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FIG.1

(57) Abstract: An image pickup apparatus according to an aspect of the present invention comprises: a solid state image pickup
& element which includes a main surface having a light receiving section formed thereon and a back surface; a bendable circuit board
& electrically connected to the solid state image pickup element via a connection portion; a signal cable which is electrically connected
to the circuit board; and an electronic component which is mounted to only one of the main surface and the back surface, and the
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substantially in parallel to the back surface of the solid state image pickup element.
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Description
IMAGE PICKUP APPARATUS AND ENDOSCOPE HAVING THE SAME

Technical Field

The present invention relates to an image pickup apparatus and an endoscope

having the same.

Background Art

Biomedical and electronic endoscope devices which are to be inserted into body
cavity for internal observation have been developed. ~Generally, an electronic
endoscope has a lens and a solid state image pickup element (CCD) provided at the tip
portion thereof. An image observed by the endoscope is focused on the solid state
image pickup element via the lens for photoelectric conversion. The observed image
after photoelectric conversion is represented by an electrical signal, which is
appropriately processed by a processor to be output to a monitor TV, where the observed -
image is displayed. '

For various reasons, there is a need for miniaturization of the image pickup
apparatus with a solid state image pickup element which is provided at a tip portion of an
electronic endoscope.

For miniaturization of an image pickup apparatus, Patent Document 1 discloses
a structure in which one circuit board parallel to a solid state image pickup element is
connected to the other circuit board which is disposed in a perpendicular direction to the
circuit board to form a substantially L-shaped so that components that cannot be mounted
on the parallel circuit board are mounted to the perpendicular circuit board for
miniaturization. Patent Document 2 discloses a structure of an image pickup apparatus
in which a circuit board is extended from a solid state image pickup element and bent to
form a U-shaped configuration, so that a cable is sandwiched within the bent board
portion for miniaturization of the image pickup apparatus. Patent Document 3 discloses
a structure of an image pickup apparatus in which a circuit board is bent in a

predetermined shape and the circuit board has two surfaces, to which external wiring is
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connected and components are mounted uéing through holes formed in the circuit board
for miniaturization of the image pickup apparatus.
[Patent Document 1] Japanese Patent Application Laid-Open No. 2007-7429
[Patent Document 2] Japanese Patent Application Laid-Open No. 10-14868
[Patent Document 3] Japanese Patent Application Laid-Open No. 11-271646

Disclosure of the Invention
Problems to be solved by the Invention

However, the image pickup apparatus described in Patent Document 1 requires
extra components to connect between the plurality of circuit boards, and the step for
mounting the circuit boards is complicated due to the different directions for each
connection. In the image pickup apparatus described in Patent Document 2, the circuit
board is extended from a back surface of a solid state image pickup element in a
direction perpendicular to the surface, which increases the length of the circuit board.

In the image pickup apparatus described in Patent Document 3, electrical components are
mounted to both of the surfaces of a circuit board, which complicates the step for
mounting the components.

The present invention was made in view of the above situation, and one object
of the present invention is to provide an image pickup apparatus which is miniaturized
and easily assembled and can be mounted to a tip portion of an endoscope device.
Means for Solving the Problems N

In order to achieve the above 6bject, an image pickup apparatus according to an
aspect of the present invention comprises: a solid state image pickup element which
includes a main surface having a light receiving section formed thereon and a back
surface; a bendable circuit board which is electrically connected to the solid state image
pickup element via a connection portion; a signal cable which is electrically connected to
the circuit board; and an electronic component mounted to only one of the main surface
and the back surface, and the circuit board is connected to the back surface of the solid
state image pickup element and is bent within a projection area of the solid state image

pickup element, and the surface of the circuit board to which the electronic component is
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mounted is arranged substantially in parallel to the back surface of the solid state image
pickup element.

According to the aspect of the present invention, a back surface of a solid state
image pickup element and a circuit board are connected to each other, thereby.the heat
generated at the solid state image pickup element can be radiated through the circuit
board. The bendable circuit board is bent within the tip portion of an endoscope device,
which enables the downsizing of the image pickup apparatus in its radial direction. The
electronic components are mounted to one surface of a circuit board, which facilitates an
assembly of the apparatus, and also the surface of the circuit board to which electronic
components are mounted is disposed substantially in parallel to the back surface of the
solid state image pickup element, which decreases the length of the image pickup
apparatus. This enables an effective use of the space on the back surface side of the
solid state image pickup element. In spite of the flexibility of the base of the circuit
board, the rigidity of the solid state image pickup element is supposed to improve the
reliability in mounting electronic components.

In the image pickup apparatus according to the above aspect of the present
invention, it is preferable that the signal cable is connected to the circuit board at one
surface thereof to which electronic components are mounted.

Since a signal cable and electronic components are disposed on the same surface
of the circuit board, the signal cable and the electronic components can be easily '
connected to each other and mounted to the circuit board in an assembly step.

In the image pickup apparatus according to the above aspect of the present
invention, it is preferable that the other surface of the circuit board to which the
electronic components are not mounted is connected to the back surface of the solid ‘state
image pickup element.

Since the other surface of the circuit board is connected to the back surface of
the solid state image pickup element, the strength of the fixed part of the circuit board is
increased, which improves the reliability in mounting electrical components. In
addition, the circuit board is partly fixed to the solid state image pickup element, which
facilitates the assembling of a tip portion of an endoscope device having the element.

In the image pickup apparatus according to the above aspect of the present

invention, it is preferable that the circuit board has a conductor layer on the other surface,
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and the conductor layer and the back surface of the solid state image pickup element are
thermally connected to each other.

Since a conductor layer formed on the other surface and the back surface of the
solid state image pickup element are thermally connected to each other, the heat
generated at the solid state image pickup element can be efficiently radiated from the
circuit board.

In the image pickup apparatus according to the above aspect of the present
invention, it is preferable that the conductor layer is electrically connected to the back
surface of the solid state image pickup element.

Since the conductor layer and the back surface of the solid state image pickup
element are electrically connected to each other, the conductor layer is able to function as
a ground pattern.

In the image pickup apparatus according to the above aspect of the present
invention, it is preferable that the conductor layer is connected to a shield of the cable.

Since the conductor layer is connected to the shield of the cable, any
electromagnetic waves from the outside can be blocked and any emission of input/output
signals to the outside can be restrained, so as to maintain the quality of the image signals.

In the image pickup apparatus according to the above aspect of the present

invention, it is preferable that the image pickup apparatus further comprises a cylinder

- which partly covers the solid state image pickup element; the circuit board, the electronic

component, and the cable, and the cylinder and the conductor layer are connected to each
other. |

Since the cylinder and the conductor layer are connected to each other, any
electromagnetic waves from the outside can be blocked and any emission of input/output
signals to the outside can be restrained, so as to maintain the quality of the image signals.

In the image pickup apparatus according to the above aspect of the present
invention, it is preferable that the image pickup apparatus further comprises a lens barrel
which is provided on the main surface of the solid state image pickup element for
holding the optical system therein, and the lens barrel and the conductor are connected to
each other.

The heat generated at the solid state image pickup element is radiated to the lens

barrel, which prevents any dew condensation from being formed on the surface of a
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cover glass. A temperafure rise due to the heated solid state image pickup element
causes a thermal gradient (temperature difference) to be established between the cover
glass and the solid state image pickup element, which produces dew condensation on the
surface of the cover glass. When the heat generated at the solid state image pickup
element is radiated to the lens barrel, the cover glass is heated and any thermal gradient
(temperature difference) is hardly established between the cover glass and the solid state
image pickup element.

In the image pickup apparatus according to the above aspect of the present
invention, it is preferable that the image pickup apparatus further comprises at least two
of the electronic components, and the circuit board is bent to cause the electronic
components to be opposed to each other.

Since the circuit board is bent to cause the electronic components to be opposed
to each other, the mounting density of the components is increased. The electronic
components which could not be received in the projection area of the solid state image
pickup element are mounted in parallel to the solid state image pickup element, which
prevents the overall length of the image pickup apparatus from being increased.

In the image pickup apparatus according to the above aspect of the present
invention, it is preferable that the opposed electronic component are disposed in a
staggered arrangement.

The electronic components are disposed opposed to each other and alsoina
staggered arrangement, which enables an effective use of a space and further increases
the mounting density.

In the image pickup apparatus according to the above aspect of the present
invention, it is preferable that the opposed electronic components are sealed by resin.

Since the circuit board is bent so that the electronic components are disposed
opposed to each other, the electronic components are received in the space which is
formed by the bending of the circuit board. The circuit board serves as a kind of mold,
thereby a filling of the space with resin allows the electronic components to be fixed
together. '

In the image pickup apparatus according to the above aspect of the present
invention, it is preferable that the connection portion is a through-hole interconnection

formed in the solid state image pickup element.
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Since a through-hole interconnection is used to electrically connect the solid
state image pickup element to the circuit board, which eliminates any connection formed
on the peripheral portions of the solid state image pickup element. As a result, the
image pickup apparatus can be downsized in the radial direction thereof. Also, the use
of through-hole interconnection enables an efficient transference of heat generated at the
solid state image pickup element to the circuit board.

In the image pickup apparatus according to the above aspect of the present
invention, it is preferable that the image pickup apparatus further comprises an underfill
agent which is filled between the solid state image pickup element and the circuit board.

The filling of an underfill agent prevents any connection problems which are
caused by stress due to a difference between the heat expansions of the solid state image
pickup element and the circuit board, impact shock, external stress by bending, and the
like.

An endoscope of the present invention is characterized by comprising the above

described image pickup apparatus.

Advantages of the Invention
According to the present invention, an image pickup apparatus which is

miniaturized and easily assembled to be mounted to a tip portion of an endoscope is

‘provided.’

Brief Description of the Drawings

Figure 1 is a view showing the entire structure of an endoscope system;

Figure 2 is a perspective view showing the tip portion of the endoscope;

Figure 3 is a cross sectional view showing a first embodiment of an image
pickup apparatus according to the present invention;

Figure 4 is a cross sectional view showing a second embodiment of an image
pickup apparatus according to the present invention;

Figure 5 is a cross sectional view showing a third embodiment of an image
pickup apparatus according to the present invention; and

Figures 6A to 6E are views illustrating the assembly procedure of an image

pickup apparatus according to the present invention.
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Description of Symbols

100 ... image pickup apparatus, 108 ... cover glass, 110 ... solid state image
pickup element, 112 ... light receiving section, 114 ... electrode, 116 ... flexible circuit
board, 122, 124 ... electronic components, 130 ... signal cable, 132 ... core wire, 138 ...

wire conductor, 140 ... conductor pattern

Best Mode for Carrying Out the Invention
Now, preferred embodiments of the present invention will be explained below in

accordance with the appended drawings. The present invention will be explained by
way of the preferred embodiments, but many approaches may be used to add changes to
the present invention without departing from the scope of the present invention, and also
many embodiments other than the following embodiments can be attained. Therefore,
any changes within the scope of the present invention will be included in the scope
defined by the claims.
[Entire System of Endoscope Device]

| Figure 1 shows the entire structure of an endoscope device system in which an
image pickup apparatus of the present invention is used.

As shown in Figure 1, the endoscope device includes an endoscope 10. The

" endoscope 10 includes a proximal operation unit 14 and an insertion unit 12 which is

linked to the proximal operation unit 14 and is to be inserted into a body cavity. The
proximal operation unit 14 is connected with a universal cable 16 that has a tip portion
provided with an LG connector 18. The LG connector 18 is removably coupled a light
source device 20. Through the LG connector 18, an illumination light is transmitted to

an illumination system (not shown). Also, the LG connector 18 is connected with an

~ electrical connector 24 via a cable 22. The electrical connector 24 is removably

' coupled to a processor 26.

The proximal operation unit 14 is provided with an air-supply/water-supply
button 28, a suction button 30, a shutter button 32, a function switch button 34, and a pair
of angle knobs 36.

The insertion unit 12 is configured with a soft portion 40, a curving portion 42,

and a tip portion 44, in order from the proximal operation unit 14 side. The curving
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portion 42 is remotely controlled to curve by é rotation of the angle knobs 36 of the
proximal operation unit 14. This allows the tip portion 44 to be directed toward a
desired direction.

As shown in Figure 2, the tip portion 44 has a tip surface 45 which is provided
with an observation optical system 52, illumination optical systems 54, an air-
supply/water-supply nozzle 56, and a clamp opening 58. Behind the observation optical
system 52 is provided with a solid state image pickup element, which is supported by a
substrate that is connected with a signal cable. The signal cable is threaded through the
insertion unit 12, the proximal operation unit 14, the universal cable 16, and the like of
Figure 1, to be extended to the electrical connector 24 to be connected to a processor 26.
The observation optical system 52 captures an observed image, which is focused on a
light receiving section of the solid state image pickup element and is converted into an
electrical signal. The electrical signal is output to the processor 26 via the signal cable
to be converted into a video signal. In this way, the observed image is displayed on a
monitor 50 which is connected to the processor 26.

[First Embodiment] '

An image pickup apparatus incorporated in the observation optical system will
be explained with reference to Figure 3. Figure 3 shows a cross sectional view of an
image pickup apparatus 100. The image pickup apparatus 100 includes a lens 102 and a
lens barrel 104 for supporting the lens 1022 The lens barrel 104 is fixed to a tip portion ™~
of a cylinder 106 to tight seal the tip portion of the cylinder 106. The lens barrel 104
and the cylinder 106 forms a space therebetween, in which cover glass 108 is adhesively
attached to the lens barrel 104.

The solid state image pickup element 110 is disposed on one side of the lens
barrel 104 opposite to the cover glass 108, and is fixed to the cover glass 108. The solid
state image pickup element 110 is provided with an electrode 114 at the main surface
thereof for input/output signals to and from the light receiving section 112 which
converts light signals into electrical signals.

The observed image (light signal) captured by the observation optical system
passes through the lens 102 and the cover glass 108 to be focused on the light receiving
section 112 of the solid state image pickup element 110, where the light signal is

converted into an electrical signal. The electrode 114 is electrically connected to a
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wiring pattern 118 formed on the flexible circuit board 116. The electrode 114 and the
wiring pattern 118 are sealed with a sealing resin 120 in order to increase the connection
strength between the electrode 114 and the wiring pattern 118.

The flexible circuit board 116 is manufactured by, for example, sandwiching a
conductive member such as copper foil for forming wiring pattern 118 with insulating
resin films 128 such as polyimide films. The flexible circuit board 116 can be easily
bent due to its small thickness and flexibility.

The flexible circuit board 116 is bent along the solid state image pickup element
110, and is connected to the back surface of the solid state image pickup element 110.
The flexible circuit board 116 and the back surface of the solid state image pickup
element 110 are connected to each other, by an adhesive (not shown) such as a heat-
resistant and electrically insulating resin for example. Thus, the connection does not
require a direct contact between the flexible circuit board 116 and the solid state image
pickup element 110.

A plurality of electronic components 122, 124 such as an IC, a resistor, a
capacitor, and a transistor are mounted only on one surface of the flexible circuit board
116. The flexible circuit board 116 is bent to be connected to the back surface of the
solid state image pickup element 110, as a result of that the surface of the flexible circuit
board 116 to which the electronic components 122 are mounted is positioned
substantially in parallel to the back surface of the solid state image pickup element 110.
In the present invention, the surface of the flexible circuit board 116 to which the
electronic components 122 are mounted is not bent to be positioned perpendicular to the
back surface of the solid state image pickup element 110, thereby the entire length of the
image pickup apparatus 100 can be reduced.

The flexible circuit board 116 is bent at a position which does not exceed the

_ projection area of the solid state image pickup element 110, so that the surface of the

flexible circuit board 116 to which the electronic components 124 are mounted is
disposed substantially in parallel to the back surface of the solid state image pickup
element 110. This makes the electronic components 122 and the electronic components
124 disposed opposed to each other in the space which is formed by bending the flexible
circuit board 116. Thus, the bending of the flexible circuit board 116 allows the
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electronic components 122, 124 opposed to each other, which increases the mounting
density thereof.

The electronic components 122 and the electronic components 124 are disposed
opposed to each other and also in a staggered arrangement without any overlapping,
which enables an effective use of the space, and further increases the mounting density
thereof.

The electronic components 122 and the electronic components 124 are sealed
with a sealing resin 126'in the space. Because the flexible circuit board 116 surrounds
the electronic components 122 and the electronic components 124, a filling of the sealing
resin 126 into the space easily allows the resin-sealing of the electronic components 122,
124 to be resin sealed. The space formed by the bending of the flexible circuit board
116 serves as a kind of mold for the sealing resin 126.

Then, the flexible circuit board 116 is again bent at another position which does
not exceed the projection area of the solid state image pickup element 110, so that the
flexible circuit board 116 is electrically connected to wire conductors 138 of a plurality
of core wires 132 which are extended from the signal cable 130 by soldering or the like.
The core wires 132 supply power for driving the solid state image pickup element 110,
and transmit the electrical signal converted at the solid state image pickup element 110 to
the processor 26 shown in Figure 1. ,

The signal cable 130 is configured with the plurality of the core wires 132, an
entire braid shield 134 which covers the plurality of the core wires 132 via an insulator
(not shown), and an insulating envelope member 136 which covers the entire braid shield
134. The signal cable 130 is fixed to the cylinder 106 at the rear end thereof so as to
tight seal the cylinder 106 and the rear end.

The phrase "flexible circuit board 116 is bent at a position which does not
exceed the projection area of the solid state image pickup element 110" as used in the
present invention means that the flexible circuit board 116 is bent at a position which
does not exceed the projection area of the solid state image pickup element 110 between
the position where flexible circuit board 116 is in contact with the back surface of the
solid state image pickup element 110 and the core wires 132. Therefore, the flexible
circuit board 116 may be extended beyond the exterior of the solid state image pickup

element 110 between the position where the flexible circuit board 116 is electrically
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connected with the electrode 114 of the solid state image pickup element 110 and the
position where the flexible circuit board 116 is connected to the back surface of the solid
state image pickup element 110 after being bent.

In the present invention, in the image pickup apparatus 100, the electronic
components 122, 124 are mounted only one surface of the flexible circuit board 116, and
the surface of the flexible circuit board 116 to which the electronic components 122, 124
are mounted is disposed substantially in parallel to the back surface of the solid state
image pickup element 110, and then the circuit board 116 is bent to be placed within the
projection area of the solid state image pickup element 110, which achieves the
downsizing of the image pickup apparatus 100 in its longitudinal and radial directions.

In the present invention, the back surface of a solid state image pickup element
can be used for mounting, which enhances the reliability in mounting electrical A
components. In addition, the part for mounting electrical components can be fixed in
assembling of an image pickup apparatus, which prevents any disengagement of
electrical components in the assembly.

[Second Embodiment]

A second embodiment of the present invention will be explained below with
reference to Figure 4. Figure 4 shows a cross sectional view of an image pickup
apparatus 100. The similar parts of the image pickup apparatus are denoted by the same
reference numbers as those in the first embodiment, and may not be explained below.

The image pickup apparatus 100 is configured substantially in the same manner
as that in the first embodiment. In the present second embodiment, a flexible circuit
board 116 has one surface having electronic components 122, 124 mounted thereto, and
the other surface provided with a conductor pattern 140. The conductor pattern 140 is
connected to a back surface of a solid state image pickup element 110.

The back surface of the solid state image pickup element 110 is connected to the
conductor pattern 140 using an insulating resin having a high thermal conductivity for
example, which causes the conductor pattern 140 to function as a radiator plate. The
heat generated at the solid state image pickup element 110 is efficiently radiated from the
conductor pattern 140 so that any noise of solid state image pickup element 110 caused

by the heat can be reduced.
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The solid state image pickup element 110 has a main surface to which a cover
glass 108 is attached. The cover glass 108 has a hollow structure so that a light
receiving section 112 does not contact with the cover glass 108.

The back surface of the solid state image pickup element 110 and the conductor
pattern 140 are electrically connected to each other using a conductive adhesive or the
like, as a result of that the conductor pattern 140 functions as a GND pattern. The
conductor pattern 140 functioning as a GND pattern effects stable driving of the solid
state image pickup element 110.

The conductor pattern 140 is formed all over the other surface of the flexible

circuit board 116, and surrounds the wiring pattern 118, as a result of that the conductor

pattern 140 functions as a shield and reduces the affect by noise from the outside.

A signal cable 130 includes a plurality of core wires 132 having a shield 160. .
The shield 160 of the core wires 132 is connected to the conductor pattern 140, thereby
any electromagnetic waves from the outside can be blocked, and any emission of
input/output signals to the outside can be restrained, so as to maintain the quality of the
image signals. »

Instead of the shield 160 of the core wires 132, the conductor pattern 140 may

~ be connected to an entire braid shield 134 of the signal cable 130. As a result, any

electromagnetic waves from the outside can be blocked and any emission of input/output

“signals to the outside can be restrained, so as to maintain the quality of the image signals. "

From the shield of the core wires 132, coatings are removed from the core wires
132 before the connection of the core wires 132, and bundled and connected to the
conductor pattern 140 of the flexible circuit board 116 by soldering or the like. From
the outermost entire braid shield 134 of the cable 130, the envelope member 136 is
peeled off before the connection of the core wires 132 to expose the entire braid shield
134, which is connected to the conductor pattern 140 of the flexible circuit board 116 by
soldering or the like.

Alternatively, the conductor pattern 140 may be connected to a cylinder 106.
As a result, any electromagnetic waves from the outside can be blocked and any emission
of input/output signals to the outside can be restrained, so as to maintain the quality of

the image signals. The conductor pattern 140 and the cylinder 106 are electrically and
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thermally connected to each other by a cable line or a filling of a thermally conductive
resin in the cylinder 106.

In addition, the conductor pattern 140 may be connected to a lens barrel 104, so
that the heat generated at the solid state image pickup element 110 is transferred to the
lens barrel 104 to prevent dew condensation from being formed on the surface of the
cover glass 108. A temperature rise due to the heated solid state image pickup element
110 causes a thefmal gradient (temperature difference) to be established between the
cover glass 108 and the solid state image pickup element 110, which produces dew
condensation on the surface of the cover glass 108. When the heat generated at the
solid state image pickup element 110 is radiated to the lens barrel 104, the heat generated
at the solid state image pickup element 110 is dissipated and also the cover glass 108 is
heated, thereby the temperature equilibrium between the cover glass 108 and the solid
state image pickup element 110 can be maintained to prevent dew condensation from
being formed. The conductor pattern 140 and the lens barrel 104 are connected to each
other via a cable line, a conductive resin, or a heat transferring thin film.

[Third Embodiment]

A third embodiment of the present invention will be explained below with
reference to Figure 5.  Figure 5 partially shows a cross sectional view of an image
pickup appératus 110. The similar parts of the image pickup apparatus are denoted by
the same reference numbers as those in the first embodiment, and may not be explained
below.

~ The image pickup apparatus 100 of the third embodiment includes a different
connection structure between a flexible circuit board 116 and a solid state image pickup
element 110 from those of the first and second embodiments.

A solid state image pickup element 110 is electrically connected to an electrode
114 formed on a main surface thereof, and has a through-hole interconnection 142
formed therein between the main surface and a back surface thereof. The through-hole
interconnection 142 is electrically connected to an electrode 144 formed on the back
surface of the solid state image pickup element 110. The through-hole interconnection
142 is formed by drilling a through hole below the electrode 114 which is formed on the

main surface, and filling a conductive paste into the through hole.
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The electrode 144 and a wiring pattern on a flexible circuit board 116 is
connected by the conductive paste, ACF (Anisotropic Conductive Film), ultrasonic
waves, or the like. However, the connection may be established by other means.

The solid state image pickup element 110 of the present embodiment is
manufactured by, for example, a) forming a through-hole interconnection in a process at
wafer level, b) attaching a cover glass 108, and ¢) and cutting using a dicer.

Via the through-hole interconnection 142, the electrode 114 on the main surface
and the flexible circuit board 116 are electrically connected to each other, which enables
the downsizing of the image pickup apparatus 100 in its radial direction. Thatis,ina
case where the electrical connection between the electrode 114 and the flexible circuit
board 116 is provided on the main surface, the flexible circuit board 116 has to be bent
along the exterior of the solid state image pickup element 110 to be connected to the
back surface of the solid state image pickup element 110. In this case, the flexible
circuit board 116 is positioned on the outside of the exterior of the solid state image
pickup element 110. To the contrary, in a case where the electrode 114 on the main
surface and the flexible circuit board 116 are electrically connected to each other via the
through-hole interconnection 142, the flexible circuit board 116 does not have to be bent
along the exterior of the solid state image pickup element 110, which enables the
downsizing of the image pickup apparatus 100 in its radial direction.

Moreover, since the through-hole interconnection 142 is formed of a conductive -
paste or the like and has a high thermal conductivity, the heat generated at the solid state
image pickup element 110 can be efficiently transferred to the flexible circuit board 116.
[Method of Assembly] ‘

Next, a method for assembling an image pickup apparatus will be explained
below with reference to Figures 6A to 6E. As shown in Figure 6A; a flexible circuit
board 116 manufactured by sandwiching a wiring pattern 118 formed of copper foil or
the like with resin films 128 is provided on a first jig 150, with the surface for mounting
of the» flexible circuit board 116 facing upward. On the flexible circuit board 116, the
resin films 128 on an area where electronic components 122, 124 are mounted, an area
for a connection between a solid state image pickup element and an electrode, and an

area to be connected with a core wire are removed to expose a wiring pattern 118.
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The electronic components 122, 124 are electrically connected only to one
surface of the wiring pattern 118 via openings by soldering or the like. Unlike a case of
both-side mounting, since the flexible circuit board 116 does not have to be turned
around, the electronic compbnents can be easily mounted.

Next, as shown in Figure 6B, a solid state image pickup element 110 having a
cover glass 108 attached thereto is prepared on a second jig 152 with a light receiving
section thereof facirig upward. The wiring pattern 118 is aligned to be over an electrode
114 formed on the solid state image pickﬁp element 110, and then the first jig 150 having
the flexible circuit board 116 mounted thereto is placed on the second jig 152.

Next, as shown in Figure 6C, at one end area of the flexible circuit board 116, a
wire conductor 138 of core wires 132 and the wiring pattern 118 are electrically
connected to each other by soldering 154. At the other end area of the flexible circuit
board 116, the wiring pattern 118 and the electrode 114 are electrically connected to each
other. In order to secure the connection between the wiring pattern 118 and the
electrode 114, the connection is sealed with a resin to form a sealing resin 120.

Next, as shown in Figure 6D, after the electrical connection between the
eléctrode 114, the electronic components 122, 124, and the wire conductor 138 is
completed, the flexible circuit board 116 is removed from the first and second jigs 150
and 152.

Then, as shown in Figure 6E, the flexible circuit board 116 is bent to'be
connected to the back surface of the solid state image pickup element 110, by a heat
resistant adhesive for example. The flexible circuit board 116 is bent within the
projection area of the solid state image pickup element 110 so that the surface to which
the electronic components 122, 124 are mounted is disposed substantially in parallel to
the back surface of the solid state image pickup element 110.

The electronic components 122, 124 are received in the space which is formed
by the bending of the flexible circuit board 116. A filling of a sealing resin 126 into the
space enables the elimination of a frame which has been required in the prior art for
surrounding the electronic components.

The surface opposite to the surface to which the electronic components 122, 124
are mounted is fixed to a jig or the like for the mounting and electrical connection as

described above, thereby any disengagement of the electrical components due to external
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forces or vibrations which occur during the manufacturing can be prevented. In
addition, the downsized circuit board is fixed to a jig or the like, which assures the
handling in the assembling steps.

Moreover, the electrical components are mounted only one surface of a circuit
board, which eliminates the necessity of turning around the circuit board and also
requires only one reflow or flow step for the mounting, resulting in simplifying the
assembling steps.

In the above embodiments, a circuit board has been explained using a flexible
circuit board, but is not limited to this, and may be any other circuit board which is
flexible, including the one formed of a rigid board such as a glass epoxy board and a
flexible board.
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CLAIMS

1. An image pickup apparatus, comprising:

a solid state image pickup element which includes a main surface having a light
receiving section formed thereon and a back surface;,

a bendable circuit board which is electrically connected to the solid state image
pickup element via a connection portion;

a signal cable which is electrically connected to the circuit board; and

an electronic component which is mounted to only one surface of the circuit
board, wherein

the circuit board is connected to the back surface of the solid state image pickup
element and is bent within a projection area of the solid state image pickup element, and

the surface of the circuit board to which the electronic component is mounted is
disposed substantially in parallel to the back surface of the solid state image pickup

element.

2. The image pickup apparatus according to claim 1, wherein the signal cable is

connected to the circuit board at a surface to which the electronic component is mounted.

3. The image pickup apparatus according to claim'l or 2, wherein the back surface -
of the solid state image pickup element is connected to the other surface of the circuit

board which is opposite to the surface having the electronic component mounted thereto.

4. The image pickup apparatus abcording to claim 3, wherein the circuit board has
a conductor layer on the other surface so that the conductor layer and the back surface of

the solid state image pickup element are thermally connected to each other.

5. The image pickup apparatus according to claim 4, wherein the conductor layer is

electrically connected to the back surface of the solid state image pickup element.

6. The image pickup apparatus according to claim 4 or 5, wherein the conductor

layer is connected to an entire shield of the signal cable.
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7. The image pickup apparatus according to any one of claims 4 to 6, further
comprising a cylinder which partly covers the solid state image pickup element, the
circuit board, the electronic component, and the signal cable, wherein

the cylinder and the conductor layer are connected to each other.

8. The image pickup apparatus according to any one of claims 4 to 7, further
comprising a lens barrel which is provided on the main surface of the solid state image
pickup element for holding an optical system, wherein

the lens barrel and the conductor are connected to each other.

9. The image pickup apparatus according to any one of claims 1 to 8, further
comprising at least two electronic components, wherein
a bending of the circuit board causes the electronic components to be opposed to

each other.

10. The image pickup apparatus according to claim 9, wherein the opposing

electronic components are in a staggered arrangement.

11. — The image pickup apparatus according to claim'9 or 10, wherein the opposing

electronic components are sealed by resin.

12. The image pickup apparatus according to any one of claims 1 to 11, wherein the
connection is a through-hole interconnection formed in the solid state image pickup

element.

13. The image pickup apparatus according to claim 12, further comprising an
underfill agent which is filled between the solid state image pickup element and the

circuit board.

14. An endoscope comprising the image pickup apparatus according to any one of

claims 1 to 13.
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