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(54) Title: VOICE COIL MOTOR AND DRIVING METHOD THEREOF
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(57) Abstract: A voice coil motor (VCM) is disclosed, the VCM including: a stator including a magnet generating a first electro
o magnetic field; a mover including a bobbin formed with a hollow hole through which light passes and a coil formed on a periph

ery of the bobbin that generates a second electromagnetic field responsive to the first electromagnetic field; a base fixed at the sta
tor and formed with an opening through which the light passes; and at least one elastic member elastically supporting the bobbin
and forming a gap between the bobbin and the base when the coil is not applied with a current.



Description
Title of Invention: VOICE COIL MOTOR AND DRIVING

METHOD THEREOF
Technical Field

[1] The present invention relates to a voice coil motor and a driving method of a voice

coil motor.

Background Art
[2] Recently, a mobile terminal embedded with a super small digital camera has been

developed. A super small digital camera formed on a conventional mobile terminal is

disadvantageous in that a gap between an image sensor adapted to change an outside

light to a digital image or a digital picture and a lens cannot be adjusted. However, a

lens driving device such as a voice coil motor adapted to adjust a gap between an

image sensor and a lens has been recently developed to enable obtainment of an

improved digital image or digital picture in a super small digital camera.

[3]

[4] Generally, a voice coil motor is configured such that a lens is mounted therein, a

bobbin arranged on a base is upwardly moved from the base to adjust a gap between a

lens and an image sensor mounted on a rear surface of the base. The bobbin of the

voice coil motor is coupled with a leaf spring to allow the bobbin to contact the base at

all times by way of elasticity of the leaf spring when the voice coil motor is not

operated.

[5]

[6] That is, the bobbin of the conventional voice coil motor is driven only to one upward

direction relative to the base. The conventional voice coil motor that drives to one

direction relative to the base inevitably and disadvantageously needs a driving force

larger than that of the elasticity of the leaf spring and a self weight of the bobbin in

order to drive the voice coil motor, resulting in increased power consumption of the

voice coil motor.

[7]

[8] Another disadvantage is that size of a coil wound on the bobbin or a magnet is

increased by a driving force larger than the self weight of bobbin and elasticity of the

leaf spring to drive the voice coil motor, resulting in an increased overall size of the

voice coil motor.

[9]

[10] Still another disadvantage is that a focus between the lens and the image sensor is not

precisely adjusted to degrade quality of an image, if the leaf spring is deformed.



Disclosure of Invention

Technical Problem
The present invention is directed to a voice coil motor and a driving method of a

voice coil motor configured to further improve the power consumption, size and

quality of image in the voice coil motor.

Solution to Problem
In order to achieve at least the above objects, in whole or in part, and in accordance

with the purpose of the disclosure, as embodied and broadly described, there is

provided a voice coil motor, in one general aspect of the present invention, the motor

characterized by: a stator including a magnet generating a first electromagnetic field; a

mover including a bobbin formed with a hollow hole through which light passes and a

coil formed on a periphery of the bobbin that generates a second electromagnetic field

responsive to the first electromagnetic field; a base fixed at the stator and formed with

an opening through which the light passes; and at least one elastic member elastically

supporting the bobbin and forming a gap between the bobbin and the base when the

coil is not applied with a current.

In some exemplary embodiment of the present invention, the elastic member may

include a first elastic member connected to a bottom end of the bobbin and a second

elastic member connected to an upper end opposite to the bottom end of the bobbin.

In some exemplary embodiment of the present invention, each of the first and second

elastic members may include an inner elastic unit coupled to the bobbin, an outer

elastic unit connectively coupled to the stator, and a connection elastic unit connecting

the inner and outer elastic units.

In some exemplary embodiment of the present invention, the inner elastic unit may

be arranged at a bottom surface of the outer elastic unit by droop caused by a self

weight of the mover.

In some exemplary embodiment of the present invention, the inner elastic unit may

be arranged at a position higher than that of the outer elastic unit in consideration of

the droop by the self weight of the mover, and the first and second elastic members

may be arranged in parallel with an upper surface of the base.

In some exemplary embodiment of the present invention, the voice coil motor may

further include a cover can fixed at the base to cover the mover and the stator, and

shock absorption members may be arranged at any one of the base opposite to the

bobbin and an inner surface of the cover can opposite to the bobbin.

In some exemplary embodiment of the present invention, first and second shock ab

sorption members may be arranged on the base opposite to the bobbin and the inner

surface of the cover can opposite to the bobbin.



[19] In some exemplary embodiment of the present invention, the shock absorption

members may include any one of a sponge, a synthetic resin having an elasticity and a

rubber.

[20] In another general aspect of the present invention, a voice coil motor is provided, the

voice coil motor characterized by: a stator including a magnet generating a first elec

tromagnetic field; a mover including a bobbin formed with a hollow hole through

which light passes and a coil formed on a periphery of the bobbin that generates a

second electromagnetic field responsive to the first electromagnetic field; a base fixed

at the stator and formed with an opening through which the light passes; and an elastic

member elastically supporting the bobbin, wherein the bobbin supported by the elastic

member is driven to any one direction of a first direction distancing from the base by

an ascending power generated by the first and second electromagnetic fields, and a

second direction approaching the base by a descending power generated by the first

and second electromagnetic fields.

[21] In some exemplary embodiment of the present invention, a forward current may be

applied to the coil when the bobbin is driven to the first direction, and a backward

current that flows in opposition to the forward current may be applied to the coil when

the bobbin is driven to the second direction.

[22] In some exemplary embodiment of the present invention, the voice coil motor may

drive the bobbin to any one direction of the first direction and the second direction by

adjusting a voltage difference across the coil.

[23] In still another general aspect of the present invention, a voice coil motor is provided,

the voice coil motor characterized by: a stator including a magnet generating a first

electromagnetic field; a mover including a bobbin formed with a hollow hole through

which light passes and a coil formed on a periphery of the bobbin that generates a

second electromagnetic field responsive to the first electromagnetic field; a base fixed

at the stator and formed with an opening through which the light passes; at least one

elastic member elastically supporting the bobbin and forming a gap between a bottom

end of the bobbin and an upper surface of the base; and a driving module including a

control unit generating an ascending control signal for ascending the bobbin and a de

scending control signal for descending the bobbin, and a current providing unit

providing either a forward current or a backward current to the coil in response to the

ascending control signal and the descending control signal of the control unit.

[24] In some exemplary embodiment of the present invention, the current providing unit

may include a first unit circuitry in which first and second switch elements are

connected in series, and a second unit circuitry in which third and fourth switch

elements are connected in series, wherein the first and second unit circuitries are elec

trically connected in parallel relative to power, a first distal end of the coil is con-



nectively interposed between the first and second switch elements, and a second distal

end of the coil is connectively interposed between the third and fourth switch elements.

[25] In some exemplary embodiment of the present invention, the ascending control

signal may be provided to the first and second switch elements to apply the forward

current to the coil, and the descending control signal may be provided to the third and

fourth switch elements to apply the backward current to the coil.

[26] In a still further general aspect of the present invention, there is provided a method

for driving a voice coil motor, the method characterized by: moving a bobbin to a

reference position by applying a first current to a coil wound on the bobbin embedded

with a lens and elastically supported by an elastic member by being distanced from a

base; applying to the coil a second current flowing in a direction opposite to the first

current to distance the bobbin from the reference position; and stopping the bobbin at a

position corresponding to an optimum focus by constantly maintaining an amount of

the second current when the optimum focus is formed between the lens and an image

sensor.

[27] In some exemplary embodiment of the present invention, the reference position may

be one of an upper surface of the base and an inner lateral surface of a cover can

covering the bobbin.

[28] In some exemplary embodiment of the present invention, the amount of second

current in the step of distancing the bobbin from the reference position may con

tinuously increase.

[29] In some exemplary embodiment of the present invention, the step of stopping the

bobbin at a position corresponding to an optimum focus may include moving the

bobbin to a position deviated from the position of the optimum focus, and returning the

bobbin to the position of the optimum focus by re-applying the first current to the coil.

[30] In a still further general aspect of the present invention, there is provided a method

for driving a voice coil motor, the method characterized by: moving a bobbin to a

reference position by applying a first current to a coil wound on the bobbin embedded

with a lens and elastically supported by an elastic member by being distanced from a

base; calculating a data for forming an optimum focus between a lens and an image

sensor module based on an object; and moving the bobbin to the reference position

based on the data by applying to the coil a second current flowing in opposition to the

first current relative to the data.

[31] In some exemplary embodiment of the present invention, the second current may be

an amount of a current having a predetermined intensity.

[32] Technical problems to be solved by the present invention are not restricted to the

above-mentioned description, and any other technical problems not mentioned so far

will be clearly appreciated from the following description by skill in the art.



Advantageous Effects of Invention
[33] The voice coil motor and a method for driving the voice coil motor according to the

present invention has an advantageous effect in that a bobbin mounted with a lens is

distanced from an upper surface of a base mounted with an image sensor, and a mover

including the bobbin is driven to a direction distanced from the base or a direction ap

proaching the base by applying a forward current or a backward current to a coil block

wound on the bobbin, to reduce power consumption of the voice coil motor and to

adjust a focus between the lens and the image sensor within a rapid period of time.

[34] The voice coil motor and a method for driving the voice coil motor according to the

present invention has another advantageous effect in that a contact noise generated by

driving of the bobbin can be reduced.

Brief Description of Drawings
[35] Non-limiting exemplary embodiments of the present invention will be described in

detail with reference to the accompanying drawings. Like reference numerals refer to

like parts or portions throughout the description of several views of the drawings.

[36] FIG. 1 is a cross-sectional view illustrating a voice coil motor according to an

exemplary embodiment of the present invention.

[37] FIG. 2 is a partial enlarged view of 'A' of FIG. 1.

[38] FIG. 3 is a cross-sectional view illustrating a conventional voice coil motor to

compare with that of the exemplary embodiment of the present invention.

[39] FIG. 4 is a graph illustrating a relation between a driving current amount for driving

the voice coil motor of FIG.3 and a moving amount according to the present invention.

[40] FIG. 5 is a schematic cross-sectional view illustrating a voice coil motor according to

an exemplary embodiment of the present invention.

[41] FIG. 6 is a graph illustrating a relation between a driving current amount for driving

the voice coil motor of FIG.5 and a moving amount according to the present invention.

[42] FIG. 7 is a block diagram illustrating a driving circuit for ascending or descending a

mover of a voice coil motor according to an exemplary embodiment of the present

invention.

[43] FIGS. 8 and 9 are block diagrams illustrating a forward direction current and a

backward direction current applied to a coil block by a driving circuit.

[44] FIGS. 10 and 11 are graphs illustrating a method for driving a voice coil motor

according to the present invention.

Best Mode for Carrying out the Invention
[45] The advantages, features and methods for achieving the foregoing will be apparent

from the accompanying drawings and exemplary embodiments that follow.

[46] Embodiments of the present invention are described below by way of example only.



These examples represent the best ways of putting the invention into practice that are

currently known to the Applicant although they are not the only ways in which this

could be achieved.

[47] This invention may be embodied in various forms and should not be construed as

limited to the embodiments set forth herein. Rather, these embodiments are provided

so that this disclosure will be thorough and complete, and will fully convey the scope

of the invention to those skilled in the art.

[48] FIG. 1 is a cross-sectional view illustrating a voice coil motor according to an

exemplary embodiment of the present invention, and FIG.2 is a partial enlarged view

of Ά ' of FIG. 1.

[49] Referring to FIGS. 1 and 2, a voice coil motor (600) may include a stator (100), a

mover (200), abase (300) and an elastic member (400).

[50]

[51] The stator (100) may include a yoke (120) and a magnet (130). The stator (100)

generates a first electromagnetic field for driving the mover (200. described later). The

yoke (120) may include a yoke upper plate (122) and a yoke lateral plate (124). The

yoke (120) functions to block the electromagnetic field generated by the magnet (130.

described later) and the mover (200), and improves a driving efficiency of the mover

(200) by causing the electromagnetic field not facing the mover (200) among the elec

tromagnetic field generated by the magnet (130) to face the mover (200).

[52]

[53] The yoke upper plate (122) may take the shape of a square plate, when seen on a

plane, and may be centrally formed with an opening for exposing a lens (described

later) of the mover (200). The yoke lateral plate (124) may be extended from an edge

of the yoke upper plate (122) to form a space for accommodating the magnet (130) by

way of the yoke lateral plate (124) and the yoke upper plate (122).

[54]

[55] A plurality of magnets (130) may be fixed on an inner lateral surface of the yoke

lateral plate (124) to generate the first electromagnetic field for driving the mover

(200). The mover (200) may include a bobbin (210) and a coil block (220), and be

fixed therein by a lens barrel and a lens (230). The mover (200) moves relative to the

stator (100) to adjust a gap between an image sensor arranged underneath the base

(300. described later) and the lens (230).

[56]

[57] The bobbin (210) may take the shape of a cylinder formed with a hollow hole, for

example, and be formed therein with a thread for fixing the lens (230). The bobbin

(210) may be formed at a bottom periphery with a sill (213) for fixing the coil block

(220. described later).



[58] The coil block (220) may be fixed at a periphery of the bobbin (210).

[59] The coil block (220) may be formed by directly winding a wire insulated by enamel

resin on a periphery of the bobbin (210), or by winding a wire in a cylindrical shape

and bonding the wound wire on the periphery of the bobbin (210) using an adhesive.

[60] The coil block (220) may generate a second electromagnetic field by way of a current

applied from outside, and an attractive force and a repulsive force may be generated

between the mover (200) and the stator (100) by a direction of a current applied to the

coil block (220).

[61] The base (300) may take the shape of a plate to fix the stator (100), and may be

centrally formed with an opening (310) through which light having passed the lens

(230) embedded in the bobbin (210) of the mover (200).

[62]

[63] Each of four corners on an upper surface of the plate-shaped base (300) may be

formed with a coupling pillar (320), and the coupling pillar (320) may function to

couple a can (described later) to the base (300). The base (300) may be fixed at a rear

surface thereof with an image sensor that generates an image corresponding to the light

that has passed the lens (230). A frame-shaped spacer (330) may be arranged between

the base (300) and the magnet (130) of the stator (100).

[64]

[65] The elastic member (400) may include a first elastic member (410) and a second

elastic member (420). The elastic member (400) may elastically support the bobbin

(210) of the mover (200). The elastic member (400) may form a gap (G) between a

bottom surface (212) of the bobbin (210) and an upper surface (301) of the base (300)

when no current is applied to the coil (220).

[66]

[67] In the exemplary embodiment of the present invention, in a case the mover (200) is

distanced from the upper surface (301) of the base (300) when no current is applied to

the coil using the elastic member (400), the mover (200) may be driven either to a

downward direction facing the base (300) or to an upward direction distancing from

the base (300) according to changed current direction.

[68]

[69] That is, in a case the mover (200) is distanced from the upper surface (301) of the

base (300) using the elastic member (400) when no current is applied to the coil (220),

the mover (200) may be driven either to a downward direction or to an upward

direction in a still state.

[70]

[71] The first elastic member (410) may be elastically coupled to the bottom surface (212)

of the bobbin (210) facing the base (300). Two first elastic members (410) may be



formed, each member being elastically insulated from the other. Any one first elastic

member (410) may be electrically connected to a distal end of the wire forming the coil

block (220), and the other first elastic member (410) may be electrically connected to

the other distal end facing the distal end of the wire.

[72]

[73] Now, referring to FIG.2, each of the first elastic members (410) may commonly

include an inner elastic unit (412), an outer elastic unit (414) and a connection elastic

unit (416).

[74]

[75] The inner elastic unit (412) may be coupled to the bottom surface (212) of the bobbin

(210), the outer elastic unit (414) may be coupled by the spacer (330) and the

connection elastic unit (416) may elastically connect the inner elastic unit (412) and

the outer elastic unit (414). The connection elastic unit (416) may be formed by

bending the thin narrow-width linear type elastic member, when viewed on a plane.

[76]

[77] Each of the outer elastic unit (414) of the first elastic members (410) may be partially

protruded, and the protruded portion is bent along a lateral surface of the base (300) to

be electrically connected to an outside circuit substrate. A current is applied to each

outer elastic unit (414) of the first elastic members from the outside circuit substrate,

and the current provided to the each outer elastic unit (414) is provided to the coil

block (220), whereby the second electromagnetic field for ascending/descending the

mover (200) is generated from the coil block (220).

[78]

[79] The second elastic member (420) may be elastically coupled to the upper surface

(214) facing the bottom surface (212) of the bobbin (210) facing the base (300). The

second elastic member (420) may include an inner elastic unit (422), an outer elastic

unit (424) and a connection elastic unit (426).

[80]

[81] The inner elastic unit (422) may be coupled to the upper surface (214) facing the

bottom surface (212) of the bobbin (210), the outer elastic unit (424) may be arranged

on the yoke upper plate (122) of the yoke (120), and the connection elastic unit (426)

may be connected to the inner and outer elastic units (422, 424).

[82]

[83] In the present exemplary embodiment, the inner elastic unit (412) of the first elastic

member (410) connected to the mover (200) and the inner elastic unit (422) of the

second elastic member (420) are arranged at a place lower than that of the outer elastic

unit (414) because of a self weight of the mover (200) and gravity.



[85] As a result, the gap (G) formed between the bottom surface (212) of the bobbin (210)

and an upper surface (301) of the base (300) is preferably set up in consideration of

droop of the inner elastic unit (422) caused by the self weight of the mover (200) and

gravity.

[86]

[87] In another exemplary embodiment, the connection elastic members (416, 426) may

be deformed to allow the inner elastic units (412, 422) of the first and second elastic

members (410, 420) to be formed at a position higher than that of the outer elastic units

(414, 424), thereby preventing the mover (200) from drooping due to self weight of the

mover (200) and the gravity.

[88]

[89] In a case the inner elastic units (412, 422) of the first and second elastic members

(410, 420) are placed on a high position than the outer elastic units (414, 424) in con

sideration of the droop of the mover (200) by self weight of the mover (200) and the

gravity, the first and second elastic members (410, 420) may be arranged in parallel

with the upper surface (301) of the base (300).

[90]

[91] Referring back to FIG. 1, the voice coil motor (600) may further include a cover can

(500).

[92]

[93] The cover can (500) may include an upper plate (510) formed with an opening for

exposing the lens (230) of the mover (200) and formed in the shape of a plate corre

sponding to the base (300), and a lateral plate (520) extended from an edge of the

upper plate (510) to the base (300), where the lateral plate (520) is coupled to the

lateral surface of the base (300).

[94]

[95] Referring back to FIG. 1, the mover (200) according to an exemplary embodiment of

the present invention may be driven to either a first direction facing the base (300) or a

second direction opposite to the first direction. Therefore, the mover (200) may collide

with the base (300) or the upper plate (510) of the cover can (500) while being driven

to the first direction or to the second direction, whereby noise can be generated due to

deformation of the first and second elastic members (410, 420) or collision. Therefore,

the voice coil motor (600) may further include a first shock absorption member (340)

and a second shock absorption member (350) in order to prevent generation of noise.

[96]

[97] The first shock absorption member (340) may be formed on the upper surface (301)

of the base (300) facing the bottom surface (212) of the bobbin (210), and the second

shock absorption member (350) may be arranged at an inner lateral surface of the



cover can (500) facing the upper surface (214) of the bobbin (210). The first shock ab

sorption member (340) and the second shock absorption member (350) may include

any one of a sponge, a synthetic resin having elasticity and a rubber.

[98]

[99] FIG. 3 is a cross-sectional view of a conventional voice coil motor for comparing

with the voice coil motor according to an exemplary embodiment of the present

invention, and FIG.4 is a graph illustrating a relation between an amount of driving

current for driving the voice coil motor of FIG. 3 and movement.

[100]

[101] Referring to FIGS. 3 and 4, a bobbin of a conventional voice coil motor (10) and a

mover (2) including a coil block are elastically coupled to a stator (1) by an elastic

member (3), and the mover (2) is arranged on a base (4) by the elastic member (3)

generating elasticity pressing the mover (2) in a direction facing the base (4).

[102]

[103] FIG.3 shows a mover (2) that is not applied with a driving current for driving the

mover (2).

[104]

[105] A current is applied to the coil block of the mover (2) for adjusting a focus between

an image sensor and the mover (2) by widening a gap between the image sensor

arranged underneath the base (4) and a lens included in the mover (2), whereby an

electromagnetic field is generated by the coil block.

[106]

[107] The electromagnetic field generated by the coil block reacts with the electromagnetic

generated by a magnet of the stator (1) to generate an ascending force to a direction

facing an upper surface of the base (4). The ascending force increases in proportion to

the intensity of the current applied to the coil block.

[108]

[109] Referring to FIGS. 3 and 4, the mover (2) of the conventional voice coil motor (10) is

not distanced from the base (4) until a current applied to the coil block by the elasticity

depressing the mover (2) downward according to a self weight of the mover (2) and

gravity reaches a point of start current of a horizontal axis in the graph of FIG.4.

[110]

[111] As shown in the graph of FIG.4, in a case the current applied to the coil block is

greater than the start current, the ascending force applied to the mover (2) becomes

greater than the self weight of the mover (2) and the elasticity of the elastic member

(3), whereby the mover (2) is distanced from the base (4) of the mover (2).

[112]

[113] Successively, the current applied to the coil block continuously increases to keep in-



creasing a gap between the mover (2) and the base (4) until the current reaches a B

point in the graph of FIG.4.

[114]

[115] Meanwhile, the elasticity of elastic member (3) also increases as the gap between the

mover (2) and the base (4) continuously increases, whereby the mover (2) is distanced

from an upper surface of the base (4) as much as A at a particular current (B). For

example, in a case a current of approximately 80mA is provided to the coil block, the

mover (2) stops short of ascending further from a particular position.

[116]

[117] FIG.5 is a schematic cross-sectional view of a voice coil motor according to an

exemplary embodiment of the present invention, and FIG.6 is a graph illustrating a

relation between a driving current for driving a voice coil motor and a movement.

[118]

[119] Referring to FIGS. 1, 5 and 6, the mover (20) including a bobbin (210) and a coil

block (220) is elastically coupled to the stator (100) by the first and second elastic

members (410, 420) of the elastic member (400), and the mover (200) is distanced

from the upper surface of the base (400) in a case a current is not applied to the b coil

block (220) by the elasticity of the first and second elastic members (410, 420).

[120]

[121] The coil block (220) of the mover (200) is applied with a current of forward

direction, for example, in order to widen a gap between the image sensor arranged u n

derneath the base (400) and the lens included in the mover (200), whereby a first elec

tromagnetic field is generated from the coil block (220). The first electromagnetic field

generated from the coil block (220) reacts with the electromagnetic generated by a

magnet (130) of the stator (100) to generate an ascending force to a direction facing an

upper surface of the base (400). The ascending force increases in proportion to the

intensity of the forward current applied to the coil block (220).

[122]

[123] As depicted in FIGS. 5 and 6, the elastic members (410, 420) of the voice coil motor

(600) according to the exemplary embodiment of the present invention do not depress

the mover (200) to a direction facing the base (300) when a current is not applied to the

mover (200), such that, upon application of forward current to the coil block (220), the

mover (200) starts to ascend to a first direction distancing from the upper surface of the

base (300).

[124]

[125] Now, a current in an area where Y axis becomes a positive number in the graph of

FIG. 6 is defined as a "forward current", while a current in an area where Y axis

becomes a negative number in the graph of FIG. 6 is defined as a "backward current".



[127] Furthermore, because the mover (200) of the voice coil motor (600) according to the

exemplary embodiment of the present invention has been already distanced from the

base before the forward current is applied to the mover (200), even a small amount of

current of an approximately 25mA (approximately 1/3 of 80mA necessary for reaching

the A point in the conventional voice coil motor illustrated in FIG.4) is sufficient

enough to reach the A point.

[128]

[129] That is, in the exemplary embodiment of the present invention, even a small amount

of current can ascend the mover (200) to a desired position, because the mover (200) is

already in a position distanced from the upper surface of the base (300) before the

current is applied to the coil block (220), using the first and second elastic members

(410, 420).

[130]

[131] Meanwhile, a current of backward direction (instead of forward direction) is applied

to the coil block (220) in order to drive the mover (200) of the voice coil motor (600)

according to the exemplary embodiment of the present invention to a second direction

approaching the base (300).

[132]

[133] A descending force is generated on the coil block (220) by the electromagnetic field

generated by the backward current applied to the coil block (220) and the electro

magnetic field generated by the magnet (130), and the mover (200) is moved to a

direction facing the upper surface (301) of the base (300) by the descending force to

allow the mover (200) to be arranged on the upper surface (301) of the base (300).

[134]

[135] FIG.7 is a block diagram illustrating a driving circuit for ascending or descending a

mover of a voice coil motor according to an exemplary embodiment of the present

invention.

[136]

[137] Referring to FIGS. 1 and 7, the mover (200) is distanced from the upper surface

(301) of the base (300) by the first and second elastic members (410, 420) when no

current is applied to the coil block (220) of the mover (200), and the mover (200) is

driven to a first direction facing the upper surface (301) of the base (300) or a second

direction opposite to the first direction by the current applied to the coil block (220) of

the mover (200) distanced from the upper surface (301) of the base (300).

[138]

[139] A voice coil motor (800) may include a driving module (700) for changing the flow

of current applied to the coil block (220) in order to drive the mover (200) to any one



direction of the first direction and the second direction. The driving module (700) may

include a control unit (710) and a current providing unit (790).

[140]

[141] The control unit (710) is electrically connected to an outside circuit substrate to

generate an ascending control signal (SI) and a descending control signal (S2).

[142]

[143] The ascending control signal (SI) is a control signal for increasing the gap between

the bobbin (210) of the voice coil motor and the upper surface (301) of the base (300),

and the descending control signal (S2) is a control signal for decreasing the gap

between the bobbin (210) of the voice coil motor and the upper surface (301) of the

base (300).

[144]

[145] The current providing unit (790) provides to the coil block (220) a current of forward

direction" for increasing the gap between the mover (200) and the upper surface (301)

of the base (300) in response to the ascending control signal (SI), and the current

providing unit (790) also provides to the coil block (220) a current of backward

direction" for decreasing the gap between the mover (200) and the upper surface (301)

of the base (300) in response to the descending control signal (S2).

[146]

[147] The current providing unit (790) may include a power source (715), a first unit

circuitry (720) and a second unit circuitry (730).

[148]

[149] The first unit circuitry (720) may include first and second switch elements (Ql, Q2).

In the exemplary embodiment of the present invention, the first and second switch

elements (Ql, Q2) may be respectively transistors including input terminals, output

terminals and gates. The output terminal of the first switch element (Ql) is connected

to the output terminal of the second switch terminal (Q2).

[150]

[151] The second unit circuitry (730) may include third and fourth switch elements (Q3,

Q4). In the exemplary embodiment of the present invention, the third and fourth switch

elements (Q3, Q4) may be respectively transistors including input terminals, output

terminals and gates. The output terminal of the third switch element (Q3) is connected

to the output terminal of the fourth switch terminal (Q4).

[152]

[153] In the exemplary embodiment of the present invention, the first and second switch

elements (Ql, Q2) are connected to the power source (715) in parallel. That is, input

terminals of the first and second switch elements (Ql, Q2) at the first unit circuitry

(720) and the input terminals of the third and fourth switch elements (Q3, Q4) at the



second unit circuitry (730) are respectively inputted by a current provided from the

power source (715).

[154]

[155] Meanwhile, output terminals of the first and second switch elements (Ql, Q2) at the

first unit circuitry (720) and the output terminals of the third and fourth switch

elements (Q3, Q4) at the second unit circuitry (730) are respectively and electrically

connected to one distal end of a line comprising the coil block (220) and the other end

facing the one distal end.

[156]

[157] In terms of operation, the ascending control signal (SI) outputted from the control

unit (710) is applied to a gate of the first switch element (Ql) and to a gate of the

fourth switch element (Q4). The descending control signal (S2) outputted from the

control unit (710) is electrically connected to a gate of the second switch element (Q2)

and to a gate of the third switch element (Q3).

[158]

[159] Therefore, as illustrated in FIG. 8, in a case the ascending control signal (SI) is

outputted from the control unit (710), the ascending control signal (SI) is also applied

to the gate of the first switch element (Ql) and the gate of the fourth switch element

(Q4). That is, the first switch element (Ql), the coil block (220), the fourth switch

element (Q4) and the power source (715) form a closed circuit to thereby apply a

"current of forward direction" to the coil block (220).

[160]

[161] The gap between the mover (200) of the voice coil motor (700) and the upper surface

(301) of the base (300) increases as the current of forward direction is applied to the

coil block (220).

[162]

[163] Meanwhile, as illustrated in FIG.9, in a case the descending control signal (S2) is

outputted from the control unit (710), each gate of the first and second switch elements

(Ql, Q2) is also applied with the descending control signal (S2). As a result, the third

switch element (Q3), the coil block (220), the second switch element (Q2) and the

power source (715) form a closed circuit to thereby apply a "current of backward

direction" to the coil block (220) that is opposite to the current of forward direction. In

a case a "current of backward direction" is applied to the coil block (220), the gap

between the mover (200) of the voice coil motor (700) and the upper surface (301) of

the base (300) decreases.

[164]

[165] In the present exemplary embodiment of the present invention, although a con

figuration is explained and illustrated in which four switch elements (Ql, Q2, Q3, Q4)



are used to variably control the directions of current flowing in the coil block (220), the

directions of current flowing in the coil block (220) may be changed using various

other electrical elements.

[166]

[167] In the present exemplary embodiment of the present invention, although a con

figuration is explained and illustrated in which four switch elements (Ql, Q2, Q3, Q4)

are used to variably control the directions of current flowing in the coil block (220), a

voltage difference across the coil block (220) may be adjusted to ascend or descend the

bobbin (210) by applying a voltage across the coil block (220).

Mode for the Invention
[168] Now, a method for driving a voice coil motor according to an exemplary em

bodiment of the present invention will be described.

[169]

[170] Referring to FIGS. 1 and 10, the current of backward direction (FC) is applied to the

coil block (220) to move the bobbin (210) to the reference position, where the coil

block (220) is arranged at a place distanced from the upper surface (301) of the base

(300) fixed by the magnet (130) of the voice coil motor (700), elastically supported by

elastic member (400) including first and second elastic members (410, 420), and

embedded with the lens (230).

[171]

[172] The reference position in the exemplary embodiment of the present invention may be

the upper surface (301) of the base (300).

[173]

[174] Successively, the current of backward direction (FC) is increased on the coil block

(220) to distance the bobbin (210) from the reference position, and if the bobbin (210)

reaches an initial position (S), a current of forward direction (SC) is applied. The

current of forward direction (SC) may increase continuously or in a stair formation.

[175]

[176] Thereafter, the current of forward direction (SC) is maintained at a constant level

when an optimum focus that is required by a lens (230) fixed at the bobbin (210) and

the image sensor module is formed, to thereby stop the bobbin (210) at a position cor

responding to that of the optimum focus.

[177]

[178] Using the process of stopping the bobbin (210) at a position corresponding to the

optimum focus, a process of moving the bobbin (210) to a place a bit deviated from the

position of the optimum focus and a process of a bit decreasing the current of forward

direction to the coil block (220), the bobbin (210) can be returned to a position of the



optimum focus, whereby a fine focusing process is performed to minutely adjust a

focus between the lens (230) of the bobbin (210) and the image sensor module.

[179]

[180] Successively, an object and the optimum focus are formed between the image sensor

module and the lens (230), where the image sensor module generates an image of the

object.

[181]

[182] Meanwhile, referring to FIGS. 1 and 11, the current of forward direction (SC) is

applied to the coil block (220) to move the bobbin (210) to the reference position,

where the coil block (220) is arranged at a place distanced from the upper surface

(301) of the base (300) fixed by the magnet (130) of the voice coil motor (700),

elastically supported by elastic member (400) including first and second elastic

members (410, 420), and embedded with the lens (230).

[183]

[184] The reference position in the exemplary embodiment of the present invention may be

an inner lateral surface of the upper surface (501) of the cover can (510).

[185]

[186] Successively, the current of forward direction (SC) is decreased on the coil block

(220) to distance the bobbin (210) from the upper plate (510) of cover can (510) which

is the reference position, and if the bobbin (210) reaches an initial position (S), a

current of backward direction (FC) is applied. The current of backward direction (FC)

may increase continuously or in a stair formation.

[187]

[188] Thereafter, the current of backward direction (FC) is maintained at a constant level

when an optimum focus that is required by a lens (230) fixed at the bobbin (210) and

the image sensor module is formed, to thereby stop the bobbin (210) at a position cor

responding to that of the optimum focus.

[189]

[190] Using the process of stopping the bobbin (210) at a position corresponding to the

optimum focus, a process of moving the bobbin (210) to a place a bit deviated from the

position of the optimum focus and a process of a bit increasing the current of backward

direction (SC) to the coil block (220), the bobbin (210) can be returned to a position of

the optimum focus, whereby a fine focusing process is performed to minutely adjust a

focus between the lens (230) of the bobbin (210) and the image sensor module.

[191]

[192] Successively, an object and the optimum focus are formed between the image sensor

module and the lens (230), where the image sensor module generates an image of the

object.



[193]

[194] Although the method for driving the voice coil motor according to exemplary em

bodiment of the present invention has described a method in which the bobbin (210) is

brought into contact with any one of the upper surface (301) of the base (300) or an

inner lateral surface of the upper plate (510) of the cover can (500) to set up a

reference position, and a current is applied to the coil block (220) until the bobbin

(210) reaches a position formed by the image sensor module and the optimum focus

from the reference position to thereby adjust a focus between the mover (200) and the

image sensor module, another method may be alternatively applied in which the

bobbin (210) is moved to a reference position by applying a first current to the coil

block (220) that is elastically supported at a place distanced from the upper surface

(301) of the base fixed by the magnet (130), and embedded with the lens (230), a data

is calculated for maintaining an optimum focus between the lens (230) and the image

sensor module based on the object, and an amount of current corresponding to the data

is applied to the coil block (220) to move the bobbin (210) to the reference position

based on the data.

[195]

[196] At this time, the amount of current may have the intensity corresponding to the data,

and the reference position may be the inner lateral surface of the upper plate (510) or

the upper surface (301) of the base (300).

Industrial Applicability
[197] As apparent from the foregoing, the present invention has an industrial applicability

in that a bobbin mounted with a lens is distanced from an upper surface of a base

mounted with an image sensor, and a current of forward direction or backward

direction is applied to a coil block wound on the bobbin to drive the mover including

the bobbin to a direction distancing from the base or approaching the base, whereby

power consumption by the voice coil motor can be reduced to adjust a focus between

the lens and the image sensor within a faster period of time and to reduce a contact

noise caused by driving of the bobbin.

[198] While the present invention has been particularly shown and described with reference

to exemplary embodiments thereof, the general inventive concept is not limited to the

above-described embodiments. It will be understood by those of ordinary skill in the

art that various changes and variations in form and details may be made therein

without departing from the spirit and scope of the present invention as defined by the

following claims.
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Claims
A voice coil motor (VCM), the VCM comprising: a stator including a

magnet generating a first electromagnetic field; a mover including a

bobbin formed with a hollow hole through which light passes and a coil

formed on a periphery of the bobbin that generates a second electro

magnetic field responsive to the first electromagnetic field; a base fixed

at the stator and formed with an opening through which the light

passes; and at least one elastic member elastically supporting the

bobbin and forming a gap between the bobbin and the base when the

coil is not applied with a current.

The VCM of claim 1, wherein the elastic member includes a first

elastic member connected to a bottom end of the bobbin and a second

elastic member connected to an upper end opposite to the bottom end

of the bobbin.

The VCM of claim 2, wherein each of the first and second elastic

members includes an inner elastic unit coupled to the bobbin, an outer

elastic unit connectively coupled to the stator, and a connection elastic

unit connecting the inner and outer elastic units.

The VCM of claim 3, wherein the inner elastic unit is arranged at a

bottom surface of the outer elastic unit by droop caused by a self

weight of the mover.

The VCM of claim 3, wherein the inner elastic unit is arranged at a

position higher than that of the outer elastic unit in consideration of the

droop by the self weight of the mover, and the first and second elastic

members are arranged in parallel with an upper surface of the base.

The VCM of claim 1, further comprising a cover can fixed at the base

to cover the mover and the stator, wherein shock absorption members

are arranged at any one of the base opposite to the bobbin and an inner

surface of the cover can opposite to the bobbin.

The VCM of claim 6, wherein first and second shock absorption

members are arranged on the base opposite to the bobbin and the inner

surface of the cover can opposite to the bobbin.

The VCM of claim 6, wherein the shock absorption members include

any one of a sponge, a synthetic resin having an elasticity and a rubber.

A voice coil motor (VCM), comprising: a stator including a magnet

generating a first electromagnetic field; a mover including a bobbin

formed with a hollow hole through which light passes and a coil
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formed on a periphery of the bobbin that generates a second electro

magnetic field responsive to the first electromagnetic field; a base fixed

at the stator and formed with an opening through which the light

passes; and an elastic member elastically supporting the bobbin,

wherein the bobbin supported by the elastic member is driven to any

one direction of a first direction distancing from the base by an

ascending power generated by the first and second electromagnetic

fields, and a second direction approaching the base by a descending

power generated by the first and second electromagnetic fields.

[Claim 10] The VCM of claim 9, wherein a current of forward direction may be

applied to the coil when the bobbin is driven to the first direction, and a

current of backward direction that flows in opposition to the forward

current may be applied to the coil when the bobbin is driven to the

second direction.

[Claim 11] The VCM of claim 9, wherein the bobbin is driven to any one direction

of the first direction and the second direction by adjusting a voltage

difference across the coil.

[Claim 12] A voice coil motor (VCM), comprising: a stator including a magnet

generating a first electromagnetic field; a mover including a bobbin

formed with a hollow hole through which light passes and a coil

formed on a periphery of the bobbin that generates a second electro

magnetic field responsive to the first electromagnetic field; a base fixed

at the stator and formed with an opening through which the light

passes; at least one elastic member elastically supporting the bobbin

and forming a gap between a bottom end of the bobbin and an upper

surface of the base; and a driving module including a control unit

generating an ascending control signal for ascending the bobbin and a

descending control signal for descending the bobbin, and a current

providing unit providing either a forward current or a backward current

to the coil in response to the ascending control signal and the de

scending control signal of the control unit.

[Claim 13] The VCM of claim 12, wherein the current providing unit includes a

first unit circuitry in which first and second switch elements are

connected in series, and a second unit circuitry in which third and

fourth switch elements are connected in series, wherein the first and

second unit circuitries are electrically connected in parallel relative to

power, a first distal end of the coil is connectively interposed between

the first and second switch elements, and a second distal end of the coil
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is connectively interposed between the third and fourth switch

elements.

The VCM of claim 13, wherein the ascending control signal is provided

to the first and second switch elements to apply the forward current to

the coil, and the descending control signal may be provided to the third

and fourth switch elements to apply the backward current to the coil.

A method for driving a voice coil motor (VCM), the method

comprising: moving a bobbin to a reference position by applying a first

current to a coil wound on the bobbin embedded with a lens and

elastically supported by an elastic member by being distanced from a

base; applying to the coil a second current flowing in a direction

opposite to the first current to distance the bobbin from the reference

position; and stopping the bobbin at a position corresponding to an

optimum focus by constantly maintaining an amount of the second

current when the optimum focus is formed between the lens and an

image sensor.

The method of claim 15, wherein the reference position is one of an

upper surface of the base and an inner lateral surface of a cover can

covering the bobbin.

The method of claim 15, wherein the amount of second current in the

step of distancing the bobbin from the reference position continuously

increases.

The method of claim 15, wherein the step of stopping the bobbin at a

position corresponding to an optimum focus includes moving the

bobbin to a position deviated from the position of the optimum focus,

and returning the bobbin to the position of the optimum focus by re

applying the first current to the coil.

A method for driving a voice coil motor, the method comprising:

moving a bobbin to a reference position by applying a first current to a

coil wound on the bobbin embedded with a lens and elastically

supported by an elastic member by being distanced from a base; cal

culating a data for forming an optimum focus between a lens and an

image sensor module based on an object; and moving the bobbin to the

reference position based on the data by applying to the coil a second

current flowing in opposition to the first current relative to the data.

The method of claim 19, wherein the second current is an amount of a

current having a predetermined intensity.
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