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(57) ABSTRACT

A camera module for small-sized electronic apparatuses such
as digital cameras and cellular phones includes a lens unit;
and a holder which houses the lens unit and 1s displaceable
along an optical axis direction of the lens unit. A coil 1s
provided on the holder of octagon shape 1n cross section
having eight outside surface portions with a yoke having an
outer cylindrical wall portion formed to have an octagon
shape similar to the octagon shape of the coil and having eight
magnet mounting inner surfaces. Eight tlat plate-shaped mag-
nets on the mounting surfaces for providing a magnetic field
are arranged to face the outside surface portions of the coil
through a predetermined constant spacing. Upper and lower
leat springs respectively support the holder so as to be dis-
placeable along the optical axis direction of the lens unit; a
base for supporting the yoke and the lower spring.
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1
CAMERA MODULE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This mvention relates to a camera module, and more spe-
cifically to a camera module that can be used in small-sized
clectronic apparatuses such as digital cameras, camera-
equipped cellular phones and the like.

2. Description of the Prior Art

A camera module having a function of displacing a lens
unit 1n a direction of an optical axis of the lens unmit 1s used in
relatively small-sized digital cameras, camera-equipped cel-
lular phones and the like. This function 1s used for providing
an autofocus function and/or zoom function, and 1s achieved
by an interaction between a magnetic field generated by an
clectrical current flowing 1n a coil and a magnetic field gen-
erated by a yoke and magnets provided on the voke. Recently,
camera modules to be mounted in camera-equipped cellular
phones are required to further reduce size and shape thereof.

FIG. 4 shows an actuator assembly for providing an auto-
focus function used 1n a conventional camera module. The
actuator assembly 100 includes a holder 103 which houses a
lens unit (not shown in the drawing), a coil 101 wound around
the holder 103, a base 104 formed 1nto a roughly square shape
having four corner posts near the four corner thereof, four

magnets 102 respectively arranged near the four corner posts
of the base 104, and a spring 105 for resiliently supporting the
holder 103.

In the actuator assembly 100, by supplying an electrical
current to the co1l 101 provided on the holder 103, a repellent
force 1s generated by the magnetic fields provided by the four
magnets 102 and the coil 101. Further, by utilizing a spring
torce of the spring 105, the holder 103 can be displaced up and
down directions in the figure to carry out the autofocus func-
tion.

One example of a camera module having such an actuator
assembly 100 1s disclosed 1n a publication of Japanese Utility
Model Registration No. 3124292,

In the actuator assembly 100 described above, the four
magnets 102 are arranged on the [comers] corners of the
roughly square-shaped base 104. Therefore, when the entire
s1ze of the camera 1s to be reduced, there 1s a problem 1n that
suificient magnetic force cannot be secured 1n each of the
magnets 102. This 1s because if the thickness of each magnet
102 1s reduced, the distance between the N pole and the S pole
in each magnet 1s shortened, thus resulting 1n a reduced mag-
netic force.

Further, 1in the actuator assembly 100 described above, the
reduced magnetic force due to the reduced size of each mag-
net 1s compensated by the provision of the spring 105. How-
ever, 11 the entire size of the camera module 1s to be further
reduced, there arises another problem 1n that it becomes dii-
ficult to secure a space for providing the spring 105.

SUMMARY OF THE INVENTION

The present invention has been made 1n view of the prob-
lems described above, and therefore 1t 1s an object of the
present invention to provide a camera module that can pro-
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vide a sufficient driving force of a holder even 1n the case
where the entire si1ze of the camera module 1s reduced.

In order to achieve the object, the present invention 1s
directed to a camera module, which comprises:

a lens unit which constitutes an optical system of the cam-
era module;

a holder which houses the lens unit therein and 1s displace-
able along an optical axis direction of the lens unit, the holder
having a cylindrical shape having upper and lower cylindrical
end portions;

a coll provided on the holder, the coil being formed to have
an octagon shape 1n 1ts horizontal cross section having eight
outside surface portions;

a yoke having an outer wall portion formed to have an
octagon shape 1n 1ts horizontal cross section which 1s similar
to and larger than the octagon shape of the coil and having
cight magnet mounting inner surfaces, the yoke having a top
surface portion formed with an opening for recewving the
holder,

cight flat plate-shaped magnets respectively provided on
the magnet mounting mner surfaces of the outer wall portion
of the yoke for providing a magnetic field to the coil, each of
the eight flat plate-shaped magnets being arranged so as to
tace each of the outside surface portions of the coil through a
predetermined spacing;

upper and lower leaf springs respectively attached to upper
and lower cylindrical end portions of the holder for support-
ing the holder so as to be displaceable along the optical axis
direction of the lens unit; and

a base for supporting the yoke and the lower spring.

According to the camera module of the present invention
provided with the actuator assembly having the structure
described above, the eight flat plate-shaped magnets are
arranged so as to surround the entire outer circumierence of
the coil through a predetermined constant spacing. Therefore,
it 1s possible to provide a suificiently strong magnetic field to
the coil. As a result, 1t 1s possible to displace the holder with
suificient driving force.

Further, 1n the conventional camera module using a cylin-
drical coil 1n combination with flat plate-shaped magnets,
there 1s a problem 1n that a distance between the circumier-
ential surface of the coil and the surface of each magnet varies
depending on positions of the circumierential surface of the
coil. However, according to the camera module provided with
the actuator assembly having the structure described above,
the distance between the outside surface portions of the coil
and the magnets can be kept constant.

In the camera module of the present invention, 1t 1s pre-
ferred that the eight outside surface portions of the coil
include four small outside surface portions and four large
outside surface portions which are arranged alternately, the
eight magnet mounting inner surfaces of the outer wall por-
tion of the yoke include four small inner surfaces and four
large inner surfaces which are arranged alternately, and the
eight flat plate-shaped magnets include four flat plate-shaped
small magnets and four flat plate-shaped large magnets which
are arranged alternately and respectively mounted on the
corresponding magnet mounting inner surfaces of the outer
wall portion of the yoke so as to have a predetermined spacing
with respect to the corresponding outside surface portions of
the coil. In this actuator assembly, it 1s also preferred that the
coil 1s provided on the holder so that four spaces are created
between the coil and the holder at the locations of the four
small outside surface portions of the coil, and the yoke has
four yoke pieces which are provided on the inner periphery of
the top surface portion of the yoke which defines the opening
so as to downwardly protrude into the four spaces, respec-
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tively, wherein the four yoke pieces are arranged inside the
four spaces so as to face the four flat plate-shape small mag-
nets through the four small outside surface portions of the
coil, respectively.

According to the camera module provided with the actua-
tor assembly having the structure described above, the four
yoke pieces are provided on the mner periphery of the top
surface portion of the yoke which defines the opening so as to
protrude downwardly into the spaces between the holder and
the coil, respectively, and the four yoke pieces are arranged
inside the coil at positions respectively corresponding to the
tour plate-shaped small magnets. As a result, since the coil 1s
placed 1n a strong magnetic field produced between each of
the four plate-shaped small magnets and each of the four yoke
pieces at the locations of the four yoke pieces, it 1s possible to
turther enhance the driving force of the holder. Further, since
the four yoke pieces are positioned 1n the spaces created
between the outer circumierential surface of the holder and
the coil, the inside space of the actuator assembly can be used
elfectively, which contributes to a further reduction 1n size of
the camera module.

The above and other objects, features and advantages of the
present invention will be apparent from the following descrip-
tion when taken 1n conjunction with the accompanying draw-
ings which 1llustrates a preferred embodiment of the present
invention by way of an example.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a top plan view which shows arrangement of a
yoke 6, magnets 7 (7a, 7Tb) and a coil 8 which constitute an
actuator assembly 1 used 1n a camera module of an embodi-
ment according to the present invention.

FI1G. 2 1s a perspective view which shows the yoke 6 of the
actuator assembly shown 1 FIG. 1.

FIG. 3 1s an exploded perspective view of the actuator
assembly 1 used 1n the camera module of the embodiment
according to the present invention.

FIG. 4 1s a perspective view which shows an actuator
assembly 100 used 1n a conventional camera module.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A camera module according to an embodiment of the
present invention will be described below with reference to
the accompanying drawings.

An actuator assembly 1 of a camera module according to
the embodiment includes: a lens unit which constitutes an
optical system of the camera module (not shown 1n the draw-
ings); a holder 9 which houses the lens unit therein and 1s
displaceable along the optical axis direction of the lens unat,
the holder 9 having a roughly cylindrical shape having upper
and lower cylindrical end portions; a coil 8 provided on the
holder and formed to have an octagon shape 1n its horizontal
cross section having eight outside surface portions; a yoke 6
having an outer wall portion formed to have an octagon shape
in 1ts horizontal cross section which 1s similar to and larger
than the octagon shape of the coil 8 and having eight magnet
mounting inner surfaces; eight flat plate-shaped magnets 7
(7a, 7b) respectively provided on the magnet mounting inner
surfaces o the yoke 6 for providing a magnetic field to the coil
8 1n cooperation with the yoke 6, each of the eight flat plate-
shaped magnets 7a, 7b being arranged so as to face each of the
outside surface portions of the coil 8 through a predetermined
spacing; upper and lower leal springs 5, 11 respectively
attached to the upper and lower cylindrical end portions of the
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holder for supporting the holder so as to be displaceable along
the optical axis direction of the lens unit; and a base 12 for
supporting the yoke 6 and the lower spring 11. Like the prior
art in FIG. 4, the base 12 has a roughly square shape in its
horizontal cross section, with corner portions at four corners
and side portions.

Hereinbelow, with reference to FIG. 3, a detailed descrip-
tion will be made with regard to the actuator assemble 1 of the
camera module of the embodiment. In this regard, it 1s to be
noted that an 1maging element (not shown 1n the drawing) 1s
provided below the base 12.

The holder 9 that houses a barrel (not shown) holding the
lens unit therein 1s provided 1n a space defined between a
cover 2 and the base 12 so that the holder 9 1s displaceable 1n
the direction of the optical axis of the lens unait.

An 1nner annular portion 5b of the upper leaf spring 5 1s
attached to the upper cylindrical end portion of the holder 9,
and an outer annular portion 5a of the upper leaf spring 3 1s
attached to a top surface portion 6d of the yoke 6. An 1nner
annular portion 11b of the lower leaf spring 11 1s attached to
the lower cylindrical end portion of the holder 9, and an outer
annular portion 11a ofthe lower leaf spring 11 1s supported on
the base 12 through a second plate 3. The inner annular
portion 5b of the upper leat spring 3 1s coupled to the outer
annular portion 3a through bridge portions 5¢ so that the inner
annular portion Sb can be resiliently deformed with respect to
the outer annular portion Sa. As 1s the same with the upper leat
spring 35, the inner annular portion 11b of the lower leaf spring
11 1s coupled to the outer annular portion 11a through bridge
portions 11c so that the mner annular portion 11b can be
resiliently deformed with respect to the outer annular portion
11a.

The yoke 6 and the magnets 7a, 7b produce a magnetic
field. Further, the coil 8 1s disposed 1n the magnetic field
produced by the magnets 7a, 7b and the yoke 6. The coil 8 1s
attached to coil support portions 9a of the holder 9 which are
provided on the outer periphery of the lower cylindrical end
portion of the holder 9. The yoke 6 has an opeming 6¢ for
receiving the holder 9 in the center of the top surface portion
6d thereot. The holder 9 can be displaced through the opening,
6¢ of the yoke 6 1n a direction of the optical axis of the lens
unmt by supplying a current to the coil 8.

In FIG. 3, 1t 1s noted that a component denoted by the
reference numeral 4 1s a tlexible printed circuit board for
supplying a current to the coil 8, and a component denoted by
the reference numeral 10 1s a thin metal plate provided
between the lower leaf spring 11 and the bottom end portion
of the yoke 6.

Next, with reference to FIG. 1 and FIG. 2, a detailed
description will be made with regard to the yoke 6, the mag-
nets 7a, 7b and the coil 8.

The coil 8 1s a moving coil formed by winding a wire so as
to have an octagon shape 1n 1ts horizontal cross section having
the eight outside surface portions. The eight outside surface
portions of the coil 8 include four large surface portions 8a
and four small surface portions 8b which are arranged alter-
nately. The coil 8 which 1s formed 1nto such an octagon shape
1s supported on the coil support portions 9a of the holder 9 at
the lower edges of the respective large surface portions 8a.
Since the holder 9 has a cylindrical shape as described above,
and therefore four spaces 8c are formed between the coil 8
and the outer circumierential surface of the holder 9 at loca-
tions respectively corresponding to the four small surface
portions 8b of the coil 8.

As described above, the yoke 6 has the outer wall portion
formed to have the octagon shape in 1ts horizontal cross
section which 1s similar to and larger than the octagon shape
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of the coil 8. Therelore, the outer wall portion of the yoke 6
includes the eight magnet mounting inner surfaces, and the
cight magnet mounting mner surfaces include four small
inner surfaces 6b and four large 1nner surfaces 6¢ which are
arranged alternately. Further, as clearly shown in FIG. 2, four
yoke pieces 6a are provided on the inner periphery of the top
surtace 6d of the yoke 6 which defines the opening 6¢ so as to
protrude downwardly into the spaces 8c between the outer
circumierential surface of the holder 9 and the coil 8

described above, respectively. Furthermore, eight bend velief 10

cutouts 6f are provided on the inner perviphery of the top
surface 6d of the voke 6. Each of the yvoke pieces 6a is disposed
between two of the bend relief cutouts 6f.

Further, as described above, the eight flat plate-shaped
magnets 7 include four plate-shaped small magnets (first
magnets) 7a and four plate-shaped large magnets (second
magnets) 7b which are arranged alternately on the corre-
sponding eight magnet mounting inner surfaces of the outer
wall portion of the yoke 6. Specifically, the four plate-shaped
small magnets 7a are respectively mounted (bonded) on the
four small inner surfaces 6b of the outer wall portion of the
yoke 6. Further, the four plate-shaped large magnets 7b are
respectively mounted (bonded) on the four large inner sur-
taces 6¢ of the outer wall portion of the yoke 6. These magnets
7a and 7b are arranged so as to have a predetermined constant
spacing with respect to the corresponding outside surface
portions 8a, 8b of the coil 8. Namely, in the actuator assembly,
the four plate-shaped small magnets (first magnets) 7a are
arranged so as to face the four small surface portions 8b of the
coil 8 through a predetermined constant spacing, respectively,
and the four plate-shaped large magnets (second magnets) 7b
are arranged so as to face the four large surface portions 8a of
the coil 8 through a predetermined constant spacing, respec-
tively.

According to the camera module of the embodiment pro-
vided with the actuator assembly 1 having the structure
described above, the eight flat plate-shaped magnets 7a, 7b
are arranged so as to surround the entire outer circumierence
(outside surface portions) of the coil 8 through the predeter-
mined constant spacing. Therefore, 1t 1s possible to provide a
suificiently strong magnetic field to the coil 8. As a result, 1t 1s
possible to displace the holder 9 with suificient driving force.

Further, 1n the conventional camera module using a cylin-
drical coil 1n combination with flat plate-shaped magnets,
there 1s a problem 1n that a distance between the circumier-
ential surface of the co1l and the surface of each magnet varies
depending on positions of the circumierential surface of the
coll. However, according to the camera module of the
embodiment provided with the actuator assembly [I] / having
the structure described above, the distance between the out-
side surface portions of the coil 8 and the flat plate-shaped
magnets (7a, 7b) can be kept constant.

Furthermore, in the camera module of the embodiment
provided with the actuator assembly 1 having the structure
described above, the four yoke pieces 6a are provided on the
inner periphery of the top surface portion 6d of the yoke 6
which defines the opening 6¢ so as to protrude downwardly
into the spaces between the outer circumierential surface of
the holder 9 and the coil 8, respectively, and the four yoke
pieces 6a are arranged inside the coil at positions respectively
corresponding to the four plate-shaped small magnets 7a. As
a result, since the coil 8 1s placed in a strong magnetic field
produced between each of the four plate-shaped small mag-
nets 7a and each of the four yoke pieces 6a at the four loca-
tions, 1t 1s possible to further enhance the driving force of the
holder 9. Further, since the four yoke pieces 6a are positioned
in the spaces 8c created between the outer circumierential
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surface of the holder 9 and the coil 8, respectively, the mside
space of the actuator assembly 1 can be used effectively,
which contributes to a further reduction in size of the camera
module.

Finally, 1t should be understood that the present invention 1s
not limited to the preferred embodiment described herein-
above and, needless to say, a variety of modifications or
variations may be made without departing from the scope of
the invention defined in the following claims.

Further, 1t 1s also to be understood that the present disclo-
sure relates to a subject matter contained 1n Japanese Patent
Application No. 2007-024540 (filed on Feb. 2, 2007) which 1s
expressly mncorporated herein by reference in its entirety.

What 1s claimed 1s:

1. A camera module, comprising:

a lens unit which constitutes an optical system of the cam-
era module;

a holder which houses the lens unit therein and 1s displace-
able along an optical axis direction of the lens unit, the
holder having a cylindrical shape having upper and
lower cylindrical end portions;

a coll provided on the holder, the coil being formed to have
an octagon shape in 1ts horizontal cross section having
eight outside surface portions;

a yoke having an outer wall portion formed to have an
octagon shape 1n its horizontal cross section which 1s
similar to and larger than the octagon shape of the coil
and having eight magnet mounting inner surfaces, the
yoke having a top surface portion formed with an open-
ing for recerving the holder;

cight flat plate-shaped magnets respectively provided on
the magnet mounting 1nner surfaces of the outer wall
portion of the yoke for providing a magnetic field to the
coil 1 cooperation with the yoke, each of the eight flat
plate-shaped magnets being arranged so as to face each
of the outside surface portions of the coil through a
predetermined spacing;

upper and lower leaf springs respectively attached to upper
and lower cylindrical end portions of the holder for
supporting the holder so as to be displaceable along the
optical axis direction of the lens unit; and

a base for supporting the yoke and the lower spring,

wherein the eight outside surface portions of the coil
include four small outside surface portions and four
large outside surface portions which are arranged alter-
nately, the eight magnet mounting inner surfaces of the
outer wall portion of the yoke include four small inner
surfaces and four large inner surfaces which are
arranged alternately, and the e1ght flat plate-shaped mag-
nets iclude four flat plate-shaped small magnets and
four flat plate-shaped large magnets which are arranged
alternately and respectively mounted on the correspond-
ing magnet mounting mmner surfaces of the outer wall
portion of the yoke so as to have a predetermined spac-
ing with respect to the corresponding outside surface
portions of the coail.

2. The camera module as claimed 1n claim 1, wherein the
coil 1s provided on the holder so that four spaces are created
between the coil and the holder at the locations of the four
small outside surface portions of the coil, and the yoke has
four yoke pieces which are provided on the inner periphery of
the top surface portion of the yoke which defines the opening
so as to downwardly protrude into the four spaces, respec-
tively, wherein the four yoke pieces are arranged inside the
four spaces so as to face the four flat plate-shaped small
magnets through the four small outside surface portions of the
coll, respectively.
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3. An actuator assembly for a camera module having a lens
unit which constitutes an optical system of the camera mod-
ule, comprising:

a holder for housing the lens unit therein, the holder being
displaceable along an optical axis divection of the lens
unit;

a coil provided on the holder;

a voke having an outer wall portion having magnet mount-
ing inner surfaces, the yoke having a top surface portion
Jormed with an opening for receiving the holder;

magnets provided on the magnet mounting inner surfaces
of the outer wall portion of the voke, the magnets being
arranged outside the coil; and

a base supporting the voke, the base having a roughly

square shape in its horizontal cross section having cor-
ner portions at four corners,

wherein the outer wall portion of the yvoke has a substan-
tially octagon shape in its horvizontal cross section, the
outer wall portion having four small magnet mounting
inner surfaces at locations vespectively corresponding
to the corner portions of the base and four large magnet
mounting inner surfaces, the four small magnet mount-
ing inner surfaces and the four large magnet mounting
inner surfaces being arranged alternately;

the yoke further includes voke pieces formed on the top
surface portion at the inner periphery of the opening,
each of the voke pieces rvespectively facing to each of the
small magnet mounting inner surfaces through a prede-
termined spacing; and

the magnets arve respectively provided on the small magnet
mounting inner surfaces so that the coil is disposed
between the magnets and the yoke pieces.

4. The actuator assembly as claimed in claim 3, wherein the
coil has a substantially octagon shape in its horizontal cross
section.

5. The actuator assembly as claimed in claim 3, wherein the
voke pieces ave integrated with the top surface portion.

6. The actuator assembly as claimed in claim 3, wherein the
voke further has bend relief cutouts formed on the top surface
portion and the bend relief cutouts are rvespectively provided
between the yoke pieces.

/. A camera module comprising the actuator assembly
claimed in claim 3.

8. A camera comprising the camera module claimed in
claim 7.

9. An actuator assembly for a camera module having a lens
unit which constitutes an optical system of the camera mod-
ule, comprising:

a holder for housing the lens unit thevein, the holder being
displaceable along an optical axis divection of the lens
unit;

a coil provided on the holder;

a voke having an outer wall portion having magnet mount-
ing inney surfaces, the yoke having a top surface portion
Jformed with an opening for receiving the holder,
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magnets provided on the magnet mounting inner surfaces
of the outer wall portion of the yvoke, the magnets being
arranged outside the coil; and

a base supporting the yoke, the base having a roughly

square shape in its hovizontal cvoss section having cor-
ner portions at four corners and side portions;

wherein the yoke further includes yoke pieces formed on

the top surface portion at the inner periphery of the
opening at locations vespectively corresponding to the
four corner portions of the base; and

the coil is disposed between the magnets and the yoke

pleces.

10. The actuator assembly as claimed in claim 9, wherein
the outer wall portion has four small magnet mounting inner
surfaces at locations vespectively corresponding to the cor-
nerv portions of the base, and the magnets arve vespectively
provided on the small magnet mounting inner surfaces of the
outer wall portion.

11. The actuator assembly as claimed in claim 9, wherein
the outer wall portion has four lavge magnet mounting inner
surfaces at locations respectively corresponding to the side
portions of the base, and the magnets include two plate-
shaped magnets provided on opposite lavge magnet mounting
inner surfaces of the outer wall portion.

12. The actuator assembly as claimed in claim 9, wherein
the outer wall portion has four small magnet mounting inner
surfaces at locations respectively corresponding to the cor-
nev portions of the base and four large magnet mounting
inner surfaces at locations respectively corresponding to the
side portions of the base, the four small magnet mounting
inner surfaces and the four large magnet mounting inner
surfaces being arranged alternately; and

the magnets are vespectively provided on the large magnet

mounting inner surfaces and the small magnet mounting
inner surfaces of the outer wall portion.

13. The actuator assembly claimed in claim 9, wherein the
voke pieces are integrated with the top surface portion.

14. The actuator assembly as claimed in claim 9, wherein
the yvoke further has bend relief cutouts formed on the top
surface portion and the bend rvelief cutouts are vespectively
provided between the yoke pieces.

15. A camera module comprising the actuator assembly
claimed in claim 9.

16. A camera comprising the camera module claimed in
claim 15.

17. The actuator assembly as claimed in claim 3, wherein
the magnets include two magnets spaced apart on opposite
sides of the yoke.

18. The actuator assembly as claimed in claim 3, wherein
the magnets include four magnets spaced on opposite sides of
the yoke.

19. The actuator assembly of claim 9, wherein the magnets
include two magnets spaced on opposite sides of the yoke.

20. The actuator assembly of claim 9, wherein the magnets
include four magnets spaced on opposite sides of the yoke.
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : RE44,371 E Page 1 of 1
APPLICATION NO. : 13/359298

DATED : July 16, 2013

INVENTOR(S) : Toshihiko Honma

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Claims

On column 6, line 35, the phrase “being arranged so as™ should read --being arranged outside
the coil so as--.

Signed and Sealed this
Twenty-fourth Day of September, 2013
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Teresa Stanek Rea
Deputy Director of the United States Patent and Trademark Office
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