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DESCRIPTION
IMAGING APPARATUS AND ELECTRONIC DEVICE

CROSS-REFERENCE TO THE RELATED APPLICATIONS
This application is based on and claims priority from Japanese Patent
Application Nos. 2007-000552, filed on January 5, 2007, 2007'097063, filed en
Apfil 3, 2007, 2007-052810, filed on March 2, 2007, 2007-133672, filed on May
21, 2007 and 2007-209408, filed on August 10, 2007, the disclosure of which is

inéorporaited herein by reference in its entirety.

TECHNICAL FIELD A

The present invention relates to an imaging apparatus Wh1ch captures
an image of a subject by imaging an optical image of the subJect on an image
sensor which forms image data based on the optical image, and particularly to
an imaging apparatus Which includes a function of suppressing image blur by
niaking an image sensor follow the movement of an optical image of a subject
causing the image blur and an electronic device including the imaging
apparatus. |
"BACKGROUND ART .

At present, an imaging apparatus is known such as a digital camera
having a so-called image blur suppression function; which suppresses image
blur. Such an imaging apparatus is, for example, described in Japanese
Patent Application Publication No. 2004-274242, in which a mounting stage is
profrided at one end of a fixation cylinder which is integrally mounted to a
case of a body and houses a barrel unit mcludmg a lens barrel, and the like on
an optical axis for photographmg An image pickup device such as a CCD
_(charge-coupled device) Asohd-state 1mage sensor is mounted on the mounting

stage. The mounting stage is held on a guide stage, which, in turn, enables
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the mounting stage to move along an X-Y plane perpendicﬁlar to a Z axis of an
“optical axis. The guide stage is fixed with r.egard' to the optical axis in the
case of the body, while the mounting stage is configured to be driven dn—the
- guide stage by magnetic forces which are formed by permanent magnets and
coils placed opposite to the permanent magnet.

According to thé conventional imaging_apparatus, a'proc_essing circuit
containing an arithmetic processing device, or the like, which is provided in
the case of the body, is -conﬁgured to detect a slope of the body produced in the
X and Y directions. Based on the detected output, by varying currents to be
coﬁducte_d to the driving coils, the image pickup device is controlled to follow
the movement of an optical image of the subject causing an image blur. At
this time, a flexible printed wiring board (héreinafter called simply “flexible
board”),v which can be ﬂexibly deformed, is used to connect the image pickup
deviée, which is movably disposed.on the mounting stage, and the processing
circuit, which controls the image pickup device and processes signals from the
image pickup device. This prevents movement control perforinance of the
image pickup device from deteriorating. That is, when the image pickup
device is moved, the flexible board absorbs a reactive force generated on the
flexible board due fo the connection between the image pickup device and the
processing circuit on which an end of the flexible board is fixed, by use of
flexibility of the flexible board. ‘Accordingly, the reactive force interferes
with the movement of the image pickup device so asAto prevent the movement
_control performance of the image pickup device from deteriorating.

In the conventional imaging apparatus, as the flexible board which
connects the image picklip device movably disposed and the processing circuit
or the processing device, a long flexible board is required in order to absorb
the reactive force of the flexible board producéd when the image pickﬁp’ device
is moved. | |

(Problem 1)



WO 2008/082008 PCT/JP2007/075433

However, if a long flexible board is used, there is a. problem in that the

- flexible board cannot effectively absorb the reactive force because the flexible
board interferes with surrounding parts due to deformation of the ﬂeiible

-board such as slack thereef, or the like when the image pickup device moves.
(Problem 2) | |

Since most parts surrounding the image pickup device in the imaging
apparatus are disposed so as to be overlapped with the barrel unit in ;a
direction perpendicular to the optical axial direction, each of the surrounding
pafts has only a small space in the optical axial direction. Accordingly, there |
is a problem in that if the flexible board is not exactly disposed at a
predetermined position, it is possible the flexible board will interfere with the
surrounding parts thus increasing the reactive forces of the flexible board by
the inte.rference‘s. There is also a problem in that if the flexible board is not
exactly_ disposed at the predetermined position to use efficiently the space
around the image pickup de\}ice, reductions of size and thickness of the body
can not be achieved. '

(Problem 3)

Furthermore, in the conventional imaging apparatus, there is a
problem in that the flexible board is deformed due to variations in the position
‘of the processing device occurring when the flexible board is attached on the
fixed processing device so that the movement of the image pickup device is
affected by the deformation. - |
(Problem 4)

In addition, in the conventional imaging apparatus, the flexible board
has.a plurality of folded portions to absorb reactive forces. Therefore, when
assembling the imaging apparatus, the flexible board is required to be
accurately folded at a plurality of folded portiens to allow the ﬂexibl_ev b‘o'ax_'d to
be firmly housed at a predetermined po'éition in a small space of the camera

body around the image pickup device.
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(Problem 5)
Furthermore, in the conventional imaging apparatus, the long flexible
board having the plurality of folded portions is required in order to absorb
-reactive forces generated in the flexible board according to the movement of
the image pickup device. Therefore, long signal lines dispose_d along the
flexible _board_ are used and thus image signals are easily affected by noise, or

the like, and this causes a problem in that image quality is reduced.

DISCLOSURE OF THE INVENTION

An object of the present 1nvent1on is to provide an imaging apparatus
having an image blur suppression function, in which a positioning unit is
configured to guide a flexible boar'd connecting between an image pickup
device and a processing circuit so that interference between the flexible board
and 'surrounding parts is prevented.

- To achieve the above object, an imaging apparatus according to an
embodiment of the present invention includes a barrel unit having a
photographic lens, an image pickup device configured to receive light through
the photographic lens to capture a subject image, a movable unit configured to
movably support the image pickup device in a direction perpendicular to a
‘light-receiving axis of the subﬁect image, a processing unit configured to
process signals from the image pickup device, a ﬂexible board configured to
connect the image pickup device to the processing unit, and a positioning unit

configured to position the flexible board.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1 is a front view of a digital camera according to an embodiment of
the present invention. | | - A |

FIG.2 is a back v_ieW of the digitai camera presented in FIG.1.

'FIG.3 is a plan view of the digital camera presented in FIG.1.
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FIG.4 is a block diagram illustrating a schemétic system circuit
- configuration of the digital camera presented in FIG.1.

FIG.5 is a flow chart explaining a general operation of the diéital
- camera accordihg.to an einbodiment of the present invention.

'FIG.6A is a view explaining a principle for suppressing an image blur
of the digital camera according to an embodiment of the present invention,
and illustrating an inclination of the digital camera. | A |

FIG.6B is a partly enlarged view presenting a relationship between a
photographing lens and an imaging surface of an image pickup device (CCD)
of the digital camera. | -

FIG.7 is a front view of a fixation cylinder of the digital camera
presented in FIG.1. |

FIG.8 is a. longitudinal sectional view of the fixation cylinder
illustrated in FIG.7.

FIG.9A is a back view of the fixation cylinder illustrated in FIG.7,
presenting a state where a flexible board is not attached. |

FIG.9B »is a back view of the fixation cylinder illustrated in FIG.7,
presenting a étate where the flexible board is attached.

FIG.10 depicts an exploded perspective view of a mounting stage
“according to the digital camera presented in FIG.1.

FIG.11 depicts a partly enlarged éectional view along a II-II line in
FIG.9B. |

'FIG.12A is an explanatory view illustrating a major portion of an
original point forced retention mechanism according to the digital camera
preéented in FIG.1, and is a perspeétive view illustrating a connection
relationship among a CCD stage,‘ a stepping motor and a conversion
mechanism. | | |

FIG.12Bisa par_tly enlarged perépective view illustrating a conversion

mechanism.
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FIG.13A is a view showing a frame format of a carﬁ groove of a rotation
- transferring gear according to the digital caniera presented in FIG.1, and
presenting a bottom plane view of the rotation transferring gear. '

FIG.13B is a view Showing a frame format of a cam groove of a rotation
transferring gear according to the digital camera présented in FIG.1,
illustrating a cross- section obtained along a circulated one-point dotted line V
presented in FIG.13A. | | A |

| FIG.13Cisa view showing a frame format of a cam groove of a rotation
trénsferring gear - according to thg digital camera presented in. FIG.l,
illﬁstrati_rig a state where a cam pin slides an inclined surface portion of the
cam groove, and the rotation transferring gear is pushed up toward a base
member.

FIG.13D is a view showing a frame format of a cam groove of a rotation
tran.sfevrring gear according to the digital camera presented in FIG.1,
illustrating a state where thé cam pin has contact with a flat top portion of the
cam groove, and the rotation transferring gear is pushed up to the maximum.

FIG.13E is a view showing a frame format of a cam groove of a rotation
transferring gear according to the digital camera presented in FIG.1,
illustrating a state where the cam pin passes thfough a cliff to have contact
‘with a flat valley portion, and the transferring gear is pushed up to the
maximum. '

FIG.14Ais an explanatory view explaining a state where a retainer pin
‘presen_ted in FIG.12A is fitted to a concave peripheral wall, illustrating a
partly enlarged cross-sectional view presenting a state where the retainer pin
18 ciosely fitted to a circumference wall of the concave peripheral wall.

FIG.14B is an explanation view for explaining a state where a retainer
pin presented ip FIG.12A is fitted to a concéve portion, illustratingA a partly
enlarged cross sectional view presentiﬁg a state where the retainer pin is

separated from the circumference wall of the concave portion.
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FIG.15 is é view illustrating a flexible board before being. folded
- according to the digital camera presented in FIG.1.

FIG.16 is a view explaining how to fold the flexible board presenfea in

FIG.15. |
_ 'FIG.17 is a view explaining a state where an extension connection
portion of the flexible board presented-in FIG.15 is overlapped and folded.

FIG.18 is a perspective view presenting a location relationship >amonrg
a ﬁkation cylinder portion, the flexible board and a flexible board. »

| FIG.19 is a perspective view illustrating an enlarged folded portion
presented in FIG.8.

FIG.ZO is a schematic view illustrating a configuration of a ﬂexible
board positioning member of the imaging apparatus according to an
embodiment of the present invention.

FIG.21 is a schematic sectional view illustrating the imaging
apparatus according to aﬁ embodiment of the present invention in a

- photographing state. |

FIG.22 is a schematic sectional .view illustrating the imaging -
apparatus according to an emquiment of the.presént invention in a state
where a lens barrel is housed.

FIG.23 is a schematic sectional view illustrating the imaging
apparatus according to an embodiment of the present invention.

FIG.24 is a schematic view illustrating the configuration of the
imaging apparatus according to an embodiment of the present‘ invention,
viewed from a backside of FIG.20.

| FIG.24 is a schematic view illustrating a connection portion shown in
FIG.23in a étate before a flexible board positioning member is connected.

FIG.25 is a schematic view illustratihg the connection portidn' shown

in FIG.23 in a state after the flexible board positioning member is connected,

viewed from X- Y plane.
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FIG.26 is a schematic sectional view in an X direcfion illustrating the
" connection portion shown in FIG.23 in a state after the flexible board
positioning member is connected. o

FIG.27 is a schematic view illustrating another embodiment of the
present invention in a state where a flexible board positioning member is
fixed on a movable unit. | |

FIG.28 is a block diagram of an original point forced retention éontrpl
ciréuit according to an embodiment of the present invention.

FIG.29 is a flow chart illustrating one example of a control process of
the original point forced retention mechanism of a mechanism for suppressihg
an image blur according to the embodiments of the present invention.

FIG.30 is a circuit diagram presenting one example of a camera shake
detection circuit according to the embodiments of the present invention.

FIG.31lis a block diagram of a control circuit for suppressing an image
blur according to an embodiment of the present invention.

FIG.32 is a flow chart presenting one example of a variation correction
setting processbaccording to an embodiment of the present invention.

FIG.33 is a flow chart presenting one example of a process of the
control circuit for suppressing an image blur according to an embodiment of
the present invention. |

FIG.34 is a block diagram illustrating a médiﬁcation example of a
feedback circuit presented in FIG.31. |

'FIG.35 is a flow chart illustrating a flow of a procéss for suppressing
an image blur of the imaging apparatus according to an embodiment of the
present invention. A

FIG.36 is a timing chart illustrating one example of a process for
suppressing an image blur in a case of é full-pressing of the | imaging
apparatus according to an'embodiment 6f the present invention.

'FIG.37 is a timing chart illustrating one example of a release process



WO 2008/082008 PCT/JP2007/075433

(if a process for suppressing an image blur of the imaging épparatus according
" to an embodiment of the present.inve-ntion.

FIG.38 is a timing chart illustrating one example of a proce.ssi for
- suppressing an image biur in a case of a full-pressing at one shot of the
imaging apparatus according to an embodiment of the present invention.

FIG.39 is a perspective .view illustrating a positioning mechanism PT
of the imaging apparatué according to an embodiment of the preserit
invéntion.

FIG.40 is a view illustrating the imaging apparatus viewed from a
lig'ht-receivingv side of the imaging apparatus shown in FIG.39. ‘

FIG.41 is an enlarged view showing a positioning mechanism PT.

FIG.42 is a side view showing the imaging apparatus shown in FIG.39.

FIG.43 is a perspective view illustrating an example of a positioning
mechanism PT of a flexible board in the imaging apparatus according to an
embodiment of the present invention.

F1G.44 is a perspective view illustrating another ekample of a
positioning mechanism PT of a flexible board in the imaging apparatus
according to an embodiment of the present invention.

FIG.45 is a perspective view illustrating the imaging apparatus
‘according to an embodiment of the present invention. -

FIG.46 is a perspective view illustrating an image pickup device and a
flexible board viewed from -a light-receiving surface of the image pickup
device.

FIG.47 is a plan view illustrating a flexible board of the imaging
appératus according to an embodiment of the present invention, viewed from
a backside of an image pickup device.

F1G.48 is a plan view illustrating.:i flexible board of -the. imaging
apparatus according to ,an' embodiment of the present invention, viewed from

a side of a third surface of the flexible board.‘

9
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FIG.49 is an enlarged perspective View illustfating the imaging
- apparatus according to an embodiment of the present invention.
FIG.50 is a perspective view illustrating an image pickup devicerar‘ld a
- flexible board of the imaging apparatus according to an embodiment obf the
present invention, viewed from a light-receiving surface of the image pickup
device. | |

FIG.51 is a perspective view illustrating an image pickup device and Ea
ﬂexible board of the imaging apparatus according to an embodiment Aof the
present invention, viewed from a light-receiving surface of the image pickup
device. - ‘

FIG.52 is a view illustrating an example of the imaging app.aratus
according to an embddiment of the. present invention, which has a flexible
board provided with a bypass signal line.

| FIG.53 is an enlarged view of the flexible board shown in FIG.52.

FIG.54 is an enlarged view of the bypass signal liné provided on the
flexible board shown in FIG.52.

FIG.55 is a block diagram illustrating a configuration of the signal
lines of the flexible board shown in FIG.52. '

FIG.56 is a view illustrating another example of a configuration in
‘which a flexible board of the imaging apparatus according to an embodiment

of the present invention is provided with a bypass signal line.

BEST MODE FOR CARRYING OUT THE INVENTION

Preferred embodiments of an imaging apparatus such as a digital
caméra having an image blur suppressidn function for suppressing image blur
and an electronic device including the imaging apparatus-according to the
present invention will be explained in -detail with referenc_e. to the

accompanying drawings bélow.

10
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An imaging apparatus according to an embodirﬁent of the present
- invention includes a barrel unit 7 (described later) which has a photographic :
lens including, for example, a zoom lens 71a, a focus lens 7 2_a, and the like_, an
»inia’ge pickup device such as a CCD solid-state image sensing device 101,
which is configured to receive light through the photographic lens to capture a
subject image, a movable unit such as a CCD stage 1251 which is configured
" to movably support the image pickup device in a direction perpendicular to ~a
light-receiving axis of the subject image, a processing unit or a’i)rocessing
device such as a 'process_or 104 included ivn' a processing circuit which is
cohﬁgured to process signals from the imago pickup device, a flexible board
200 (described later), which is configured to connect the image pickup device
to the processing un’it',- and a posi_tioning unit configured to position the
flexible board.

" The positioning unit includes, for example, a positioning"member 307
configured to guide the ﬂexible board connected to the image pickup device
along a peripheral portion of the barrel unit (FIGs. 20 to 27),‘ at least one
reinforcing member (for example 200hkA) provided on a part of the flexible
board to suppress deformation of the flexible board (FIGs. 45 to 49), a
positioning mechanism including a concave portion provided on the flexible
“board and a convex portion provided oh the fixing unit and configured to be
fitted in the convex portion (FIGs. 39 to 44), and a folded portion positioning
member 200#1MB which is provided on the flexible board (FI_Gs.' 50 and 51).

‘Next, a digital camera used as the imaging apparatus according to an
embodiment of the present invention will be explained as follows.
(Geoerai Strucfure of Digital Camera)

FIGs. 1 to 4 show a structure of the digital camera having a function
for suppressing an image blur as an ‘imaiging apparatus accordihg to an
embodiment of the preseht invention. FIG.1 is a front view of the digital

camera, FIG.2 is a back view of the digital camera presented in FIG.1, FIG.3

11
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is a plan view of the digital camera presented in FIG.1, snd FIG.4 is a block
- diagram illustrating a schematic system structure of the digital camera
presented in FIG.1. | o

In FIGs. 1t0 3, a camera body has a top plane provided with a release
switch (so called a shutter button) SW1, a mode dial SW2, and a sub LCD
(liquid crystal display) 1. - ' ‘ |

The camera body has a front plane provided with a strobbscopic
light'emitting section 3, an optical finder 4, a ranging unit 5, and a remote
control light-receiving section 6. The optical finder 4 has an object plane
positione_d at the front plane of the camera body. The barrel unit 7 has an
object plane provided toward the front plane of the camera body.

The camera body has a back plane provided with the optical finder 4, a
power switch SW13, an LCD monitor 10, an AF (automatic focus)-LED
(light-e_mitting diode) 8, a strobsscopic LED 9, a wide-angle zoom switch SW3,
a telephoto zoom switch SW4, a self-timer switch ‘SW5, a menu switch SW6,
an up/stroboscopic switch SW7, a right switch SW8, a display switch SW9, a
down/macro-switch SW10, a left/image confirmation switch SW11, an OK
switch SW12, and a switch for suppressing an image blur SW14. The optical
finder 4 has a main part contained in the camera body and an ocular plane
disposed on the back plane of the camera body.

The camera body has a side plane provided with a lid 2 of a memory
card/battery loading space.

Since general operations of each portion described above are
well-known, detailed descriptions are omitted.

| Next, the system structure of the processing circuit of the digital
camera, which contained in the camera body, will be explained.

Referring to FI1G.4, the processor 104 éxecutes various processes of the
digital camera. - The foocessor 104 ‘includes an A/D (analogue/digital)

converter 10411, a first CCD signal proceslsing block 1041, a second CCD

12
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signal processing block 1042, a CPU (central processingl unit) block 1043, a
" local SRAM (static random access memory) 1044, a USB (universal serial bus)
block 1045, a sérial block 1046, a JPEG/CODEC block 1047, a resizing. block
- 1048, a TV signal displdy block 1049, and a memory card controller block
10410. Each of the blocks is connected to each other via bus lines.

An SDRAM (a synchronous djrnamic-random access memory) 103 is
connected to the processor 104 via a bus line. Stored in the SDRAM 103 afe
RAW-RGB image ‘data, which is raw data of RGB processed only by»white
balance and y processing, YUV image data, which are image data converted
into luminance data and color difference data, and image data such as JPEG
image data, which are compressed by the JPEG method. |

Connected to the processor 104 via the bus lines are a RAM (random
access memory)’ 107, an internal memory 120, and a ROM (read oniy memory)
108.

The internal memor& 120 is. a memory, which stores photographed
image data when a memory card MC is not installed in a meniory card slot
121. |

At least one control program, _parameters, etc., are stored in the ROM
108. The control t)rogram is loaded in a main memory of the processor 104
(for example, the RAM 107, the local SRAM 1044, or a memory e_mbedded in
the CPU block 1043), when thé power switch SW13 is turned on, to allow the
processor 104 to control operations of each section according to the control
program. Control daté, parameters, etc:, are stored temporarily in the RAM
107 or the like with the control.

| The barrel ilni_t 7 includes a lens barrel containing a zoom optical
system 71 having the zoom lens 71a, a focus optical system 72 having the
focusA lens 72a, an aperture stop unit 73 having an aperture stop 7_3a', and a
mechanical shutter unit 74 having a mechanical shutter 74a.

‘The zoom optical system 71, the focus optical system 72, the aperture

13
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stop unit 73, and the mechanical shutter unit 74 are driQen by a zoom motor
71D, a focus motor 72b, an aperture stop motor 73b, and a mechanical shutter
motor 74b, respectively. Each of these motors is driven by a motor drivver- 75,
~and the motor driver 75 i‘s controlled by the CPU block 1043 of the processor
104. | |
A subject image is imaged onto the CCD solid-state image sensing
device 101 by the barrel unit 7, and the CCD solid-state image sensing devicé
101 converts the imaged subject image into an image signal to output the
image signal to an F/E-IC (front-end integrated circuit) 102. The F/E-IC 102
18 Vconﬁ.g_lired to include a CDS (correlated double sampling) 1021, which
performs a correlated double sampling for eliminating image noise, an AGC
(automatic gain control) 1022 for gain adjustment, and an A/D converter 1023
which conducts an analogue/digital conversion. More particularIy, the
F/E-IC 102 conducts a predetermined process to the imagé signal, converts an
analogue image signal to a digital signal, and then outputs the digital signal
to the first CCD signal proceAssing block 1041 of the processof 104. These
signal control processes are performed by driving timing signals, which are
output th;‘ough a TG (timing generator) 1024. The TG 1024 generates
driving timing signals for the CDS 1021, the AGC 1022, and the A/D converter
1023 based on vertical synchronization signals VD and horizontal
synchronization signals HD which are output from the first CCD signal
processing block 1041 of the processor 104.
| ~The first CCD signal processing block 1041 of the processor 104
performs a white balance setting or a y processing setting to the digital image
data iﬁput from the CCD solid-state imége sensing device 101 via the F/E-IC
102, and also outputs the vertical synchronization signals VD and the

horizontal synchronization sighals HD.

14
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The second CCD signal processing block 1042 peiforms a conversion
* from the input digital'image data to luminance data and color difference data
'by a filtering process. _ - .

The CPU block 1043 of the processor 104 controls operations of each
section of the digital camerra such as that of the motor di‘iver 75, the CCD
solid-state image sensing device 101, and the like, based on thersignals input
from the remote control light-receiving section 6 or an'operation unit havinig
the operation switches SW1-SW14 according to the control program stored in
the ROM 108.

- The local SRAM 1044 temporarily stores data required for a control of
the CPU block 1043 and the like.
The USB block 1045 performs a process for communicating with using
an external device such.as a PC or the like via a USB interface. '
| ‘The serial block 1046 performs a process for serial communications
with the external device such as the PC or the like.

The JPEG/CODEC block 1047 performs a compreséion and an

extension of thé image data by the JPEG method.

The resizing block 1048 performs a process for scaling a sizé of the
image data by an interpolating process or the like.

The TV signal display block 1049 converts the image data to a video
signal to display on an external display device such as a liquid crystal monitor
10, TV, or the like. .

_ The memory card controller block 10410 controls a memory card MC in
which the photographed imége data are stored. »

The CPU block 1043 of the prdcessor 104 is configured to control a
voice recording operation by a voice recording circuit 1151.

The voice recording éircuit 1151 récords a voice signal, ‘Whic_h 1s

detected by a microphone 1153, convertéd into an electrical signal, and then-
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amplified by a microphone amplifier 1152 according fo a predetermined
" command such as a switch operation.
The CPU block 1043 controls operations of a sound reproducing éiréuit
1161 |

The sound reproducing circuit 1161 amplifies the voice signal
appropriately stored in a memory by an audio amplifier 1162 and reproduces
via a speaker 1163 according to a predetermined command such as a 'switc-h
| operation. _

The CPU block 1043 controls a stroboscopic circﬁit 114 so as to flash
illﬁmination light from the stroboscopic light-emitting section 3. '

The CPU block 1043 also controls the ranging unit 5 so as to measure
a subject distance. | '

The CPU block 1043 is connected to a sub CPU 109.

The sub CPU 109 coptrols'.the display by the sub LCD 1 via an LLCD
driver 111. The sub CPU 109 is also connected to the AF-LED 8, the
stroboscopic LED 9, the remote control light-receiving section 6,. an operation
kéy unit having the operation switches SW1-SW14, and a buzzer 113.

The USB block 1045 is connected to a USB connector 122.

The serial block 1046 is connected to an RS-232C connector 1232 via a
“serial driving circuit 1231.

The TV signal display block 1049 is connected to the LCD monitor 10
through an LCD driver 117. - |
A ‘The LCD driver 117 converts the video signal output from the TV
signal display block 1049 to a signal for displaying on the LCD monitor 10 and
then drives the LCD monitor 10 to display the image. '

The LCD monitor 10 is used for monitoring a subject’s condition before
photographing, confirming a photographed image and displaying ir_ﬁage data
recorded in a memory card or an internaﬂ memory 120.

"The videq signal output from the TV signal display block 1049 is also
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output to a video jack 119 which connects the digital carhera to the external
~display device such as a TV, via a video ampliﬁer 118 which converts the video
signal into a video output, for example, of 75 Q impedance. o

The memory cardvcontroller block 10410 is connected to the meinory
card slot 121, and controls a read/write of the memory cafd MC installed on
the“memory card slot 121. | ,

The digital camera has the body provided with a fixation cylindér
(described later) 12 corresponding to a part of the barrel unit 7. The fixation
cylinder 12 is provided with the _CCD stage 1251 having a mounting stage 15 |

(described later) capable of moving ih X-Y directions. The CCD solid-state
image sensing device 101 is mounted on the CCD stage 1251 corresponding to
a part of the mechanisiﬁ for suppressing an image blur. The details of the
mechanical structure of the CCD stage 1251 will be described later.

"~ The CCD stage 1251 is driven by an actuator 1255, and the driving of
the actuator 1255 is controlled by a driver 1254. The driver 1254 includes a
coil drive MD1 and a coil drive MD2. The driver 1254 is connected to an A/D

(analogue/digitaﬂ) converter IC1 which is connected to the ROM 108. Control
data are input to the A/D converter IC1 from the ROM 108.

The fixation cylinder 12 is provided with an original point forced
‘retention mechanism 1263, which retains the CCD stage 1251 at a central
position when thebsuppression switch SW14 is powered off and the power
switch SW13 is powered off.- The original point fofcéd- retention mechanism
1263 is controlled by a stepping motor STM1 as an actuator, which is driven
by a driver 1261. Control data are input to the driver 1261 from the ROM

108. | | |

The CCD stage 1251 is provided with a position detection element 1252.
A detection output of the position detectioﬁ element 1252 is inpuf into an
operational amplifier 1253 to be ampliﬁed, and then is input into the A/D

converter 10411.
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The camera body is provided with a gyro sensor 12.41, which is capable
- of detecting a rotation of the camera in the X direction and Y direction. A
detection output of the gyro sensor 1241 is input to the A/D converter 10411
-via an LPF amplifier 1242, which has a function as a low-pass filter.

‘Next, general operations of a digital camera according to the
embodiment of the present invention will be schematically explained with
reference to FIG.5. | | » |

| If the mode dial SW2 is set to a photographing mode, the camera is
activated with the photographing mode. Alsb if the mode dial SWZ is set to a
reproducing mode, the camera is activated with the reproducing mode. The .
processor 104 determines whether a switch condition of the mode dial SW2 is
set to the photographing mode or the reproducing mode (S1).

The processor 104 controls the motor driver 75 to move the lens barrel
of the barrel unit 7 to a photographable position. Moreover, the processor
104 powers on each of the cir’cuits of the CCD solid-state image sensing device
101, the F/E-IC 102, the LCD monitor 10, and the like to start the operations.
If each of the circuits is powered on, the operation of the photographing mode
' is initiated. |

In the photographing mode, light which has entered into the CCD
‘solid-state image sensing device 101 through the barrel unit 7 is
photo-electrically converted on the CCD solid-state image sensing device 101
to be sent to the CDS circuit 1021, the AGC 1022, and the A/D converter 1023
as analogue signals of R, G, B. The A/D converter 1023 converts the input
analogue signals into digital signals. The digital signals output from the A/D
con§erter 1023 are converted into YUV (luminance and color difference
signals) image data by a YUV conversion function of the second CCD signal
processing block 1042 in the processor 104 _ahd are written into-the SDRAM
103 as a frame memory. | - |

"The YUV signal is read out by the CPU'block 1043 of the processor 104
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and sent to the external display device such as the TV or fhe LCD monitor 10
“via the TV signal display block 1049 to display the photographed-image.
This process, which is performed at intervals of 1/30 seconds, provides_ an
- electronic finder display renewed at every 1/30 seconds in the photographing
mode. ' Namely, a monitoring process is carried out (82). Next; the processor
104 determines whether or not a sefting of the mode dial SW2 has been
changed (S3). If the setfing of the mode dial SW2 is nof changed, é
pho-tographing procéss- is carried out according to the operation of the release
switch SW1 (S4).

In the reproducing mode, the processor 104.disp1ays the photographed
image onto the LCD monitor 10 (S5).. Then, the processor 104 determines
whether or not the setting of the mpde dial SW2 has been changed (S6). If
the setting of the mode dial SW2 has been changed, the operation proceeds to
S1. If the setting of the mode dial SW2 has been unchanged, the operation of
S5 is repeated. | |

(Principle of Image Blur Suppression)

A principle of the image blur suppression will be explained with
reference to FIGs. 6A and 6B. _

FIG.GA shows a state where the digital camera as illustrated by the

-dotted line is inclined with respect to a position at which the digital camera is
free from a camera shake as illustrated by the solid line. FIG.6B is a
partially enlarged view illustrating a felationship between a photographing
lens of the camera body and an imaging plane of the CCD solid-state image
sensing device 101.

| If the camera is not moved by the camera shake, and the imaging plane
of the CCD solid-state image sensing device 101 is in a position P1, that is to
'say, in the central position, the subject image .is projected on the origi.nal p_oint
O. Here, if the camera is inclined in a O direction (Ox, ‘By) by the camera

shake, the.imaging plane shifts to a position P2 and the subject image shifts
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to O’. In this case, the imaging plane is moved in pérallel by dx in the
- X-direction and by dy in the Y'd_irection, such that a position of the imaging
plane overlaps with the position P1. Th‘er_eby, the subject image retuvrn\s to
- the original poinf O as an original position.

(Mechanical Structure of Suppression Function) .

FIG.7 illustrates a front view of the fixation cylinder 12, FIG.8 a
sectional view of the fixation cylinder 12 taken along I-I line, and FIG9a back
vieﬁv of the fixation cylinder 12. In FIGS. 7 to 9, the fixation cylinder 12 has
a box-shaped form and a storage space of the barrel unit 7 for receiving the
lens barrel in an inner side of the fixation cylinder 12. The fixation cylinder
12 is provided to be fixed in the camera body and is set such that a positional
relationship between the fixation cyl_inder 12 and a photographing optical axis
is constant. | The fixation cylinder 12 has a back plane provided vﬁth a base
membe_r 11 as a fixing unit formed in a plate-like and substantially
rectangular shape on the whole. The fixation cylinder 12 has an inner
circumference wall formed with a helicoid 12¢ for extending and fetracting the
optical system of the barrel unit 7. The fixation cylinder 12 includes at least
two notched corner portions. One of the corner portions 12a is used as an
installation portion of the stepping motor STM1, and the other corner portion
-12b is used as a bending portion of the flexible board 200.

The CCD stage 1251 is provided on the base member 11.. The CCD
stage 1251 is generally configured to include an X-direction stage 13 having a
circular frame shape, a Y-direction stage 14 having a rectangular shape and
the mounting stage 15, as separately illustrated in FIG.10.

| The X-direction stage 13 1s fasféned to the base member 11. The X-
direction stage 13 is provided with a pair of guide shafts 13a, 13b extending in
the X-direction at an interval in the Y'direction. The X-direction s_tége 13 1s
provided with four permanent ‘maghets 16a to 16d, each having a

rectangular-solid shape. The four permanent magnets 16a to 16d form two
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pairs, in which one pair. of the permanent magnets 16a; 16b is disposed in
“parallel at an interval in the Y—direction within an X-Y plane. In this
embodiment, although the guide shafts 13a, 13b are configured to peneti‘ate
the permanent magnets iGa, 16b, respectively, the -pefmanent mégnets 16a,
16b and the guide shafts 13a, 13b may be 'moﬁnted in parallel. One pair of
the permanent magnets 16¢, 16d is diéposed in parallel at an interval in the
X-direction within the X-Y plane. - ;
| The Y-direction stage 14 is provided with a pair of guide shaft»s 14a,
14b extending in the Y-direction at an interval in the X-direction. The
Y-direction stage 14 is also provided with a pair of supported portions 17a,
17a’, which face each other at an interval in the X-direction, and a pair of
supported portions 17b, 17b’, which face each other at an interval in the
X-direction. Each of the two pairs of supportéd portions (17a, 17a’), (17b,
17b’) is supported so as to be capable of sliding on the guide shafts 13a, 13b of
the X-direction stage 13, reépectively. Thereby, the Y-direction stage 14 is
capable of sliding in the X-direction. ' _ |
The CCD solid-state image sensing device 101 is fastened onto the
mounting stage 15. The mounting stage 15 in.cludesAa pair of coil attachment
plate portions 15a, 15b overhanging in the X-direction and a pair of coil
attachment plate portions 15c¢, 15d overhanging in the Y-direction. The CCD
solid-state image sensing device 101 is fastened to a center of the mounting
‘stage 15. The mounting stage 15 is provided with a pair of supported
portions (not shown), which faces each other at an interval in the Y-direction
toward the same side as the imaging plane of the CCD solid-state image
senéing device 101. The supported portions are provided with an interval in
the X-direction. Each of the pairs of supported portions is supported so as to
be capable of sliding on the gﬁide shafts 14a; 14b of the Y'direction ét'age 14,
which face each other, r'espectively. 'Thereby, the mounting stage 15 is

disposed so as to be éapable of sliding in the X-Y direction on the whole.
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Therefore, the mounting stage 15 is supported so as to be .capable of sliding by -
" the X'd'irection. stage 13 and the Y-direction stage along the X-Y plane, which '>
serve as g{lide stages. The X-direction stage is provided on the base meﬁber
- 11 of the fixation. cylinder 12 to be fixed with respect to the photographing
optical axis in the body case. |

A protection plate 19 is attached to a back plane opposite to the
imagipg plane of the CCD selid-state image sensing device 101. Provided oAn
a center of the protection plate 19 is a concave portion formed in a tapered
shape. The function of the concave portion 19a will be described later.

The pair of coil attachment plate portions 15a, 15b are provided with
flat and scroll-like coil members COL1, COLY’, respectively, which are serially
connected. The pair of coil attachment plate portions 15¢, 15d are provided
with flat and scroll-like coil members COL2, COL2’, respectively, which are
serially connected. '

| The coil members COL1, COLT are disposed to face the permanent
magnets 16c, 16d, respectively. The coil members COLZ2, COL2’ are also
disposed to face the permanent magnets 16a, 16b, respectively. The pair of
coil members COL1, COLY’ is used to move the CCD solid-state image sensing
device 101 in the X-direction, and the pair of coil members COL2, COL2’ is
-used to move the CCD solid-state image sensing device 101 in the Y-direction.
Therefore, in this embodiment, the pair of coil members COLl, COLY’ serves
as a first coil, the permanent magnets 16¢, 16d as a first permanent magnet,
the pair of coil members COL2, COL2’ as a second coil, and the permanent
magnets 16¢, 16d as a second permanent magnet.
| Each of the coil members COL1, ‘COL?Y’ is provided with an adsorption
bar 35 including a magnetic material in a direction so as to intersect each of
the coil members COLIL, COLY in the ngirection, ‘as shown in FIG.9.
Therefore, the adsorpti_on‘bars 35 are eonﬁgured to face each other via the

CCD solid-state image sensing device 101 in the X-direction. The adsorption
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bars 35 face the permanent magnets 16c, 16d, in the Z-difection, respectively,
“which face the coil members COL1, COL1. In this embodiment, each '

adsorption bar 35 is provided so as to cross over substantially a center o.f éach
of the coil members COL1, COLY’.

_I'n this case, Hall elements 1252a, 1252b are use.d for the position
detection element 1252. The coil attachment plate portion 15_b is provided
with the Hall element 1252a as the position detection element 1252.
Similarly, the coil attachment plate portion 15d is provided with the Hall
element 1252b. '

A The CCD solid-state image sensing de.vice 101 is electrically connected
to the F/E IC 102 via the flexible board 200 (see FIG.4). The Hall elements
1252a, 1252b are electrically connected to the operational amplifier 1253 (see
FIG.4) via the flexible board 200, ahd each of the coil members COL]1, COLI’,
COLZ2, COLZ’ is electrically connected to the coil driver 1254 (see FIG.4).

As illustrated in the enlarged views of FIGS. 11 and 12, the original
point forced retention mechanism 1263 includes the stepping motor STML.
The mechanical structure of the original point forced retention mechanism
1263 will be described in detail, and a control of driving of the stepping motor
STM1 will be described. |

As illustrated in FIGS. 7 and 11, the stépping motor STM1 is' provided
on the corner portion 12a of the fixation cylin(ier 12. The stepping motor
STM1 has an output shaft 20 provided with an oufput- gear 21. The corner
portion 12a of the fixation cylinder 12 is provided with a conversion
mechanism 22, which converts rotational movements to linear movements.

The conversiog mechanism 22 includes generally a rotation
transferring gear 23, a reciprocating shaft 24, a coil biasing spring 25, a forced
retainer plate 26, and a sprihg supporting rﬁember 27. The corner portion
12a of the fixation cylindef 12 is formedﬁvith a pair of supporting portions 28,

29 at an interval in the Z-axis direction. The supporting portion 28 includes
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a motor attachment plate. The reciprocating shaft 24 ié supported between
" the supporting portion 29 and the motor attachment plate 28. The rotation B
transferring gear 23 is located between the pair of supporting portions 28 and
- 29 to be rotatablysupporﬁed on the reciprocating shaft 24 and is engaged with
the output gear 21. '

_ The reciprocating shaft 24 has a portion of one end side, vwhich
penetrates the supporting portion 29 to reach the back plane side of the basé
merﬁber 11. The coil biasing spring 25 is provided between the spring
supporting portion 27 and the supporting portion 29. The reciprocating shaft
24 is biaSed toward the supporting portion 28 by the coil biasing spring 25.
The reciprocating shaft 24 includes a step portion 245, which engages v_vith a
shaft hole at an end plane of the rotation transferring gear 23.

As shown in FIGS. 13A to 13E, the rotation transferring gear 23 has an
end plane portion provided with a cam groove 31, which extends in a
circumference direction of the rotation transferring gear 23, and includes a
' flat valley portion 31a, a flat top portion 31b, and an inclined surface portion
31c inclining cdntinuously from the flat valley portion 31a toward the flat top
portion 31b. A cliff 31d is formed between the flat valley portion 31a and the
flat top portion 31b as a contact wall with which an after'mentioned cam pin
32 has contact from the rotation direction.

The cam pin 32 is fastened to the supporting portion 28, and has a
leading end, which slides in-contact with the cam groove 31. The length of
the flat valley portion 31a in a rotational direction from the cliff 31d to an
incline start position 31e of the inclined surface portion 31c corresponds to 2
pulées as converted to a rotation control signal of the stepping motor STM1.

The length of the inclined surface portion 31c in a rotational direction
from the incline start positionv31e to an incliﬁe end position 31f leading to the
flat top portion 31b corrésponds to 30"pulses as converted to the rotation

control signal of the stepping motor STM1.
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The length of the peak flat portion 31b vin a rotatidn direction between
“the incline end position 31f and the cliff 31d corresponds to 3 pulses as
converted to the rotationb control signal of the stepping motor STM1. 35
-pulses in the stepping motor STM1 corresponds to one rotation of the rotation
transferring gear 23 to cause the reciprocating shaft 24 fo be reciprocated
once in the Z-axis direction. |

The base member li has a back plane side provided.with theAforce»d
retéiner plate 26, which extends to be elongated toward the center of CCD
solid-state image sensing device 101 as shown in FIGS.9A, 9B. The forced
retainerfplate 26 has an end portion 26a fastened to one end portion of the
reciprocating shaft 24. The forced retainer plate 26 also has a free end
portion 26b to which a taper shaped ’compressing pin 33 is fastened. A guide
shaft 26¢ is formed to project in a middle of the forced lfetainer plate 26 in an
extending direction of the forced retainer plate 26.

The base mémber 11 is provided with position determination
projections 1la, 11b, a coil attachment projection 1llc and an engagement
projection 11d :(see FIG.9). The coil attachment projection 1lc is provided
with a wound portion 34a of a torsio.n spring 34. The torsion spring 34 has
one end portioh 34b engaged with the engagement projection 11d and the
-other end portion 34c engaged with the guide shaft 26c¢. The base member 11
is formed with a guide hole (not shown), which guides the guide shaft 26c
provided on the forced retainer plate 26. |

‘The forced retainer plate 26 has contact with the position
determination projection 11a by the torsion spriﬁg 34 while reciprocating in a
diréction leaving or approaching (the Z-axis direction) with respect to the base
member 11 according to a reciprocation of the reciprocating shaft 24. The
guide shaft 26¢ functions to stabilize the reciprocation of the force»d' retainer
plate 26. | |

"The compressing pin (fitting projectiqn) 33 engages with the concave
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portion (fitting hole) 19a so as to fulfill the function for mebchanically retaining

" the mounting stage 15 on the position of the original point. As illustrated in
the enlarged view of FIG.14A, a state in which a peripheral wall 33a of the

- compressing pin 33 is closely fitted to a peripheral wall 19b of the protection
plate 19 corresponds to a holding standby position of the cam pin 32. As
illustrated in the enlarged view of FIG.14B, a state in which the peripheral
wall 33a of the compressing pin 33 is separated from a peripheral wall 19b éf
the protéction plate 19 at the maximum intervals corresponds to a release
standby position of the carﬁ pin 32. The holding standby state of the cam pin
32is a position of the forced original point of the mounting stage 15. -

(Folding of Flexible Board)

The flexible board 200 according to this embodiment of the present -

invention will be explained below. o

 As illustrated in FIGS.15 to 17, the flexible board 200 includes a CCD
connection portion 201, a coil connection portion 202, a position detection
element connection portion 203, a proceséing circuit connection portion 204,
and an extension connection portion 205. FIG.15 is a development view of
the flexible board 200 viewed from a backside of the CCD connection portion
201 and FIG.16 is a view for explaining folding of the flexible board 200 shown
‘in FIG.15.

The CCD connection portion 201 also includes a connection pattern
portion corresponding to a-connection .pin of the CCD solid-state image
sensing device 101, a through-hole 201a corresponding to the concave portion
19a of the protection plate 19, and the like (not shown). Moreover, the coil
connection portion 202 is provided with a connection pattern portion (not
shown), which is electrically connectable to each of the coil members COL1,
COL1, COL2, COL2 (hereinéfter, referred fo as “each of the coil m'embers
COL”). Furthermore, thé position detection element. connection portion 203

is provided with a connection pattern portion, which is electrically
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connectable to the position detection element 1252. The processing circuit
connection portion 204 includes a connection pattern portion, which is
electrically connected to the F/E-IC 102, the opefational amplifier 1253, and
the coil driver 1254. Théreby, the processing device of the digital camera is
electrically connected to the CCD cpnnectiOn portion 201, fhe coil connection
portion 202 and the position detection element connection pbrtion 203 through
the extension connection portion 205. - |
| In this embodiment, as shown in FIGS. 15 and 16, the extension
connection portion 205 is configured to branch into a first extension
'cohnectioh portion 206 and a second extension connection portion 207. The
seéond extension connection portion 207 is configured to overlap with the first
extension connection portion 206 when the extensibn connection portion 205 is
folded along straight lines a, b shown in FIG.16. The second extension
comiection portion 207 has the same structure as that of the first extension
connection.portion 206 if the upper. side and the under side of the second
extension connection portion 207 are reversed; thus, the detailed explanations
will be omitted. |

The first extension connection portion 206 includes a first extension
portion 208,' a second extension portion 209, a third extension portion 210, a
‘fourth extension portion 211, a fifth extension pdrtion 212, and a sixth
extension portion 213, in order from a side of the CCD connection portion 201.
The first extension portion 208 extends from the CCD. connection portion 201,
which is disposed in the back plane of CCD ‘solid-state image sensing device
101, in a direction inclined at about 45 degrees with respect to the Y-axis
direction and the X-axis direction (a direction toward the corner portion 12b).

The second extension portion 209 extends linearly -along the X'axis
direction with an angle inclinéd at about 45 -degrees with respect tvor the first
extension portion 208. | |

"The third extension portion 210 has a fan shape as a whole, and an
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apex angle of about 90 degrees, and links the second exfension portion 209
‘ and’th‘é fourth extension portion 211 without changing their width dimension.
The fourth extensibn portion 211 is configured to have a same ieﬁgth
-as that of the second exfension portion 209, and extends along é direction
orthogonal to the second extension portion 209, that is -to say, the Y-axis
direction. | |

The fifth extension bortion 212 has a fan shape as a whole, and an.
apex angle of about 45 degrees, and links the fourth extension portion 211 and
the sixth extension portion 213 without changing their width dimension.

The sixth extension portion 213 is connected to the processing circuit
connection portion 204.

(Attachment of Flexible Board) A

Next, the attachment of the flexible board 200 will be explained.

The flexible board ZOQ is mounted on the CCD stage 1251 from a side of
the protection plate 19 such that the connection pattern .portion of the CCD
connection portion 201 is disposed to correspond to the connection pin of the
CCD solid-stafe image sensing device 101 and the through-hole 201la is
disposed to correspond to the concave portion 19a (FIG.10).

The flexible board 200 is folded at 180 degrees as a valley fold with
“straight lines a, b shown in FIG.16 so that the second extension connection
portion 207 is folded and then overlaps with the first extension connection
portion 206 as shown in FIG.17. |

'The flexible board 200 is folded at 180 degrees as a valley fold with a
straight line ¢ shown in FIG.17 so that the position detection element
connection portion 203 overlaps with the CCD connection portion 201 to
connect electrically the position detection element connection portion 203 to
the position detection element 1252. | ' . | '

The flexible board ‘200 is folded ét 180 degrees as a valley fold with a
straight line d shown in FIG.17 so that _the }coil connection portion 202
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overlaps with the CCD connection portion 201 to connect electrically the coil
" connection portion 202 to each of the coil members COL. As mentioned above, »

the flexible board 200 is mounted on the ‘C_CD stage 1251 to be positionea in
the X-Y plane on the ‘basé member 11.

" Next, as iilustrated in FIGS. 9B, 11, 18, and 19, theAﬂexible board 200
is folded substantially at a right angle Vas a mountain fold albng a.straight line
e shown in FIG.17 so that the second extension portion 209 extends aldng the
Y-Z plane at the corner portion 12b of the fixation cylinder 12. _

Moreover, the flexible board 200 is folded substantially at a right angle
as a mountain fold along a straight line f shown in FIG. 17, so that the third
extension portion 210 extends in the X-Y plane where the third extension
portion 210 is displacéd along the Z axis from the base member 11 toward the
lens barrel side and extends to be closer to the fixation cylinder 12 side than
~ the second extension portion4.209. . A

Next, the flexible board 200 is folded substantially at a right angle asa
valley fold along a straight line g shown in FIG. 17 so that the fourth
extension portibn 211 extends along the X-Z plane near the corner portion 12b
of the fixation cylinder 12. _

Furthermore, the flexible board 200 is folded substantially at a right
' émgle as a valley fold along a straight line h shown in FIG. 17, so that the fifth
extension portion 212 extends in the X-Y plane where the fifth extension
portioﬁ 212 is displaced along the Z axis from the baée member 11 toward the
ilens barrel side, and extends to be closer to the fixation cylinder 12 side than
the .fourth extension portion 211.

The flexible board 200 is folded substantially at a right angle as a
valley fold along a straight line i shown in FIG.17, so that the sixth extension
portion 213 extends to be adj.acent to the cdrner portion 12b of*th_é fixation
cylinder 12 and in parallei substantially'»to the corner portion 12b. |

"The processing circuit connection portion 204 is curved from the sixth
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extension portion 213 folded along the line i to be aléng a circumference
“surface of the fixation cylinder 12 and forms a plane which is substantially
parallel to the X-Z plane. An end portion of the processing circuit connéc;cion
- portion 204 is curved in a direction to deviate from the central portion of the
base member 11 in the substantially same plane as the base member 11 and
forms the same plane as that of the base member 11. The end portion of the
processing circuit connectioh portion 204 is electrically connected to a printerd
circuit boarld PCB (described later) on which the F/EIC 102, the operational
amplifier 1253, the coil driver 1254, and the like are disposed.
| The above-mentioned positioning unit will be explained.

(Flexible Board Positioning Member)

FIG.20 is a schematic view showing a flexible board  positioning
member 307 used as the positioning unit according-to an ‘embodiment of the
presént invention.

7 An imaging apparatus 301 includes a movable unit 303 configured to
move the image pickup device 101. The movable unit 303 includes two
frames 304 corfe'sponding to the above-mentioned X- and Y- direction stages
13, 14, respectively, and four shafts 305 corresponding to the above-mentioned
guide shafts 13a, 13b, 14a, 14b, respectively. The image pickup device 101 is
“connected to a processing device 315 (not shown) through the flexible board
200 so that electrical signals from the image pickup device 101 are
| transmitted to the processing device 315. The flexible board 200 includes a
- ‘bending portion 308, a first flexible portion 309, a second flexible portion 310, .
and is positioned by a flexible board positioning member 307. The folded
configuration of the flexible board 200 shown in each of FIGs. 18 and 19 is
simplified in FI1G.20.
The flexible board poéitioning membér 307 may be made_bf' known
materials such as plastié resins, cerainics, metals, and the like. As the

metals, SUS materials, spring materials, and the like are preferably used
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because of the durability and the corrosion resistance‘of these materials.
" The flexible board positioning member 307 preferably has a thin plate-like
shape. o

In this embodimenf, a thin steel-plate made of SUS material is used as
the flexible board positioning member 307. |

FIG.21 is a sectional view shoWing the imaging appatratu_s according to
the embodiment of the preéent invention in a photographing state. In thé
photographing state, a movable frame 312 (corresponding to the lens barrel of
the barrel unit 7), having a photographing lens 313 (corresponding to the
zoom lens 71a), is rendered far from a ﬁxing. frame 311 (corresponding to the
fixation cylinder 12), having the image pickup device 101, electronic parts 314,
and the like. . | '

FIG.22 is a sectional view showing the imaging apparatus according to
the embodiment of the»prese‘nt invention in a state where the movable frame
312 having the photographing lens 313 is housed in the fixing frame 311
having the image pickup device 101, the electronic parts 314, and the like.

FI1G.23 is a schematic view showing configurations of imaging
apparatus according to the embodiment of the present invention, viewed from
a back side of the flexible board illustrated in FIG.20.

The image pickup device 101 (see FIG.20) is connected to the
processing device 315, which processes signals from the image pickup device
101 through the flexible board 200. The flexible board positioning member
307 is fixed to the flexible board 200 by means of a double faced tape 316.
The flexible board positioning member 307 is connected to the movable unit
303 via a connection portion 317. |

FIG.24 is an enlarged view illustrating the connection portion 317
shown in FIG.23, the conneétion portipn 3.17 being in a state béf(’)reb the
flexible board positioning inember 307 is connected to the movable unit 303.

A convexvportion 318 and a concave portion 319 are provided on the
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" movable unit 303 and the flexible board positioning memoer 307, respectively.

FIG.25 is an enlarged X-Y plan view, illustrating the connection
portion 317 shown in FIG.23, the connection portion 317 being in a state
- where the flexible board positioning member 307 is connected to the moirable
unit 303. |

The convex portion 318 is connected to the concave portion 319 of the
flexible board positioning niember 307 with margins 320 so that the ﬂexibie
boai'd positioning member 307 is capable of being adjusted to be positioned in
the X and Y directions.

‘ Here, it is possible for the convex portion and the concave portion to be
provided on the flexible board positioning member 307 and the movable unit
303, respectively. | _

FIG.26 is a schematic sectional view viewed from the X-direction,
illusfrating a configuration of the connection portion 317 in a state where the
flexible board positioning member 307 is connected to the movable unit 303.

The convex portion 318 of the movable unit 303 has a cylindrical
portion 321 formed in a circular arc form. The movable unit 303 is connected
to the flexible board positioning momber 307 in a state where the flexible
board positioning member 307 is disposed on the cylindrical portion 321, so

‘that the flexible board positioning member 307 has line-contact with the
cylindrical portion 321. The flexible board positioning member 307 is
supported rotatably in a rotational direction about an axis of the X-direction
by the convex portion 318 within regions 322. |

In other words, the flexible board positioning member 307 is disposed
moirably in the X-Y directions and Y-Z directions with respect to the movable
unit 303. Acco_rdixigly, due to the above-mentioned configurations, if
variations of a position to which the flexible board 200 is fixed, or of a form of
the flexible board 200 occ1ir, the variations can be suppressed. That is to say,

a flex of the flexible board 200, which occurs in a case where the flexible board
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200 is fixed to a certain position of the movable unit 303, i.s suppressed so that
' the flex can be prevented from affecting a moving operation of the image
pi.ckup device 101 in the image blur suppression operation o

FIG.27 is a schenﬁatic view illgstrating an example according to an
embodiment of the present inve.ntion, in a state where -the flexible board'
positioning member 307 is fixed to the movable unit 303 with an adhesive 323.
In this example, although the connection portion 317 is fixed with the
adhesive 323, a double-faced tape can be used. _

Therefore, the flexible board positioning member 307 is fixed to the
movable unit 303 so that the position of the flexible board 200 with respect :to
the movable unit 303 is not affected even when a positional deviation of an
end of the flexible board 200 occurs thus causing the flex of the flexible board
200 when the end of the flexible board 200 is connected to the proéessing
devibe._ Accordingly, the ﬂsx of the flexible board 200 is prevented from
affecting the moving operation of the %mage pickup device 101 in the image
blur suppression operation

(Retention Cohtrol Circuit of Suppression Mechanism)

The suppression mechanism will be explained below.

The stepping motor STM1 is controlled by a retention control circuit
‘illustrated in FIG. 28. The stepping motor 'STM1 includes a two-phase
control stfucture, and includes a. first coil STMC’ (corresponding to the
above-mentioned coil members COL1, COL1) ahd a second coil STMC”
(corresponding to the above-mentioned coil members COL2, COL2). The
first coil STMC’ has terminals connected a motor driver MD3 (corresponding
to the above-mentioned driver 1261) via output lines 40a, 40a’, respectively.
The second coil STMC” has terminals connected to the motor driver MD3 via
output lines 40b, 40D’, respectively. The oufput line 40a is provided' with a
resistance R 18 for limitihg current, ana also the output line 40b is provided

with a resistance R19 for limiting current. A capacitor C7 is disposed
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between the output line 40a and the output line 40a’ and é capacitor C8 is also
" disposed between the output line 40b and the output line 40b’.

Retention control signals are input to the motor driver MD3 froni pbrts
: INI, IN2 of the processor 104, and an enable signal is input to a port ENA of
the processor 104. The motor driver MDB'controls the poWer distribution to
the stepping motor STM1 based on the retention control signals and the
enable signal. _ | |

FIG.29 is a flow chart for explaining the operations of the retention
control circuit, including three steps such as a reset process, a release process
and a retention process. ‘

When the power switch SW13 of the digital camera is turned on, at
first, the reset process is performed_according to the control of the processor
104 (Slvl). In this reset process, the stepping motor STM1 is rotationally
driven according to 2 pulses in the counter-clockwiée direction at a slow rate
of 200 pps (pulse per second) by the control of the processor 104. Next, the
stepping motor STM1 is rotationally driven according to 33 pulses in the
counter-clockwise directioﬁ at a fast rate of 1000 pps. Finally, the steppiﬁg
motor STM1 is rotationally driven according to 2 pulses in the clockwise
direction at a slow rate of 200 pps. |

Wherever the cam pin 32 is in the rotational direction of the cam
groove 31, the cam pin 32 physically has contact with the cliff 31d of the cam
groove 31 by rotating the stepping motor STM1 accbr.ding to 35 pulses in the
counter-clockwise direction. ‘

If the stepping motor STM1 is driven according to 2 pulses in the
clockwise direction from the contact pbsition, the cam pin 32 is set to the
incline start position 31e of the cam groove 31 (reference to FIG.13E).

The state where the cam pin 32 is set in the ihcline start'pqéition 31le
of the cam groove 31 is va state of the reset position, in which the CCD

solid-state image sensing device 101 is fof(_:ibly retained in the position of
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original point O. The position of original point O is the céntral position of the
" movable area of the mounting stage 15. The time required from the power on
to the completion of reset is.-about 53 msec (millisecond). o

) In this suppressidn mechanism according to this embodiment of the
présént invention, the image blur suppression is carried oﬁt by tuning on the
suppression switch SW14, and the imége blur suppression is released at the
same time as the suppressidn switch SW14 is turned off or the photogr-aphinvg
1s cémpleted.

When'the suppression switch SW14 is turned on, the release process is
pefformed by the control of the processor 104 (S12). In this release proceés,
at first, the stepping motor STM1 is rotationally driven according to 2 pulses
in the clockwise direction at a slow rate of 200 pps. Next, the stepping motor
STM1 is rotationally driven according to 28 pulses in the clockwise direction
at a fast rate of 1000 pps. Finally, the power distribution to the stepping
motor STM1 is maintained for 5 msec. Next, the power distribution to the
stepping motor STM1 is stopped by the motor driver MD3. |

With this release process, the cam pin 32 is located in the incline end
position 31f of the cam groove 31 (see» FIG. 13D). The time required from the
incline start position 3le to the incline end position 31f is about 43 msec.

‘More particularly, the time required for the cam pin 32 to move from the
holding standby position to the release standby position is about 43 msec.
The suppression control is performed in this release'standby position.

‘Next, when the suppression switch SW14 is turned off or the
photographing is performed, the processor 104 carries out the retention
proéess (513). In this retention prdcess, the stepping .motor STM1 is
rotationall& driven according to 2 pulses in the clockwise direction at a slow
rate of 200 pps by the control of the proceséor 104, and then is—rovt‘ationally
driven according to 3 bulées in the clbckwise direction at a fast rate of 1000

pps. The cam pin 32, thereby, comes downAto the flat valley portion 31a by
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passing through the flat top pertion 31b of the cam gl.'oovie 31 to have contact
“with the flat valley portion 31la. After that, the power distribution to the '
stepping motor STM1 is held for 5 msec. .

Next, the power distribution to the stepping motor STM1 is stopped by
the motor drive MD3. The cam pin 32 is, therefore, set to the incline start
position 31e (holding standby position) of the cam groove 31, ar_ld the central
position of CCD solid-state image sensing device 101 is retained. While the
power 18 supp_lied‘, if the reeet process is once performed, these release and
retention processes are carried out. Moreover, the time required for the cam
pin 32 to move from the release standby position to the retention standby
position is about 18 msec.

Since the suppression mechanism includes the structure for forcibly
retain,ing. the mounting stage 15 of CCD solid-state image sensing device 101
at the central position by the compressing pin 33 formed in the forced retainer
plate 26, it is not necessary to control the power distribution for keeping the
retention of the mounting stage 15 at the position of original peint; thus, the
power consuniption can be reduced when operating the suppression
mechanism. ,

(Circuit Structure of Camera Shake Detection Circuit)

FIG.30 is a view illustrating a circuit structure of a camera shake
detection circuit. The camera shake detection circuit includes an X direction
rotation detector, which detects the rotation in the X direction, and a Y
direction rotation detector, which detects the rotation in the Y direction.

The X direction rotation detector includes, for example, a piezoelectric
vibration gyro sensor S1B having a first terminal grounded via a capacitor
C13, a second terminal connected to a non-inverting input terminal (+) of aﬁ
operational amplifier OP3 via a capacitor Cld provided in a connectien' line 42,
a third terminal connected to an invertiﬂg input terminal () of the operational

amplifier OP3 via a resistance R23 provided in a connection line 43, and a

36



WO 2008/082008 PCT/JP2007/075433

fourth terminal grounded and also connected to the conﬁection line 43 via a
* capacitor C11.
The operational amplifier OP3 has the non-inverting termin.alA +)
“connected to the connection line 43 via a resistance R20. A series circuit
having a resistance R21 and an analogue switch ASW1 is éonnectéd between
the connection line 42 and the connection line 43 in parallel with the
resistance R20. - »
| The operational amplifier OP3 has an output terminal connected to an
ihverting input terminal (-) of the operational amplifier OP3 via a capacitor
C12. A resistance R22 is connected to the capacitor C12 in parallel. The
capacitor C10 and the resistance R20 make up a high-pass filter HPF1, and
the capacitor C12 and the resistance R22 make up a low-pass filter LPF1.
The operational amplifier OP3 amplifies the output of piezoelectric vibration
gyrd sensor S1B and outputs an X direction detection signal OUT1 from the
output terminal of operational amplifier OP3.

The Y direction rotation detector includes a piezoelectric vibration
gyro sensor S2A having a first terminal grounded via a capacitor C17, a
second terminal connécted to a non-inverting input terminal (+) of an
operational amplifier OP4 via a capacitor C14 provided in a connection line 44,

‘a third terminal connected to an inverting input terminal (-) of the operational

amplifier OP4 via a resistance R26 provided in a connection line 45, and a
fourth terminal grounded and also connected to the connection line 45 via a
capacitor C15.

The operational amplifier OP4 has the non-inverting input terminal
+) éonnected to the connection line 45 via a resistance R24. A series circuit
having a resistance R25 and an analogue switch ASW2 is connected between
the connection line 44 and the connectioﬁ line 45 in parallel With the
resistance R24. | |

'The operational amplifier OP4 has an output terminal connected to the
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inverting input terminal (-) of the operational amplifier OP4 via a capacitor
" C16. A resistance R27 is connected to the capacitor 16 in parallel. The
capacitor C14 and the resistance R24 make up a high-pass filter HPF2, ;'«md
“the capacitor C16 and the resistance R27 make up a low-pass filter LPF2.
The operational amplifier OP4 amplifies the output of the piezoelectric
vibration gyro sensor S2A and outputé an X direction deteétion_ signal OUT2
from the output terminal of voperational amplifier OP4.

A switching control signal SWC1 is input to the analogue switches
ASW1, ASW2 via a signal line 46. The analogue switches ASW1, ASW2
inélude functions for accelerating the charge of the capacitors C11, Ci5,
respectively, so as to increase the response speed of the high-pass filters HPF1,
HPF2, respectively. The processor 104 outpufs the switching control signal
‘SWC1 to the analogue switches ASW1, ASW2 for a predetermined time after
turning on the po§ver. Thqreby,-the analogue switches ASWI1, ASW2 are
turned on for a predetérmined time. The detection outputs OUT1, OUT2 of
the gyro sensors S1B, S2A are loaded into the A/D converter 10411 every T
seconds.

Where, -
® yawl (t) ... instant angular Velocity in YAW direction
'@ pitch (t)... instant angular velocity in PITCH direction
8 yaw (t)... angular variation in YAW direction .
8 pitch (t)... angular variation in PITCH direction
Dyaw (t)... movement amount of image in X-direction corresponding to
rotation in YAW direction.
Dpitch (t)... movement amount of iniage in Y-direction corresponding to
rotation in PITCH direction, and
0 yaw (t) and O pitch (t) are obtained by the-fbllowing relational expfes’sions,
8 yaw (t) = 2 @ yaw (i) T ;
0 pitch (t) =X @ pitch G -T.
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Moreover, a focal length f is determined from a zoom f)oint zp and a
“focal point fp. - The following equations are established among Dyaw (t),
which is the movement amount of the image corresponding to rotation .in»the
YAW direction, Dpitch (f), which is the movement 'amount of the image
corresponding to rotation in the PITCH direction, 6 yaw (t), which is the
angular variation in the YAW directidn, and 0 pitch (t), which is the angular
var_iation in the PITCH direction,. |
Dyaw (t) = £ * tan (0 yaw (t) ) ... (i)
Dpitch (t) = £ * tan ( 0 pitch (t) ) ...G1)
| Namely, Dyaw (t), which is the movement amount of the image in the
X-direction corresponding to rotation in the YAW direction, and Dpitch (t),
which is the movement amount of the image in the Y-direction corresponding
to rotation in the PITCH direction, correspond to the movement amount of the
CCD solid-state image sensipg device 101 which should‘ be moved in the X-Y
direction. _
If the rotation displacements in the YAW direction and in the PITCH
direction occuf due to the camera shake, a reference position (as a target
position) of the CCD solid-state image sensing device 101 is calculated by the
above equations (i) and (ii) and drives the mounting stage 15 such that a
“difference between the,actual position of the CCD solid-state image sensing
device 101 in the X-Y direction detected by the position detection element
1252 and the target position of the CCD solid-state rimage sensing device 101
becomes zero. This control is performed every T seconds.

o In addition, if the detection output of the gyro sensors S1B, S2A is zero,
the mounting stage 15 is controlled such that the CCD solid-state image
sensing device 101 is translational-displaced by following a translational
motion displacement Xd of thé camera body. | |
(Suppression Control Circuit) |

'FIG.31 is a block diagram illustrating an example of a control circuit
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for suppressing an image blur. The suppression circuit .includes a feedback
" circuit 50 and a position correspondence voltage setting circuit 51.
Hall elements H1, H2 constitutes a part of the position correspoﬁdénce
’volt'age setting circuit 51. A voltage Vhl- is applied to the Hall element

(1252a) H1. The Hall element H1 has a terminal cohnectéd to an inverting
input terminal (-) of an operational émpliﬁer OP1 via a resistance R2 and
anorther terminal connected to a non-inverting input terminal (+) of thé
operational amplifier OP1 via a resistance R3. _ _

The operational amplifier OP1 has an output terminal connected to an |
input port L1 of the processor 104 via a resistance R5 and also connected to
the inverting input terminal (-) of the operational amplifier OP1 via the
resistance R1. In addition, a connection point between the resistance R5 and
the input port L1 is grounded via a capacitor C1. |

A voltage Vh2- is applied to the Hall element (1252b) H2. The Hall
element H2 has one terminal connected to an inverting input terminal () of an
operational amplifier OP2 via a resisténce R7 and the other terminal
connected to a»non-inverting input terminal (+) of the operational amplifier

" OP2 via a resistance R8.

The operational amplifier OP2 has an output terminal connected to an
“input port L2 of the processor 104 via a resistance R9 and also connected to
‘the one terminal of the operational amplifier OP2 via a resistance R6. In
addition, a connection point between the resistance R9 and the input port L2
is grounded via a capacitor C2.

| The processor 104 has an output port L3 connected to a D/A conversion
circuit IC2 constituting a part of the pdsition corresﬁondénce voltage setting
circuit 51, output ports L4, L6 connected to the D/A conversion circuit IC2 and
the D/A conversion circuit IC1, and an outpﬁt port L5 connected to the D/A
conversion circuit IC1. | ; |

-Connected_ to the D/A conversion circuit IC2 are two output lines 61, 62,
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one output line 61 being input to the non-inverting inpuf terminal (+) of the
" operational amplifier OP1 via a resistance R4 and the other output line .62
being input to the non-inverting input terminal (+) of operational ampliﬁer
-OP2 via a resistance R10..

A chip selector signal DI from the output port L3, a clock signal SCLK
from the output port L4, and correction digital data DIN from the output L6
are input to the D/A conversion circuit IC2 having a function which cdnverfs
the correction digital data DIN into the analogue data. | 7

The D/A conversion circuit IC1 constitutes a part of the feedback
circuit 50. A common line 63 and two output lines 64, 65 are connected to the
D/A conversion circuit IC1. The common line 63 is connected to a coil drive
circuit as the coil driver MD1 and a coil drive circuit as the coil driver MDZ.
The output line 64 is connected to an input terminal L7 of the coil drive circuit
MD1 via a resistance R14.4 The output line 65 is connected to an input
terminal L8 of the coil drive circuit MD2 via a resistance R15.

A connection point between the resistance R14 and the ihput terminal
L7 is connected to a ground terminal ER1 of the coil drive circuit MD1 via a
capacitor C3. ‘A connection point befween the resistance R15 and the input
terminal L8 is connected to a ground terminal ER2 of the coil drive circuit
"MD2 via a capacitor C4.

The common line 63 is connected to a power source Vcc via resistances
R12, R11, and a connection point between the éommon line 63 and the
resistance R12 is grounded via a resistance R13. | ‘

A control signal CONT1 is input to the coil drive circuits MD1, MD2
from the processor 104. The coil drive circuit MD1 has an output terminal
connected to a coil COL1” (serial connection body of the coil member CCLI
and the coil member COLY) via a resistance R16. A capacitbr' C5 is
connected in parallel With a serial circuit of the resistance R16 and the coil

COL1”. The coil drive circuit MD2 has an output terminal connected to a coil
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COL2” (serial connection body of the coil member COL2 and the coil member
" COL2) via a resistance R17. A capacitor C6 is connected in parallel with a '
serial circuit of the resistance R17 and the coil COL2”. The coil COL l” is
- used to move the mountir.lg stage 15 in the X direction, and the coil COL2” is
used to move the mounting stage 15 in the Y direction. |

Here, predetermined voltages- Vh1l-, Vh2- are applied_ to the Hall
elements H1, H2, respectively, and the detection output voltage levels of the
Hall elements H1, H2 when the detectjon outputs-of the gyro sensors S1B,
S2A are zero and also the CCD solid-state image sensing device 101 exists in
the central position (original point) of the movable area are named as Vlll, |
Vh2, respectively. In this case, analogue output voltage levels of the input
ports L1, L2 of the precessor 104 are named as V1ADin, V2ADin, respectively.
These output voltage levels V1ADin, V2ADin are actually measured. |

" The output voltage levels (actually measured values) V1ADin, V2ADin

are varied based on an assembling error factor regarding the mechanical
positional relationship between the magnets (permanent magnefs) 16a to 16d
and the Hall elements H1, H2, and an assembling error factor between the
mounting positions of the Hall elements H1, H2 and the mounting positions of
the coils COL1”, COL2” with 'respect to the mounting stage 15, or the like. In
“addition, the output voltage levels V1ADin, V2ADin vary also according to the .
characteristics of the Hall elements H1, H2. |

Therefore, if correction is not performed, fhe output voltage levels
V1ADin, V2ADin corresponding to the position of the original point of the Hall
elements H1, H2 vary for each of cameras; thus, accurate image blur
suppression can not be conducted. |

Consequently, correction voltages Vrl’, Vr2’, which are input to the
operational amplifiers OP1, O.PZ respectively- from the A/D convertef I1C2, are
set, such that the outpuf voltage levels V1ADin, V2ADin before corrected

become constant voltage levels (setting reference voltage levels). More
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particularly, the correction voltages Vrl’, Vr2’ are set éo as to correct the
- variations in the output voltage levels (detection values) V1ADin, V2ADin
when the CCD solid-state image sensing device 101 exists in the posit.io»n of
orig’inél point and the CCD solid-state image sensing device 101 is not
controlled (when the power is not supplied to the coil members COL1”,
COL2"). |

In this embodiment, in order to set the setting reference‘ Voltage levél
at é generally middle value in an operable voltage range of the operational
amplifiers OP1,. OP2, the processor 104 performs the following arithmetical
operation. A

Here, for the sake of convenience, the resistances are set to R2 = R3 =
R7=R8, R1 = R4 = R6 = R10, but not limited thereto.

Under the conditions of R2 = R3 = R7 = R8, R1 = R4 = R6 = R10, the
following relational formulas are realized. '

V1ADin=R1/R2* ((Vhl+) - (Vh1-)) + Vrl’

V2ADin = R1/R2 * ((Vh2+) - (Vh2-)) + Vr2’

The proéessor 104 calculates the correction voltages Vrl’, Vr2’ by the
arithmetical operation based on the above relational formulas. As a result,
the output voltage levels V1ADin, V2ADin are constant even if the detection
-values of the Hall elements H1, H2 in the position of the original point of the
CCD solid-state image sensing device 101 vary based on the assembling error
factor regarding the mechanical positional relationéhip- between the magnets
»(permanent magnets) 16a to 16d and the Hall elements H1, H2, the
assembling error factor between the mounting positions of the Hall elements
Hl,v H2 and the mounting positions of the coils COL1”, COL2” with respect to
the mounting stage 15, or the like.

The processor 104 cons.titutes, togethelr with the D/A convefsion circuit
IC2, a part of a variation correction circiiit, which outputs corrected values for

setting the detection values to the setting reference voltage levels regardless
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of the variations in the detection values of the Hall elemehts H1, H2, and also
‘serves as a correct‘ion value afithmetic device which obtains the setting
reference voltage values by the arithmetical operations. o

This initial setting operation for setting the above-mentioned output
voltage levels V1ADin, V2ADin to the setting reference voltage levels is
performed when shipment in which a final inspection is carried out in a
factory for assembling a caniera, as 1llustrated in the flow chart 6f FIG.32 (se~e
szi—szs).

In the flow chart of FIG.33, an actual control of image blur suppression
is illustrated. - The processor 104 loads the control reference values obtained
by the arithmetic operations based on the detection outputs OUT1, OUT2 of
the camera shake detection circuit (S3-1), and then loads the actual position
correqundence‘voltage levels V1ADin, V2ADin obtained by the Hall elements
'H1, H2 (S32). Thereby, the processor 104 calculates a difference between the
control reference values aﬁd the position correspondence voltage values
V1ADin, V2ADin (S33). -

The prdcessor 104 outputs the control data to the digital/analogue
conversion circuit IC1 based on the output difference. The digital/analogue
conversion circuit IC1 outputs control voltages Vdacl, Vdac2 corresponding to
‘the controi data (S34). The control voltages Vdacl, Vdac2 are input to the
coil drive circuits MD1, MD2. The coil drive circuits MD1, MD2 output
driving voltages Voutl, Vout2 to the COL1”, COL2”, brespectively.

The driving voltages Voutl, Vout2 are set according to the following
equatibns.

 Voutl =(Vdacl - Vr) *K

Vout2 = (Vdac2 - Vr) * K

Where, Vr is a fractional voltage, _ ,

where reference number K is a ratio constant based on the fractional

voltage, Vr.
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The CCD solid-state image sensing device 101 is atvtracted and repelled
-by magnetic fields of the magnets 16a-16d and the coils COL1”, COL2” to

move in a direction which is controlled du_e to whether each of the dfi\}ing

-voltages Voutl, Vout2 is a positive voltage or a negative voltage. The

detected values of the Hall elements H1, H2 are, thereby, éhanged according

to the movement of the CCD solid-state image sensing device 101. The

position correspondence voltage levels V1ADin, V2ADin are change:d‘
corfesponding to the. change in the detected values, and the position

cor-respondence voltage levels are fed back to the processor 104, so thét the

CCD solid-state image sensing device 101 can be smoothly followed to the

target position when the control reference values are changed by the detection

output values of the camera shake detection circuit (S35). If the

photographing is completed, the suppression function for suppressing image

blur is concluded (S36).

(Modification Example of Feedback Circuit)

FIG.34 is a circuit diagram illustrating a modification example of the
feedback circuit 50. In this example, fhe processor 104 controls the driving of
a coil driver MD4 by means of a PWM control (pulse-width modulation
control), so as to control the power diétribution to the coils COL1”, COL2".

More particularly, a normal direction signal CON1 and a reverse
direction signal CON2 are input to the coil driver MD4, and pulse voltages
Vinl and Vin2 are input. "I“he power distribution v_oltages to the cbils COL1”,
_COL2”_ increase as the duration of a high level pulse signal gets longer.

(Details of Photographing with Suppression Mechanism)
| As illustrated in FIG.35, if the suppression switch SW14 is turned on
(S41), the gyro sensors S1B, S2A are powered on (S42). If the release switch
SW1 is pressed to complete a'half'pressingv(.S43), an auto focusing bperation
(focusing operation) is initiated (S44). At the same time, the mechanical

forced fixation of the mounting stage 15 is released, and the CCD central
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retention control is initiated by the power distributionbto the coils COL1”,
- COL2” (S44). |
| Next, a monitoring process of a camera shake is initiated (S45).. The
~pfocessor 104 determines whether or not the half-pressing of the reblease_
switch SW1 is continued (S46). If the half-pressing (first release) of the
release switch SW1 is released, the proéess goes back to S43. If the
half-pressing (first release) of the release switch SW1 is cdntinuéd, the
proéessor 104 determines whether or not the full-pressing (second release) of
the release switch SW 1 is performed (S47). If the full-pressing .(s}econd’
release)-_of the release switch SW1 is not performed, the process goes back to
S46. | |
If the full-pressing (second release) of the release switch SW1 is

comple’qed, following of the CCD solid-state image sensing device 101 in the
moving_ direction of the image is started (S48). Next, an exposure is
performed (S49). When thet exposure is completed (S50), the following of the
CCD solid-state image sensing device 101 is stopped, and then the mounting
stage 15 1s returned to the position of the original point by the power
distribution control to the coils COL1”, COL2” (S51). It is determined
whether or not the mounting stage 15 is returned to the position of the
-original point (S52), and the CCD solid-state image sensing device 101 is
forcibly fastened to the position of the original point in a mechanical manner
(853). |
» _There are two modes for the operation timing of the release switch
SW1.

| FIG.36 is a timing chart of a process for suppressing an image blur in
the case of a full-pressing of the release switch SW1. In this case, the
full-preésing means a release operation having discontinuity _from_ the
half-pressing operation of the releasé switch SW 1 to the full-pressing

operation of the release switch SW1, for example, a photographing operation
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which shifts to an exposure start operation gt the righ.t moment after the
- half-pressing operation.
If the release switch SW1 is half-pressed, a focusing operation ‘of‘the
- digital camera is .started; In this state, the original point forced retention
mechanism 1263 has not released the forced retention of the mounting stage
15 yet. The power is not supplied to the coils COL1”, COL2”, that is, the coils
_are not conducted. In addition, the mounting stage 15 is mechanically ﬁxe-d
to fhe central position, and the subject image is displayed onto thg LCD
monitor 10.

If the focusing operation is completed, the processor 104 starts
supplying power to the stepping motor STM1 of the original point fbrced
retention mechanism 1263. The me‘chanical forced retention of the mounting
stage 15 is, thereby, released. At the same time, supplying power to the coils
COLl”,_ COL2” is started. The suppression process during the half-pressing
operation of the release sv&;itch SW1 (suppression 1) is performed by the
control of the power supply to the coils COL1”, COL2". If the felease switch
SW1 is fully préssed (release 2), the mounting stage 15 is once returned to the
central position by the control of power distribution to the coils COL1”, COL2”,
and then the LCD monitor 10 is turned off after some time so as not to display
“the subject imégé. |

Next, if a still image exposure is started, the mounting stage 15 is
controlled to follow the movement of the image baéed-op the camera shake
»(suppression 2). If the still image exposure is completed, the mounting stage
15 is returned to the central position based on the control of power
disfribution to the coils COL1”, COL2". Next, the processor 104 starts the
power distribution to the stepping motor STM1 of the original point forced
retention mechanism 1263. The mechanicai forced fixation of the.rAnoun_ting
stage 15 is, thereby, pe_rfdrmed, and then the power distribution to the coils

COL1”, COL2” is stopped.
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As described above, even if the camera is shaken, é user can recognize
- the LCD monitor 10 which monitors the subject image without havihg the
camera shake during the first release. . o

In addition, once’the mounting stage 15 is returned to the central
position during the second release, a composition during the second release is
displaced from a composition of the subject image during the first release.
However, according to the embodiment of the present embo‘diment, it is
poséible to confirm the subject image right before photographing in a state
where the mounting stage 15 is once "returned to the central position.
Therefor_é, it is possible to confirm the composition of the subject image right
before photographing (right before exposing).

If the release switch SW1 is half-pressed, and the half-pressing of the
release ‘switch SW1 is released without fully pressing the release switch SW1,
as shown in FIG. 37, the focusing operation is started at the same time as the
half-pressing. If the focusing 18 completed, the processor 104 starts Vthe
power distribution to the stepping motor STM1 of the original point forced
retention mechanism 1263; thereby, the mechanical forced retention of the
mounting stage 15 is released. At the same time, the power supply to the
coils COL1”, COL2” is started, and the suppression process during -the
-half-pressing operation of the release switch SW1 (first release) is performed
by the control of power supply to the coils COL1”, COL2".

If the half-pressing operation of the release switch SW1 is released
during the half-pressing operation of the release switch SW1, the mounting
stage 15 is retuned to the central position based on the control of power supply -
to the coils COL1”, COL2"”. Next, the processor 104 starts the power supply
to the sfepping motor STM1 of the original point forced retention mechanism
1263; thereby, the mechanical fixation and r_efention of the mounting stage 15
aré conducted. Next, thé power distribution to the coils COL1”, COL2” is

stopped.
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FIG.38 is a timing chart illustrating the suppression process when the
" release switch SW 1 is fully pressed at one shot. vIn this case, the
‘fuil-pressing at one shot means a release .operati.on having‘continuoﬁshess
- from the half-pressing operation (first release) of the release switch SW1 to
the full-pressing operation (second release) of the release switch SW1, for
example, a photograp.hing operation which immediately shifts to an exposure
start operation after the half-pressing. ' |

| If the release switch SW1 is half-pressed, the focusing operationAof the
digital camera is started. The subject image is displayed on the LCD monitor
10. In addition, the full-pressing operation of the release switch SW1 is
immediately performed right after the half-pressing of the release switch SW1.
At the same time, the LCD monitor 10 is turned off so as not to display the
subject image. - ' '

| If the focusing operation is completed, the processor 104 starts the
power sﬁpply to the stepping motor STM1 of the original point forced
retention mechanism 1263; thereby, the mechanical retention of the mounting
stage 15 is released. At the same time, the power supply to the coils COL1”,
COL2” is started, that is, the coils are conducted, and the mounting stage 15
is retained in the central position by the power supply control to the coils
-COL1”, COL2”. Therefore, the suppression process is performed.

If the mounting stage 15 is maintained in the central position by the

power supply to the coils COL1”, COL2”, and the still image exposure is
started, the mounting stage 15 is controlled to follow the movement of the
‘image based on the camera shake. If the still imége exposure 1s completed,
the .mounting stage 15 is returned to the central position based on the power
supply control to the coils C'OLl”, COL2”. Next, the processor 104 starts the
power supply to the steppihg motor STM»l of the original poiht' forced
retention mechanism 1263; thereby, the'Amechanicall fixation and retention of

the mounting stage 15 are performed. Next, the power distribution to the

49



WO 2008/082008 PCT/JP2007/075433

coils COL1”, COL2” is stopped.

In the case of the above-described full-pressing at one shot, it is ’
considered that the confirmation of the composition is completed durir'lgi the
- operation of the first rélease, so that it is not necessary to cbnﬁrm the
composition during the second release. Accordingly, it is considered that the
reconfirmation of the composition is nét necessary even if the mounting stage
15 is once returned to the central position during the second release, so thé
suﬁpression control process can be simplified. »

Moreover, since the LCD monitor 10 is turned off during the focusing
'opératior_i, battery drainage can be avoided. Furthermore, since the
adsorption bars 35 (see FIG.10) can be adsorbed to the magnets 16¢, 16d to be
retained when the mounting stage 15 is forcibly pressed to the position of the
original point in a mechanical manner, chattering of the mounting stage 15 in .
the 'Z-axis direction is controlled. In addition, the adsorption bars 35 are
absorbed to the magnets 16c', 16d to be retained so that the chattering of the
mounting stage 15 in the Z-axis direction is controlled even if the mounting
stage 15 1s not positioned at the position of the original point.

In the imaging apparatus With a function for suppressing the image
blur according to an embodiment of the present invention, that is, a digital
camera, the adsorption bars 35 are adsorbed to the permanent magnet 16¢
and the permanent magnet 16d, which are facing the adsorption bars 35 in the
7 axis direction, so that the mounting stage 15.can be attracted to the guide
stage including the Y-direction stage 14 and the X-direction stage 13, that is to
say, the mounting stage 15 can be attracted to the X-direction stage 13 via the
Y direction stage. Therefore, the position of the mounting stage 15 viewed in
the Z axis direction can be set at a position so as to have contact with the
guide stage (a position where the mounting stage 15 has contact Vw’ith_ the
X-direction stage 13 viavthve Y-direction étage 14). The chattering of the CCD

solid-state image sensing device 101 mounted on the mounting stage 15 can be
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avoided in the Z axis direction (photographing optical axial direction). The
- CCD solid-state image sensing device 101 can receive light to capture a
‘subject image by a suitable focal distance. ' .
Moreover, since the adsorption bars 35 intersect each of the coil
members COL1, COLY’ in the X-direction, that is to say, exfend across each of
the coil members COL1, COLY’, the adsorption bars 35 are adsorbed to the
permanent magnet 16c and the permanent magnet 16d regardless'of tﬁe
position of the mounting stagé 15 moved on the base member 11 during the
image blur suppression. Since the mounting stage 15 is moved by use of the
magnetic force between each of the coil members COL1, COLY’ and each of the
coil members COL2, COL2’ and each of the permanent magnets 16a to 16d,
the adsorption bars 35 intersecting each of the coil members COL1, COL1’ are
adsorbe_d to the permanent magnet 16d regardless of the position of the
mouhti_ng stage, because the permanent magnet 16c and the permanent
magnet 16d can apply the Ir;agnetic force to the coil members COL1, COLYT
regardless of the position of the mounting stage 15. |
The adsorption bars 35 substantially cross over a center of each of the
coil members COL1, COLY’ in the X-direction, and the mounting stage 15
moves in the Y-direction with substantially a center of each of the coil
“members COL1, COL1’ as a base point. Therefore, the magnetic force of the
pérmanent ma'gnet 16c and the permanent magnet 16d can be applied to the
adsorption bar 35 even if the mounting stage 15 moves in the Y-direction.
_ ‘Since each of the permanent magriet 16¢c and the permanent magnet
16d, which faces the adsorption bar 35, has a long shape in the Y-direction, the
magnetic force can be applied even if the mounting stage 15 moves in the
Y-direction.
The adsorption bars 35 cross over eéch of the coil membefs' COL1,
COLY’, and are adsorbed to the permahent magnet 16¢c and the permanent

magnet 16d at both sides of the CCD solid-state image sensing device 101.
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Therefore, the mounting stage 15 can be adsorbed to the gﬁide stage without a
- bias so as to have contact with the guide stage parallel to the X-Y plane.
Therefore, the chattering of the CCD solid-state image sensing device 101 in
- the Z axis direction can be avoided in a state where the CCD solid-state image
sensing dev1ce 101 is perpendicular to the photographmg optical axis to
suitably receive the signal of the subJect image.

Moreover, although in the above-mentioned embodimente the
adsorptlon bars 35 are configured to cross over each of the coil members COL1,
COLY’, they may be configured to be provided on each of the coil members
COL2, COLZ2’, and also provided only on the coil member COL1. That is, the
present invention is not limited to the above'mentioned embodiments.

In the above-mentioned embodiments, the coil members COL1, COLY’
and the_ coil members COL2, COL2’ are provided on the mounting stage, and
the permanent magnets 16a to 16d are provided on the X-direction stage 13
included in the guide stage; It may be, however, configured such that the
permanent magnets 16a to 16d are provided on the mounting stege 15 and the
coil members COLl, COLY’ and the coil members COL2, COL2’ are provided
on the X-direction stage. That is, the present invention is not limited to the
above-mentioned embodiments. In the case that the coil members COL1,

-COLY’ and the _cqil members COL2, COL2’ are provided on-the X-direction -
stage, the adsorption bars 35 which are provided on an X-direction stage side,
that is to say, provided for at least one of the coil members COL1, COLY and
the coil members COL2, COL2’, can be adsorbed to each of the permanent
magnets 16a to 16d.

| In the above-mentioned embodiments, the adsorption bars 35 are
provided so as to cross over each of the coil members COL1, COLY. That is,
- the present invention is not limited to the abeve-mentio_ned embodiments_ and
the adsorptioh bars 35 are merely required to be adsorbed to the permanent

magnets (in this embodiment, the permanent magnet 16¢ and the permanent
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magnet 16d) which face the adsorption bars 35. Therefore, the adsorption
- bars 35 may be provided so as to be located near each of the coil members
COL1, COLY and each of the coil members COLZ, COL2. o

In the above-mentioned embodiments, the gyro sensor 1214 detects a
rotation of the camera body (body case) in the X direction and Y direction to
detect a camera shake occurring in the camera body. That is, the present
invention is not limited to the above-mentioned embodiments ahd, fer
example, the detection of the camera shake can be performed by processing '
monitoring images.

In the abovementioned embodiments, the guide stage includes the
Y-direction stage 14 supporting the mounting stage 15 movably in the
Y-direction and the X-direction stage 13 supporting the Y-direction stage
movably in the X-direction. However, the present invention is not limited to
the 'above'mentioned embodiments, and may be configured such that the
mounting stage 15 is support‘ed movably along the X-Y plane, and is fixed with
respect to the photographing optical axis in the camera body. |

(Second Embodiment)
(Positioning Mechanism of Flexible. Board)

A,se’cond embodiment of the present invention will be explained. |

FIG.39 is a view showing the imaging apparatus having a positioning
mechanism PT used as the positioning unit according to the second
embodiment of the present invention. Reference number ZA denotes the Z
_axis di_recting the photographing optical axis of the imaging apparatus. The
X-Y plane is a plane orthogonal to the Z axis ZA.

| The positioning mechanism PT includes for example, a concave portion

such as a hole provided on the flexible board and a convex portion such as a
boss provided on the fixing unit and conﬁgured to be fitted in the ‘convex
portion. | A

'FIG.40 is a view from the front side of the imaging apparatus
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according to the embodiment of the present invention.. The image pickup
- device 101 is shown in the center of FIG.40. The signals from the image
-pickup device 101 are transmitted to the processing device 315 through an end
/204 of the flexible board 200. | |
'FIG.41 is an enlarged view showing the positioning mechanism PT.

Reference number FP denotes a fixing unit sﬁch as the base member 11, or the
like, which is a part of the camera body of the imaging apparatué. Referenée
nuﬁlbers BS and HL denote a boss extending from the fixing unit FP and a
hole provided on the flexible board 200. As shown in FIG.41, the hole HL is
configured to be larger than a diameter of the boss BS so that the flexible
board 200 is capable of moving in the Z, Y directions. Therefore, due to the
configuration, if the form or the position of the flexible board 200 varies, the
Variatiqn of the form or position of the flexible board 200 can be absorbed.
That is to say, the flex occurring in the flexible board 200 when the flexible
board 200 is fixed to a predefermined.position of the imaging apparatus can be
suppressed, so that the flex is prevented from affecting the moving operation
of the image piékup device 101 when the image blur suppression operation.

FIG.42 is a view showing the positioning mechanism PT viewed from
the Y-axis direction. A space is provided between the fixing unit FP and the
flexible board 200, so that a variation in the position of the flexible board 200
in the X-axis direction can be absorbed. |

Next, another example of the positioning mechanism PT according to
_the em_bodiment of the present invention will be explained. FIG.43 shows an.
example in which the imaging apparatus has generally the same structure as
the'embodiment shown in FIGs.39 to 42. There are differences from the
above-mentioned embodiments in that the flexible board 200 is fixed to the
fixing unit FP with an adhesive 90, as shown in FIG.43. As mentioned above,
since the flexible board 200 is fixed to the fixing unit FP with the adhesive 90,

the form of the flexible board 200 is not affected at the imaging apparatus side,
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even if the variations of the position of the end 204 of the flexible board 200
- occur when the end 204 of the flexible board 200 is connected to the processing '
device 315. Accordingly, the flex of the ﬂexible board 200 is suppreséed SO
that adverse affects on the moving operation of the image pickup device 101 in
the image blur suppression operation can be prevented. |

A further example of the positioning mechanism PT according to the
embodiment of the present invention will be explained. FIG.44 shows thé
furfher example in which the imaging apparatus has generally the same
structure as the imaging apparatus shown in FIGs. 39 to 42. There are
differences from the above-mentioned embodiments in that the hole HL has
an openihg at an end, that is to say, a U-shaped notch UC is substituted for
the hole HL. Advantageous effects of the example are the same as the
above-mentioned examples.

(Third Embodiment)

Next, a third embodiﬁnent of the present invention will be explained.

FIG.45 is a perspective view showing the imaging apparatus according
to the third embodiment of the present invention, viewed from a backside of
the imaging apparatus having the movable image pickup device 101.

FIG.46 is a perspective view showing the image pickup device 101 and
the flexible board 200 viewed from avbackside of a light-receiving surface of
the image pickup device 101.

As mentioned above, the image pickup device 101 is configured to be
»capablg of moving in a direction parallel to a surface of the image pickup
devi(;e 101 (the X-Y plane) by the movable unit 303. The ﬂexible board 200
has. a plurality of surfaces including a first surface 200A disposed parallel to
the image pickup device 101, a second surface 200B extending from the first
surface 200A and disposed pe'rpendicularly_t.o the first surface 2004, a third
surface 200C extendingl from the second surface 200B and disposed

perpendicularly to the second surface 200B and a fourth surface 200D
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extending from the third surface 200C and connected to the processing device
- 315. v
Reinforcing members 200hkA, 2OQth, and 200hkC used aé ‘the
. positioning unit, for ex_aniple, in a plate-like form, are provided at centers of
the first surface 2004, the second surface 200B, and the t:hird’surface 2OOC,
respectively, to restrain each of the first surface 2004, the second surface
200B, and the third surface 200C from deforming due to slack." Since theée
reiﬁforcing members -200hkA, 200hkB, and 200hkC are attached at the
centers, where the deformation due to slack can easily occur, the deformation
due to slack in each of surface the first surface 2004, the second surface 200B,
and the third surface 200C, can be effectively avoided. On the other hand,
the flexible bvoard 200 is configured to be deformed at vicinities of each of
folded portions provided on each of fhe ends of the flexible board 200, which
are imp_ortant to absorb reactive forces occurring on the flexible board 200 due
to the movement of the imagé pickup device 101. _
FIG.47 is a plan view illustrating the flexible board 200 shown in FIG.
45, viewed from the backside of the image pickup device 101. _
FIG.48 is a plan view illustrating the flexible board 200 viewed from a
side of the third surface 2OOC. At the third surface 200C, a main positioning
-hole 200kjC1 and a following positioning hole 200kjC2 are formed. A boss
(not shown) provided on the ﬁxirig unit FP is fitted to each of the main
positioning hole 200kjC1 and the following positioning hole 200k;jC2 so that
.the thi_rd surface 200C is accurately positioned with respect to the barrel unit
7. The first surface 200A and the third surface 200C are accurately
positioned so that a position of the second surface 200B disposed between
these surfaces is determined. Accordingly, all of the first surface 200A, the
second surface 200B, and the third surfac_e}ZOOC are _accurately p'ositi.oned
within limited regions in the camera body. |

'FIG.49 is an enlarged perspective view illustrating the imaging
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apparatus according to the embodiment of the preseht invention. The
- flexible board 200 is configured such that when the image pickup device 101 is
moved in the X direction, the third surface 200C is mainly deformed, and
-when moved in the Y diréction, the second surface 200B is mainly deformed.
Furthermore, the first surface 200A is deformed accordingr to the positional
variation of the image pickup device 101 in the Z direction. Théreby, the
flexible board 200 is conﬁgufed such that the positional variation of the imagé
pickup device 101 in the Z direction does not affect the second surface 200B
and the third surface 200C. In addition, it is possible for a notch configured
to be engaged with the boss formeci on the flexible board 200 to be substituted
for each of a main positioning hole 200kjA1 and a following positioning hole
200kjA2 shown in FIG.47 and the vmain positioning hole 200kjC1 and the
following positioning hole 200k;C2. '
(Fourth Embodiment)

A fourth embodimentlof the present invention will be explained. .

" The flexible board 200 according to the embodiment of the present
invention is formed in a predetermined flat-plate form by punching, as shown
in FI1G.46, and is configured to form at least three planes (including the first
surface 200A, the second surface 200B, and the third surface 200C) by being
-folded along at least two predetermined portions (folded portions). The
folded portions are shown in FIG.46 as connecting portions between the first
surface 200A and the second surface 200B, between the second sﬁrface 200B
and the third surfaée 200C. As mentioned above, these three surfaces are
configured such that the flexible board 200 can be disposed at an appropriate
position, that is to say, such that each of these three surfaces is configured to
be deformed in a different direction perpendicular to each other X, Y Z
directions). Accordingly, the adverse affect 6f the positional variation of the
flexible board 200 in the X, Y, Z directions of the image pickup device 101 can
be prevented. ‘Theréfore, the flexible boar& 200 is required to be folded
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accurately along the folded portions and to be housed iﬁ the predetermined
- position.
As a result of considerations by the inventers, a method to form éiniply
-and accurately the flexible board in the predetermined form was found and
thereby the desired flexible board 200 can be obtained. A method to process
the flexible board 200 according to the embodiment of the present invention
will be explained as follows. | | | \

| A flexible board in a flat-plate form is folded along predetermined
folded lines of the flexible board 200 and folded portion positioning members
used as the positioning unit are provided.. At this time, each of the folded
portion positioning members is disposed such that an edge of each of the
folded portion positioning members‘ corresponds to each of the folded lines.
When the flexible board 200 is folded, the flexible board 200 is folded along
the edges of the folded portion positioning members to form the folded
portions. The flexible boal"d 200 is folded along the edges of the folded
portion positioning members by this method, so that the flexible board 200
can be accurately processed in the predetermined form.

Here, each of the folded portion positioning members is formed by a

member in which flexible boards are laminated (configuration A), or by a
‘member made of a thick flexible board (conﬁguratioﬁ B). By use of edges of
the laminated flexible boards or edges of the partly thick flexible boards, the
flexible board 200 can be processed in an eecurate manner without
introducing other members. In addition, if these folded portion positioning
members are formed in a single piece with the flexible board 200, there is no
need to attach the folded portion positibning members to the formed flexible
board 200 so that the fixed position of each of the folded portion positioning
members can be accurately ‘determined (cenﬁguratiqn C). Fulft‘hermore,l
when the flexible board 200 is folded, it is not necessary to use jigs to

determine the fixing position so that the number of processes and time for the
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processes can be reduced.

It is also possible for reinforcing plates as the folded portion '

positioning members to be attached to the flexible board 200 (conﬁguratiofl D).
Thereby, the folded portio‘n positioning members can be formed at positions to
‘be required to process the flexible board 200 without depehding on electrical

circuit configurations of the flexible board 200.

In each bof the above folded portion positioning memberé, parts of thé
ﬂexible board, on which the folded portion positioning members are provided
are more rigid than the other parts of thé flexible board (configuration E).
ThAereby,i'the flexible board can be folded along the rigid parts so that an
accurate process to form the flexible board can be performed.

Here, the folded portion positioning» member is provided on one side of
each folded line or both sides of each folded line. If the folded portion
positioning member is provided on one side of each folded line, the folded
portions are accurately forméd by folding the flexible board along the edges of
the folded portion positioning members (configuration F). If the folded
portion positiohing member is provided on both sides of each folded line, the
flexible board is folded between the two folded portion positioning members so
that the folded porﬁions are more accurately formed (conﬁgurétion G).

In addition, the folded portion positioning member is provided along
the folded line over an entire or partial length of the folded line. If the
flexible board is folded along the folded line over the entire length of the
‘folded line, the folded portion can be accurately formed along the entire folaed
line (configuration H). If the flexible board is folded along the folded line
ovef the partial length of the folded line, the folded portion can be accurately
formed at only a part where high-accuracy is required in the folded portion
and the other part where the folded portion ‘p-ositioning _member 18 ndt formed
1s used to suppress reduction of the ﬂexibility of the flexible board 200 due to

the provided folded portion positioning member (configuration I). In addition,
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on the other part where the folded portion positioning mémber is not formed,
“since the flexible board can be .folded such that two folded surfaces are
overlapped, the process to form the folded portion of the flexible board éah be
- firmly performed. | |

“Moreover, as an example in which the folded p‘ortion positioning
member is provided along the folded line in the partial length of the folded
line, the folded portion posiﬁoning member is provided along both ends of thne
folded line (configuration J). Thereby, the both ends of the folded Iine, which
are required to be accurately processed, can be firmly processed and the other
part where the folded portion positioning member is formed can suppréss
reduction of the flexibility of the ﬂéxible board 200 due to the provided folded
portion positioning member '

FIGs.50 and 51 show configurations of ﬂex1b1e boards 200#1, 200#2
produced by the abqve-mentloned method. Here, a perspective view
illustrating the image pickui) device 101 viewed from the light'.receiving side
is shown. In FIGs. 50 and 51, the reinforcing members 200hkA, 200hkB,
\ 200hkC, and the main positioning hole 200kjA1l, the following positioning hole
\ 200kjA2, and the double-faced tape TP are omitted.

FIG.50 shows an example of the flexible board 200#1 in which the
-configurations A, D, E, G, H are combined. That is to séy, the folded portion
positioning member 200#1MB in which flexible boards are laminated is -
attached to both sides of a predetermined folded pait (the folded lihe) of the
_ﬂexiblt_e board 200#1 along the entire folded line of the plate-like flexible board
200#1. The flexible board 200#1 is folded along two edges of the folded
porfion positioning member 200#1MB, which face each other, so that the
folded portion 200#1BD is formed.

FIG.51 shows an exainple illustratiﬁg the flexible board 200#2 in
which the configurations ‘B, C, E, F I,"J are combined. ‘A member (folded

portion positioning member) 200#2MB, whic_h'is formed by a thicker flexible
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board than the flexible board 200#2, is provided togethef with the flat-plate
flexible board flexible board 200#2 along each of ends of é predetermined
folded part (folded line) of the flat-plate flexible board 200#2. The flexible
: board 200#2 is folded along a line connecting the ends of each of the two folded
portlon positioning members 200#2MB to form the folded portlon 200#2BD

Due to both of the conﬁguratlons shown in FIGs. 50 and 51, each of the
flexible boards 200#1 and 200#2 can be simply and accurately p1.'ocesse'd to Be
forﬁled in a predetermined form by the folded portion positioning mevmbers
200#1MB and 200#2MB. | |

(Fifth embodiment)

Next, a fifth embodiment will be explained.

The long flexible board 200C gonnecting the image pickup device 101 to
the processing device 315 is required and then the long flexible board 200C is
required to be provided with a plurality of folded portions to absorb a reactive
force generated in the ﬂexii)le board 200C according to a movement of the
movable unit 303. ‘Therefore, long signal lines are also required according to
an increase of a length of the flexible board 200C connecting the image pickup
device 101 and the processing device 315. This causes a problem in that
image quality is reduced because the image signals from the image pickup

~device 101 are affected by noise, or the like.

Thérefore, under considerations by the inventors, a signal line
concerning the image quality is separated from the other signal line disposed
along the long flexible board 200C and is configured to be shorter lthan the
flexible board. Thereby, the reactive force generated in the flexible board
ZOOIC according to the movement of the movable unit 303 can be absorbed so
that less reduction of the image quality in the imaging apparatus can be
achieved. | | . |

That is to say, in this embod1ment a bypass signal line BP, which is

shorter than the signal line disposed along the flexible board 200C, is
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provided on the flexible board 200C. The bypass signal 1iné BP is configured
" to communicate image signals between the image pickup device 101 and the '
processing device 315. Details will be ex'pl_ained as follows. o

FIG.52 shows an example of the imaging apparatus according to the
embod_imént of the present invention, which has a ﬂexibie board 200#3
pfovided with a bypass signal line BP, viewed from the backside of the
imaging apparatus. The flexible board 200#3 is configured tb connect thé
imége i)ickup device 101 and the processing device 315. The bypass Asignal
line BP, which includes a part of the signal line of the flexible board 200#3 to
form a shortcut, is provided on the flexible board 200#3. That is to say, fhe |
bypass signal line BP allows the part of the signal line of the flexible board
200#3 to be separated to form a sho.rtcut and to join again the flexible board
200#3. '
| FIG.53 is an enlarged view of the flexible board 200#3. " The Aﬂexible‘
board 200#3 includes the ﬁ'rst surface 200A disposed parallel to the image
pickup device 101, the second surface 200B extending from the first surface
200A and dispo'sed perpendicularly to the first surface 200A, the third surface
200C extending from the second surfz_ice 200B and disposed perpendicularly to
the second surface 200B, and the fourth surface 200D extending from the
“third surface 200C and connected to the processing device 315, which are
formed by three folded portions 200#3BD. The first surface 2004, the second
surface 200B, and the third surface 200C are deformed in conjunction with the
‘movement of the movable unit 303 so that the reactive force generated in the '
ﬂéxible board 200#3 can be absorbed. The bypass signal line BP is
conﬁgured to bridge between the first surface 200A and the fourth surface
200D.

FIG.54 is an enlarged view of the bypéss signal line BP provi_d'ed on the
flexible board 200#3. VTlnie bypass sighal line BP is formed by folding a
flexible board similar to the first to fourth su_.rfaces 200A to 200D. That is to

62



WO 2008/082008 PCT/JP2007/075433

say, a strip-shaped flexible board is folded at four foided portions BPbd
- disposed in a longitudinal direction of the strip-shaped flexible board to form ‘
three surfaces BPs which are formed in a generally U-shaped form. Due to
- the structure of the U-shaped form, the first to third surfaces 200A to 200C
are deformed in conjunction with the movement of the movable unit 303 so
that the flexible board 200#3 can absorb the reactive force.

At both ends of the 'bypass signal line BP, solder portidns BPa, BPrb
conhecting to signal lines in the bypass signal line (two signal lines in FIG.54)
are provided, respectively. The solder portions BPa are soldered to be
connected to electrical connection portions BPCa of the signal li.nesb provided
on the first surface 200A. The solder portions BPb are soldered to be
connected to electrical connection portions BPCb of the signal lines provided
on the f_ourth surface 200D. Thereby, the signal lines which pass via the first
surface_ 200A, the bypa_ss signal line BP, and the foufth surface 200D can be
provided, so that a shorter iine than the line passing via the first to fourth
surfaces 200A to 200D of the flexible board #3 can be provided. The bypass
signal line BP is provided separately from the first surface 200A to the fourth
surface 200D of the flexible board 200#3 so that a form of the bypass signal
line BP can be determined freely as long as the form of the bypasé signal line
‘BP does not affect the movement of the movable unit 303. In addition, the
electric connection portions can be provided at any parts of the first surface
200A to the fourth surface 200D depending on the form of the bypass signal
line BP so that design variations of the flexible board 200#3 can be increased..

- Itis possible for the bypass signal line BP to be provided together with
the Vﬁrst surface 200A to the fourth surface 200D of the flexible board 200#3.
In this case, the flexible board 200#3 can be easily assembled so that time and
the number of processes requlred for assembhng can be reduced. - |

FIG.55 is a block dlagram 1llustrat1ng a configuration of the signal

lines of the flexible board 200#3 provided with the bypass signal line BP.
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Here, a difference of length between lines connecting éach block shown in
. FIG.55 indicates a relative difference of length between the signal lines, that
is to say, the signal line a is shorter than the signal line b. 7

In this embodimeht, the signal line passing through the first surface A,
the bypass signal line BP, apd the fourth surface 200D corrésponds to the line
a connecting an output terminal affecfing image quality of the imaige pickup
device 101 such as a CCD dutput, a horizontal transfer clock, or the like an>d
an Vinput terminal of the processing device 315 such as the CPU. Qn the
other hand, the signal line passing through the first surface 200A to the
fourth surface 200D of the flexible board. 200#3 corresponds to the line b
connecting an output terminal concerning the image blur suppression
mechanism such as the driving coils, the position detection sensor, or the like
provided on the movable unit 393 and an output terminal of the image pickup
device 101 not affecting image quality of the image pickup device 101 to the
input terminal of the CPU a's the processing device 315. That is to say, the
line a is an image signal line communicating the image signalé between the
image pickup device 101 and the proceséing device 315 and the line b is a
driving signal line communicating signals between a driving system for the
image blur suppression mechanism and the processing device 315. The
‘signal line a, which is shorter than the signal line b, is used as the line
affecting image quality of the image pickup device 101 so that a reduction of
image quality can be prevented. Furthermore, the bypass signal line BP is
_fofmed_ by a flexible board so that the reactive force generated in the flexible
board 200#3 due to the movement of the image pickup device 101 can be
effebtively absorbed. ' '

FIG.56 shows another example of a configuration in which the flexible
board 200#3 of the imaging épparatus accdrding to the embodimeht‘ of the
present invention 18 provided with the bypass signal line BP. Here, the

bypass signal line BPL which is formed by two lead wires is used instead of
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the bypass signal line BP. Each of the lead wires has én end soldered and
- connected to an elecfri’c connection portion BPCa of the signal line provided on
the first surface 200A and another end soldered and connected to an eieé’_cric
_connection portion BPCb of the signal line provided on the fourth surface
200D. Thereby, a signal line passing through the first surface 200A, the
bypass signal line-BPL, and the fourth surface 200D, that is to say, the signal
line which is shorter than .the signal line passing through theA first éurfaée
200A to the fourth surface 200D can be provided. The signal line passing
through the first surface 200A, the bypass signal line BPL, and the fourth
surface 200D is used as the signal line communicating the image signals-
between the image pickup device 101 and the processing device 315. In thi_s
embodiment, a form of each of the lead wires of the bypass signal line BPL can
be freely determined. In addition, each of the lead wires is deformed
independently from each other so that the reactive force generated in the
flexible board 200#3 can be effectively absorbed when the first surface 200A to
the third surface 200C are deformed in conjunction with the movement of the
movable unit 303.

It is possible for the imaging apparatus according to each of the
above-mentioned embodiments and examples to have a function to detect a
‘camera shake generating in the camera body, and perform the image blur
suppression in which the image pickup device 101 is followed to the detected
movement of a subject image due to the camera shake. The subject image is
}imagec_l on the image pickup device 101 through each lens system of the barrel
unit 7. The image pickup device 101 performs a photoelectric conversion of
the Vimaged subject image and outputs RGB analog signals to the processing
device 315. The processor of the processing device 315 performs signal
processes to the RGB analog Signais output _ffom the image pickup dévice_ 101
and converts them to VYUV data. The dispIaying operation on the LCD
monitor 10 is performed based on the YUV dafa.
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The electronic device having the iméging apparafus according to the
embodiments of the present invention can effectively coritrol and drive the
image pickup device. » o

Although the preferr'ed embodiments of the present invention have
been described, it should be noted that the present invention is not limited to
these embodiments, and various changes and modifications can be made to
the embodiments. . |

| Acco‘rding to the above-mentioned embodiments or examples of the
present invention, the following advantages can be provided.

Due to the positioning unit, the flexible board is positioned so that
interferences between the flexible board and surrounding parts can be
preventeci. |

The positioning unit is conﬁgiired to guide the flexible board connected
to the image pickup device to a peripheral portion of the barrel unit so that
slack of the flexible board is i'educed. . Thereby, the interferences between the
flexible board and the surrounding parts can be prevented. 111 addition, due
to reduction of the slack of the flexible board, a space around the image pickup
device can be effectively used so that a reduced size or thickness of the
imaging apparatus can be achieved.

When the flexible board positioning member is fixed to the flexible
board, the flexible board positioning member can firmly guide the flexible
board to a position to be guided so that the interferences between Ithe flexible
rboard gnd the surrounding parts can be firmly prevented.

When the flexible board positioning member is connected to the
moi/able unit with margins, even if a guided position of the flexible board is
varied due to other parts being assembled with less accuracy, the positional
variation can be absorbed by the margins. . 7 '

The flexible board positioning member is fixed to the movable unit so

that a movable range of the flexible board when the image pickup device is
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moved is controlled to prevent the interferences between the flexible board
~and the surrounding parts.

The flexible board can be positioned by simple configurations without

-affecting the movement of the image pickup device so that the interferences
between the flexible board and the surrounding parts can bve prevented.

The concave portion provided'on the flexible board and the convex
portion provided on the _ﬁxing unit and fitting in the concave portion have »a |
‘margin in at least one direction of three dimensions so that even if a guided
position of the flexible board is Vnried due to other parts being assembled with
less accuracy, the posifcional variation can be absorbed by the margin.

The positioning unit can be provided at any position by simple
configurations. |

By use of the reinforcing member suppressing deformation of a surface,
slack of the flexible board is suppressed so that the interferences between the
flexible board and the surrounding parts can be prevented.

The reactive forces generated in the flexible board accerding'to the
movement of the image pickup device in directions perpendicular to the first
surface, the second surface, and the third surface can be absorbed by the
deformations of the first surface, the second surface, and the third surface.

The positioning unit positions the flexible board so that the
interferences between the flexible board and the surrounding parts can be
prevented. |

The flexible board can be processed to be formed in a predetermined
form by the folded portion positioning member so that the interferences
between the flexible board and the surrdunding parts can be firmly prevented.

The folded portion positioning member which is formed by a material
equivalent to the flexible board is used so thet the folded portion pesitioning
member can be easily nrovided on the flexible board without complex

processes in a case where a different material is used.
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The folded portion positioning member can be provided on required
" positions without depending on electrical circuit configurations of the flexible -
board. .
| The signal line communicating the image signals between the image
pickup device and the processing device can be shortened even if the long
flexible board is used. Thereby, reduction of image quality can be prevented.
_ In the image blur sﬁppression mechanism in which the image .pickup
device is followed to the movement of the subject image, the reactive force
generating in the flexible board due to the movement of the image pickup
device can be effectively absorbed so ’thz.it the appropriate image blur
suppression can be achieved.

In the imaging apparatus having the image blur suppression function ‘
or the electronic device including the imaging apparatus,' the flexible board
comiectjng the image pickup'devic‘e and the processing device is provided with
a positioning mechanism which allows the flexible board to be attached to the .
fixed processing device in a state the image pickup device is maintained to be
appropriately rhovably disposed without affectin’g'the movement of the image
pickup device when or before the flexible board is attached to the fixed
processing device. | '

"INDUSTRIAL APPLICABILITY

The present invention is applicable to any portable device having a

camera function or functional part installed therein, for example, a mobile

phone, a video camera, and so on although it is not limited thereto.
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CLAIMS

1. An imaging apparatus comprising: _

a barrel unit havihg a photo.graphic lens;

~an image pickup device configured to receive Iighﬁ through the

photographic lens to capture a subjectAimage;

a movable unit conﬁ.gAured to movably support the image 'pickupv devicé
in é directio'n perpendicular to a light-receiving axis of the subject image;

a processing unit configured to process signals from the image pickup
device; '

a flexible board configured to connect the iinage pickup device to the
processing unit; and |

a positioning unit configured to position the flexible board.

2. The imaging apparatus according to claim 1, wherein the positioning
unit has a positioning member configured to guide the flexible board
connected to the image pickup device along a peripheral portion of the barrel

unit.

3. The imaging apparatus according to claim 2, wherein the positioning

member is fixed to the flexible board.
4.  The imaging apparatus according to claim 2, further comprising a
connection portion configured to connect the movable unit to the positioning

member with a margin.

5. The imaging apparatué according to claim 2, wherein the pdsitioning

member is fixed on the moVable unit.
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6. The imaging apparatus according to claim 1, fﬁrther comprising a
- fixing unit configured to hold the barrel unit and the movable unit,

wherein the positioning unit includes a concave portion provided on
_the flexible board and a convex portion provided on the fixing unit and

_configured to be fitted in the convex portion.

7. The imaging appar.atus according to claim 6, wherein the concave
portion has a margin in at least one direction of three dimensions with respect

to the convex portion.

8. The imaging apparatus according to claim 6, wherein the concave

portion is a hole or a U-shaped notch.

9. ‘The imaging apparatus according to claim 1, wherein
the positioning unit includes at least one reinforcing member provided

on a pﬁrt of the flexible board to suppress deformation of the flexible board.

10. The imaging apparatus according to claim 9,
wherein the flexible board has a plurality of surfaces formed by
-folding along a p_lui‘alit‘y of lines on the flexible board;
at least one of the plurality of surfaces has a center portion in which
the at leést one reinforcing member is provided to limit deformation of the at
least one surface;
the plurality of surfaces include a first surface disposed parallel to the
imége pickup device, a second surface extending from the first surface and
disposed perpendicularly to the first surface, and a fhird surface extending
from the second surface and disposed perp_ehdicularly to both of the‘second

surface and the image p_ickup device; and
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the first surface, the second surface, and the third surface are capable
- of deforming in directions perpendicular to the first surface, the second '

surface, and the third surface, respectively.

11.  The imaging apparatus according to claim 10, wherein the positioning
unit is configured to position at least one of the plurality of surfaces with

respect to the fixing unit.

12. The imaging apparatus according to claim 11, wherein the positioning
unit includes a concave portion provided on the flexible board and a convex
portion provided on the fixing unit and configured to be fitted in the concave

portion.

13.  The imaging apparatus according to claim 12, wherein the concave

portion is a hole or a U-shaped notch.

14. The imaging apparatus according to claim 1, wherein the ﬂexiblé
board has a plurality of surfaces formed by folaing along a plurality of lines on
the flexible board; and |

the positioning unit includes at least one folded portion positioning
member which is provided on the flexible board and defines one of the

plurality of lines.

15. The imaging apparatus according to claim 14, wherein the folded
portion positioning member includes 'a member in which a plurality of
positioning flexible boards equivalent to the flexible board are laminated or a

member made of a thicker positioning flexible board than the ﬂexiblé boa_rd.'
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16. The imaging apparatus accordlng to claim 14, wherem the folded
' port1on pos1t10n1ng member is a reinforcing member which is prov1ded on the

flexible board and limits deformation of the flexible board.

17.  The imaging apparatus according to claim 1, whereih

a signal line is d1sposed along the flexible board;

a bypass signal lme which is-shorter in length than the signal 11ne
disposed along the flexible board is provided on the flexible board; and

a part of the signal line communicating an image signal between the
imAage pickup device and the processing unit is dispdsed along the bypaés

signal line.

18. The imaging apparatus according to claim 9, wherein
| a signal line is disposed along the flexible board;
a bypass signal line which is shorter in length than the signal line
disposed along the flexible board is provided on the flexible board; and
a part of the signal line communicating an image signal between the
image pickup device and the processing unit is disposed along the bypass

signal line.

19. The imaging apparatus according to claim 14, wherein

a signal line is disposed along the flexible board;

‘a bypass signal line which is shorter in length than the signal line
disposed élong the flexible board is provided on the flexible board; and

a pa1;t of the signal line commuhicating an image signal between the
image pickup device and the processing unit is disposed along the bypass

signal line.
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20. The imaging apparatus according to claim 1, furth-er comprising

a fixing unit configured to hold the barrel unit and the movable unit;
and | o

~a suppression device configured to detect camera shake occurring in
the fixing unit and to allow the image pickup device to follow by the movable
unit a movement of the subject image,- which occurs due to the camera shake,

based on the detection of thé camera shake.
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