photograph a still 
image or a moving picture using the cellular phone. Further, 
a recent trend is that performance of a camera is getting 
gradually improved in photography of high resolution and 
quality. 
0006 FIG. 1 is a perspective view of a conventional 
camera module which does not have a focusing function. 
0007 Referring to FIG. 1, the conventional camera mod 
ule is configured to include an image Sensor 54, a filter 
assembled to a lower Side of a housing 51, and a plurality of 
lenses mounted inside a lens barrel 52. 

0008. The lens barrel 52 is fixed in the housing 51 using 
epoxy after a focal length of a lens array 53 is adjusted to the 
image Sensor 54 using Screw threads formed on an inner 
periphery of the housing 51 and an outer periphery of the 
lens barrel 52. 

0009. However, since it is impossible to focus at a 
Specific distance in Such a fixed focusing type, there is a 
limitation in Sharpness of image quality. 
0.010 Therefore, a focusing function is indispensably 
required for a camera module of more than mega pixels. 
0.011 For that purpose, a necessity for application of a 
camera module having an auto-focusing unit, a close-shot 
unit, and an optical Zoom unit on a cellular phone has 
emerged, but there has been difficulty in mounting a camera 
module manufactured according to the related art on a 
Small-sized cellular phone. 
0012 That is, the camera module of the related art has 
used a DC (direct current) motor as an operating Source, for 
performing a focusing and/or a Zooming by changing a 
relative distance between an image Sensor and a lens. 
However, according to the camera module of the related art, 
Since a plurality of reduction gears are connected together So 
that a relative distance between lenses may be changed, it is 
difficult to accurately control a position of a lens So as to 
precisely perform a focusing due to reduction in response 
time and deviation in rotational Speed. Further, Since the 
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camera module is big in its size and complicated in its 
Structure, it is difficult to realize an auto-focusing function at 
an extremely limited Space in an inside of a Small-sized 
optical apparatus Such as a cellular phone. 

0013 Further, since a plurality of lenses is used to obtain 
a high resolution, manufacturing cost is increased and 
mechanical operation is required, which increases power 
consumption. 

0014. In the meantime, PCT international publication No. 
WO 03/069380 discloses a variable focus lens. 

0015 FIG. 2 is a schematic, cross-sectional view of a 
variable focus lens suggested as an embodiment by WO 
03/069380. 

0016 Referring to FIG. 2, the variable focus lens 
includes: a fluid chamber 65 of a cylinder shape having a 
cylinder wall, and containing a first and a Second fluids. A 
and B having different indexes of refraction, respectively, in 
which the first and second fluids A and B are and not mixed 
with each other, and contact each other through a meniscus 
74; a fluid contact layer 70 arranged in an inside of the 
cylinder wall; a first electrode 62 separated from the first and 
the second fluids A and B by the fluid contact layer 70; and 
a second electrode 72 for activating the second fluid B. 

0017. Here, the first electrode 62 is of a cylindrical shape 
and coated by an insulating layer 68, and made of metal 
material, and the Second electrode 72 is arranged on One Side 
of the fluid chamber 65. 

0018 Further, a transparent front element 64 and a trans 
parent rear element 66 constitute a cover part of the fluid 
chamber 65 for accommodating the two fluids. 

0019 Operation of the variable focus lens having the 
above-described construction will now be described in the 
following. 

0020. If a voltage is not applied between the first and the 
second electrodes 62 and 72, the fluid contact layer 70 has 
a high wettability for the first fluid A rather than the second 
fluid B. 

0021. If a voltage is applied between the first and the 
second electrodes 62 and 72, wettability for the second fluid 
B is changed due to electrowetting, and contact angles Q1, 
Q2, Q3 of the meniscus 74 are changed as shown in FIG. 2. 
0022. Therefore, a shape of the meniscus is changed 
depending on an applied Voltage and a focusing is performed 
using the change generated in the shape of the meniscus. 

0023 That is, as shown in FIGS. 2A, 2B, and 2C, an 
angle between the meniscus 74 and the fluid contact layer 
70, measured by the first fluid A is changed into about 140, 
100', 60 depending on intensities of the applied voltage. 

0024. Here, FIG. 2A, 2B, 2C represent arrangements in 
cases of a high negative power, a low negative power, and 
a positive power, respectively. 

0025 AS described above, the variable focus lens using 
the fluid (referred to as liquid lens) has an advantage in 
manufacturing a Small-sized product compared to the related 
art in which a focusing is performed using mechanical 
operation of a lens. 
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0026. However, since a resolution is limited to about 
three hundred thousand pixels and a high resolution cannot 
be obtained in case of using an only liquid lens, there is 
limitation in applying the liquid lens to a current camera 
module of mega-pixel class. 
0027. To solve such problems, an auto-focusing optical 
System that can be manufactured in a Small size, is highly 
required. 

SUMMARY OF THE INVENTION 

0028. Accordingly, the present invention is directed to an 
auto-focusing optical System for a camera module that 
Substantially obviates one or more problems due to limita 
tions and disadvantages of the related art. 

0029. An object of the present invention is to provide an 
auto-focusing optical System for a camera module, capable 
of being manufactured in a Small size and obtaining a high 
resolution. 

0.030. Another object of the present invention is to pro 
vide an auto-focusing optical System for a camera module, 
capable of maximizing an efficiency of an optical System and 
Shortening a length of the whole optical System by concen 
trating a power in case a very Small-sized camera module 
Such as a camera phone is required. 

0.031 Further another object of the present invention is to 
provide an auto-focusing optical System for realizing low 
power consumption. 

0032. Additional advantages, objects, and features of the 
invention will be set forth in part in the description which 
follows and in part will become apparent to those having 
ordinary skill in the art upon examination of the following 
or may be learned from practice of the invention. The 
objectives and other advantages of the invention may be 
realized and attained by the Structure particularly pointed out 
in the written description and claims hereof as well as the 
appended drawings. 

0033) To achieve these objects and other advantages and 
in accordance with the purpose of the invention, as embod 
ied and broadly described herein, an auto-focusing optical 
System includes, Sequentially from an object: a first lens 
group having a plus optical power, the first lens group 
including a liquid lens in which a curvature of a boundary 
surface formed between different liquids included in an 
inside is varied depending on an applied Voltage So that the 
boundary Surface performs a function of a lens Surface, and 
an aspherical lens having at least one aspherical refraction 
Surface; a Second lens group having a plus optical power, 
and including an aspherical lens having at least one aspheri 
cal refraction Surface; a third lens group a minus optical 
power, and including an aspherical lens having at least one 
aspherical refraction Surface, and wherein the curvature of 
the boundary Surface of the liquid lens is varied So that an 
auto-focusing is performed. 

0034. In the auto-focusing optical system, a refraction 
power of the liquid lens Satisfies the following Equation 1: 

0.035 wherein D is refraction power of a surface of the 
liquid lens whose curvature is varied (unit: diopter). 

Equation 1, 
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0036 Further, in the auto-focusing optical system an 
optical axial direction measure of the whole lens group 
Satisfies the following Equation 2: 

0037 wherein oal is distance from an aperture stop up to 
an image plane, and 

Equation 2, 

0038 f is composite focal length of the whole lens. 
0039. In the auto-focusing optical system, a power of the 

first lens group Satisfies the following Equation 3: 

0040 wherein f1 is composite focal length of the first 
lens group. 
0041 Further, in the auto-focusing optical system, a 
power of the third lens group Satisfies the following Equa 
tion 4: 

2.0-f3f45.5 
0042 wherein f3 is composite focal length of the third 
lens group. 

Equation 4, 

0043. Further, the first lens group includes, sequentially 
from an object: a first lens that corresponds to a cover 
Surface of the liquid lens, a Second lens including the liquid 
lens, and a third lens that corresponds to an upper cover 
Surface of the liquid lens. In the meantime, the aperture Stop 
may be arranged most closely to an object Side in the 
auto-focusing optical system. 
0044) It is to be understood that both the foregoing 
general description and the following detailed description of 
the present invention are exemplary and explanatory and are 
intended to provide further explanation of the invention as 
claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

004.5 The accompanying drawings, which are included 
to provide a further understanding of the invention and are 
incorporated in and constitute a part of this application, 
illustrate embodiment(s) of the invention and together with 
the description Serve to explain the principle of the inven 
tion. In the drawings: 
0046 FIG. 1 is a perspective view of the conventional 
camera module which does not have a focus adjusting 
function; 
0047 FIGS. 2A, 2B and 2C are schematic, cross-sec 
tional views of a variable focus lens of the related art; 
0048 FIGS. 3A and 3B are graphs illustrating MTF 
characteristics for a long distance and a short distance in an 
optical System of the related art; 
0049 FIG. 4 is a view illustrating a combination of lens 
in an optical System according to an embodiment of the 
present invention; 
0050 FIG. 5 is a graph illustrating spherical aberration, 
astigmatism, and distortion characteristics of an optical 
System according to an embodiment of the present inven 
tion; and 
0051 FIGS. 6A and 6B are graphs illustrating MTF 
characteristics for a long distance and a short distance in an 
optical System according to an embodiment of the present 
invention. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

0.052 Reference will now be made in detail to the pre 
ferred embodiments of the present invention, examples of 
which are illustrated in the accompanying drawings. 
0.053 FIG. 4 is a view illustrating a combination of lens 
in an optical System according to an embodiment of the 
present invention. In FIG. 4, the thickness, Size, and shape 
of a lens have been exaggerated more or leSS for conve 
nience in explanation, and particularly, Spherical and 
aspherical shapes illustrated in FIG. 4 have been given for 
an embodiment purpose only, and not limited to that specific 
shape. 
0.054 Referring to FIG. 4, an auto-focusing optical sys 
tem according to an embodiment of the present invention 
includes, Sequentially from an object Side: an aperture Stop 
1 arranged most closely to an object Side for removing 
unnecessary light; a first lens group (LG 1) of a plus optical 
power and including a liquid lens and an aspherical lens 
having at least one aspherical refraction Surface; a Second 
lens group (LG2) having a plus optical power and including 
an aspherical lens having at least one aspherical refraction 
Surface; and a third lens group (LG3) having a minus optical 
power and including an aspherical lens having at least one 
aspherical refraction. 
0.055 Here, it is possible to minimize a defocus amount 
Such that curvature variation in an inside of the first lens 
group 1 for performing an auto-focusing according to a 
position change of an object influences the whole field, by 
arranging the aperture 1 of the optical System in front of the 
first lens group LG1, where curvature variation occurs. 
0056. In the meantime, the first lens group LG1 has, 
Sequentially from an object Side: a first lens 110 having a 
plus refraction power, and including a convex Surface 2 
facing an object Side and a flat image plane 3, a Second lens 
120 including a flat Surface 3 facing an object Side, a flat 
image plane 5 and a Surface 4 positioned between the Surface 
3 and having a variable curvature; and a third lens 130 
having a minus refraction power, and including a flat Surface 
5 facing an object Side and a concave image plane 6. 

0057 The second lens 120 is a liquid lens in which a 
curvature of the boundary surface 4 formed between differ 
ent liquids included in an inside is varied depending on an 
applied Voltage So that the boundary Surface 4 performs a 
function of a lens Surface. 

0.058 That is, the second lens 120 including the liquid 
lens is divided into two lens 120A and 120B with the 
boundary surface 4 interposed therein, and as shown in FIG. 
2, the curvature of the boundary Surface 4 is varied depend 
ing on an applied Voltage, So that an auto-focusing is 
performed. 

0059) At this point, the first lens 110 and the third lens 
130 may form a cover part of the second lens 120. 
0060. It is possible to perform an auto-focusing depend 
ing on an applied Voltage by introducing the Second lens 
120, which is a liquid lens. 
0061. In the meantime, it is possible to maximize a power 
of an optical System and shorten a length of the whole 
optical System by adding the liquid lens to the first lens 
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group LG1 and enhancing the first lens group's power as 
described below. Therefore, an auto-focusing is possibly 
achieved in a Small-sized camera module. 

0062 Further, the second lens group LG2 includes a fifth 
lens 210 having a plus refraction power and whose image 
plane 8 is convex, and the third lens group LG3 includes a 
sixth lens 310 having a minus refraction power and whose 
image plane 10 is concave. 
0063. In the meantime, a solid photographing element 
(photoelectric transformation element) having a glass block 
400 installed in viewpoint of a design, which corresponds to 
an optical low-pass filter, a color filter, a face plate, and a 
photosensitive surface 500 including a CCD (charge coupled 
device) sensor or a CMOS (complementary metal oxide 
Semiconductor) sensor, for receiving an image formed by a 
lens, is provided to a rear Side of the lens. 
0064. The optical system according to an embodiment of 
the present invention having the above-described character 
istics Satisfies the following Equation 1: 

0065 wherein D represents a refraction power of a Sur 
face 4 whose curvature is varied automatically. The unit is 
diopter. 

Equation 1, 

0066. The above Equation 1 is a formula for a power of 
an optical System. 
0067. If the optical system does not satisfy the Equation 
1 and goes beyond the upper limit, power arrangements of 
the Second lens group LG2 and the third lens group LG3 are 
changed and aberration characteristics for a close shot is 
deteriorated. 

oalf<2.0 Equation 2 

0068. Here, oal represents an overall length from an 
aperture Stop Surface 1 to an image plane 13, and frepresents 
a focal length of the whole optical System. 
0069. The Equation 2 prescribes a length of the whole 
lens (length of an optical System) and is a Equation for 
manufacturing in a Small size. 
0070 That is, if an optical system exceeds the upper limit 
of the Equation 2, it is advantageous in Viewpoint of 
aberration correction but a length of an optical System 
becomes too long and the optical System cannot be mounted 
on a Small-sized optical apparatus Such as a camera phone or 
a PDA (personal digital assistant). 

0071. Here, f1 represents a focal length of the first lens 
group LG1 and f represents a focal length of the whole 
optical System. 

Equation 3 

0072 The Equation 3 is a formula for a power of the first 
lens group LG1. According to the Equation 3, a power of the 
first lens group LG1, which is a curvature variation part, is 
made Similar to the whole power So that an aspherical 
aberration may be effectively corrected. 
0073. If f1 becomes large by exceeding the upper limit, 
powers of the second and the third lens groups LG2 and LG3 
inevitably become large and chromatic aberration also 
becomes large. On the contrary, if f1 becomes Small by 
exceeding the lower limit, the power of the first lens group 
LG1 becomes huge and a spherical aberration and a comatic 
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aberration become large. Further, a curvature radius of a 
lens Surface constituting the first lens group LG1 becomes 
Small, which makes process difficult. 

2.0-f3f45.5 
0.074. Here, f3 represents a focal length of the third lens 
group LG3 and f represents a focal length of the whole 
optical System. 

Equation 4 

0075. The Equation 4 is a formula for a power of the third 
lens group LG3. Since the first lens group LG1 and the 
Second lens group LG2 have a plus power, the third lens 
group LG3 is given a minus power So that an angle of a ray 
provided to an image plane becomes Small. 
0.076 If the value exceeds the upper limit and the power 
becomes Small, telephoto ratio of the whole lens is deterio 
rated and manufacturing in a Small size becomes difficult 
and if the value exceeds the lower limit, it is advantageous 
in manufacturing in a Small size, but it is disadvantageous in 
Viewpoint of telecentricity in the vicinity and a distortion 
aberration. 

0.077 As described above, it is possible to maximize an 
efficiency of an optical System and Shorten a length of the 
whole optical System by adding the liquid lens to the first 
lens group LG1 and enhancing the first lens group's power. 
Therefore, the optical System can be readily applied to a very 
Small-sized camera module Such as a camera phone. 

0078. In the meantime, a formula for curvature radius of 
each lens group is given as following Equation 5: 

0.3<r2ff-0.8 Equation 5, 

0079 wherein r2 represents a curvature radius of a sec 
ond Surface and f represents a focal length of the whole 
optical System. 

0080. The Equation 5 is a factor for determining a shape 
of the first lens group LG1 and basically corrects a spherical 
aberration and a comatic aberration. If the value exceeds the 
upper limit or the lower limit, a spherical aberration and 
distortion aberration characteristics of an optical System are 
deteriorated So that correction in the Second lens group LG2 
and the third lens group LG3 cannot be performed. 

0081. Here, ré represents a curvature radius of a sixth 
Surface and frepresents a focal length of the whole optical 
System. 

0082 The Equation 6 is also a factor for determining a 
shape of a lens. If the value exceeds the upper limit or the 
lower limit, a spherical aberration and astigmatism charac 
teristics of an optical System are deteriorated So that correc 
tion in the Second lens group LG2 and the third lens group 
LG3 cannot be performed. 

0.083. Here, r7 represents a curvature radius of a seventh 
Surface and frepresents a focal length of the whole optical 
System. 

0084. The Equation 7 is a factor for determining a shape 
of the Second lens group LG2. If the value exceeds the upper 
limit or the lower limit, a Spherical aberration and a distor 
tion aberration characteristics of an optical System are 
deteriorated. 
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0085. Further, if the value exceeds the upper limit, the 
angle of off-axis principle rays becomes too Small and 
correction cannot be made in the third lens group LG3, So 
that telecentricity is deteriorated. If the value exceeds the 
lower limit, it is advantageous in Viewpoint of telecentricity 
but off-axis coma flare increases largely and optical perfor 
mance deteriorates. 

0.44r10/f43.0 Equation 8 

0086. Here, r10 represents a curvature radius of a tenth 
Surface and f represents a focal length of the whole optical 
System. 

0087. The Equation 8 is a formula for determining the 
shape of an area in the vicinity of an axial light bundle of the 
third lens group LG3 and means that a minus power is given 
to a rear Side. 

0088. If the value exceeds the upper limit in the Equation 
8, a minus power in the rear Side becomes Small and 
manufacturing in a Small size gets difficult. On the contrary, 
if the value exceeds the lower limit, a difference in a shape 
at the vicinity becomes large and performance variation 
between a center and the vicinity becomes large, and an 
incident angle to a photographing Surface becomes large, 
which is not preferable. 

0089. Further, if the value exceeds the upper and the 
lower limits, a distortion aberration and astigmatism char 
acteristics are deteriorated, So that correction cannot be 
made. 

0090 An embodiment of the present invention realized 
So as to Satisfy the above-described conditions 1 through 8 
will now be described in the following. 

0091 F-number (FNO) of an auto-focus lens according to 
an embodiment of the present invention is 2.6, a focal length 
is 4.7 mm, and a field angle (2(0) is 64. 
0092 Embodiment values of each lens constituting a lens 
according to an embodiment of the present invention are 
described in table 1. 

0093. Here, f represents a focal length, r represents a 
curvature radius of a lens Surface, d represents a thickness 
of a lens or a distance between lens Surfaces, and nd 
represents an index of refraction. In the meantime, unit for 
a length is mm. 

TABLE 1. 

Surface Curvature Thickness or Index of 
No. radius(r) distance(t) refraction(nd) 

1. ce O.1OOOOO 
*2 2.73318 O.85OOOO 1530 
3 ce 0.357OOO 1.350 

X4 -14.10900 O.143OOO 1.450 
5 ce OSSOOOO 1530 
*6 -21.51935 O.74807O 
87 -O.96679 O.65OOOO 1608 
*8 -1.04457 O.1OOOOO 
*9 4.OSOO2 1.32OO15 1530 

* 10 2.24.942 O82298O 
11 ce OSSOOOO 1517 
12 ce O.677388 

Image ce OOOOOOO 
plane 
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0094. In table 1, X, represents a surface whose curvature 
is varied and curvature radii of the fourth Surface according 
to a distance from an object are given by table 2 as follows. 

TABLE 2 

Distance from object Curvature radius of 4th surface 

Infinity (o) -14.109 
50 cm -27.959 
10 cm 31.368 

0.095 As shown in table 2, since an auto-focusing is 
performed by a curvature radius Variation of a liquid lens in 
case the liquid lens is used, an ultra-close shot can be taken. 
Hence, there are advantages that a finger print or a letter can 
be recognized using a camera module mounted on a cellular 
phone. 

0096 That is, code service (service in which if a barcode 
like Special letter on a newspaper and a magazine is read by 
a camera of a cellular phone, related information is dis 
played on the cellular phone) can be developed even more, 
and further, a Scanner function can be realized. 
0097. In the meantime, * represents an aspherical surface 
and a formula for an aspherical coefficient is given by 
formula 1 as follows: 

Z= cy2 -- Formula 1 

1 V1 - (1 + k).2y2 
AY? --BY-- DY?-- DY? -- EY’ + FY2+... 

0.098 Z: distance from apex of lens to optical axis 
0099 Y: distance in direction vertical to optical axis 
0100 c: inverse number (1/R) of curvature radius at lens 
apex 

0101 K. Conic constant 
0102 A, B, C, D, E, F: aspherical coefficients 
0103). Each aspherical coefficient according to an 
embodiment of the present invention, computed by the 
formula 1 is given by table 3 as follows. In the present 
embodiment illustrated in FIG. 4, the surface 2 facing an 
object of the first lens 110 of the first lens group LG1, the 
image plane 6 of the third lens 130 of the first lens group 
LG1, the Surface 7 facing an object and an image plane 8 of 
the fourth lens 210 of the second lens group LG2, and the 
surface 9 facing an object and an image plane 10 of the fifth 
lens 310 of the third lens group LG3 are all aspherical 
Surfaces. 

TABLE 3A 

Aspherical Aspherical Aspherical 
coefficient of 2nd coefficient of 6th coefficient of 7th 

surface surface surface 

K O.36587438 -O.04646980 -103434747 
A. -2.045245 OOOOOOO -O848.127 
B 7.74796E-O3 -1.82173E-O2 3.06269E-O2 
C 8.4495OE-03 1.198O8E-O2 8.01190E-03 

TABLE 3A-continued 
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Aspherical Aspherical Aspherical 
coefficient of 2nd coefficient of 6th coefficient of 7th 

surface surface surface 

D -1.29965E-02 -2.67056E-O2 6.48158E-02 
E 8.14267E-O3 2.5.4854E-O2 -2.95118E-02 
F -1.42O54E-03 -5.82323E-03 3.69651E-03 

01.04] 

TABLE 3B 

Aspherical Aspherical Aspherical 
coefficient of 8th coefficient of 9th coefficient of 10th 

surface surface surface 

K -O.95733.078 O.24691222 O.44455811 
A. -2.483.518 - 4.816340 -11.908208 
B -1.09113E-O1 -2.O9989E-O2 -3.3809OE-O2 
C 5.38957E-O2 1.3653OE-O2 1.332S2E-O2 
D 1.30828E-O2 - 4.36719-03 -2.785O4E-03 
E -6.8O272E-03 6.59467E-04 2.79674E-04 
F 5.75392E-04 -3.97278E-05 -1.1641OE-05 

0105 FIG. 5 illustrates spherical aberration, astigma 
tism, and distortion characteristics according to an embodi 
ment of the present invention having Such embodiment 
values. 

0106. In the meantime, FIG. 6 illustrates MTF (modu 
lation transfer function) characteristics of an optical System 
according to an embodiment of the present invention having 
Such embodiment values. FIGS. 6A and 6B illustrate MTF 
characteristics for a long distance and a short distance, 
respectively. 

0107 Referring to FIGS. 6A and 6B, fo represents an 
MTF variation of Spatial frequency per millimeter in case a 
distance from a center of a lens is Zero, and f1, f2, f3, f4 
represent MTF variations of spatial frequency per millimeter 
for cases of 0.6,0.8, 1.0, 1.0 fields, respectively. Further, T 
and R represent MTFS on a tangential circle and a radial 
circle, respectively. 
0108) Here, the MTF depends on spatial frequency of 
cycles per millimeter and is defined between maximum and 
minimum intensities of a ray by formula 2 as follows: 

Formula 2 

0109 That is, if an MTF is 1, a resolution is ideal and a 
resolution falls down as an MTF is reduced. 

0110. In the meantime, FIGS. 3A and 3B are graphs 
illustrating MTF characteristics for a long distance and a 
Short distance, respectively, when a liquid lens is mounted 
on the Second or the third lens group. 
0111 Referring to FIGS. 3A and 3B, h0 represents an 
MTF variation of Spatial frequency per millimeter in case a 
distance from a center of a lens is Zero, and h1, h2, h3 
represent MTF variations of spatial frequency per millimeter 
for cases of 0.6,0.8, 1.0 fields, respectively. On the whole, 
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in case a distance from a center of a lens is Zero (ho), an 
MTF is highest, and in case of 1.0 field (h3), an MTF is 
lowest regardless of variations in the Spatial frequency. 
0112 Examination on an MTF graph in FIG. 3 shows 
that an MTF drastically decreases as a Spatial frequency 
value increases and as an MTF value decreases, a resolution 
of an image realized by a projection optical System 
decreases. 

0113 Particularly, as shown in an MTF graph for a short 
distance, of FIG. 3B, in case of 1.0 field, an MTF value on 
a tangential circle drastically decreases and a resolution 
decreases greatly. 
0114) To solve such problems, introduction of a liquid 
lens 120 to the first lens group can prevent an MTF value at 
a 1.0 field on a tangential circle from drastically decreasing 
as shown in FIG. 6B. 

0115 That is, in case a liquid lens is mounted on the 
second or the third lens group as shown in FIG. 3, a 
resolution drastically decreases at the vicinity of a 1.0 field. 
To Solve Such problem, a liquid lens may be mounted on the 
first lens group. 
0116. Therefore, an auto-focusing optical System accord 
ing to an embodiment of the present invention can realize a 
high contrast ratio and a high resolution. 
0117. As described above, thanks to an auto-focusing 
optical System including a liquid lens according to the 
present invention, not only a manufacturing in a Small size 
is possible but also a high resolution can be obtained. 
0118 Particularly, it is possible to maximize an efficiency 
of an optical System and shorten a length of the whole 
optical System by adding the liquid lens to the first lens 
group LG1 and enhancing the first lens group's power. 
Therefore, the optical System can be readily applied to a very 
Small-sized camera module Such as a camera phone. 
0119 Further, since the present invention uses a liquid 
lens, a power consumption is Small compared to a mechani 
cal operation type of the related art. Furthermore, Since a 
close shot is possible, the present invention shows an 
advantage for code Service, and further, can be applied to a 
Scan function. 

0120. It will be apparent to those skilled in the art that 
various modifications and variations can be made in the 
present invention. Thus, it is intended that the present 
invention covers the modifications and variations of this 
invention provided they come within the scope of the 
appended claims and their equivalents. 
0121 Particularly, though the present invention has been 
described mainly for an auto-focusing optical System, it can 
be readily applied to an optical System including a camera 
module having an optical Zoom function. 

1. An auto-focusing optical System comprising, Sequen 
tially from an object side: 
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a first lens group having a plus optical power, the first lens 
group including a liquid lens in which a curvature of a 
boundary surface formed between different liquids 
included in an inside is varied depending on an applied 
Voltage So that the boundary Surface performs a func 
tion of a lens Surface, and an aspherical lens having an 
aspherical Surface formed on at least one refractive 
Surface thereof; 

a Second lens group having a plus optical power, and 
including an aspherical lens having an aspherical Sur 
face formed on at least one refractive Surface thereof; 

a third lens group a minus optical power, and including an 
aspherical lens having an aspherical Surface formed on 
at least one refractive Surface thereof, and 

wherein the curvature of the boundary Surface of the 
liquid lens is varied So that an auto-focusing is per 
formed. 

2. The System of claim 1, wherein a refraction power of 
the liquid lens Satisfies the following Equation 1: 

-7&D&35 Equation 1, 

wherein D is refraction power of a surface of the liquid 
lens whose curvature is varied (unit: diopter). 

3. The System of claim 2, wherein an optical axial 
direction measure of the whole lens group Satisfies the 
following Equation 2: 

wherein oal is distance between an aperture stop up to an 
image plane, and 

Equation 2, 

f is composite focal length of the whole lens. 
4. The system of claim 2, wherein a power of the first lens 

group Satisfies the following Equation 3: 

wherein f1 is composite focal length of the first lens 
grOup. 

5. The system of claim 4, wherein a power of the third lens 
group Satisfies the following Equation 4: 

2.0-f3f45.5 
wherein f3 is composite focal length of the third lens 

grOup. 
6. The System of claim 1, wherein the first lens group 

comprises, Sequentially from an object Side: 

Equation 3, 

Equation 4, 

a first lens that corresponds to a cover Surface of the liquid 
lens; 

a Second lens including the liquid lens, and 
a third lens that corresponds to an upper cover Surface of 

the liquid lens. 
7. The System of claim 6, further comprising an aperture 

Stop arranged most closely to the object Side. 
8. The System of claim 1, further comprising an aperture 

Stop arranged most closely to the object Side. 

k k k k k 


