US 20080192368A1

United States

(19)
a2y Patent Application Publication o) Pub. No.: US 2008/0192368 A1
Sue et al. 43) Pub. Date: Aug. 14, 2008
(54) LENS DRIVE DEVICE Publication Classification
(75) Inventors: Takeshi Sue, Nagano (JP); Yukio (1) Int.Cl.
Furuya, Nagano (JP); Jaegyeong G028 7/02 (2006.01)
Suh, Kyungnam (KR)
Correspondence Address: (52) US.Cl .ot 359/824
CANTOR COLBURN, LLP
20 Church Street, 22nd Floor
Hartford, CT 06103 (57 ABSTRACT
(73)  Assignees: NIDEC SANKYO A.lens drive deVice. includes a.lens movab}e body provided
’ CORPORATION, Nagano (JP); with a lens and a drive mec.h.amgm for moving Fhe .lens mov-
SAMSUNG TE CﬁWIN Co. ’ able body from a home position inan optical axis direction of
LTD., Kyungnam (KR) ? the lens. The drive mechanism includes a magnet and a plu-
» rality of coils which is disposed so that the magnet is inter-
(21) Appl. No.: 12/025,930 posed in the optical axis direction of the lens. An electric
current is supplied to the plurality of the coils in a reverse
(22) Filed: Feb. 5, 2008 direction to a direction of an electric current, which is sup-
plied to the plurality of the coils for moving the lens movable
(30) Foreign Application Priority Data body, for restricting movement from the home position of the
lens movable body. Therefore, swinging and rattling are hard
Feb. 5,2007 (IP) JP2007-25767 to occur in the lens movable body and thus its impact resis-

Dec. 17,2007 (IP)

JP2007-324158

Front Side
(Object Side)

N

N

Rear Side 13’

tance can be enhanced.

10
18 ¢f}
, 15
- 11
30
14
K J—-
! — 16
=7
Y
i 4 ’
14
1319 13



Patent Application Publication  Aug. 14, 2008 Sheet 1 of 5 US 2008/0192368 A1

F' .1 10
N o /

Front Side
(Object Side)

15
11
30
14
16
17
s
i 14°
\L '13’ i
Rear Side 13 13719 13’
Fig.2 ,
13 b
A ‘ .
‘ | 13’
/ | 18'b
&, t A
e ”“f T PEEE

13'b



Patent Application Publication  Aug. 14, 2008 Sheet 2 of 5 US 2008/0192368 A1

Fig.3




Patent Application Publication  Aug. 14, 2008 Sheet 3 of 5
Fig.4(a) 10
)l( ] /
"Front Side ; A, — 11
(Object ; =
Side) =) B Fu
A~ ! B g 14
! 30
l 17
i 16
i Py 14
| AN
RearvS ide | / 7 = / |
i — Wﬂ
! 20 15 19a 13’ 19
Fig.4(b)
10
X
13
! / '/ 11
| g
|
| 30
i Frm 14
| Fm2 F :
! 17
| 18 16
i N 14’
|
Fur
i / A ]
: 7 /////;4
! / ol a0\
! 20 19a 13 19

US 2008/0192368 A1



Patent Application Publication  Aug. 14, 2008 Sheet 4 of 5 US 2008/0192368 A1

Fig.5(a) 4

1 When
) vibrated,

—p  Sleeve 15 is Restricted

to the Home Position
with Reverse Current.

T — 100
Fig.5(b)
<7 /_/ 100
G icati
Dml;“:t?c':sas il:gn Section i "'—O'—l
r < rRoM |- 192
107
10 103
N Lens Drive Davice <t—p EEPROM |~
A
108 \
104
Coil Current P CPU - RAM I~
Control Cireuit [
10
116 Lt Operation Buttons |~ >
™\ Servomotor
A
10 106
° \ < Power Switch ~
Motor Drive g
Control Circuit [




Patent Application Publication  Aug. 14, 2008 Sheet S of 5 US 2008/0192368 A1

Fig.6

120




US 2008/0192368 Al

LENS DRIVE DEVICE

[0001] The present invention claims priority under 35 U.S.
C. §119to Japanese Application No. 2007-25767 filed Feb. 5,
2007 and Japanese Application No. 2007-324158 filed Dec.
17,2007, both of which are incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to alens drive device in
which a lens is movably driven in an optical axis direction to
form an image of an object.

BACKGROUND OF THE INVENTION

[0003] Inrecentyears, as cell phones with camera on which
a camera is mounted have been widely spread, opportunities
in which various objects are photographed by the cell phone
have been increasing. For example, there may be a case that
an object such as a friend or landscape, which is far from a
lens of the camera to some extent, is photographed (normal
photographing), or there may be a case that an object such as
atimetable for a bus or petals of a flower which is near the lens
of the camera is photographed (close-up photographing).

[0004] In a case of a close-up photographing (macro-pho-
tographing), the lens of the camera is required to locate at a
position nearer to the object than a position at the time of a
normal photographing. Therefore, this type of a photograph-
ing lens system is provided with a drive mechanism for driv-
ing a lens to move in an optical axis direction. The drive
mechanism is driven with a switch to move the lens in the
optical axis direction (see, for example, Japanese Patent Laid-
Open No. 2005-128392, paragraph [0014]).

[0005] In the lens drive device which is disclosed in the
above-mentioned Patent Reference, a lens support body is
moved in the optical axis direction of the lens by an electro-
magnetic force which is generated through energization of a
coil. Under a state that the coil is not energized, the lens
support body is urged to a main base by two springs. In this
manner, since a home position of the lens is fixed when the
camera is not used, swinging and rattling are hard to occur in
the lens support body and, as a result, its impact resistance can
be improved.

[0006] However, in order to further surely prevent the
swinging and rattling of the lens support body, strengths of
two pieces of the springs are required to increase but, in this
case, an electric current for starting to move the lens support
body (starting current) becomes large. In other words, in the
lens drive device disclosed in the above-mentioned Patent
Reference, fixing the lens support body to a prescribed home
position and reducing the starting current are in an exclusive
relation to each other and it is difficult to attain both functions.

SUMMARY OF THE INVENTION

[0007] In view of the problems described above, an object
of the present invention is directed to providing a lens drive
device which is capable of reducing a starting current while
improving its impact resistance.
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[0008] Thus, according to an embodiment of the present
invention, there may be provided a lens drive device as
described in the following examples.

FIRST EXAMPLE

[0009] A lens drive device comprising:

a lens movable body which is provided with a lens;

a drive mechanism for moving the lens movable body from a
home position in an optical axis direction of the lens; and

a fixed body which movably supports the lens movable body
in the optical axis direction of the lens;

wherein the drive mechanism includes a magnet and a plu-
rality of coils which is disposed so that the magnet is inter-
posed in the optical axis direction of the lens; and

wherein one of the magnet and the plurality of the coils is
provided in the lens movable body and the other of the magnet
and the plurality of the coils is provided in the fixed body; and
wherein an electric current is supplied to the plurality of the
coils in a reverse direction to a direction of an electric current,
which is supplied to the plurality of the coils to move the lens
movable body, to restrict movement from the home position
of'the lens movable body.

[0010] According to the first example, the lens drive device
is provided with the drive mechanism for moving the lens
movable body in the optical axis direction and the fixed body
which movably supports the lens movable body in the optical
axis direction, and the drive mechanism includes the magnet
and the plurality of the coils. In addition, movement of the
lens movable body from the home position is restricted by
means of that an electric current is supplied to the plurality of
the coils in the reverse direction to the direction of the electric
current which is supplied to move the lens movable body.
Therefore, when the electric current is supplied in the reverse
direction, the lens movable body is restricted at the prescribed
home position. As a result, swinging and rattling are hard to
occur in the lens movable body and thus its impact resistance
can be enhanced. Further, when swinging and rattling are
hard to occur, silentness can be enhanced.

[0011] In addition, according to the first example, move-
ment of the lens movable body from the home position is
restricted by means of that an electric current is supplied to
the plurality of the coils in the reverse direction to the direc-
tion of the electric current which is supplied to move the lens
movable body. Therefore, an electric current which is
required to start moving the lens movable body (starting
current) can be reduced. Specifically, in order to enhance
impact resistance in the conventional lens drive device dis-
closed in the above-mentioned Patent Reference, strengths of
the two springs are required to increase and, as a result, the
lens support body is hard to be moved and thus its starting
current becomes large. However, according to the first
example, as described above, movement of the lens movable
body is restricted by supplying an electric current in the
reverse direction. Therefore, for example, even when two
springs are used, impact resistance can be enhanced while
their strengths are reduced and thus the starting current can be
reduced. In this first example, structural members such as the
spring may not be provided and, in this case, manufacturing
cost can be reduced.

[0012] Inthis firstexample, the “prescribed home position”
means a position of the lens movable body in a state that the
plurality of the coils is not energized. The “prescribed home
position” may be one position or a plurality of positions
which are previously determined. Further, the “home posi-
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tion” may be set at any position within the lens drive device.
For example, a position apart farthest from an object to be
photographed in a moving range of the lens movable body
may be set as the home position, a position closest to the
object may be set as the home position, or an intermediate
position (position in a state where the lens movable body is
floated) may be set as the home position.

[0013] Further, the phrase of “movement from the home
position is restricted” means that the lens movable body is
maintained so as to stay at the home position. As described
below, the movement may be restricted by being pressed
against an abutting part, the movement may be restricted by a
force of action/counteraction acting between an urging mem-
ber and the lens movable body, or another appropriate means
may be used.

[0014] In addition, a time period (energization period) and
a timing (energization timing) of “an electric current is sup-
plied to the plurality of the coils in the reverse direction to the
direction of the electric current which is supplied for moving
the lens movable body” may be utilized in any appropriate
manner. For example, in a case that a sensor for detecting an
external force is provided in the lens drive device, the electric
current may be supplied when the external force is detected
with the sensor. Alternatively, the electric current may be
supplied during a constant time period (for example, until the
detection of the external force with the sensor stops), the
electric current may be supplied at a constant interval (inter-
val energization), or the electric current may be supplied
continuously (continuous energization).

[0015] In the first example, the magnet and the plurality of
the coils which structure the “drive mechanism” may be pro-
vided in either of the lens movable body and the fixed body.
For example, when the magnet is provided in the lens mov-
able body, the plurality of the coils is provided in the fixed
body and, alternatively, when the plurality of the coils is
provided in the lens movable body, the magnet is provided in
the fixed body.

SECOND EXAMPLE

[0016] In the lens drive device according to the above-
mentioned first example, an abutting part is provided for
restricting the movement of the lens movable body and, when
the electric current is supplied to the plurality of the coils in
the reverse direction to the direction of the electric current
which is supplied to the plurality of the coils for moving the
lens movable body, the lens movable body is pressed against
the abutting part.

[0017] According to the second example, the above-men-
tioned lens drive device is provided with the abutting part for
restricting the movement of the lens movable body and, when
the electric current is supplied to the plurality of the coils in
the reverse direction to the direction of the electric current
which is supplied to the plurality of the coils for moving the
lens movable body, the lens movable body is pressed against
the abutting part. Therefore, the impact resistance can be
further securely enhanced. In other words, in a case that the
movement is restricted by means of that the lens movable
body is pressed against the abutting part, even when an exter-
nal force is applied, swinging and rattling are made less likely
to occur in the lens movable body and thus impact resistance
can be enhanced. The “abutting part” may be formed at any
position and may be formed in any size and in any shape. For
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example, it may be structured that a part of the fixed body is
formed so as to function as the abutting part.

THIRD EXAMPLE

[0018] In the lens drive device according to the above-
mentioned first or second example, the drive mechanism
includes an urging member which urges the lens movable
body to the home position.

[0019] According to the third example, the drive mecha-
nism includes an urging member which urges the lens mov-
able body to the home position. Therefore, impact resistance
is secured at the time of normal photographing and, at the
time of macro-photographing, the lens movable body can be
held at a desired position with a low starting current. In other
words, the lens movable body can be held at the desired
position by adjusting the position where an electromagnetic
force generated through supplying an electric current to the
plurality of the coils and an urging force of the urging member
are balanced with each other.

FOURTH EXAMPLE

[0020] In the lens drive device according to one of the
above-mentioned first through third examples, the drive
mechanism includes a magnetic member which is magneti-
cally attracted to the magnet.

[0021] According to the fourth example, since the drive
mechanism includes a magnetic member which is magneti-
cally attracted to the magnet, a magnetic attractive force acts
between the magnetic member and the magnet. Therefore, at
the time of normal photographing (alternatively, when the
camera is not used), impact resistance is enhanced by the
magnetic attractive force. The “magnetic member” in the
fourth example can enhance impact resistance even when the
electric current is not supplied to the plurality of the coils in
the reverse direction to the direction of the electric current
which is supplied to the plurality of the coils for moving the
lens movable body. The “magnetic member” may be formed
in a spherical shape or a ring (circular) shape and, in other
words, the “magnetic member” may be formed at any shape,
any size and any material.

FIFTH EXAMPLE

[0022] In the lens drive device according to the above-
mentioned fourth example, the magnetic member is formed in
a spherical shape.

[0023] According to the fifth example, since the magnetic
member is formed in a spherical shape, a magnetic attractive
force is easily adjusted, for example, by changing the number
of the magnetic members. As a result, a satisfactory impact
resistance can be realized in combination with the effect of
“the electric current supplied in the reverse direction to the
direction of the electric current which is supplied to the plu-
rality of the coils for moving the lens movable body”. In the
fifth example, the spherical “magnetic member” can be sim-
ply and easily manufactured at a low cost and can be easily
assembled into the lens drive device.

[0024] Other features and advantages of the invention will
be apparent from the following detailed description, taken in
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conjunction with the accompanying drawings that illustrate,
by way of example, various features of embodiments of the
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG.11isaperspective cross sectional view showing
a mechanical structure of a lens drive device in accordance
with an embodiment of the present invention.

[0026] FIG. 2 is a plan view showing a structure of a plate
spring in the lens drive device shown in FIG. 1.

[0027] FIG. 3 is an exploded perspective view for explain-
ing an assembling method of a lens drive device inaccordance
with an embodiment of the present invention.

[0028] FIGS. 4(a) and 4(b) are explanatory cross sectional
views for explaining states where movement of a sleeve is
restricted in a lens drive device.

[0029] FIG. 5(a) is an explanatory view and FIG. 5(5) is a
block diagram, both of which show an example when a lens
drive device is assembled into a cellular phone.

[0030] FIG. 6 is an exploded perspective view showing a
mechanical structure of a lens drive device in accordance with
another embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0031] An embodiment of the present invention will be
described below with reference to the accompanying draw-
ings.

[0032] FIG.11isaperspective cross sectional view showing
amechanical structure of a lens drive device 10 in accordance
with an embodiment of the present invention. In FIG. 1, for
convenience of explanation, an upper side is set to be a front
side which is anear side to an object to be photographed. FIG.
2 is a plan view showing a structure of a plate spring 13' in the
lens drive device 10 shown in FIG. 1. FIG. 3 is an exploded
perspective view for explaining an assembling method of the
lens drive device 10 in accordance with an embodiment of the
present invention.

[0033] In FIGS. 1 through 3, the lens drive device 10
includes a cover holder 11 and a holder support 19, which
correspond to a part of a fixed body, and a sleeve 15 corre-
sponding to a part of a lens movable body. As shown in FIG.
3, a lens-barrel 12 whose optical axis is located at its center
and which is formed in a substantially cylindrical shape is
attached in an inside of the sleeve 15 (not shown in FIG. 1),
and a lens 124 is provided in an inside of the lens-barrel 12.
The lens 12a is generally structured of a plurality of lenses.
[0034] The cover holder 11 and the holder support 19 are
structured so as to be capable of being fitted and they movably
support the sleeve 15 in an optical axis direction of the lens
12a. Further, a cylindrical yoke 16 is fixed by the cover holder
11 and the holder support 19. A magnet 17, which is formed
in a ring shape, is fixed on an inner peripheral face of the yoke
16. In other words, the magnet 17 is fixed to the yoke 16 so as
to protrude on an inner side from the inner peripheral face of
the yoke 16. The magnet 17 is magnetized in a direction
perpendicular to the optical axis direction of the lens 12a. The
yoke 16 is formed of a ferromagnetic body such as a steel
plate.

[0035] A firstcoil 14 which is formed in a ring shape is fixed
on a front side of an outer periphery of the sleeve 15 and a
second coil 14' which is formed in a ring shape is fixed on its
rear side. In other words, the first coil 14 is disposed on the
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outer periphery of the sleeve 15 so as to face the front side of
the magnet 17, and the second coil 14' is disposed on the rear
side of the magnet 17 so as to interpose the magnet 17 with the
first coil 14 in the optical axis direction. As a result, arear end
face of the first coil 14 faces a front end face of the magnet 17
and a front end face of the second coil 14' faces a rear end face
of the magnet 17. The first coil 14 and the second coil 14'
which are fixed to the sleeve 15 are relatively movable to the
yoke 16 in the optical axis direction of the lens 12a.

[0036] Magnetic flux generated from an N-pole of the mag-
net 17 passes through, for example, the sleeve 15, the first coil
14 and the yoke 16 and returns to the magnet 17. Further,
magnetic flux generated from the N-pole of the magnet 17
passes through, for example, the sleeve 15, the second coil 14'
and the yoke 16 and returns to the magnet 17. Therefore, a
magnetic circuit (magnetic path) is formed by members such
as the first coil 14, the second coil 14", the yoke 16 and the
sleeve 15. In this case, it is preferable that magnetic material
is used as material of the sleeve 15.

[0037] A distance between opposite faces of the first coil 14
and the second coil 14' is larger than a thickness in the optical
axis direction of the magnet 17. Therefore, a clearance is
formed between the magnet 17 and the first coil 14 (or the
second coil 14') in the optical axis direction and the sleeve 15
integrated with the first coil 14 and the second coil 14' is
capable of moving in the optical axis direction of the lens 12a
within a range of the clearance.

[0038] A circular incident aperture 18 for taking a reflected
light from an object to be photographed into the lens 124 (see
FIG. 3) is formed at a center on the front side of the cover
holder 11. Further, the lens drive device 10 is provided with a
plate spring 13 and a plate spring 13' for restricting movement
of the sleeve 15 (the plate spring 13 is not shown in FIG. 1).
The plate spring 13' will be described in detail with reference
to FIG. 2.

[0039] In FIG. 2, the plate spring 13' which is attached to
the holder support 19 is engaged with turning prevention
grooves formed in the holder support 19. In this manner, the
plate spring 13' is prevented from turning.

[0040] The plate spring 13' is a metal spring such as a
magnetic stainless steel of a copper system or a phosphorus
system through which an electric current can be supplied, and
the rear end of the sleeve 15 is mounted on the most inner
circumferential portion 13'a of the plate spring 13'. The cir-
cumferential portion 13'a is formed with three terminals 13'5
for supplying an electric current to the second coil 14' and an
electric current can be supplied to the second coil 14' through
the terminals 13'A.

[0041] Detailed description is omitted here but, similarly to
the plate spring 13', the plate spring 13 is formed with termi-
nals for supplying an electric current to the first coil 14, and an
electric current can be supplied to the first coil 14 through the
terminals. In this manner, the plate spring 13 and the plate
spring 13" are capable of functioning as an electric wiring for
power supply for the first coil 14 and the second coil 14'.
Therefore, a circuit wiring for the lens drive device 10
becomes easy and a size of the entire lens drive device 10 can
be reduced.

[0042] Spherical magnetic members 30 are disposed on an
opposite side to the magnet 17 so as to interpose a part of the
sleeve 15. Therefore, a magnetic attraction force acts between
the magnetic members 30 and the magnet 17 so that the sleeve
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15 can be fixed (movement is restricted) at a position shown
in FIG. 1 (home position). The restricting operation will be
described in detail below.

[0043] Next, an assembling method for the lens drive
device 10 will be described with reference to FIG. 3. In FIG.
3, the lens drive device 10 in FIG. 1 is schematically shown
and the spherical magnetic members 30 and the like are
omitted. The first coil 14 and the second coil 14' have been
fixed on the outer periphery of the sleeve 15 in advance and
the lens-barrel 12 having the lens 12¢ has been assembled into
the inside of the sleeve 15 in advance. Further, the magnet 17
has been fixed on the inner peripheral face of the yoke 16 in
advance. The magnet 17 is provided with cracks in the optical
axis direction and thus the magnet 17 is capable of being
separated into four pieces.

[0044] InFIG. 3, first, the plate spring 13' is attached to the
holder support 19 so as to engage with the turning prevention
grooves formed in the holder support 19. Next, the magnet 17
which is separated into four pieces is adhesively bonded on
the yoke 16 so that the magnet 17 is interposed between the
first coil 14 and the second coil 14' which are fixed on the
outer periphery of the sleeve 15. Then, the yoke 16 into which
the sleeve 15 is assembled is fixed to the holder support 19. In
this case, the rear end of the sleeve 15 is mounted on the most
inner circumferential portion 13'a of the plate spring 13'.
Finally, the plate spring 13 is placed so that its most inner
circumferential portion is abutted with the front end of the
sleeve 15 and then, the cover holder 11 is engaged with the
holder support 19. In this manner, the lens drive device 10
shown in FIG. 1 is assembled. In this embodiment, a tongue-
shaped portion is formed in the plate spring 13 and the plate
spring 13' on an outer side in a radial direction (see FIG. 3).
This is used as a power feeding part to the coil.

[0045] Detail on a current supply means which is connected
to the power feeding part is omitted. However, for example,
when the lens drive device 10 is assembled into a cellular
phone with camera, a control means provided in an inside of
the cellular phone with camera is used as the current supply
means and, when the lens drive device 10 is assembled into a
digital camera, a control means provided in an inside of the
digital camera is used as the current supply means. In this
manner, the power feeding part is connected to a control
means of a host device. The control means supplies a current
to the coil at a prescribed timing (for example, at a timing of
receiving a trigger signal from a sensor for detecting an exter-
nal force). The control means can change a direction of an
electric current flowing through the first coil 14 and the sec-
ond coil 14'. For example, the control means supplies an
electric current in a prescribed direction through the first coil
14 and the second coil 14' based on receiving the above-
mentioned trigger signal.

[0046] FIGS. 4(a) and 4(b) are explanatory cross sectional
views for explaining states where movement of the sleeve 15
is restricted in the lens drive device 10. Also in FIGS. 4(a) and
4(b), for convenience of explanation, similarly to FIG. 3, the
lens drive device 10 in FIG. 1 is schematically shown (espe-
cially, a portion around the magnetic member 30, the first coil
14, the second coil 14' and the like are simplified) and a
mechanical structure of a half portion on its right side with
respect to the optical axis is shown. The magnet 17 is mag-
netized so that its inner side in a radial direction is an N-pole
and its outer side is an S-pole.

[0047] In FIG. 4(a), a magnetic flux generated from the
N-pole of the magnet 17 passes the sleeve 15—the first coil

Aug. 14,2008

14—>the yoke 16. Further, a magnetic flux generated from the
N-pole ofthe magnet 17 passes the sleeve 15—the second coil
14'—the yoke 16. In this state, in FIG. 4(a), an electric current
is supplied to the first coil 14 and the second coil 14' in the
same direction (for example, an electric current is supplied
from the back side to the before side in the paper). Therefore,
the first coil 14 and the second coil 14' during energization
which are located in the magnetic field respectively receive an
electromagnetic force “F,” in an upward direction (front
side) (see the arrow in F1G. 4(a)). In this manner, the sleeve 15
on which the first coil 14 and the second coil 14' are fixed has
been moved to the front side.

[0048] Inthis embodiment, an electric wiring 20 for power
supply is disposed on the sleeve 15 and a current flowing
through the first coil 14 is set to be equal to a current flowing
through the second coil 14'. Therefore, substantially equal
electromagnetic forces “F,” act on the first coil 14 and the
second coil 14'. Further, since the entire lens drive device 10
is small, a magnetic flux passing through the first coil 14 and
a magnetic flux passing through the second coil 14' can be
assumed to be substantially equal to each other.

[0049] On the other hand, forces for respectively restricting
movement of the sleeve 15 (elastic force “Fg,” and elastic
force “F,”) are generated between the plate spring 13 and the
front end of the sleeve 15 and between the plate spring 13'and
the rear end of the sleeve 15 (see the arrows in FIG. 4(a)).
Therefore, in FIG. 4(a), the electromagnetic force “F +F;,”
which is going to move the sleeve 15 to the front side balances
with the elastic force “F g, +F,” for restricting the movement
of'the sleeve 15 to cause the sleeve 15 to stop.

[0050] Next, when it is changed to a normal photographing
position (also a position where the camera is not used) from
the macro photographing position, the lens drive device 10 is
moved to a state shown in FIG. 4(b) from the state shown in
FIG. 4(a). When described specifically, in a state that the first
coil 14 and the second coil 14' are not energized, the above-
mentioned electromagnetic force “F,”” does not act on the
first coil 14 and the second coil 14' and thus the sleeve 15
returns to the original home position by the elastic forces
“Fg,” and “F,” of the plate spring 13 and the plate spring 13'.
[0051] The sleeve 15 is held by magnetic attraction forces
“F,,,” and “F,,,”, which act between the magnetic members
30 and the magnet 17. Therefore, swinging and rattling of the
sleeve 15 are prevented and, as a result, variation of a station-
ary positional accuracy of the lens movable body such as the
lens 12a or the lens-barrel 12 at the time of a normal photo-
graphing (or, when the camera is not used) can be restrained.
[0052] Especially, in this embodiment, the position of the
sleeve 15 at the time of a normal photographing (or, when the
camera is not used) (see FIG. 4(b)), i.e., the position of the
sleeve 15 in the state where the first coil 14 and the second coil
14' are not energized is set to be the “home position”. Further,
when any external force is applied, for example, when an
apparatus into which the lens drive device 10 is assembled is
dropped, when the device is shaken or, even when effects of a
vibrating motor, magnetic field or electromagnetic wave are
applied, an electric current is supplied so as to flow through
the first coil 14 and the second coil 14' in a reverse direction
to a direction of an electric current for moving the sleeve 15
(reverse direction to the case when an electric current is
supplied as shown in FIG. 4(a)). In this case, the sleeve 15 is
pressed on its rear side.

[0053] Described specifically, the holder support 19 is
formed with an abutting part 194 for supporting the rear end
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of'the sleeve 15 through the plate spring 13'. When an electric
current is supplied so as to flow through the first coil 14 and
the second coil 14' in a reverse direction to the direction of the
electric current, which is supplied for moving the sleeve 15
(the direction of the electric current flown to obtain the state
shown in FIG. 4(a)), an electromagnetic force “F . is gen-
erated in a reverse direction to the direction shown in FIG.
4(a) and the sleeve 15 is pressed against the abutting part 19a
through the plate spring 13'. As a result, even when an external
force is applied, swinging and rattling of the sleeve 15 are
hard to be occurred and thus movement from the home posi-
tion is restricted. In this embodiment, as described above, the
movement from the home position of the sleeve 15 is also
restricted by the magnetic attraction forces “F,,;” and “F,,,”
by using the magnetic members 30. In addition, the plate
spring 13 and the plate spring 13' urge the sleeve 15 to the
home position and thus movement from the home position of
the sleeve 15 is restricted also by the plate spring 13 and the
plate spring 13".

[0054] As described above, according to the lens drive
device 10 in accordance with this embodiment, when an
electric current flows through the first coil 14 and the second
coil 14' in the reverse direction to the direction of the current
which is supplied when the sleeve 15 is to be moved, the
sleeve 15 is restricted at the prescribed home position (see
FIG. 4(b)). As aresult, swinging and rattling are hard to occur
in the sleeve 15 and its impact resistance can be enhanced.
Especially, the rear end of the sleeve 15 is pressed against the
abutting part 194a of the holder support 19 through the plate
spring 13'. Therefore, swinging and rattling of the sleeve 15
can be further surely prevented. Further, when swinging and
rattling is prevented, noise such as a “rattling” noise can be
prevented and, as a result, silentness can be enhanced.
[0055] Further, in the lens drive device 10 in accordance
with this embodiment, movement of the sleeve 15 can be
restricted by supplying an electric current to the first coil 14
and the second coil 14' in the specified direction. Therefore,
even when impact resistance is enhanced, strengths of the
plate spring 13 and the plate spring 13' can be reduced or
magnetism of the magnetic member 30 can be reduced. As a
result, a starting current can be reduced and an electric power
consumption can be also reduced.

[0056] Further, when a magnitude of the electric current
flowing through the first coil 14 and the second coil 14' in the
reverse direction to the direction of the current which is sup-
plied for moving the sleeve 15 is set to be an appropriate
value, a magnitude of the restricting force (electromagnetic
force “F,z” shown in FIG. 4(b)) can be adjusted. Therefore,
a current value of the starting current which starts to move the
sleeve 15 can be set with a simple setting operation.

[0057] Inaddition, according to this embodiment, the urg-
ing members (plate springs 13 and 13") and the spherical
magnetic members (magnetic ball) 30 are provided as the
drive mechanism for the lens drive device 10. Therefore, the
sleeve 15 can be easily held at the prescribed home position.
However, the present invention is not limited to the above-
mentioned embodiment. For example, the lens drive device
10 in accordance with this embodiment may include no mem-
bers such as a spring (for example, the urging member and the
magnetic member 30) for restricting the movement of the
sleeve 15. When another member such as the spring is not
provided, its manufacturing cost can be reduced.

[0058] The lens drive device 10 may be assembled into
various electronic apparatuses in addition to a cellular phone
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with camera. For example, the lens drive device 10 may be
assembled into a PUS, a PDA, a bar code reader, a thin type
digital camera, a monitoring camera, a camera for rear con-
firmation for use in a car, a door having an optical authenti-
cation function.

[0059] Especially, a servo-control for driving a vibration
motor which is used in a commonly used cellular phone is
structured so that, when a receiving signal for the phone is
received, a servo signal is transmitted to a servomotor to turn
the servomotor “ON”. The servomotor is turned “ON”, in
other words, when a servo signal is transmitted, there is a
possibility that vibration is transmitted to the lens drive device
10 from the servomotor.

[0060] Therefore, it is preferable that, when the servomotor
is turned “ON”, an electric current is supplied in a reverse
direction to a direction when the sleeve 15 is to be moved. As
a result, movement from the home position of the sleeve 15 is
restricted and thus impact resistance can be enhanced. This
application will be described in detail below with reference to
FIGS. 5(a) and 5(b).

[0061] FIG. 5(a) is an explanatory view and FIG. 5(5) is a
block diagram showing an example when the lens drive
device 10 is assembled into a cellular phone 100. FIG. 5(a) is
its schematic explanatory view and FIG. 5(b) is a block dia-
gram showing a hardware structure of the cellular phone 100.
The hardware structure shown in FIG. 5(b) is only one
example and the present invention is not limited to this struc-
ture. For example, in FIG. 5(54), an LCD, a microphone or a
speaker is omitted.

[0062] As shown in FIG. 5(b), the cellular phone 100
includes a CPU 101, an ROM 102, an EEPROM 103, an ROM
104, operation buttons 105, a power switch 106, a communi-
cation processing section 107, the lens drive device 10, a coil
current control circuit 108, a motor drive control circuit 109
and a servomotor 110.

[0063] The CPU 101 controls respective parts of the cellu-
lar phone 100 and structures a core portion for controlling the
cellular phone 100. When a power supply of the cellular
phone 100 is turned “ON”, the CPU 101 reads out and
executes “IPL” (Initial Program Loader) stored in the ROM
102. When the “IPL” is executed, an initializing program is
read out from the ROM 102 to execute initializations of the
respective parts of the cellular phone 100. In the CPU 101,
when execution of the initializing program has ended, an OS
(Operating System) program is read out from the ROM 102 to
be executed.

[0064] The CPU 101 which executes the OS program per-
forms various processings depending on signals which are
inputted. For example, when a person holding the cellular
phone 100 operates an operation button 105, an instruction of
the person is specified on the basis of a signal inputted
through the operation button 105 and processing according to
the instruction is performed.

[0065] The ROM 102 stores the above-mentioned various
programs which are to be executed by the CPU 101. For
example, the ROM 102 stores the “IPL”, the initializing pro-
grams performing initializations of the respective parts of the
cellular phone 100, the OS programs controlling the entire
cellular phone 100 and the like. The EEPROM (Electrically
Erasable Programmable Read Only Memory) 103 stores, for
example, data for controlling the cellular phone 100 and an
address book table storing telephone numbers and email
addresses to which the holder of the cellular phone 100 per-
forms a phone call and transmits and receives an electronic
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mail. The RAM (random access memory) 104 is a readable
and writable memory which functions as a working area of
the CPU 101 and temporarily stores data which are used by
programs executed by the CPU 101.

[0066] The communication processing section 107
includes a circuit which is capable of performing a radio
communication with a server of a contracted cellular phone
company of the cellular phone 100 and is, for example, struc-
tured of a base-band IC, an RF (Radio Frequency) IC and the
like. An antenna is connected to the communication process-
ing section 107 in which a signal to be transmitted from the
antenna is amplified, or in which a signal received from a
radio base station is provided to the CPU 101. In other words,
the cellular phone 100 radiates a radio wave to a radio base
station or takes a radio wave radiated from a radio base station
through the communication processing section 107 and the
antenna. In this manner, the cellular phone 100 is capable of
performing a telephone call and a data communication
through the radio base station.

[0067] The cellular phone 100 includes the coil current
control circuit 108 for supplying a desired electric current to
the first coil 14 and the second coil 14' of the lens drive device
10, the servomotor 110 and the motor drive control circuit 109
for notifying the holder with vibration an incoming call to the
cellular phone 100 through the communication processing
section 107.

[0068] When the CPU 101 receives a signal of an incoming
call from the communication processing section 107, the
CPU 101 transmits a servo signal for turning the servomotor
“ON” to the motor drive control circuit 109. When the motor
drive control circuit 109 receives the servo signal, the motor
drive control circuit 109 drives the servomotor 110 (the ser-
vomotor 110 is turned “ON”) to vibrate the cellular phone
100.

[0069] In this case, the CPU 101 transmits the servo signal
to the motor drive control circuit 109 and transmits an electric
current switching signal to the coil current control circuit 108.
The coil current control circuit 108 which has received this
electric current switching signal supplies an electric current
to the first coil 14 and the second coil 14' of the lens drive
device 10 in the reverse direction to the direction of the
current which is supplied for moving the sleeve 15. In this
manner, the sleeve 15 of the lens drive device 10 is restricted
at the home position at the timing of vibration of the cellular
phone 100 and, as a result, swinging and rattling of the sleeve
15 is prevented.

[0070] As described above, in the lens drive device 10 in
accordance with the embodiment which is assembled into the
cell phone 100, the sleeve 15 can be restricted at the home
position at the timing when the cell phone 100 is vibrated to
easily cause the sleeve 15 to swing and rattle. Therefore,
impact resistance can be enhanced with software (through
program) without modifying its hardware structure.

[0071] The present invention may be applied to a lens drive
device 1A shown in FIG. 6. The lens drive device 1A in this
embodiment includes a roughly rectangular back yoke 16A
which is an outer frame of the lens drive device 1A, four
pieces of magnets 51a through 51d which are attached so as to
correspond to respective corner parts on an inner peripheral
side of the back yoke 16A, and a first coil 52a and a second
coil 526 which are wound in a roughly rectangular shape and
attached to the sleeve 15A so that the magnets are interposed
between the first coil 52 and the second coil 525 in an optical
axis direction. In the lens drive device 1A, when an electric

Aug. 14,2008

current is supplied to the first coil 52a and the second coil 525,
the sleeve 15A is moved up and down along the optical axis
direction. Magnetizing directions of an inner peripheral side
and an outer peripheral side of the magnet are different from
each other. Further, magnetic balls 1004 and 1005 are pro-
vided for holding the sleeve 15A at a position on an image
sensor element side and a set (two holes) ofholding holes (not
shown) for holding the magnetic balls are formed at opposite
corner parts on an object side of the sleeve. A cover holder 110
is attached on an object to be photographed side of the back
yoke 16 A and an outer cover 120 is provided for holding from
the cover holder 110 to an holder support 19 and for covering
an aperture formed in the sleeve. In this embodiment, other
parts are the same as the above-mentioned embodiment and
thus their description is omitted.

[0072] The present invention is not limited to the above-
mentioned embodiments. For example, it may be structured
that the coils are attached on the outer periphery of the sleeve
15 (15A) and the magnet 17 is fixed on the inner peripheral
face of the yoke 16 so as to face the coils in a radial direction.
Further, instead of providing the magnetic balls 100a and
10054 for holding the sleeve 15A on the image sensor element
side, for example, a ring-shaped magnetic member may be
attached to the sleeve 15 so as to be located near the magnet
17.

[0073] The lens drive device in accordance with the present
invention is effective to improve impact resistance while pre-
venting an electric current, which starts the lens support body
to move, from becoming large.

[0074] While the description above refers to particular
embodiments of the present invention, it will be understood
that many modifications may be made without departing from
the spirit thereof. The accompanying claims are intended to
cover such modifications as would fall within the true scope
and spirit of the present invention.

[0075] The presently disclosed embodiments are therefore
to be considered in all respects as illustrative and not restric-
tive, the scope of the invention being indicated by the
appended claims, rather than the foregoing description, and
all changes which come within the meaning and range of
equivalency of the claims are therefore intended to be
embraced therein.

What is claimed is:

1. A lens drive device comprising:

a lens movable body which is provided with a lens;

a drive mechanism for moving the lens movable body from
a home position in an optical axis direction of the lens;
and

a fixed body which movably supports the lens movable
body in the optical axis direction of the lens;

wherein the drive mechanism includes a magnet and a
plurality of coils which is disposed so that the magnet is
interposed in the optical axis direction of the lens; and

wherein one of the magnet and the plurality of the coils is
provided in the lens movable body and the other of the
magnet and the plurality of the coils is provided in the
fixed body; and

wherein an electric current is supplied to the plurality of the
coils in a reverse direction to a direction of an electric
current, which is supplied to the plurality of the coils for
moving the lens movable body, for restricting movement
from the home position of the lens movable body.
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2. The lens drive device according to claim 1, further com-
prising an abutting part for restricting the movement of the
lens movable body;

wherein when the electric current is supplied to the plural-

ity of the coils in the reverse direction to the direction of
the electric current which is supplied to the plurality of
the coils for moving the lens movable body, the lens
movable body is pressed against the abutting part.

3. The lens drive device according to claim 2, wherein the
drive mechanism includes an urging member which urges the
lens movable body to the home position.

4. The lens drive device according to claims 3, wherein the
drive mechanism includes a magnetic member which is mag-
netically attracted to the magnet.

5. The lens drive device according to claim 4, wherein the
magnetic member is formed in a spherical shape.
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6. The lens drive device according to claim 1, wherein the
drive mechanism includes an urging member which urges the
lens movable body to the home position.

7. The lens drive device according to claims 6, wherein the
drive mechanism includes a magnetic member which is mag-
netically attracted to the magnet.

8. The lens drive device according to claim 7, wherein the
magnetic member is formed in a spherical shape.

9. The lens drive device according to claims 1, wherein the
drive mechanism includes a magnetic member which is mag-
netically attracted to the magnet.

10. The lens drive device according to claim 9, wherein the
magnetic member is formed in a spherical shape.
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