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CAMERA MODULE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit under 35 USC
119(a) of Korean Patent Application No. 10-2022-0188114
filed on Dec. 29, 2022, in the Korean Intellectual Property
Office, the entire disclosure of which is incorporated herein
by reference for all purposes.

BACKGROUND
1. Field
[0002] The present disclosure relates to a camera module.
2. Description of the Background
[0003] Camera modules may be used in mobile commu-

nication terminals such as smartphones, tablet PCs, and
laptop computers.

[0004] A focus adjustment function and a shake compen-
sation function may be used in such a camera module to
generate a high-resolution image.

[0005] Mobile communication terminals and camera mod-
ules may be reduced in size. However, an actuator for
moving a lens in the optical axis direction is required to
implement the focus adjustment function, and it may be
difficult to reduce a size of a camera module due to the
actuator.

[0006] In addition, when a ball bearing is used to guide a
motion of the lens, it may be difficult to maintain a balance
since the ball bearing is generally configured to be in point
contact with another member and a position of the ball
bearing is changed by the ball bearing moving in a rolling
motion in the process of moving the lens in the optical axis
direction. In addition, members being supported, with a ball
member inserted therebetween by magnetic force, may be
vulnerable to deformation (denting) by external impacts.
[0007] In addition, even though the camera module may
tend to be reduced in size, a sufficient distance between the
centers of the ball members in the optical axis direction
needs to be secured to prevent tilting, such that an increase
in thickness may be inevitable.

[0008] The above information is presented as background
information only to assist with an understanding of the
present disclosure. No determination has been made, and no
assertion is made, as to whether any of the above might be
applicable as prior art with regard to the disclosure.

SUMMARY

[0009] This Summary is provided to introduce a selection
of concepts in a simplified form that are further described
below in the Detailed Description. This Summary is not
intended to identify key features or essential features of the
claimed subject matter, nor is it intended to be used as an aid
in determining the scope of the claimed subject matter.

[0010] In one general aspect, a camera module includes a
lens module including at least one lens, a housing accom-
modating the lens module, and a driving magnet including
first and second magnets disposed on the lens module at an
interval. The lens module is supported by the housing with
a ball member interposed therebetween. The ball member
includes two ball members disposed between inner sides of
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the first and second magnets in an optical axis direction. The
first and second magnets are both disposed on one surface of
the lens module.

[0011] The ball member may further include one ball
member disposed on an outer side of the first or second
magnet, and three ball members of the ball member may be
disposed in a triangular shape.

[0012] The camera module may further include a yoke
disposed to oppose the driving magnet in a direction per-
pendicular to the optical axis direction, wherein a center of
attractive force formed between the driving magnet and the
yoke may be formed inside a triangle formed by the three
ball members.

[0013] The camera module may further include a yoke
disposed to oppose the driving magnet in a direction per-
pendicular to the optical axis direction, wherein at least a
portion of the yoke may be disposed to overlap the entire
first and second magnets of the driving magnet in a direction
perpendicular to the optical axis direction.

[0014] The ball member may further include at least one
ball member disposed on an outer side of the first or second
magnet.

[0015] Contact points between the ball members and the
lens module or the housing may form at least three support
points, respectively, and two ball members disposed
between the first and second magnets, among the ball
members, may always form a support point.

[0016] The lens module may have a first accommodation
groove having a length in the optical axis direction to
accommodate the two ball members between the first and
second magnets.

[0017] The housing may have a second accommodation
groove at a position corresponding to that of the first
accommodation groove.

[0018] The ball members may be movable in a rolling
motion.
[0019] The ball member may be fixed to the lens module

or the housing to be movable in a sliding motion.

[0020] Two driving coils may be disposed to oppose the
first and second magnets, respectively.

[0021] In another general aspect, a camera module
includes a housing having a driving coil, a carrier having a
driving magnet to oppose the driving coil, the carrier dis-
posed in the housing to be movable in an optical axis
direction, and a yoke disposed on a rear surface of the
driving coil to overlap the driving magnet in a direction
perpendicular to the optical axis direction. The carrier is
supported by the housing via a support protrusion. The
driving magnet includes first and second magnets disposed
as two magnets spaced from each other at a predetermined
interval in a direction perpendicular to the optical axis
direction. The support protrusion includes two support pro-
trusions spaced apart from each other in the optical axis
direction in point contact with a counter member between
inner sides of the first and second magnets, or includes a
single support protrusion in the form of a rail in line contact
with the counter member. The first and second magnets are
both disposed on one surface of the lens module.

[0022] The support protrusion may be disposed on the
carrier or the housing.

[0023] The two support protrusions may be disposed at an
upper end and a lower end of the carrier in the optical axis
direction, when the support protrusion is disposed on the
carrier to be in point contact.
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[0024] The support protrusion may include at least one
support protrusion disposed on an outer side of the first or
second magnet.

[0025] When the support protrusion may be disposed in
point contact between the inner sides of the first and second
magnets, contact points with the carrier or the housing
respectively form at least three support points, and two
support protrusions disposed between the first and second
magnets, among the support protrusions, always form a
point contact.

[0026] The support protrusion may have a hemispherical
shape.
[0027] The support protrusion may have a semi-cylindri-

cal shape having a length in the optical axis direction.
[0028] In another general aspect, a camera module
includes a lens module including at least one lens, a housing
accommodating the lens module, first and second magnets
disposed on the lens module at an interval, and first and
second ball bearing groups disposed between the lens mod-
ule and the housing. A length of the first ball bearing group
in the optical axis direction is different from that of the
second ball bearing group in the optical axis direction, and
the first ball bearing group is disposed between the first and
second magnets.

[0029] In another general aspect, a camera module
includes a lens module having at least one lens, a housing
accommodating the lens module, a first magnet and a second
magnet disposed on a side surface of the lens module and
spaced apart from each other in a first axis direction per-
pendicular to an optical axis, and a first ball bearing group
and a second ball bearing group disposed between the lens
module and the housing, and spaced apart from each other
in the first axial direction, wherein the first ball bearing
group includes two or more balls disposed in an optical axis
direction, and the second ball bearing group includes less
balls than the first ball bearing group, and wherein the first
ball bearing group is disposed between the first magnet and
the second magnet.

[0030] Other features and aspects will be apparent from
the following detailed description, the drawings, and the
claims.

BRIEF DESCRIPTION OF DRAWINGS

[0031] FIG. 1 is a perspective view of a camera module
according to an example embodiment of the present disclo-
sure.

[0032] FIG. 2 is a schematic exploded perspective view of
a camera module according to an example embodiment of
the present disclosure.

[0033] FIG. 3 is a plan cross-sectional view of portion
A-A' of FIG. 1.
[0034] FIG. 4 is an exploded perspective view of a focus

driving unit according to an example embodiment of the
present disclosure.

[0035] FIGS. 5A, 5B, and 5C are reference views illus-
trating a position in which a center of attractive force formed
between a yoke, a focus driving unit, and a driving magnet
is implemented according to an example embodiment of the
present disclosure.

[0036] FIGS. 6A, 6B, and 6C are reference views illus-
trating an effect of an example embodiment of the present
disclosure.
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[0037] FIGS. 7, 8,9, and 10 are reference views illustrat-
ing a structure of a focus driving unit according to another
example embodiment of the present disclosure.

[0038] FIG. 11 is an exploded perspective view of a guide
member according to an example embodiment of the present
disclosure.

[0039] FIG. 12 is an exploded perspective view of a guide
member according to another example embodiment of the
present disclosure.

[0040] Throughout the drawings and the detailed descrip-
tion, the same reference numerals refer to the same ele-
ments. The drawings may not be to scale, and the relative
size, proportions, and depiction of elements in the drawings
may be exaggerated for clarity, illustration, and conve-
nience.

DETAILED DESCRIPTION

[0041] Hereinafter, while examples of the present disclo-
sure will be described in detail with reference to the accom-
panying drawings, it is noted that examples are not limited
to the same.

[0042] The following detailed description is provided to
assist the reader in gaining a comprehensive understanding
of the methods, apparatuses, and/or systems described
herein. However, various changes, modifications, and
equivalents of the methods, apparatuses, and/or systems
described herein will be apparent after an understanding of
this disclosure. For example, the sequences of operations
described herein are merely examples, and are not limited to
those set forth herein, but may be changed as will be
apparent after an understanding of this disclosure, with the
exception of operations necessarily occurring in a certain
order. Also, descriptions of features that are known in the art
may be omitted for increased clarity and conciseness.
[0043] The features described herein may be embodied in
different forms, and are not to be construed as being limited
to the examples described herein. Rather, the examples
described herein have been provided merely to illustrate
some of the many possible ways of implementing the
methods, apparatuses, and/or systems described herein that
will be apparent after an understanding of this disclosure.
[0044] Throughout the specification, when an element,
such as a layer, region, or substrate is described as being
“on,” “connected to,” or “coupled to” another element, it
may be directly “on,” “connected to,” or “coupled to” the
other element, or there may be one or more other elements
intervening therebetween. In contrast, when an element is
described as being “directly on,” “directly connected to,” or
“directly coupled to” another element, there can be no other
elements intervening therebetween.

[0045] As used herein, the term “and/or” includes any one
and any combination of any two or more of the associated
listed items; likewise, “at least one of” includes any one and
any combination of any two or more of the associated listed
items.

[0046] Although terms such as “first,” “second,” and
“third” may be used herein to describe various members,
components, regions, layers, or sections, these members,
components, regions, layers, or sections are not to be limited
by these terms. Rather, these terms are only used to distin-
guish one member, component, region, layer, or section
from another member, component, region, layer, or section.
Thus, a first member, component, region, layer, or section
referred to in examples described herein may also be
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referred to as a second member, component, region, layer, or
section without departing from the teachings of the
examples.

[0047] Spatially relative terms, such as “above,” “upper,”
“below,” “lower,” and the like, may be used herein for ease
of description to describe one element’s relationship to
another element as shown in the figures. Such spatially
relative terms are intended to encompass different orienta-
tions of the device in use or operation in addition to the
orientation depicted in the figures. For example, if the device
in the figures is turned over, an element described as being
“above,” or “upper” relative to another element would then
be “below,” or “lower” relative to the other element. Thus,
the term “above” encompasses both the above and below
orientations depending on the spatial orientation of the
device. The device may also be oriented in other ways
(rotated 90 degrees or at other orientations), and the spatially
relative terms used herein are to be interpreted accordingly.
[0048] The terminology used herein is for describing
various examples only, and is not to be used to limit the
disclosure. The articles “a,” “an,” and “the” are intended to
include the plural forms as well, unless the context clearly
indicates otherwise. The terms “comprises,” “includes,” and
“has” specify the presence of stated features, numbers,
operations, members, elements, and/or combinations
thereof, but do not preclude the presence or addition of one
or more other features, numbers, operations, members, ele-
ments, and/or combinations thereof.

[0049] Due to manufacturing techniques and/or toler-
ances, variations of the shapes shown in the drawings may
occur. Thus, the examples described herein are not limited to
the specific shapes shown in the drawings, but include
changes in shape that occur during manufacturing.

[0050] Herein, it is noted that use of the term “may” with
respect to an example, for example, as to what an example
may include or implement, means that at least one example
exists in which such a feature is included or implemented
while all examples are not limited thereto.

[0051] The features of the examples described herein may
be combined in various ways as will be apparent after an
understanding of this disclosure. Further, although the
examples described herein have a variety of configurations,
other configurations are possible as will be apparent after an
understanding of this disclosure.

[0052] One or more examples of the present disclosure as
described herein may implement stable driving of an actua-
tor for autofocus adjustment while reducing a size of a
camera module.

[0053] One or more examples of the present disclosure as
described herein may ensure sufficient strength against
external impacts while reducing a size of a camera module.
[0054] The present disclosure relates to a camera module,
and may be applicable to portable electronic devices such as
mobile communication terminals, smartphones, and tablet
PCs including one or more camera modules.

[0055] FIG. 1 is a perspective view of a camera module
according to an example embodiment of the present disclo-
sure, and FIG. 2 is a schematic exploded perspective view of
a camera module according to an example embodiment of
the present disclosure.

[0056] Referring to FIGS. 1 and 2, a camera module 1000
according to an example embodiment of the present disclo-
sure may include a lens barrel 210, a lens driving apparatus
for moving the lens barrel 210, an image sensor module 700
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converting light incident through the lens barrel 210 into an
electrical signal, and a housing 120 and a case 110 accom-
modating the lens barrel 210 and the lens driving apparatus.
[0057] The lens barrel 210 may have a hollow cylindrical
shape such that a plurality of lenses for capturing an image
of a subject are accommodated therein, and the plurality of
lenses may be mounted in the lens barrel 210 along an
optical axis.

[0058] The necessary number of plurality of lenses may
vary depending on a design of the lens barrel 210, and the
respective lenses may have optical properties such as the
same refractive index, different refractive indices, or the
like.

[0059] The lens driving apparatus may be an apparatus
moving the lens barrel 210.

[0060] For example, the lens driving apparatus may per-
form focus adjustment by moving the lens barrel 210 in an
optical axis (Z-axis) direction, and may compensate for the
shaking of a camera module during image capturing by
moving the lens barrel 210 in directions (X-axis and Y-axis),
perpendicular to an optical axis (Z-axis).

[0061] The lens driving apparatus may include a focus
adjustment unit 400 performing focus adjustment and a
shake compensation unit 500 compensating for the shaking
of the camera.

[0062] The image sensor module 700 may be an apparatus
converting light incident through the lens barrel 210 into an
electrical signal.

[0063] For example, the image sensor module 700 may
include an image sensor 710 and a printed circuit board 720
connected to the image sensor 710, and may further include
an infrared filter.

[0064] The infrared filter may serve to block light in an
infrared region in the light incident through the lens barrel
210.

[0065] The image sensor 710 may convert the light inci-
dent through the lens barrel 210 into an electrical signal. For
example, the image sensor 710 may be a charge coupled
device (CCD) or a complementary metal-oxide semiconduc-
tor (CMOS).

[0066] The electrical signal converted by the image sensor
710 may be output as an image through a display unit of a
portable electronic device.

[0067] The image sensor 710 may be fixed to the printed
circuit board 720, and may be electrically connected to the
printed circuit board 720 by wire bonding.

[0068] The lens barrel 210 and the lens driving apparatus
may be accommodated in the housing 120.

[0069] For example, the housing 120 may have open
upper and lower portions, and the lens barrel 210 and the
lens driving apparatus may be accommodated in an internal
space of the housing 120.

[0070] The image sensor module 700 may be disposed
below the housing 120.

[0071] In addition, a substrate 600, providing a driving
signal to the focus adjustment unit 400 and the shake
compensation unit 500, may be disposed on a side surface of
the housing 120. The substrate 600 may be provided as a
single substrate 600 surrounding the side surface of the
housing 120.

[0072] As will be described below, the side surface of the
housing 120 may have an opening, such that a driving coil
430 of the focus adjustment unit 400, and a first driving coil
5105, a second driving coil 5205, and second position
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detection units 5116 and 5215 of the shake compensation
unit 500 may be inserted thereinto.

[0073] The case 110 may be coupled to the housing 120,
and may serve to protect internal components of the camera
module 100.

[0074] In addition, the case 110 may serve to shield
electromagnetic waves.

[0075] For example, the case 110 may shield electromag-
netic waves such that the electromagnetic waves generated
in the camera module do not affect other electronic compo-
nents in the portable electronic device.

[0076] Inaddition, various electronic components in addi-
tion to the camera module may be mounted in the portable
electronic device, such that the case 110 may shield elec-
tromagnetic waves such that electromagnetic waves gener-
ated in the electronic components may not affect the camera
module.

[0077] The case 110 may be formed of a metal material to
thereby be grounded to a ground pad provided in the printed
circuit board 720, thereby shielding electromagnetic waves.
[0078] Referring to FIG. 2, the focus adjustment unit 400
of the lens driving apparatus of the camera module 1000
according to an example embodiment of the present disclo-
sure will be described.

[0079] In order to focus on a subject, the lens barrel 210
may be moved by the lens driving apparatus.

[0080] For example, in the present disclosure, the focus
adjustment unit 400, moving the lens barrel 210 in the
optical axis (Z-axis) direction, may be included.

[0081] The focus adjustment unit 400 may include a
carrier 300 accommodating the lens barrel 210, and magnets
410, 411, and 413 and driving coils 430, 431, and 433
generating driving force so as to move the lens barrel 210
and the carrier 300 in the optical axis (Z-axis) direction.
Here, the carrier 300 accommodating the lens barrel 210, the
focus adjustment unit 400, may be included in a lens
module. That is, the carrier 300 and all components provided
in the carrier 300 may be included in the lens module.
[0082] The magnet 410 may be mounted on the carrier
300. For example, the magnet 410 may be mounted on one
surface of the carrier 300.

[0083] The driving coil 430 may be a copper foil pattern
in which winding coils are attached to the substrate 600 or
are stacked and embedded in the substrate 600. The substrate
600 may be mounted on a side surface of the housing 120
such that the magnet 410 and the driving coil 430 oppose
each other in a direction perpendicular to the optical axis
(Z-axis).

[0084] The magnet 410 may be a moving member
mounted on the carrier 300 to move together with the carrier
300 in the optical axis (Z-axis) direction, and the driving coil
430 may be a fixed member fixed to the housing 120.
[0085] When power is applied to the driving coil 430, the
carrier 300 may be moved in the optical axis (Z-axis)
direction by electromagnetic interaction between the magnet
410 and the driving coil 430.

[0086] Referring to FIGS. 2 and 11, a guide member 315
may be accommodated in the carrier 300 to implement shake
compensation, and the lens barrel 210 may be mounted in
the guide member 315, such that the guide member 315 and
the lens barrel 210 may also be moved in the optical axis
(Z-axis) direction by the movement of the carrier 300. In this
case, the guide member 315 may move in both X-axis and
Y-axis directions, perpendicular to the optical axis direction.
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[0087] Referring to FIGS. 2 and 12 as another example
embodiment, the guide member 315 may be provided as a
separation-type guide member. That is, the guide member
315 including a frame 310 and a lens holder 320 may be
accommodated in the carrier 300, and the lens barrel 210
may be mounted in the lens holder 320. In this case, the
frame 310, the lens holder 320, and the lens barrel 210 may
be moved in the optical axis (Z-axis) direction by the
movement of the carrier 300.

[0088] When the carrier 300, that is, the lens module, is
moved, ball members Bl to B11, B12, and B13 may be
disposed between the carrier 300 and the housing 120 to
reduce friction between the carrier 300 and the housing 120.
The ball member B1 may be in the form of a ball.

[0089] The magnet 410 may be divided into two magnets
411 and 413, and the two magnets 411 and 413 may be
disposed to be spaced from each other at a predetermined
interval in a direction (X-axis direction in the drawing),
perpendicular to the optical axis direction. Here, the two
magnets 411 and 413 may be provided together on one
surface of the carrier 300, that is, the lens module. That is,
the two magnets 411 and 413 may be provided on one
surface of the lens module. In addition, the driving coil 430
may be divided into two driving coils 431 and 433, and the
two driving coils 431 and 433 may be provided in the
housing 120 to respectively oppose the two driving magnets
411 and 413.

[0090] The ball member B1 may include an eleventh ball
member B11l and a twelfth ball member B12 disposed
between inner sides of the two driving magnets 411 and 413.
An auxiliary ball member may also be additionally provided
between the eleventh ball member B11 and the twelfth ball
member B12 or on outer sides of the eleventh ball member
B11 and the twelfth ball member B12. The auxiliary ball
member may have a size the same as or smaller than those
of the eleventh ball member B11l and the twelfth ball
member B12.

[0091] In addition, a thirteenth ball member B13 provided
on an outer side of one of the two driving magnets 411 and
413 may be included. An auxiliary ball member may also be
additionally provided on an upper portion or lower portion
of the thirteenth ball member B13 in the optical axis
direction. The auxiliary ball member may have a size the
same as or smaller than the thirteenth ball member B13.
[0092] The ball member B1 may include at least three ball
members, an eleventh ball member B11l, a twelfth ball
member B12, and a thirteenth ball member B13, and the
three ball members may correspond to vertices of a triangle.
That is, the three ball members may form the triangle.
[0093] Here, the ball members B11 and B12 provided
between the first and second magnets 411 and 413 may be
referred to as a first ball bearing group, and other ball
members, for example, the ball member B13 provided on an
outer side of the first magnet 411 or the second magnet 413,
may be referred to as a second ball bearing group. In
addition, as described above, an auxiliary ball member may
be additionally provided between the eleventh ball member
B11 and the twelfth ball member B12 or on the outer sides
of the eleventh ball member B11l and the twelfth ball
member B12, and the second ball bearing group may include
one ball member or two or more ball members.

[0094] A length of the first ball bearing group in the optical
axis direction may be provided to be different from that of
the second ball bearing group in the optical axis direction.
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For example, as described above, the first ball bearing group
may include two ball members B11 and B12, and the second
ball bearing group may include one ball member B13 (that
is, there is a difference between the number of ball members
of the first ball bearing group and the number of ball
members of the second ball bearing group), or even when
the first ball bearing group and the second ball bearing group
include the same number of ball members such as two or
three ball members, a sum of diameters of all ball members
of the first ball bearing group may be different from a sum
of diameters of all ball members of the second ball bearing
group.

[0095] Contact points between the ball members B11,
B12, and B13 and the carrier 300 or the housing 120 may
form at least three support points, respectively, and two ball
members B11 and B12 provided between the magnets 411
and 413, among the ball members B11, B12, and B13, may
always form a support point.

[0096] That is, three ball members may be respectively
accommodated in a first accommodation groove [.1 and a
second accommodation groove [.2 of the carrier 300, and a
third accommodation groove L3 and a fourth accommoda-
tion groove L4 of the housing 120.

[0097] The first accommodation groove [.1 may be pro-
vided in the carrier 300 and may be provided between the
inner sides of the two driving magnets 411 and 413. In
addition, the second accommodation groove L2 may be
provided on an outer side of one of the two driving magnets
411 and 413.

[0098] Accordingly, the third accommodation groove [.3
may be provided in the housing 120 and provided between
the inner sides of the two driving coils 431 and 433 to
oppose the first accommodation groove L1, and the fourth
accommodation groove [.4 may be provided on an outer side
of one of the two driving coils 431 and 433 to oppose the
second accommodation groove [.2.

[0099] The first to fourth accommodation grooves .1 to
L4 may be provided to have a long rail groove shape such
that the first to fourth accommodation grooves L1 to [.4 have
a length in the optical axis direction.

[0100] In addition, the eleventh ball member B11 and the
twelfth ball member B12 may be inserted between the first
accommodation groove L1 and the third accommodation
groove 1.3 to be movable in a rolling motion or sliding
motion in the optical axis direction, and the thirteenth ball
member B13 may be inserted between the second accom-
modation groove [.2 and the fourth accommodation groove
L4 to be movable in a rolling motion or sliding motion in the
optical axis direction.

[0101] The ball member B1 may be a structure fixed to the
carrier 300 or the housing 120. In this case, the ball member
B1 may slidably move along an accommodation groove
provided in a counter member opposing the ball member B1.
For example, when the ball member B1 is fixed to the carrier
300, the housing 120 may be the counter member, and when
the ball member B1 is fixed to the housing 120, the carrier
300 may be the counter member.

[0102] A first yoke 450 may be disposed to oppose the
magnet 410 in a direction (Y-axis) perpendicular to the
optical axis (Z-axis). For example, the first yoke 450 may be
mounted on an outer side surface of the substrate 600 (a
surface opposite to a surface on which the driving coil 430
is provided). Accordingly, the first yoke 450 may be dis-
posed to oppose the magnet 410 with the driving coil 430
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interposed therebetween. That is, the first yoke 450 may be
disposed to overlap at least a portion of the magnet 410 in
a direction (Y-axis direction) perpendicular to the optical
axis direction.

[0103] Attractive force may act between the first yoke 450
and the magnet 410 in a direction perpendicular to the
optical axis (Z-axis).

[0104] Accordingly, the ball member B1 may maintain a
state of contact with the carrier 300 and the housing 120 due
to the attractive force between the first yoke 450 and the
magnet 410.

[0105] In addition, the first yoke 450 may also server to
focus magnetic force of the magnet 410, thereby preventing
leakage magnetic flux from occurring.

[0106] Forexample, the first yoke 450 and the magnet 410
may form a magnetic circuit.

[0107] In the present example embodiment, the magnets
410 may be divided into two magnets, and the first yoke 450
may be provided to overlap at least a portion of the two
magnets 411 and 413 in a direction perpendicular to the
optical axis direction. For example, the first yoke 450 may
be provided to have a larger size so as to overlap all of the
two magnets 411 and 413.

[0108] In the present disclosure, a closed loop control
method of detecting a position of the lens barrel 210 and
providing feedback related thereto may be used.

[0109] Accordingly, a first position detection unit 470 may
be provided for closed loop control. The first position
detection unit 470 may use various sensing methods such as
an inductance sensing method using at least one coil, a hall
sensor sensing method, and the like.

[0110] Subsequently, the shake compensation unit 500 of
the lens driving apparatus of the camera module 1000
according to an example embodiment of the present disclo-
sure will be described with reference to FIGS. 2, 11, and 12.
[0111] The shake compensation unit 500 may be used to
compensate for image blurring or image distortion due to an
external vibration factor such as the shaking of a user’s hand
when the image is captured or the video is recorded.
[0112] For example, when the camera module is shaken
during image capturing due to the shaking of the user’s hand
or the like, the shake compensation unit 500 may impart
relative displacement corresponding to the shaking of the
camera to the lens barrel 210, thereby compensating for the
shaking of the camera.

[0113] For example, the shake compensation unit 500 may
compensate for the shaking of the camera module by mov-
ing the lens barrel 210 in a direction perpendicular to the
optical axis (Z-axis).

[0114] The shake compensation unit 500 may include a
guide member 315 guiding the movement of the lens barrel
210, and a plurality of magnets and a plurality of coils
generating driving force to move the guide member 315 in
a direction perpendicular to the optical axis (Z-axis).
[0115] The plurality of magnets may include a first magnet
510a and a second magnet 520a, and the plurality of coils
may include a first driving coil 51056 and a second driving
coil 5204.

[0116] Referring to FIGS. 2 and 11, the guide member 315
may be inserted into the carrier 300 and may serve to guide
the movement of the lens barrel 210 mounted in the guide
member 315. The guide member 315 has a space into which
the lens barrel 210 is insertable. The lens barrel 210 may be
inserted into and fixed to the guide member 315. The guide
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member 315 may be provided as a single member, and thus
may be provided to move in a first direction perpendicular
to the optical axis direction, and a second direction perpen-
dicular to both the optical axis direction and the first
direction.

[0117] In addition, referring to FIG. 12, the guide member
315 may include the frame 310 and the lens holder 320. The
frame 310 and the lens holder 320 may be sequentially
inserted into the carrier 300 in the optical axis (Z-axis)
direction, and may serve to guide the movement of the lens
barrel 210. In this case, the frame 310 may serve to guide the
movement in the first direction perpendicular to the optical
axis direction, and the lens holder 320 may serve to guide the
movement in the second direction perpendicular to both the
optical axis direction and the first direction.

[0118] The frame 310 and the lens holder 320 have a space
into which the lens barrel 210 is insertable. The lens barrel
210 may be inserted into and fixed to the lens holder 320.
[0119] The guide member 315 disposed on an upper
portion of the carrier 300 in the optical axis direction with
the ball member B2 interposed therebetween may move in
the first and second directions. To this end, the guide
member 315 may include a first magnet 510a and a second
magnet 520a disposed on mutually perpendicular surfaces
thereof to be parallel to the optical axis direction.

[0120] The guide member 315 may be moved in a direc-
tion perpendicular to the optical axis (Z-axis), with respect
to the carrier 300 by driving force generated by a plurality
of magnets and a plurality of coils.

[0121] The first magnet 510¢ and the first driving coil
5106 may generate driving force in a first axis (X-axis)
direction perpendicular to the optical axis (Z-axis), and the
second magnet 520a and the second driving coil 5205 may
generate driving force in a second axis (Y-axis) direction
perpendicular to the first axis (X-axis). That is, the plurality
of magnets and the plurality of coils may generate driving
force in directions opposing each other.

[0122] Here, the second axis (X-axis) may refer to an axis
perpendicular to both the optical axis (Z-axis) and the first
axis (Y-axis).

[0123] The plurality of magnets may be disposed to be
orthogonal to each other on a plane, perpendicular to the
optical axis (Z-axis), and the plurality of coils may also be
disposed to be orthogonal to each other on the plane,
perpendicular to the optical axis (Z-axis).

[0124] In another example embodiment described with
reference to FIG. 12, the guide member 315 may include the
frame 310 and the lens holder 320.

[0125] The frame 310 and the lens holder 320 may be
moved in a direction perpendicular to the optical axis
(Z-axis), with respect to the carrier 300 by driving force
generated by a plurality of magnets and a plurality of coils.
[0126] The first magnet 510¢ and the first driving coil
5106 may generate driving force in a first axis (X-axis)
direction perpendicular to the optical axis (Z-axis), and the
second magnet 520a and the second driving coil 5205 may
generate driving force in a second axis (Y-axis) direction
perpendicular to the first axis (X-axis). That is, the plurality
of magnets and the plurality of coils may generate driving
force in directions opposing each other.

[0127] Here, the second axis (X-axis) may refer to an axis
perpendicular to both the optical axis (Z-axis) and the first
axis (Y-axis).

Jul. 4, 2024

[0128] The plurality of magnets may be disposed to be
orthogonal to each other on a plane perpendicular to the
optical axis (Z-axis), and the plurality of coils may also be
disposed to be orthogonal to each other on the plane per-
pendicular to the optical axis (Z-axis).

[0129] The first magnet 510« and the second magnet 520a
may be mounted on the lens holder 320. For example, the
first magnet 510¢ and the second magnet 520a may be
respectively mounted on side surfaces of the lens holder 320.
The side surfaces of the lens holder 320 may include a first
surface and a second surface perpendicular to each other,
and the first magnet 510q and the second magnet 520a may
be disposed on the first surface and the second surface of the
lens holder 320.

[0130] The first driving coil 51056 and the second driving
coil 5206 may be winding coils mounted on the substrate
600 or may be stacked and embedded copper foil patterns.
The substrate 600 may be mounted on a side surface of the
housing 120 such that the first magnet 510a and the first
driving coil 5105 oppose each other in a direction perpen-
dicular to the optical axis (Z-axis), and the second magnet
520q and the second driving coil 52056 oppose each other in
a direction perpendicular to the optical axis (Z-axis).
[0131] The first magnet 510« and the second magnet 520a
may be moving members moving together with the guide
member 315 in a direction perpendicular to the optical axis
(Z-axis), and the first driving coil 5106 and the second
driving coil 5205 may be fixed members fixed to the housing
120.

[0132] In the present disclosure, a plurality of ball mem-
bers, supporting the guide member 315 or the frame 310 and
the lens holder 320 of the shake compensation unit 500, may
be provided. The plurality of ball members may serve to
guide the movement of the guide member 315 or the frame
310 and the lens holder 320, and the lens barrel 210 in a
shake compensation process. In addition, the plurality of ball
members may also serve to maintain intervals between the
carrier 300, the frame 310, and the lens holder 320 or the
carrier 315 and the guide member 315.

[0133] Referring to FIG. 11, the plurality of ball members
may include a second ball member B2. The second ball
member B2 may guide the movement of the guide member
315 in the first axis (X-axis) direction and the second axis
(Y-axis) direction.

[0134] Referring to FIG. 12, the plurality of ball members
may include a third ball member B3 and a fourth ball
member B4.

[0135] The third ball member B3 may guide the move-
ment of the frame 310, the lens holder 320, and the lens
barrel 210 in the first axis (X-axis) direction, and the fourth
ball member B4 guides the movement of the lens holder 320
and the lens barrel 210 in the second axis (Y-axis) direction.
[0136] For example, the third ball member B3 may be
movable in a rolling motion in the first axis (X-axis)
direction when driving force is generated in the first axis
(X-axis) direction. Accordingly, the third ball member B3
may guide the movement of the frame 310, the lens holder
320, and the lens barrel 210 in the first axis (X-axis)
direction.

[0137] In addition, the fourth ball member B4 may be
movable in a rolling motion in the second axis (Y-axis)
direction when driving force is generated in the second axis
(Y-axis) direction. Accordingly, the fourth ball member B4
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may guide the movement of the lens holder 320 and the lens
barrel 210 in the second axis (Y-axis) direction.

[0138] The third ball member B3 may include a plurality
of ball members disposed between the carrier 300 and the
frame 310, and the fourth ball member B4 may include a
plurality of ball members disposed between the frame 310
and the lens holder 320.

[0139] When driving force is generated in the first axis
(X-axis) direction, the guide member 315, or the frame 310
and the lens holder 320, and the lens barrel 210 may move
together in the first axis (X-axis) direction.

[0140] In addition, when driving force is generated in the
second axis (Y-axis) direction, the guide member 315 or the
lens holder 320, and the lens barrel 210 may move in the
second axis (Y-axis) direction.

[0141] In the present disclosure, a plurality of yokes 510¢
and 520c¢ may be provided such that the shake compensation
unit 500 and the second to fourth ball members B2, B3, and
B4 maintain a state of contact therebetween.

[0142] The plurality of yokes 510¢ and 520c¢ may be fixed
to the carrier 300, and may be disposed to oppose the first
magnet 510q and the second magnet 520q in the optical axis
(Z-axis) direction.

[0143] Accordingly, attractive force may be generated
between the plurality of yokes 510c¢ and 520c¢ and the first
and second magnets 510a and 520q in the optical axis
(Z-axis) direction.

[0144] The shake compensation unit 500 may be pulled in
a direction toward the plurality of yokes 510¢ and 520c¢ by
the attractive force generated between the plurality of yokes
510c¢ and 520c¢ and the first and second magnets 510a and
520a, such that the guide member 315 or the frame 310 and
the lens holder 320 of the shake compensation unit 500 may
maintain a state of contact with the second or third and
fourth ball members B2, or B3 and B4.

[0145] The plurality of yokes 510¢ and 520c¢ may be
formed of a material capable of generating attractive force
between the first magnet 510q and the second magnet 520a.
For example, the plurality of yokes 510¢ and 520¢ may be
formed of a magnetic material.

[0146] In the present disclosure, a closed loop control
method of detecting a position of the lens barrel 210 and
providing feedback related thereto in a shake compensation
process may be used.

[0147] Thus, a second position detection unit for closed-
loop control may be provided. The second position detection
unit may be configured to detect a position of the lens barrel
210 in the first axis (X-axis) direction and the second axis
(Y-axis) direction.

[0148] The second position detection unit may use an
inductance sensing method using at least one coil or may use
a hall sensor or the like.

[0149] Subsequently, with reference to FIGS. 5Ato 5C, a
structure in which a center of attractive force formed
between the yoke 450 and the driving magnets 411 and 413
included in the focus adjustment unit 400 is implemented
according to an example embodiment of the present disclo-
sure will be described.

[0150] Referring to FIG. 5A, the yoke 450 and the driving
magnets 411 and 413 may oppose each other in a direction
perpendicular to the optical axis direction, and the carrier
300, having the driving magnets 411 and 413, may be
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supported by the housing 120, having the yoke 450, by
attractive power, with the ball members B11, B12, and B13
inserted therebetween.

[0151] Inthe present reference description, an ideal case is
assumed in which sufficient attractive force acts between the
yoke 450 and the driving magnets 411 and 413, and the two
driving magnets 411 and 413 have the same magnetic force
and size, and thus the attractive force is equally distributed.
In this case, as illustrated in FIG. 5A, a center of attractive
force CP may be formed at a physically central portion of the
overall frame of the two driving magnets 411 and 413.
[0152] In this case, as illustrated in FIGS. 5A to 5C, even
when the ball members B11, B12, and B13 are movable in
a rolling motion at any position in the optical axis direction,
the center of attractive force CP may be positioned inside a
triangle formed by three ball members B11, B12, and B13.
Accordingly, the carrier 300 may be driven while being
stably supported by the housing 120 without an issue such
as tilting by itself or by a certain degree of external force.
[0153] However, as illustrated in FIGS. 6A to 6C, when
the driving magnet 410 is integrally provided as a single
driving magnet, the situation may change (the same refer-
ence numerals as those illustrated in FIGS. 5A to 5C are used
for ease of description).

[0154] That is, even in FIGS. 6A to 6C, assuming an ideal
case as described with reference to FIGS. 5A to 5C, the
center of attractive CP may be formed at substantially the
same position.

[0155] However, as illustrated in FIG. 6A, when the three
ball members B11, B12, and B13 are aligned approximately
in a center of a movement path in the optical axis direction,
the center of attractive force CP may be positioned inside the
triangle formed by the three ball members B11, B12, and
B13. However, as illustrated in FIG. 6B or 6C, when the
three ball members B11, B12, and B13 move to upper or
lower portions thereof in the optical axis direction, the center
of attractive force CP may be easily deviated to the outside
of the triangle formed by the three ball members B11, B12,
and B13.

[0156] Accordingly, in such a structure, there may be a
problem in driving the carrier 300 while the carrier 300 is
stably supported by the housing 120.

[0157] Referring to FIGS. 7 to 10, a camera module
according to another example embodiment of the present
disclosure is disclosed.

[0158] In another example embodiment of the present
disclosure, when the ball members B11, B12, and B13
provided between the housing 120 and the carrier 300 in the
above-described example embodiment are movable in a
rolling motion in the optical axis direction, a center of
attractive force may frequently change. Considering the
above, instead of the ball member, a support protrusion
provided on the carrier 300 or the housing 120, that is, a
point contact protrusion and a line contact protrusion are
disclosed.

[0159] When the point contact protrusion and line contact
protrusion are provided on the carrier 300, the carrier 300
may move in the optical axis direction in a state in which the
driving magnet, the point contact protrusion, and line con-
tact protrusion are fixed in a fixed position, such that the
actual center of attractive force may not change. Accord-
ingly, the carrier 300 may be driven while maintaining a
state of being stably supported by the housing 120.
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[0160] In addition, when the point contact protrusion and
the line contact protrusion are provided on the housing 120,
the driving magnet may move relative to the point contact
protrusion and the line contact protrusion fixed to the
housing. However, relative positions of the point contact
protrusions and the line contact protrusion may be main-
tained without being changed, thereby more stably imple-
menting a focus adjustment unit, unlike a case in which the
ball member moves in the optical axis direction. Accord-
ingly, the carrier 300 may be driven while maintaining a
state of being stably supported by the housing 120.

[0161] Referring to FIGS. 2, 3, and 7, the camera module
according to another example embodiment of the present
disclosure may be only different from the camera module
according to an example embodiment in that, instead of the
ball members B11, B12, and B13 provided between the
carrier 300 and the housing 120, the carrier 300 has point
contact protrusions P11, P12, and P13, and the point contact
protrusions P11, P12 and P13 slidably (frictionally) move
along the third accommodation groove [.3 and the fourth
accommodation groove [.4 of the housing 120 while being
supported by the housing 120, and may be the same as the
camera module according to an example embodiment in
terms of other structures. Descriptions of other configura-
tions are omitted, and the same reference numerals as those
illustrated in FIG. 2 are used except for changed structures.
[0162] When the point contact protrusions P11 and P12
are provided to be in point contact between inner sides of the
first and second magnets 411 and 413, in the same manner
as the structure described with reference to FIG. 2, contact
points P11, P12, and P13 with the carrier 300 or the housing
120 may form at least three support points, respectively, and
two support protrusions P11 and P12 provided between the
first and second magnets 411 and 413, among the support
protrusions P11, P12, and P13, may always form a point
contact.

[0163] Here, the point contact protrusions P11, P12, and
P13 may have a shape having round ends, specifically, a
hemispherical shape.

[0164] Referring to FIGS. 2, 3, and 8, the camera module
according to another example embodiment of the present
disclosure may only be different from the camera module
according to an example embodiment in that, instead of the
ball members B11, B12, and B13 provided between the
carrier 300 and the housing 120, the housing 120 has point
contact protrusions P21, P22, and P23, and the point contact
protrusions P21, P22, and P23 slidably (frictionally) move
along the first accommodation groove L1 and the second
accommodation groove L2 of the carrier 300 while being
supported by the housing 120, and may be the same as the
camera module according to an example embodiment in
terms of other structures. Descriptions of other configura-
tions are omitted, and the same reference numerals as those
illustrated in FIG. 2 are used except for changed structures.
[0165] Here, the point contact protrusions P21, P22, and
P23 may have a shape having round ends, specifically, a
hemispherical shape.

[0166] Referring to FIGS. 2, 3, and 9, the camera module
according to another example embodiment of the present
disclosure may be only different from the camera module
according to an example embodiment in that, instead of the
ball members B11, B12, and B13 provided between the
carrier 300 and the housing 120, the carrier 300 has a line
contact protrusion (rail) P31 and a point contact protrusion
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P33, and the line contact protrusion P31 and the point
contact protrusion P33 slidably (frictionally) move along the
third accommodation groove L3 and the fourth accommo-
dation groove 1.4 of the housing 120 while being supported
by the housing 120, and may be the same as the camera
module according to an example embodiment in terms of
other structures. Descriptions of other configurations are
omitted, and the same reference numerals as those illustrated
in FIG. 2 are used except for changed structures.

[0167] Here, the line contact protrusion P31 may have a
shape having a round cross section, specifically, a semi-
cylindrical shape, and the point contact protrusion P33 may
have a shape having a round end, specifically, a hemispheri-
cal shape.

[0168] Referring to FIGS. 2, 3, and 10, the camera module
according to another example embodiment of the present
disclosure may be only different from the camera module
according to an example embodiment in that, instead of the
ball members B11, B12, and B13 provided between the
carrier 300 and the housing 120, the housing 120 has a line
contact protrusion P41 and a point contact protrusion P43,
and the line contact protrusion P41 and the point contact
protrusion P43 slidably (frictionally) move along the first
accommodation groove L1 and the second accommodation
groove L2 of the carrier 300 while being supported by the
housing 120, and may be the same as the camera module
according to an example embodiment in terms of other
structures. Descriptions of other configurations are omitted,
and the same reference numerals as those illustrated in FIG.
2 are used except for changed structures.

[0169] Here, the line contact protrusion P41 may have a
shape having a round cross section, specifically, a semi-
cylindrical shape, and the point contact protrusion P43 may
have a shape having a round end, specifically, a hemispheri-
cal shape.

[0170] Through the above-described example embodi-
ments, the camera module according to an example embodi-
ment of the present disclosure may secure sufficient strength
against external impacts while reducing a size thereof.

[0171] A camera module according to one or more
example embodiments of the present disclosure as described
herein may have a reduced size while implementing stable
driving of an actuator for autofocus adjustment.

[0172] The camera module according to one or more
example embodiments of the present disclosure as described
herein may have a reduced size while securing sufficient
strength against external impact.

[0173] While specific examples have been shown and
described above, it will be apparent after an understanding
of this disclosure that various changes in form and details
may be made in these examples without departing from the
spirit and scope of the claims and their equivalents. The
examples described herein are to be considered in a descrip-
tive sense only, and not for purposes of limitation. Descrip-
tions of features or aspects in each example are to be
considered as being applicable to similar features or aspects
in other examples. Suitable results may be achieved if the
described techniques are performed in a different order,
and/or if components in a described system, architecture,
device, or circuit are combined in a different manner, and/or
replaced or supplemented by other components or their
equivalents. Therefore, the scope of the disclosure is defined
not by the detailed description, but by the claims and their
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equivalents, and all variations within the scope of the claims
and their equivalents are to be construed as being included
in the disclosure.

What is claimed is:

1. A camera module comprising:

a lens module comprising at least one lens;

a housing accommodating the lens module; and

a driving magnet comprising first and second magnets

disposed on the lens module at an interval,
wherein the lens module is supported by the housing with
a ball member interposed therebetween,

the ball member includes two ball members disposed
between inner sides of the first and second magnets in
an optical axis direction, and

the first and second magnets are both disposed on one

surface of the lens module.
2. The camera module of claim 1, wherein the ball
member further includes one ball member disposed on an
outer side of the first or second magnet, and three ball
members of the ball member are disposed in a triangular
shape.
3. The camera module of claim 2, further comprising:
a yoke disposed to oppose the driving magnet in a
direction perpendicular to the optical axis direction,

wherein a center of attractive force formed between the
driving magnet and the yoke is formed inside a triangle
formed by the three ball members.
4. The camera module of claim 1, further comprising:
a yoke disposed to oppose the driving magnet in a
direction perpendicular to the optical axis direction,

wherein at least a portion of the yoke is disposed to
overlap the entire first and second magnets of the
driving magnet in a direction perpendicular to the
optical axis direction.

5. The camera module of claim 1, wherein the ball
member further includes at least one ball member disposed
on an outer side of the first or second magnet.

6. The camera module of claim 5, wherein

contact points between the ball members and the lens

module or the housing form at least three support
points, respectively, and

two ball members disposed between the first and second

magnets, among the ball members, always form a
support point.

7. The camera module of claim 1, wherein the lens
module has a first accommodation groove having a length in
the optical axis direction to accommodate the two ball
members between the first and second magnets.

8. The camera module of claim 7, wherein the housing has
a second accommodation groove at a position corresponding
to that of the first accommodation groove.

9. The camera module of claim 1, wherein the ball
members are movable in a rolling motion.

10. The camera module of claim 1, wherein the ball
member is fixed to the lens module or the housing to be
movable in a sliding motion.

11. The camera module of claim 1, wherein two driving
coils are disposed to oppose the first and second magnets,
respectively.

12. A camera module comprising:

a housing comprising a driving coil;

a carrier comprising a driving magnet to oppose the

driving coil, the carrier disposed in the housing to be
movable in an optical axis direction; and
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a yoke disposed on a rear surface of the driving coil to
overlap the driving magnet in a direction perpendicular
to the optical axis direction,

wherein the carrier is supported by the housing via a
support protrusion,

wherein the driving magnet comprises first and second
magnets disposed as two magnets spaced from each
other at a predetermined interval in a direction perpen-
dicular to the optical axis direction,

wherein the support protrusion comprises two support
protrusions spaced apart from each other in the optical
axis direction in point contact with a counter member
between inner sides of the first and second magnets, or
comprises a single support protrusion in the form of a
rail in line contact with the counter member, and

wherein the first and second magnets are both disposed on
one surface of the lens module.

13. The camera module of claim 12, wherein the support

protrusion is disposed on the carrier or the housing.

14. The camera module of claim 12, wherein the two
support protrusions are disposed at an upper end and a lower
end of the carrier in the optical axis direction, when the
support protrusion is disposed on the carrier to be in point
contact.

15. The camera module of claim 12, wherein the support
protrusion comprises at least one support protrusion dis-
posed on an outer side of the first or second magnet.

16. The camera module of claim 15, wherein

when the support protrusion is disposed in point contact
between the inner sides of the first and second magnets,

contact points with the carrier or the housing respectively
form at least three support points, and

two support protrusions disposed between the first and
second magnets, among the support protrusions,
always form a point contact.

17. The camera module of claim 12, wherein the support

protrusion has a hemispherical shape.

18. The camera module of claim 12, wherein the support
protrusion has a semi-cylindrical shape having a length in
the optical axis direction.

19. A camera module comprising:

a lens module comprising at least one lens;

a housing accommodating the lens module;

first and second magnets disposed on the lens module at
an interval; and

first and second ball bearing groups disposed between the
lens module and the housing,

wherein a length of the first ball bearing group in the
optical axis direction is different from that of the second
ball bearing group in the optical axis direction, and the
first ball bearing group is disposed between the first and
second magnets.

20. A camera module comprising:

a lens module comprising at least one lens;

a housing accommodating the lens module;

a first magnet and a second magnet disposed on a side
surface of the lens module and spaced apart from each
other in a first axis direction perpendicular to an optical
axis; and

a first ball bearing group and a second ball bearing group
disposed between the lens module and the housing, and
spaced apart from each other in the first axial direction,

wherein the first ball bearing group comprises two or
more balls disposed in an optical axis direction, and the
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second ball bearing group comprises less balls than the
first ball bearing group, and

wherein the first ball bearing group is disposed between
the first magnet and the second magnet.

#* #* #* #* #*
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