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Description

Title of Invention: CAMERA MODULE
Technical Field

The embodiment relates to a camera module.

Background Art

Recently, a camera module has been installed in a mobile communication terminal,
an information technology (IT) device, such as a PDA or an MP3 player, a vehicle, and
an endoscope. As the technology has been developed toward the high-pixel camera
module from the conventional VGA camera equipped with 0.3 mega pixels, the camera
module has been manufactured in a small size with a slim structure according to targets
to which the camera module is installed. In addition, the camera module has been
equipped with various additional functions, such as auto-focusing or optical zoom
functions, at the low manufacturing cost.

Meanwhile, the camera module manufactured in these days is equipped with an
image sensor module, which is manufactured through a COB (chip of board) scheme, a
COF (chip of flexible) scheme or a CSP (chip scale package) scheme, and is usually
connected to a main substrate through an electric connection unit, such as a PCB
(printed circuit board) or an FPCB (flexible printed circuit board).

However, users recently request the camera module, which can be directly mounted
on the main substrate similar to a general passive element, in such a manner that the
manufacturing process for the camera module can be simplified while reducing the
manufacturing cost.

The camera module is generally manufactured by attaching an image sensor, such as
a CCD or a CMOS, to a substrate through a wire bonding scheme or a flip chip
scheme. An image of a subject is focused by the image sensor and the focused image is
stored as data in a memory, which is installed inside or outside the camera module. In
addition, the stored data are converted into electric signals and the electric signals are
displayed as images through a display medium, such as an LCD or a PC monitor
provided in a device.

A camera module according to the related art includes a housing, an image sensor
supported on a bottom of the housing to convert an image signal received through a
lens into an electric signal, a lens group to focus an image signal of a subject to the
image sensor, and a barrel in which the lens group are stacked. The housing, the lens
group and the barrel are sequentially coupled with each other.

In addition, an FPCB mounted thereon with chip components, which are electric

components serving as a condenser and a resistor to drive the image sensor including a
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CCD or a CMOS, is electrically connected to the bottom of the housing.
In the camera module having the above structure according to the related art, in a

state that a plurality of circuit components have been mounted on the FPCB, an ACF
(anisotropic conductive film) is inserted between the substrate and the image sensor,
and heat and pressure are applied thereto in such a manner that the substrate, the image
sensor and the ACF are fixedly bonded and conducted with each other and an IR cut-
off filter is attached to an opposite side.

In addition, in a state that the barrel provided therein with a plurality of lens groups is
temporally screw-coupled with the housing, as described above, the assembled PCB
used for mounting devices is fixedly bonded to the bottom of the housing by an
adhesive.

Meanwhile, after the PCB, to which the image sensor is attached, has been fixedly
bonded to the housing coupled with the barrel, a focus adjustment is carried out with
respect to a subject (resolution chart) located in front of the barrel and spaced apart
from the barrel by a predetermined distance. At this time, the focus adjustment of the
camera module can be achieved between the lens group and the image sensor while
adjusting the vertical displacement by rotating the barrel screw-coupled with the
housing.

Disclosure of Invention

Technical Problem

The embodiment provides a camera module capable of effectively preventing hand-
shaking.
Solution to Problem

According to the embodiment, there is provided a camera module including: a lens
barrel disposed in a housing to receive a lens assembly; an elastic member in at least
one of the housing and the lens barrel; a driving unit moving the lens barrel relative to
the housing; and a sensor unit fixed to the housing.
Advantageous Effects of Invention

The camera module according to the embodiment can compensate for hand-shaking
by driving the lens barrel with respect to the housing. That is, the driving unit can
compensate for hand-shaking by moving the lens barrel relative to the housing.

Particularly, the camera module according to the embodiment allows an image
formed on the sensor unit to have a negative distortion by the lens assembly. Ac-
cordingly, when the shaking is compensated for by moving the lens barrel, an error at

an outer peripheral portion of the image can be minimized.
Brief Description of Drawings

FIG. 1 is a sectional view showing a camera module according to the embodiment.
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FIG. 2 is a diagram illustrating an optical system including a lens assembly, an

infrared (IR) cut-off filter unit, and a sensor unit.
FIG. 3 is a diagram illustrating an image incident onto the sensor unit through the

lens assembly.

FIG. 4 is a diagram illustrating distortion in an optical system including a lens
assembly, an IR cut-off filter unit, and a sensor unit.

FIG. 5 is a diagram illustrating movement of an image due to hand-shaking and com-
pensation thereof.

FIG. 6 is a sectional view showing a camera module according to another em-
bodiment.

FIG. 7 is a sectional view showing a camera module according to another em-

bodiment.

Mode for the Invention

In the description of the embodiments, it will be understood that when each lens,
unit, part, hole, protrusion, groove or layer is referred to as being “on” or “under”
another lens, unit, part, hole, protrusion, groove or layer, it can be “directly” or
“indirectly” on the other lens, unit, part, hole, protrusion, groove or layer or one or
more intervening layers may also be present. Such a position has been described with
reference to the drawings. The thickness and size of each layer shown in the drawings
may be exaggerated, omitted or schematically drawn for the purpose of convenience or
clarity. In addition, the size of elements does not utterly reflect an actual size.

FIG. 1 is a diagram showing a camera module according to the embodiment. FIG. 2
is a diagram illustrating an optical system including a lens assembly, an IR cut-off
filter unit, and a sensor unit. FIG. 3 is a diagram illustrating an image incident onto the
sensor unit through the lens assembly. FIG. 4 is a diagram illustrating distortion in an
optical system including a lens assembly, an IR cut-off filter unit, and a sensor unit.
FIG. 5 is a diagram illustrating movement of an image due to hand-shaking and com-
pensation thereof.

Referring to FIGS. 1 to 5, the camera module according to the embodiment includes
a lens barrel 100, a lens assembly 200, a first elastic member 310, a second elastic
member 320, a first housing 410, a second housing 420, an IR cut-off filter unit 500
and a sensor unit 600, a circuit board 800, and driving units 710, 720, 730, and 740.

The lens barrel 100 receives the lens assembly 200 therein. The lens barrel 100 has a
receiving groove for receiving the lens assembly 200. The receiving groove may have
a shape corresponding to a shape of the lens assembly 200.

The lens barrel 100 may have a rectangular shape or a cylindrical shape. That is, the

outer portion of the lens barrel 100 may have a rectangular shape or a circular shape.
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The lens barrel 100 may be connected with the first housing 410. In detail, the lens
barrel 100 is connected to the first housing 410 through the first elastic member 310.
That is, the lens barrel 100 may be movably connected to the first housing 410 by the
first elastic member 310.

In addition, the lens barrel 100 includes a light incident groove, which is open
upward (toward an object). The light incident groove exposes the lens assembly 200.
An image is incident into the lens assembly 200 through the light incident groove.

The lens assembly 200 is disposed in the lens barrel 100. In detail, the lens assembly
200 is disposed in the receiving groove. The lens assembly 200 is inserted into the
receiving groove. In more detail, the outer portion of the lens assembly 200 may have a
circular shape. In more detail, the outer portion of the lens assembly 200 may have a
circular shape when viewed from the top. In addition, the lens assembly 200 may have
a rectangular shape when viewed from the top.

The lens assembly 200 includes a plurality of lenses 210, 220, 230, and 240. For
instance, the lens assembly 200 may include a first lens 210, a second lens 220, a third
lens 230 and a fourth lens 240. The third lens 230, the second lens 220, and the first
lens 210 may be sequentially laminated.

Further, a first spacer and a second spacer may be interposed among the lenses 210,
220, 230, and 240. The lenses 210, 220, 230, and 240 are spaced apart from each other
through the first spacer and the second spacer.

Although it has been described that the lens assembly 200 includes four lenses, the
embodiment is not limited thereto. That is, the lens assembly 200 may include one to
three lenses or at least five lenses.

Referring to FIG. 2, the lens assembly 200, the IR cut-off filter unit 500, and the
sensor unit 600 constitute the optical system.

The first lens 210, the second lens 220, the third lens 230, and the fourth lens 240
may be sequentially disposed from the object side to the image side. In order to acquire
an image of a subject, light corresponding to image information of the subject is
incident to the sensor unit 600 by passing through the first lens 210, the second lens
220, the third lens 230, the fourth lens 240, and the IR cut-off filter unit 500.

The first lens 210 may have positive (+) refractive power, the second lens 220 may
have negative (-) refractive power, the third lens 230 may have the positive (+) re-
fractive power, and the fourth lens 240 may have the negative (-) refractive power.
Further, the first lens 210, the second lens 220, the third lens 230, and the fourth lens
240 may include glass or plastic.

The first lens 210 has a convex surface at the object side R1 thereof, and the first lens
210 has a convex, concave, flat surface at the image side R2 thereof. Further, the first

lens 210 may have an aspherical or spherical surface at the object side R1 thereof.
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Preferably, the first lens 210 has double-convex surfaces in the vicinity of an optical
axis.

[37] A curvature of the image side R2 of the first lens 210 may satisfy the following
equation 1.

[38] Equation 1

[39] 0<R<0.01

[40] In detail, the curvature of the image side R2 of the first lens 210 may satisfy the
following equation 7.

[41] Equation 7

[42] 0<R<0.001

[43] In more detail, the curvature of the image side R2 of the first lens 210 may be zero
(0).
[44] That is, the image side R2 of the first lens 210 may have a very small curvature. The

image side R2 of the first lens 210 may include the flat surface. The image side R2 of
the first lens 210 may have the flat surface or a curved surface similar to the flat
surface. The image side R2 of the first lens 210 is similar to the flat surface so that
tolerance of a small optical system according to the embodiment may be reduced.

[45] The second lens 220 may have a meniscus shape. The second lens 220 may have a
concave surface at the object side R1 thereof and the second lens 220 may have a
concave surface at the image side R4 thereof. That is, the second lens 220 may have
double-concave shapes. In addition, the second lens 220 may have a spherical or as-
pherical surface at the object side R3 and the image side R4 thereof. It is preferable
that the second lens 220 has a meniscus shape where a concave surface is directed to
the object side.

[46] The third lens 230 has a convex surface at the image side thereof in the vicinity of
the optical axis and has positive power. For example, the third lens 230 may have a
concave surface at the object side thereof in the vicinity of the optical axis.

[47] The third lens 230 may have a concave surface at the object side thereof and have a
convex surface at the image side R6 thereof. In addition, the third lens 230 may have a

spherical or aspherical surface at the object side R5 and the image side R6 thereof.

[48] The focus length of the third lens 230 may satisfy the following equation 2.

[49] Equation 2

[50] 0.5<t3/F<1.0

[51] In Equation 2, {3 represents an effective focal distance of the third lens 230, and F
represents a whole focus distance of a small optical system according to the em-
bodiment.

[52] In detail, the focus length of the third lens 230 may satisfy the following equation 4.

[53] Equation 4
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[54] 0.6<t3/F<0.9
[55] The fourth lens 240 may have a meniscus shape. The fourth lens 240 may have a

[56]
[57]

[66]

[72]

convex surface at an object side R7 thereof and the fourth lens 240 may have a
concave surface at an image side R8 thereof. In addition, the fourth lens 240 may have
an aspherical surface at the object side R7 and the image side RS thereof.

Further, the fourth lens 240 includes at least one aspheric inflection point.

In this case, the at least one aspheric inflection point may be formed on the object
side R7 of the fourth lens 240. In addition, the at least one aspheric inflection point CP
may be formed on the image side R8 of the fourth lens 240. The aspheric inflection
point of the fourth lens 240 may adjust the maximum radiation angle of a main light
incident into the light receiving device 70.

The focus length of the fourth lens 240 may satisfy the following equation 3.

Equation 3

-10<t4/F<-0.5

In Equation 3, {4 represents an effective focal distance of the fourth lens 240, and F
represents a whole focus distance of a small optical system according to the em-
bodiment.

In detail, the focus length of the third lens 230 may satisfy the following equation 5.

Equation 5

-1<f4/F<-0.5

If the light receiving device 70 serving as an imaging surface R14 is a charge
coupled device (CCD) or a complementary metal oxide semiconductor (CMOS), an
angle to ensure the quantity of light exists with respect to each pixel. If a different
angle is used in the pixel, the quantity of light is not ensured, a shading phenomenon in
which an outer portion of the image is darkened.

Therefore, the maximum of incident angle of the main ray is adjusted by forming the
aspheric inflection point at the image side R8 of the fourth lens 240 facing the image
side, thereby preventing the outer portion of the image screen from being darkened.

The small optical system may satisfy the following Equation 6.

Equation 6

I<ttl/F<1.3

In Equation 6, tt1 represents a distance between the object side of the first lens 210
and the image side thereof, and F represents the whole effective focus length.

When the optical system of the embodiment is designed as described above, the
optical system may have a negative distortion. That is, as shown in FIGS. 3 and 4, the
optical system may the negative distortion.

For example, when a field height is in the range of OF to 1.0F in the optical system, a

distortion of an image of the sensor unit 600 may be in the range of -2 % to 0 %.
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In detail, when the field height is in the range of 0.7 F to 1.0 F in the optical system,
the distortion of an image of the sensor unit 600 may be in the range of 0 % to -2 %.

In addition, when the field height is in the range of O F to 1.0 F in the optical system,
the distortion of an image of the sensor unit 600 may be in the range of -2 % to -5 %.

In detail, when the field height is in the range of 0.7 F to 1.0 F in the optical system,
the distortion of an image of the sensor unit 600 may be in the range of -2 % to -5 %.

The first elastic member 310 is disposed in the first housing 410. The first elastic
member 310 is fixed to the first housing 410. Further, the first elastic member 310 is
fixed to the lens barrel 100. The first elastic member 310 movably fixes the lens barrel
100 to the first housing 410.

The first elastic member 310 may include a spring. In detail, the first elastic member
310 may include a leaf spring.

The first housing 410 receives the lens barrel 100. The first housing 410 is connected
to the lens barrel 100 through the first elastic member 310.

The first housing 410 may include plastic or metal. The first housing 410 may have a
rectangular container shape.

The second housing 420 receives the first housing 410. That is, the first housing 410
is disposed in the second housing 420. The first housing 410 is connected to the second
housing 420 by the second elastic member 320.

The first housing 410 is movably fixed in the second housing 420 by the second
elastic member 320. The first housing 410 may float in the second housing 420.

The second housing 420 is fixed to the circuit board 800. The second housing 420
may be coupled with the circuit board 800. The second housing 420 may include
plastic or metal.

The second elastic member 320 is connected to the first housing 410 and the second
housing 420. The second elastic member 320 movably fixes the first housing 410 to
the second housing 420. The second elastic member 320 may include a spring. In
detail, the second elastic member 320 may include a leaf spring.

The IR cut-off filter unit 500 is disposed in the second housing 420. The IR cut-off
filter unit 500 is fixed to the circuit board 800 and may be fixed to the second housing
420. The IR cut-off filter unit 500 filters an incident IR. The IR cut-off filter unit 500
may filter light having an excessively long wavelength introduced into the sensor unit
600.

The IR cut-off filter unit 500 may be formed by alternately depositing titanium oxide
and silicon oxide on optical glass. In order to cut-off the IR, thicknesses of the titanium
oxide and the silicon oxide may be suitable adjusted.

The sensor unit 600 is received in the second housing 420. The sensor unit 600

includes a CCD image sensor and a CMOS image sensor. In addition, the sensor unit



WO 2014/003493 PCT/KR2013/005777

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

600 further includes the circuit board 800 connected to the image sensor. The sensor
unit 600 converts an incident image into an electrical signal.

The sensor unit 600 is fixed to the circuit board 800. The sensor unit 600 may be
mounted on the circuit board 800. The sensor unit 600 is electrically connected to the
circuit board 800.

A photographing region of the sensor unit 600 may have the size of 2.5 mm x 4.0 mm.
Further, a unit cell of the sensor unit 600 may have length and breadth of 2 um or less.

The circuit board 800 may cover a bottom of the second housing 420. The circuit
board 800 is coupled with the second housing 420. The circuit board 800 may include
a printed circuit board (PCB). The circuit board 800 may be electrically connected to
the sensor unit 600. The circuit board 800 may apply a signal for driving the sensor
unit 600. Further, the circuit board 800 may receive a signal from the sensor unit 600.

The sensor unit 600 is mounted on the circuit board 800. In detail, the sensor unit 600
may be fixed to the circuit board 800. That is, the sensor unit 600 may be fixed to the
second housing 420 through the circuit board 800.

Further, the circuit board 800 may be electrically connected to the driving units 710,
720, 730, and 740. That is, a signal for driving the driving units 710, 720, 730, and 740
may be applied to the driving units 710, 720, 730, and 740 through the circuit board
800.

The driving units 710, 720, 730, and 740 drive the lens barrel 100 with respect to the
first housing 410. The driving units 710, 720, 730, and 740 drive the first housing 410
with respect to the second housing 420.

The driving units 710, 720, 730, and 740 may move the lens barrel 100 and the first
housing 410 by a magnetic force. The driving units 710, 720, 730, and 740 may
include a first driving unit 710, a second driving unit 720, a third driving unit 730, and
a fourth driving unit 740. The driving units 710, 720, 730, and 740 may move the lens
barrel relative to the housing 400 by a magnetic force. In this case, the magnetic force
may be applied to a direction inclined with respect to the optical axis OA of the lens
assembly 200.

The first driving unit 710 is attached to the lens barrel 100. The first driving unit 710
may be fixed to the lens barrel 100. The first driving unit 710 may be disposed at an
outer side of the lens barrel 100.

The first driving unit 710 may include a coil. The first driving unit 710 may receive a
driving signal through the circuit board 800. The first driving unit 710 may generate a
magnetic field according to an electrical signal.

The first driving unit 710 may apply an attractive force or a repulsive force to the
second driving unit 720 in a direction inclined with respect to a reference horizontal

plane. In this case, the first driving unit 710 may apply the magnetic force to the
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second driving unit 720 at an angle of about +20° to about +70° with respect to the
reference horizontal plane. In detail, the first driving unit 710 may apply the magnetic
force to the second driving unit 720 at an angle of about +30° to about +50° with
respect to the reference horizontal plane R.

The second driving unit 720 is attached to the first housing 410. In detail, the second
driving unit 720 may be fixed to the first housing 410. In more detail, the second
driving unit 720 may be fixed to an inner side of the first housing 410.

The second driving unit 720 includes a magnetic material. The second driving unit
720 may have a plate shape. That is, the second driving unit 720 may be prepared as a
plate magnet.

The first driving unit 710 is close to the second driving unit 720. The first driving
unit 710 may be spaced apart from the second driving unit 720 by a very small
distance. The distance between the first driving unit 710 and the second driving unit
720 may be in the range of about 50 ym to about 1000 ym. The first driving unit 710
may face the second driving unit 720. Accordingly, a magnetic field may be generated
between the first driving unit 710 and the second driving unit 720.

The first driving unit 710 and the second driving unit 720 move the lens barrel 100
relative to the first housing 410. In detail, the first driving 710 and the second driving
unit 720 may move the lens barrel 100 relative to the first housing 410 in an optical-
axis direction of the lens assembly 200.

The third driving unit 730 is attached to the first housing 410. In detail, the third
driving unit 730 may be fixed to the first housing 410. In more detail, the third driving
unit 730 may be fixed to an outer side of the first housing 410.

The third driving unit 730 includes a magnetic material. The third driving unit 730
may have a plate shape. That is, the third driving unit 730 may be prepared as a plate
magnet.

The fourth driving unit 740 is attached to the second housing 420. In detail, the
fourth driving unit 740 may be fixed to the second housing 420. In more detail, the
fourth driving unit 740 may be fixed to an inner side of the second housing 420.

The fourth driving unit 740 may include a coil. The fourth driving unit 740 may
receive a driving signal through the circuit board 800. The fourth driving unit 740 may
generates a magnetic field according to an electrical signal.

The third driving unit 730 is close to the fourth driving unit 740. The third driving
unit 730 may be spaced apart from the fourth driving unit 740 by a very small distance.
The distance between the third driving unit 730 and the fourth driving unit 740 may be
in the range of about 50 um to about 1000 xm. The third driving unit 730 may face the
fourth driving unit 740. Accordingly, a magnetic force may be generated between the
third driving unit 730 and the fourth driving unit 740.
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The third driving unit 730 and the fourth driving unit 740 move the first housing 410
relative to the second housing 420. In detail, the third driving 730 and the fourth
driving unit 740 may move the first housing 410 relative to the second housing 420 in
a horizontal direction with respect to an optical axis of the lens assembly 200.

As a result, the driving units 710, 720, 730, and 740 may move the lens assembly 200
relative to the sensor unit 600 in the optical axis direction and in a direction horizontal
to the optical axis.

For example, when the subject is horizontally moved due to shaking, the first
housing 410 may be tilted or horizontally moved by the third driving unit 730 and the
fourth driving unit 740. Accordingly, a relative horizontal location between the lens
assembly 200 and the sensor 600 may be adjusted.

Further, a focus length between the lens assembly 200 and the sensor unit 600 may
be adjusted by the first driving unit 710 and the second driving unit 720.

Particularly, since the optical system has a negative distortion, movement of an
image according to shaking in a horizontal direction is minimized, and accordingly, a
compensation error may be reduced.

That is, as shown in FIG. 5, in the camera module according to the embodiment,
when an image is moved in the sensor unit 600 due to shaking, the driving units 710,
720, 730, and 740 move the lens barrel 100 in a direction opposite to a moving
direction of the image. For example, the driving units 710, 720, 730, and 740 move the
image to the initial position by horizontally moving or tilting the lens barrel 100.

In this case, since the optical system has a negative distortion, an error of an image
according to movement of the lens barrel 100 may be minimized in an outer peripheral
portion of the image.

That is, the optical system of the camera module according to the embodiment has
the negative distortion, so it is possible to prevent the movement distance of the image
from being increased due to the shaking as the image is located away from the optical
axis.

Particularly, the camera module according to the embodiment can minimize image
shaking at an outer peripheral portion of the photographing region and maximize a
shaking correction effect.

FIG. 6 is a diagram showing a camera module according to another embodiment. The
embodiment will be described by making reference to the above description of the
camera module. The description of the previous embodiment with respect to the
camera module may be incorporated in the description of the embodiment except for
the modifications.

Referring to FIG. 6, the first housing 410 may be omitted from the camera module

according to the embodiment. Further, a second housing 420 may be directly
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connected to the lens barrel 100 through an elastic member. In this case, the elastic
member may connect the lens barrel 110 to the second housing 420 in a direction
inclined with respect to an optical axis of the lens assembly 200.

Further, a first driving unit 710 is attached to the lens barrel 110. The first driving
unit 710 may include a magnetic material.

In addition, a fourth driving unit 740 is attached to an inner side of the second
housing 420. The fourth driving unit 740 may include a coil.

A fifth driving unit 750 is attached onto the circuit board 800. In detail, the fifth
driving unit 750 may be interposed between the first driving unit 710 and the circuit
board 800. The fifth driving unit 750 may include a coil.

Further, the fourth driving unit 740 and the fifth driving unit 750 may be electrically
to the circuit board 800.

The lens barrel 100 may be driven in a horizontal direction perpendicular to the
optical axis by a magnetic force between the first driving unit 710 and the fourth
driving unit 740. Moreover, the lens barrel 100 may be driven in the optical axis
direction by a magnetic force between the first driving unit 710 and the fifth driving
unit 750.

That is, the lens barrel 100 may be driven in the horizontal direction by the first
driving unit 710 and the fourth driving unit 740. Further, the lens barrel 100 may be
driven in the optical axis direction by the first driving unit 710 and the fifth driving
unit 750.

The camera module according to the embodiment may correct shaking and adjust
automatic focus by a simple structure.

FIG. 7 is a diagram showing a camera module according to another embodiment. The
embodiment will be described by making reference to the above description of the
camera module. The description of the previous embodiment with respect to the
camera module may be incorporated in the description of the embodiment except for
the modifications.

Referring to FIG. 7, in the camera module according to the embodiment, a third
driving unit 730 is omitted and a fourth driving unit 740 may be close to the second
driving unit 720. In detail, the fourth driving unit 740 may be interposed between the
second driving unit 720 and the circuit board 800.

Accordingly, the first housing 410 may be relatively moved according to an at-
tractive force or a repulsive force between the second driving unit 720 and the fourth
driving unit 740. In detail, the lens barrel 100 may be driven according to the attractive
force or the repulsive force between the first driving unit 710 and the second driving
unit 720, and the first housing 410 may be driven according to a magnetic force

between the second driving unit 720 and the fourth driving unit 740. That is, the first
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[127]

[128]

[129]

driving unit 710 may share the second driving unit 720 with the fourth driving unit 740

Therefore, the camera module according to the embodiment may have reduced
number of components and have the simple structure by omitting the third driving unit
730.

Any reference in this specification to “one embodiment,

2% <6

an embodiment,”
“example embodiment,” etc., means that a particular feature, structure, or characteristic
described in connection with the embodiment is included in at least one embodiment of
the invention. The appearances of such phrases in various places in the specification
are not necessarily all referring to the same embodiment. Further, when a particular
feature, structure, or characteristic is described in connection with any embodiment, it
is submitted that it is within the purview of one skilled in the art to affect such feature,
structure, or characteristic in connection with other ones of the embodiments.

Although embodiments have been described with reference to a number of il-
lustrative embodiments thereof, it should be understood that numerous other modi-
fications and embodiments can be devised by those skilled in the art that will fall
within the spirit and scope of the principles of this disclosure. More particularly,
various variations and modifications are possible in the component parts and/or ar-
rangements of the subject combination arrangement within the scope of the disclosure,
the drawings and the appended claims. In addition to variations and modifications in
the component parts and/or arrangements, alternative uses will also be apparent to
those skilled in the art.
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Claims

A camera module comprising:

a lens barrel disposed in a housing to receive a lens assembly;

an elastic member in at least one of the housing and the lens barrel;

a driving unit moving the lens barrel relative to the housing; and

a sensor unit fixed to the housing.

The camera module of claim 1, wherein the lens assembly forms an
image with a negative distortion in the sensor unit.

The camera module of claim 2, wherein the driving unit moves the lens
barrel in a direction opposite to a moving direction of the housing.

The camera module of claim 1, wherein, when a field height in the lens
assembly and the sensor unit is in a range of 0.7 F to 1.0 F, a distortion
of an image of the sensor unit is in a range of 0 % to -2 %.

The camera module of claim 1, wherein. when a field height in the lens
assembly and the sensor unit is in a range of O F to 1.0 F, a distortion of
an image of the sensor unit is in a range of 0 % to -2 %.

The camera module of claim 1, wherein, when a field height in the lens
assembly and the sensor is in a range of 0.7 F to 1.0 F, a distortion of
an image of the sensor unit is in a range of -2 % to -5 %.

The camera module of claim 1, wherein when a field height in the lens
assembly and the sensor is in a range of O F to 1.0 F, a distortion of an
image of the sensor unit is in a range of -2 % to -5 %.

The camera module of claim 1, wherein the housing comprises:

a first housing receiving the lens barrel; and

a second housing receiving the first housing,

wherein the elastic member comprises:

a first elastic member fixed to the lens barrel and the first housing; and
a second elastic member fixed to the first housing the second housing,
and

wherein the driving unit comprises:

a third driving unit and a fourth driving unit moving the first housing
relative to the second housing; and

a first driving unit and a second driving unit moving the lens barrel
relative to the first housing.

The camera module of claim 8, wherein the first driving unit and the
second driving unit adjust a distance between the lens assembly and the

sensor unit.
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[Claim 10]

[Claim 11]

[Claim 12]

[Claim 13]

[Claim 14]

[Claim 15]

[Claim 16]

[Claim 17]
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The camera module of claim 9, wherein the third driving unit and the
fourth driving unit adjust a location of a region of the sensor unit
crossing an optical axis of the lens assembly.

The camera module of claim 1, wherein the housing comprises:

a first housing receiving the lens barrel; and

a second housing receiving the first housing,

wherein the elastic member comprises:

a first elastic member fixed to the lens barrel and the first housing; and
a second elastic member fixed to the first housing and the second
housing, and

wherein the driving unit comprises:

a first driving unit attached to the first housing;

a second driving unit attached to the second housing; and

a fourth driving unit attached to the lens barrel.

The camera module of claim 11, wherein the first housing is moved
relative to the second housing according to an attractive force or a
repulsive force between the first driving unit and the second driving
unit.

The camera module of claim 11, wherein the lens barrel is moved
relative to the first housing according to an attractive force or a
repulsive force between the first driving unit and the fourth driving
unit.

The camera module of claim 1, further comprising a circuit board elec-
trically connected to the sensor unit and coupled with the housing,
wherein the driving unit comprises:

a magnetic material attached to the lens barrel;

a first coil attached to the housing and close to the magnetic material;
and

a second coil close to the magnetic material on the circuit board.

The camera module of claim 14, wherein the lens barrel is driven in an
optical axis direction by a magnetic force between the first coil and the
second coil.

The camera module of claim 8, wherein the second driving unit applies
an attractive force or a repulsive force to the first driving unit in a
direction inclined with respect to a reference horizontal plane per-
pendicular to an optical axis of the lens assembly.

The camera module of claim 8, wherein the first driving unit comprises

a coil and the second driving unit comprises a magnetic material facing
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the coil.
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