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Image pick-up module and method for assembly

of an image pick-up module

The invention relates to an image pick-up module, in particular
for an endoscope or a miniature camera, comprising an elec-
tronic image sensor having a plurality of contact fingers that
are arranged in two rows on opposite sides and each have a
length, and a circuit board, to which the contact fingers are
electrically contact-connected, the circuit board having at
least three sections, of which a first and a second section
extend in a manner spaced apart from one another essentially
transversely with respect to the image sensor and, a third
section extends essentially parallel to the image sensor, the
image sensor being arranged at the end of the first and second

sections which is remote from the third section, and at least



—m —m —m ~—= @ @ @ @ @ @ @ ™@ ™&@ & /& & /& /s /s o/ /e /e, /e e/ /e e /e e e e e e e e e e e e e e e e

O

(21) JP 2006-174431 A 2006.6.29

one row of the contact fingers of the image sensor running

along an outer side of the first or second section.

The invention furthermore relates to a method for assembly of
an image pick-up module, an electronic image sensor and a cir-
cuit board being provided, the image sensor having a plurality
of contact fingers that are arranged in two rows on opposite
sides and have a length, the circuit board having at least
three sections, of which a first and a second section extend in
a manner spaced apart from one another essentially in a first
direction and a third section extends in a second direction
essentially transversely with respect to the first direction,
the image sensor being fitted to the end of the first and sec-
ond sections which is remote from the third section, the con-
tact fingers of at least one row being arranged along an outer
side of the first or of the second section and being electri-

cally contact-connected to the circuit board.

An image pick-up module of this type and also a method of this
type are disclosed in DE-A-199 24 189.

An electronic image pick-up module of this type is generally
used in video recording technology. Besides the use in video
cameras, such electronic image pick-up modules are used, in as
miniaturized a design as possible, in particular also in endo-
scopes for technical or medical purposes. Such an endoscope or

video endoscope is disclosed for example in US 5,754,313,

An image pick-up module generally comprises an electronic image

sensor or image pick-up that converts light incident on it into
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an electrical signal. Generally, such electronic image sensors

are embodied using CCD or CMOS technology.

Thus, miniaturized image sensors that are produced using TAB
(tape automated bonding) technology are preferred at the pre-
sent time. Image sensors of this type have contact fingers that
are arranged in two rows on opposite sides of the image sensor
and are contact-connected to the circuit board of the image

pick-up module.

The circuit board of the image pick-up module serves not only
for contact-connecting the image sensor, but also, as in the
case of the image pick-up module disclosed in DE-A-199 24 189,
for receiving electronic compeonents, such as transistors or
capacitors, which constitute parts of the control electronics

of the image sensor.

In the case of the known image pick-up module just mentioned,
the circuit board is formed from a one-part plate that can be
folded along flexible connecting sections and can be folded to
form a parallelepipedal body that is essentially U-shaped in
cross section. In the folded state, the circuit board body has
two sections that extend essentially transversely with respect
to the image sensor and are spaced apart from one another and a
third section running essentially parallel to the image sensor,
the image sensor being fitted to that end of the first and
second sections of the circuit board body which is at a dis-
tance from the third section. The third section of this circuit
board of the known 1image pick-up module serves for the
leadthrough of an electrical cable leading away from the cir-

cuit board, and in particular for the strain relief for this
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cable. By contrast, electronic components for the control elec-
tronics of the image sensor are fitted on the inner side of a
fourth section of the circuit board, from the outer side of

which the image sensor is arranged.

The use of such image pick-up modules in endoscopes has only
become possible due to the miniaturization of the image sensors
and the advances in microtechnoleogy. In an endoscope, the image
pick-up module is usually arranged in the distal tip, that is
to say the tip facing the patient, of the endoscope shaft, as
is described for example in US 5,754,313. In this case, the
image pick-up module replaces the image transmission optical
system that is provided in “traditional” endoscopes and is
formed from a serial arrangement of lenses. Instead of trans-
mitting the image received at the distal end to the proximal
end, that is to say to the end remote from the patient, by
means of an optically imaging lens system, in an image pick-up
module the optical light signals are converted intc electrical
signals and transmitted to the proximal end to the camera con-

trol unit via at least one cable or generally a cable system.

In endoscopes, the outer contour of the shaft is always re-
quired to have the smallest possible cross section. Accord-
ingly, the image pick-up modules used have to have the smallest
possible external cross section in order to find space in such
a shaft. By way of example, in the case of a video endoscope
for medical purposes, the shaft diameter is only a few mm, in
any event less than 10 mm. This means that the dimensions of
the miniaturized image pick-up module should be embodied as

small as feasibly possible, i.e. as far as possible less than
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6 mm. A compact design of an image pick-up module is therefore

desirable.

On the other hand, the image pick-up module of integrated de-
sign should contain a series of components (e.g. amplifier)
required for the function of the image sensor, so that the
image pick-up module only also has to be connected to a custom-
ary multi-core cable which, in the case of using the image
pick-up module in an endoscope in the distal tip thereof, pro-
duces the voltage supply and signal transmission between the
image pick-up module and a control circuit (camera control
unit) at the proximal end of the endoscope or in an external

device.

The image pick-up module disclosed in US 5,754,313 has two
separate circuit boards, that is to say not a single circuit
board in one piece for contact-connecting the image sensor, the
two circuit boards, in a customary manner, receiving miniature
electronic components and serving for contact-connecting the
cable or cable system that leads away. In this case, the two
circuit boards run parallel to one another and approximately at
right-angles to the area of the image sensor. Since the signal
electronics cannot function independently on the two circuit
boards, an electrical connection, for example in the form of
lines or a connecting circuit board, additionally has to be
integrated, thereby increasing the mounting outlay of this
known image pick-up module. The space between the two separate
circuit boards is filled with a curing plastic. In this case,
the cable moving away from the circuit board is contact-
connected to the two circuit boards on the outer side thereof,

and the contact fingers of the image sensor are likewise con-
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tact-connected to the circuit boards on the outer side of the
two circuit boards at the distal end of the contact-making

points of the cable leading away.

Consequently, this known image pick-up module also has a length
in the transverse direction with respect to the image sensor
which significantly exceeds the side dimensions of the image

Sensor.

A further requirement made of an image pick-up module of this
type 1is that the image pick-up module should be able to be
produced cost-effectively and with little time being spent; in
particular, the assembly of the individual components of the
image pick-up module should be able to be carried out as simply
as possible despite the miniaturization and compactness of the

image pick-up module.

US 4,745,471 describes a further image pick-up module, in the
case of which the image sensor is arranged on a one-piece cir-
cuit board that is U-shaped in cross section. In this case, the
image sensor is embedded in the U-shaped groove of the circuit
board, as a result of which, although a very short structural
length in the direction transversely with respect to the image
sensor is achieved, electronic components nevertheless then
have to be fitted and contact-connected on the outer side of
the circuit board in the case of this known image pick-up mod-
ule, as a result of which these components have little protec-

tion against external influences.

The invention is based on the object of developing an image

pick-up module of the type mentioned in the introduction to the
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effect that it has a compact construction overall, in particu-
lar has a structural length that is as short as possible in the
direction transversely with respect to the image sensor, and

that the image pick-up module can be produced easily.

The invention is furthermore based on the object of specifying
a method for assembly of an image pick-up module which can be

carried out in a simple manner.

According to the invention, this object is achieved with regard
to the image pick-up module mentioned in the introduction by
virtue of the fact that the first section, the second section
and the third section are connected to one another in an unar-
ticulated manner, in that the length of the first section
and/or of the second section is less than or equal to the
length of at least a portion of the contact fingers and in that
a space is present between the first, second and third sections
of the circuit board, at least one electronic component for the
control electronics of the image sensor being present in the

said space.

The circuit board of the image pick-up module according to the
invention is thus formed by a one-piece solid body having a
notch or a groove, by virtue of the arrangement of at least one
electronic component, preferably a plurality of electronic
components, for the distal control electronics of the image
sensor, for example a transistor (amplifier) and a capacitor.
The image sensor is fitted on the “open” side of the circuit
board or the U-shaped cross section, for example is adhesively
bonded onto the free ends of the first section and of the sec-

ond section of the circuit board. In this way, the image pick-
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up module may be formed with an overall parallelepipedal or
preferably cuboid external contour, the edge length of which
corresponds to the edge length of the image sensor in the plane
thereof. The unarticulated or rigid connection of the three
sections to one another creates an overall very stable design
of the image pick-up module, the rigid circuit board simultane-
ously serving as a housing and thus affording protection for
the components situated therein. Furthermore, the length of the
circuit board in the direction transversely with respect to the
image sensor is chosen to be small enough that it is not grea-
ter than the length of the contact fingers of the image sensor,
which has the further advantage that the contact fingers run-
ning along at least one outer side of the first or second sec-
tion can even be contact-connected to the circuit board on the
outer side or underside of the third section, as is provided in

one preferred refinement.

In one preferred refinement, the contact fingers of the image
sensor that run along the first or second section at least
partly engage on an outer side of the third section of the
circuit board and are contact-connected to the circuit board at

the said outer side.

The advantage of this measure is that, in conjunction with the
fixed configuration of the circuit board, the contact fingers
engaging around the outer side of the third section on the one
hand further increase the overall stability of the image pick-
up module, but on the other hand also ensure the fastening of
the image pick-up module to the circuit board. In this case, it
may be provided that only individual ones of the total number

of contact fingers engage around the outer side of the third
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section of the circuit board, while the rest of the contact
fingers end at the outer side of the first and/or second sec-
tion. The contact-connection of at least a portion of the con-
tact fingers or preferably of all the contact fingers of the
image sensor at the outer side of the third section, as is
provided in a further preferred refinement, has the advantage
that the cross-sectional dimensioning of the outer contour of
the image pick-up module is not increased by lateral contact-
connecting locations, rather that the outer sides of the first
and second sections may terminate essentially flush with the

corresponding side edges of the image sensor.

For this purpose, it is furthermore preferred for depressions
for receiving the contact fingers to be formed on the outer

side of the first and/or second section.

This measure furthermore contributes to the fact that the
cross-sectional dimensions of the image pick-up module, in
conjunction with a maximum usable cross-sectional dimensioning
of the circuit board that corresponds to the cross-sectional
dimensioning of the image sensor, the contact fingers do not
lead to a further increase in cross section since they are
embedded in the depressions on the outer sides of the first

and/or second section.

In a further preferred refinement at least two electronic com-
ponents are arranged in the space in a manner lying one above
the other in the direction from the third section to the image

sensor.
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In the case of this measure, the space, that is to say the
abovementioned groove or notch in the circuit board, in con-
junction with a compact design of the module, is optimally
utilized for receiving electronic components. In this case, the
electronic components, proceeding from the +third section on
which a transistor is fixed, by way of example, are arranged
one atop the other in a stacked arrangement and fixed to one
another. Consequently, the internal space of the circuit board
is utilized three-dimensionally, which enables the dimensions

of the outer contour of the circuit board to be reduced.

In a further preferred refinement, the at least one electronic
component is contact-connected to at least one conductor wire
at a location of the space which is at a distance from the

first, second and third sections.

In the case of this measure, by way of example, 1f the elec-
tronic component is a transistor that usually has three contact
fingers, each individual contact finger is connected to the
circuit board by means of a conductor wire. Fitting the conduc-
tor wire to the respective contact finger at a location of the
space or the groove or the notch which is at a distance from
the first, second and third sections has the advantage that the
space between the three sections, as mentioned previously, is
optimally utilized in terms of its three-dimensional extent,
which contributes to the fact that the three sections of the
circuit board can themselves be kept small with regard to their

two-dimensional dimensions.

In this case, it is furthermore preferred for the at least one

conductor wire, proceeding from the at least one electronic
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component, to be at least partly led through a hole that ex-
tends through the first or second section and opens at the

outer side of the third section.

In this case, it is advantageous that the required contact-
connection of the at least one electronic component arranged in
the internal space of the circuit board is also effected on the
outer side of the circuit board, in particular on the outer
side of the third section, which makes the contact-connection,
for example by means of a soldering connection, particularly
simple because the outer side of the third section is easily
accessible. The leadthrough of the conductor wire through a
hole through the first, second or third section has the advan-
tage that the through-plating onto the outer side of the third
section is effected through the material of the circuit board
and, consequently, does not require any additional space. This
measure is also advantageous from insulation standpoints, par-
ticularly if the circuit board is produced in its entirety from
an insulating material, for example from a hard plastic, since
it is then possible to provide a plurality of such holes which
are spaced apart from one another, so that each conductor wire
can be led through a dedicated hole to the outer side of the
third section in a manner insulated from the other conductor
wires. The holes may be at least partly metallized, so that the
conductor wires do not have to be led completely through the
holes, rather the electrical conduction is effected via the
metallization of the holes to the outer side of the third sec-

tion.

In a further preferred refinement, the remaining free part of

the space between the first, second and third section and the
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at least one electronic component is filled with an insulating

curable filling composition.

The curable filling composition has the advantage, on the one
hand, that after curing it further stabilizes or reinforces the
entire arrangement comprising image sensor, circuit board and
the at least one electronic component, and, on the other hand,
it also advantageously serves to insulate the conductor wires
that are present for contact-connecting the component or the

components.

In a further preferred refinement, the circuit board is pro-
duced from a parallelepipedal, in particular approximately
cuboid, bulk material, and in that the space between the first,
second and third sections is formed by a material cutout from

the bulk material.

This measure has the advantage, on the one hand, that the cir-
cuit board can be produced easily by means of the material
cutout in an operation that can be carried out particularly
simply and, on the other hand, the finished circuit board also
has the desired high stability since it is formed from a bulk

material as starting material.

In a further preferred refinement the space between the first,
second and third sections has approximately the form of a T in
cross section, the wider section of the space being situated at
the ends of the first and second sections which face the image

sensor.
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The T-shaped configuration of the space between the three sec-
tions results in a step on the inner side of the first and
second sections, which facilitates the leadthrough of conductor
wires through the material of the first and second sections for
contact-connecting components situated in the space between the
three sections. Furthermore, the risk of the conductor wire
undesirably acquiring contact with the image sensor is also
avoided since the latter is spaced apart from the step in the
first and second sections, while the conductor wires are posi-

tioned at the level of the step.

In a further preferred refinement, the image sensor is fixed
directly to the ends of the first and second sections of the

circuit board.

This measure does not lead to a reduced structural length of
the image pick-up module, but rather contributes advantageously
to the stabilization of the entire image pick-up module and
simplifies the mechanical connection of the image sensor to the

circuit board.

As already mentioned previously, it is further preferred for a
plurality of holes or conductors to extend through the material
of at least one of the first and second sections of the circuit
board, proceeding from the outer side of the third section, and
to open or end at an inner side of the third section, of the

first and/or second section.

The holes or conductors extending through the material of the
three sections have the advantage of easy through-plating from

the internal space of the circuit board to the outer side of
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the third section. This configuration is advantageous in par-
ticular with the abovementioned T-shaped configuration of the
space between the three sections, the holes in the first and/or
second section then advantageously opening in the step in the
first and/or second section which is formed by the T-structure

of the space.

For the purpose of a miniaturized configuration of the image
pick-up module according to the invention, particularly if it
is provided for use in an endoscope, it is provided that the
image pick-up module is formed in approximately cuboid fashion
and has side dimensions of approximately 2 mm x 2 mm or smal-

ler.

In a further preferred refinement, the circuit board is con-
nected to a multi-core cable, the cable being contact-connected

to the circuit board at the outer side of the third section.

In this case, it is advantageous that the contact-connection of
the cable leading away from the circuit board to the circuit
board can be realized particularly simply since the outer side
of the third section 1is accessible particularly well for the
contact-connecting operation. In this case, it is furthermore
preferred for the cable to be releasably connected to the cir-

cuit board.

The releasable connection of the cable to the circuit board has
the advantage that the image pick-up module can easily be dis-
connected from the cable for maintenance purposes and, by way
of example, can thus also be easily dismantled from an endo-

scope. The releasable connection may be realized for example by
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the cable being contact-connected to a further circuit board
that is complementary to the outer side of the third section of
the circuit board. The cable is then fixedly connected to this
additional circuit board, and the additional circuit board is
then contact-ceonnected to the outer side of the third section
simply by being in contact and is connected for example by
means of a conductive adhesive or by means of a readily releas-

able soldered joint.

In a further preferred refinement of the image pick-up module,
a row of the contact fingers of the image sensor is cut to
length and contact-connected to the circuit board on an outer

side of the first or second section.

In this case, it is advantageous that more area for contact-
connecting the cable system that leads away is available on the

outer side of the third section of the circuit board.

In a further preferred refinement the first and/or the second
section run obliquely with respect to the centre axis of the
third section at least on the outer side towards the third

section.

On account of this measure, the image pick-up module tapers on
the outer side from the image sensor towards the proximal end,
which is advantageous particularly with the abovementioned
configuration if at least one row of the contact fingers of the
image sensor is contact-connected to the circuit board not at
the outer side of the third section but rather on the outer
side of the first and/or second section, since then the cross-

sectional dimensioning of the image pick-up module is not en-
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enlarged despite the contact fingers being contact-connected at

the outer side of the first and/or second section.

With regard to the method for assembly of an image pick-up
module as mentioned in the introduction, the object on which
the invention is based is achieved by virtue of the fact that
the circuit board is provided with a length which is less than
or equal to the length of the contact fingers and in that the
circuit board has a space between the first, second and third
sections, into which space at least one electronic component is
inserted and contact-connected to the circuit board at the
outer side of the third section before the image sensor is

fitted.

In this case, it is preferred and advantageous for the purpose
of a stable embodiment of the one-piece circuit board if the
circuit board prior to its provision, is produced from a paral-
lelepipedal, in particular approximately cuboid, bulk material,
a groove being introduced into the bulk material by means of a
material cutout, thereby forming the first, second and third
sections of the circuit board and the space between these sec-

tions.

In the case where the control electronics for the image sensor
comprise more than one electronic component, it is furthermore
preferred if, before the image sensor is fitted, these elec-
tronic components are inserted into the space between the
first, second and third sections and they are contact-connected
to the circuit board, the at least two electronic components
being fitted on the third section, i.e. on the inner side, in

an arrangement lying one above the other.
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In this case, by way of example, the first electronic component
may be adhesively bonded onto the inner side of the third sec-
tion, and the second electronic component is then adhesively

bonded onto the first component, etc.

In a further preferred refinement, the at least one electronic
component is contact-connected to at least one conductor wire
at a location of the space between the first, second and third
sections, the conductor wire then subsequently being contact-

connected to the outer side of the third section.

The free space between the first, second and third sections
which remains after the insertion of the at least one elec-
tronic component together with the at least one conductor wire

is filled with a curing filling composition.

Since the free space embodied in the form of a groove or inden-
tation, is open preferably on two sides running transversely
with respect to the first and second sections, these sides are
lined, for example with a film, before the filling composition
is filled in, which film can easily be stripped from the fill-

ing composition preferably after the latter has cured.

In this case, it i1s furthermore preferred for the filling com-
position to be filled into the space between the three sections

before the image sensor is fitted to the circuit board.

In this case, it is advantageous that the side of the circuit
board to which the image sensor is later fitted can be utilized

as a filling-in opening for filling in the £illing composition.
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In a further preferred refinement, at least the contact fingers
of one row of the image sensor are diverted onto the outer side
of the third section and are contact-connected to the circuit

board on the said outer side.

Finally, preferably a multi-core cable is contact-connected to
the circuit board at the outer side of the third section, this
contact-connection preferably being releasable, as has already

been described above.

Further advantages and features emerge from the description

below and the accompanying drawing.

It goes without saying that the features mentioned above and
the features still to be explained below can be used not only
in the combination respectively specified but also in other
combinations or by themselves, without departing from the scope

of the present invention.

An exemplary embodiment of the invention is illustrated in the
drawing and is described in more detail hereinafter with refer-

ence thereto. In the figures:

Fig. 1 shows a greatly enlarged illustration in a view
obliquely from the distal end of an image pick-up mo-

dule in the finished assembled state;

Fig. 2 shows a circuit board of the image pick-up mecdule in
Fig. 1 in isolation in a view obliquely from the dis-

tal end;
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shows an electronic image sensor of the image pick-up
module in Fig. 1 in isolation in a view obliquely

from the distal end;

shows an electronic component of the image pick-up
module in Fig. 1 in isolation in a view obliquely

from the distal end;

shows a step of the method for assembly of the image
pick-up module in Fig. 1 in a view obliquely from the

distal end;

shows a further step of the method for assembly of
the image pick-up module in Fig. 1 in a view oblique-

ly from the distal end;

shows yet another step of the method for assembly of
the image pick-up module in Fig. 1 in a view obligue-

ly from the distal end;

shows yet another step of the method for assembly of
the image pick-up module in a view obliquely from the

proximal end;

shows yet another step of the method for assembly of
the image pick-up module in Fig. 1 in a view oblique-

ly from the proximal end; and

shows the finished assembled image pick-up module

after a last step of the method for assembly of the
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image pick-up module in a view obliquely from the

proximal end.

Figs. 1 and 10 illustrate an image pick-up module provided with
the general reference symbol 10 in its entirety and in the
finished assembled state. Details of the image pick-up module
10 are illustrated in Figs. 2 to 9.

The image pick-up module 10 is preferably used in an endoscope
(not illustrated), in particular a video endoscope, or in a
miniaturized camera. The image pick-up module 10 is an opto-
electronic component in miniaturized form. It goes without
saying that the illustrations in Figs. 1 to 10 are greatly

enlarged.

The image pick-up module 10 has an electronic image sensor 12
as first main component. The image sensor 12 has an outer side
14 at the light entry end, through which light enters the image
sensor 12. An imaging optical system is connected upstream of
the outer side 14 at the light entry end when the image pick-up
module 10 is in use, for example in the state in which it is
installed in an endoscope, in the distal tip thereof, in order

to image an object to be observed on the image sensor 12.

The image sensor 12 is embodied using CCD or CMOS technology in

a TAB configquration.

The image sensor 12 has a plurality of contact fingers 16 and
18, a total of ten such contact fingers 16 and 18 in the pre-
sent case. The contact fingers 16 and 18 are arranged in two

rows on opposite sides 20 and 22 of a base body 24 of the image
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sensor 12. In this case, the contact fingers 16 form a first
row of contact fingers and the contact fingers 18 form a second
row of contact fingers. Fig. 3 illustrates the image sensor 12
in isolation in its initial state prior to assembly of the
image pick-up module 10. In this initial state, the contact
fingers 16 and 18 extend essentially parallel to the plane of
the base part 24. The contact fingers 16 are connected to one
another via a non-conductive lamina 26, and the contact fingers

18 correspondingly via a non-conductive lamina 28.

A further main component of the image pick-up module 10 is a
circuit board 30 (Fig. 1), which is illustrated in isolation in

Fig. 2.

The circuit board 30 has three sections 32, 34 and 36 that are
connected to one another in one piece and in an unarticulated
manner, the first section 32 and the second section 34 essen-
tially running parallel and being spaced apart from one another
and, in accordance with Fig. 1, extending essentially trans-
versely with respect to the image sensor 12, while the third
section 36 extends transversely with respect to the first sec-
tion 32 and the second section 34 and essentially parallel to
the image sensor 12. In accordance with Fig. 1, the image sen-
sor 12 is arranged at ends 38 and 40 of the first and second
sections 32 and 34 which are remote from the third section 36,
and is fixed, for example adhesively bonded, hereon without any
distance from the sections 32 and 34. An underside or inner
side 42 remote from the outer side at the light entry end thus

faces the circuit board 30.
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The contact fingers 16 and 18 run along outer sides 44 and 46

of the first section 32 and second section 34, respectively.

The length L of the first section 32 and of the second section
34 is less than the length of the contact fingers 16 and 18,
respectively, (cf. in particular Fig. 9), so that ends 48 and
50 of the contact fingers 16 and 18, respectively, engage a-
round the sections 32 and 34, respectively, onto an outer side

52 of the third section 36, as is best illustrated in Fig. 10.

At the outer side 52 of the third section 36, the contact fin-
gers 16 and 18 are electrically contact-connected to the cir-
cuit board 30, which has corresponding contacts 54 and 56 at

the outer side 52 of the third section (cf. Fig. 8).

With the exception of contact-connecting locations, for example
the contacts 54 and 56, the circuit board 30 is produced alto-
gether from a non-conductive material, for example from plas-

tic.

Between the first section 32, the second section 34 and the
third section 36, the circuit board 30 has a space 58 serving
to receive electronic components, as will be described herein-

after.

During the production of the circuit board 30, the latter is
originally produced from a parallelepipedal or cuboid bulk
material into which a groove or notch is introduced by means of
a material cutout from the bulk material, for example by mill-
ing out, in order to create the space 58. In this case, the

groove or notch is open at three sides, as revealed in Fig. 2.
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As revealed in Fig. 2, the space 58 between the sections 32, 34
and 36 has a T-shaped structure, the wider section being situ-
ated at the ends 38 and 40 of the sections 32 and 34 in the
direction transversely with respect thereto. The space 58 thus
has a step 60 at the first section 32 and a step 62 at the

second section 34.

The circuit board 30 furthermore has a plurality of holes 64,
66, 68 and 70. The holes 64 and 66 extend through the third
section 36 from the inner side 72 thereof as far as the outer
side 52 thereof, as is indicated by interrupted lines 74 for

one of the holes 64.

The holes 68 and 70 extend through the first section 32 and
through the second section 34, respectively, and open in the
region of the end 38 and 40, respectively, of the sections 32
and 34 at the steps 60 and 62, respectively, and at the oppo-
site end likewise on the outer side 52 of the third section 36,
as is indicated by interrupted lines 76 for one of the holes 68
in Fig. 2. All of the holes 64 to 70 are insulated from one
another by the material of the circuit board 30. On the inner
side, the holes 64 to 70 may be electrically conductively met-
allized, that is to say have a conductor, for example by the
walls of the holes 64 to 70 being metallized, or the holes 64
to 70 being completely filled with a metal. In this way, the
holes 64 to 70 constitute plated-through holes through the

circuit board body 30.

As 1is illustrated in Fig. 5, the space 58 between the first,
second and third sections 32, 34, 36 serves to receive elec-

tronic components for the control electronics of the image
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sensor 12. In the present case, the image pick-up module 10 has
a first electronic component 78 and a second electronic compo-
nent 80. The first electronic component 78 1is a transistor,
illustrated in isolation in Fig. 4, and the second electronic
component 80 is a capacitor. The first electronic component 78
is arranged on the inner side 72 of the third section 36 be-
tween the first and second sections 32 and 34 and £fixed
thereon, for example by adhesive bonding, and the second elec-
tronic component 80 is arranged on the first electronic compo-
nent 78 and fixed thereon, likewise by means of adhesive bond-
ing, by way of example. Conseguently, the two electronic compo-
nents 78 and 80 are arranged in a manner lying one above the
other in the space 58, as a result of which the space 58 is
optimally utilized in terms of its three-dimensional dimen-

sions.

The first electronic component 78 has three contacts 82, 84, 86
(cf. Fig. 4) which project upwards from the electronic compo-
nent 78, that is to say in a manner pointing towards the ends
38 and 40 of the sections 32 and 34, respectively. The transis-
tor that forms the first electronic component 78 is, by way of
example, a commercially available transistor in a miniaturized
embodiment, the contacts 82, 84, 86, if appropriate prior to
installation in the circuit board 30, as illustrated in Fig. 4,
being bent and partly cut to length in order to achieve the
suitable position and length for the contact-connection of the

component 78.

The second electronic component 80 has two contacts 88 and 90

arranged at end sides of the component 80.
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For electrically connecting, i.e. contact-connecting, the first
and second electronic components 78 and 80 to the circuit board
30, in accordance with Fig. 6, a plurality of conductor wires
92 to 98 and a further conductor wire that cannot be seen in
the drawing are provided. Five conductor wires 92 to 98 of this
type are correspondingly provided in accordance with the number
of, in total, five contacts of the electronic components 78 and
80. The conductor wires 92 to 98 are preferably formed without
an insulating outer sheath in order to obviate the space re-
guirement for such insulations. The conductor wires 92 to 98

are insulated in a different way that is described later.

At the electronic components 78 and 80, the individual conduc-
tor wires 92 to 98 are contact-connected thereto in each case
at locations which are spaced apart from the first, second and
third sections 32, 34, 36. In this way, the components 78 and
80 are also contact-connected in an optimally space-saving
manner whilst utilizing the three-dimensionality of the space

58 in the circuit board 30.

The conductor wires 92 to 98 are led or at least through-plated
through the holes 64 to 70 to the outer side 52 of the third
section 36. Thus, by way of example, the conductor wire 92 is
led or through-plated through the hole 64 in the third section
36 as far as the underside 52 of the third section 36, as can
be seen in Fig. 8. The T-shaped configuration of the space 58
or of the groove 58 in this case has the advantage that, by way
of example, the conductor wires 94, 96 and 98 can emerge from
the corresponding holes 68 and 70 without the risk of coming

into contact with the image sensor 12 situated thereabove or
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impeding the later fitting of the image sensor 12 on the sec-

tions 32 and 34.

The actual contact-connection of the components 78 and 80 1is
effected on the basis of the leadthrough or through-plating of
the conductor wires 92 to 98 on the outer side 52 of the third
section 36 of the circuit board 30, as has already been ex-
plained above for the conductor wire 92 with reference to Fig.

8.

The rest of the remaining region of the space 58 between the
sections 32, 34 and 36 of the circuit board 30 and the compo-
nents 78 and 80 is filled with a curing £filling composition
100, the filling composition 100 being, by way of example, an
epoxy resin that is initially present in liquid form and has a
sufficient low viscosity in the liquid state to pass into all
of the remaining free interspaces and partial regions of the
space 58. In this case, the filling composition 100 simultane-
ously brings about an insulation of the conductor wires 92 to
98 and of all the electrically conductive surfaces, for example
of the contacts 82 to 86 of the first component 78 and the
contacts 88 and 90 of the second component 80. In Figures 1, 7
to 10, the filling composition 100 is illustrated as non-
transparent, with the result that the components 78 and 80
situated in the space 58, the conductor wires 92 to 98 and the
inner sides 72, 73 and 75 of the sections 32, 34, 36 cannot be

seen in these illustrations.

However, the filling composition 100 may equally alsoc be formed

in transparent fashion.
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In accordance with Figs. 1, 8, 9 and 10, the image pick-up
module 10 is connected to a cable 102 having a plurality of
cores 104. The cores 104 are in each case individually contact-
connected to the circuit board 30, 106 designating a contact-
connecting location for one of the cores 104 in Fig. 10. In
this case, the cores 104 are contact-connected at the underside
52 of the third section 36 of the circuit board 30, in the same
way as the ends 48 and 50 of the contact fingers 16 and 18,

respectively, of the image sensor 12.

A shielding element 108 embodied in the form of a plate is
connected to the individual cores 104 for the purpose of elec-

trical shielding.

The cable 102 or the cores 104 are preferably releasably con-
nected to the circuit board 30. This may be effected, in a
manner that is not illustrated, by provision of a further cir-
cuit board embodied complementarily to the outer side 52 of the
third section 36 of the circuit board 30. The individual cores
are then contact-connected to the said additional circuit
board, and the circuit board as a whole is connected to the
outer side 52 of the third section 36 of the circuit board 30,
for example by soldering. If the image pick-up module 10 is
then to be disconnected from the cable 102, only the soldering
location or adhesive-bonding location between the additional
circuit board and the circuit board 30 has to be released,
which is simpler than having to unsolder each individual core
104 from the outer side 52 of the third section 36 of the cir-

cuit board 30.
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The image pick-up module 10 has a cuboid structure overall, the
side dimensions of the cuboid structure being approximately 2
mm x 2 mm or smaller. The outer sides 44 and 46 of the first
section 32 and of the second section 34 of the circuit board 30
may also taper towards the proximal end as seen from the image
sensor 12, that is to say be inclined towards the centre of the
third section 36. However, it is also possible for the sections
32 and 34 as a whole to be inclined towards the centre of the

third section 36.

Furthermore, channel-like depressions may be provided on the
outer sides 44 and 46 of the first section 32 and of the second
section 34 of the circuit board 30 in order to receive the
contact fingers 16 and 18 therein, so that the contact fingers
16 and 18 of the image sensor 12 are not applied on the outer
sides 44 and 46 of the sections 32 and 34 of the circuit board

30.

Furthermore, it might be provided that the contact fingers 16
and 18 of the image sensor 12 are in part also contact-
connected to the circuit board 30 on the outer side at the
sections 32 and 34, so that there is more space for contact-
connecting the cable 102 or the cores 104 thereof on the under-

side 52 of the third section 36 of the circuit board 30.

A method for assembly of the image pick-up module 10 will be

described below.

Firstly, the circuit board 30 in accordance with Fig. 2 and the

image sensor 12 in accordance with Fig. 3 are provided.
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The circuit board 30 in accordance with Fig. 2 may be produced
beforehand from a cuboid or parallelepipedal piece of bulk
material by means of a material cutout in order to produce the
space 58 between the first section 32, the second section 34
and the third section 36. Furthermore, the holes 64, 66, 68, 70
are introduced into the circuit board 30; if appropriate, these

holes are provided with metallizations as described above.

In the next step, firstly the first electronic component 78 is
provided, if appropriate the contacts 82 to 86 of the component
78 being bent into the correct position in accordance with Fig.

4 and, if appropriate, cut to length.

Afterwards, in accordance with Fig. 5, the first electronic
component 78 is positioned on the inner side 72 of the third
section 36 and fixed there, for example by being adhesively
bonded. The second electronic component 80 is positioned on a
side 110, that is to say on the electronic component 78, and

fixed thereto, for example by adhesive bonding.

In the next step, the conductor wires 92 to 98, which have
previously been bent into the form introduced in Fig. 6, are
electrically conductively connected, i.e. contact-connected
(Fig. 6), to the contacts 82 to 86 of the first component 78
and/or 88 and 90 of the second component 80. Moreover, the
conductor wires 92 to 98 are through-plated through the holes
64, 66, 68 and 70 to the outer side 52 of the third section 36.

After the electronic components 78 and 80 have been contact-
connected to the circuit board 30, the remaining part of the

space 58 of the circuit board 30 is filled with the £filling
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composition 100 and the filling composition 100 is subsequently

cured.

In the next step, in accordance with Fig. 8, the cable 102 with
the cores 104 is contact-connected at the underside 52 of the
third section 36. The cores 104, in accordance with Fig. 8,
have previously been exposed and provided with the shielding
element. The free ends of the cores 104 have likewise previ-
ously been stripped of insulation. The cores are contact-
connected to the underside 52 of the third section 36 of the
circuit board 30 by means of a customary contact-connecting

technique, such as soldering, for example.

After the contact-connection of the cable 102 at the circuit
board 30, the image sensor 12 is placed directly by its under-
side 42 onto the ends 38 and 40 of the sections 32 and 34 of
the circuit board 30 and the cured filling composition 100,
i.e. without any distance from the ends 38 and 40. The contact
fingers 16 and 18 of the image sensor 12 are bent over approxi-
mately at right angles to the plane of the image sensor 12 and
arranged along the outer sides 44 and 46 of the sections 32 and

34. (Fig. 9).

Finally, in the last step, the ends 48 and 50 of the contact
fingers 16 and 18, respectively, of the image sensor 12 are
bent over onto the outer side 52 of the third section 36 of the
circuit board 30, as is illustrated in Fig. 10, the ends 48 and
50 then being contact-connected to the circuit board 30. The
image sensor 12, the electronic components 78, 80 and the cable
102 are now all contact-connected on the outer side 52 of the

third section 36 of the circuit board 30 and electrically in-
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terconnected in accordance with the predetermined terminal

allocation plan.

The order to contact-connecting the cable 102 and fitting the
image sensor to the circuit board 30 is preferably also possi-
ble in the opposite order, that is to say that firstly the
image sensor 12 is fixed to the circuit board 30 and the con-
tact fingers 16 and 18 are contact-connected to the circuit
board, and only afterwards is the cable 102 then contact-

connected to the circuit board 30.
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Patent Claims

An image pick-up module, in particular for an endoscope or
a miniature camera, comprising an electronic image sensor
(12) having a plurality of contact fingers (16, 18) that
are arranged in two rows on opposite sides and each have a
length, and a circuit board (30), to which the contact
fingers (16, 18) are electrically contact-connected, the
circuit board (30) having at least three sections (32, 34,
36) which are connected to one another in one piece and of
which a first and a second section (32, 34) extend in a
manner spaced apart from one another essentially trans-
versely with respect to the image sensor (12) and a third
section (36) extends essentially parallel to the image
sensor (12), the image sensor (12) being arranged at the
end (38, 40) of the first and second sections (32, 34)
which is remote from the third section (36), and at least
one row of the contact fingers (16, 18) of the image sen-
sor (12) running along an outer side of the first or sec-
ond section (32, 34), characterized in that the first sec-
tion (32), the second section (34) and the third section
(36) are connected to one another in an unarticulated man-
ner, in that the length of the first section (32) and/or
of the second section (34) is less than or equal to the
length of at least a portion of the contact fingers (16,
18) and in that a space (58) is present between the first,
second and third sections (32, 34, 36) of the circuit
board (30), at least one electronic component (78, 80) for
the control electronics of the image sensor (12) being

present in the said space.



—m —m ~—m ~m ™~ @ ~—@ @ @ ™~—@ ™~@ @ @ ™—@ @ @ @ @ @ ™@ ™@ ™@ o™&@ & & & & s /s /e /e /e e/ /e e e e e

(52) JP 2006-174431 A 2006.6.29

The image pick-up module of Claim 1, characterized in that
the contact fingers (16, 18) of the image sensor (12) that
run along the first or second section (32, 34) at least
partly engage on an outer side (52) of the third section
(36) of the circuit board (30) and are contact-connected

to the circuit board (30) at the said outer side.

The image pick-up module of Claim 1 or 2, characterized in
that both rows of the contact fingers (16, 18) are led
past the outer side (44, 46) of the first section (32) and
of the second section (34) and are contact-connected to
the circuit board (30) on the outer side (52) of the third

section (36) of the said circuit board.

The image pick-up module of anyone of Claims 1 through 3,
characterized in that depressions for receiving the con-
tact fingers (16, 18) are formed on the outer side (44,

46) of the first and/or second section (32, 34).

The image pick-up module of anyone of Claims 1 through 4,
characterized in that at least two electronic components
(78, 80) are arranged in the space (58) in a manner lying
one above the other in the direction from the third sec-

tion (36) to the image sensor (12).

The image pick-up module of anyone of Claims 1 through 5,
characterized in that the at least one electronic compo-
nent (78, 80) is contact-connected to at least one conduc-
tor wire (92 - 98) at a location of the space (58) which
is at a distance from the first, second and third sections

(32, 34, 36).
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The image pick-up module of Claim 6, characterized in that
the at least one conductor wire (92 - 98), proceeding from
the at least one electronic component (78, 80), is at
least partly led through a hole (64 - 70) that extends
through the first, second or third section (32, 34, 36)
and opens at the outer side (52) of the third section

(36).

The image pick-up module of anyone of Claims 1 through 7,
characterized in that the remaining free part of the space
(58) between the first, second and third section (32, 34,
36) and the at least one electronic component (78, 80) is
filled with an insulating curable filling composition

(100).

The image pick-up module of anyone of Claims 1 through 8,
characterized in that the circuit board (30) is produced
from a parallelepipedal, in particular approximately cu-
boid, bulk material, and in that the space (58) between
the first, second and third sections (32, 34, 36) is

formed by a material cutout from the bulk material.

The image pick-up module of anyone of Claims 1 through 9,
characterized in that the space (58) between the first,
second and third sections (32, 34, 36) has approximately
the form of a T in cross section, the wider section of the
space (58) being situated at the ends (38, 40) of the
first and second sections (32, 34) which face the image

sensor (12).
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The image pick-up module of anyone of Claims 1 through 10,
characterized in that the image sensor (12) is fixed di-
rectly to the ends (38, 40) of the first and second sec-
tions (32, 34) of the circuit board (30).

The image pick-up module cf anyone of Claims 1 through 11,
characterized in that a plurality of holes, which are em-
bodied as conductors, if appropriate, and/or conductors
extend through the material of at least one of the first
and second sections (32, 34) of the circuit board (30),
proceeding from the outer side (52) of the third section
(36), and open or end at an inner side (72) of the third

section (36), of the first and/or second section (32, 34).

The image pick-up module of anyone of Claims 1 through 12,
characterized in that the first and/or the second section
(32, 34), at least on the outer side, run obliquely with
respect to the centre axis of the third section towards

the third section (36).

The image pick-up module of anyone of Claims 1 through 13,
characterized in that it is formed in approximately cuboid
fashion and has side dimensions of approximately 2 mm x 2

mm or smaller.

The image pick-up module of anyone of Claims 1 through 14,
characterized in that the circuit board (30) is connected
to a multi-core cable (102), and in that the cable (102)
is contact-connected to the circuit board (30) at the ou-

ter side (52) of the third section (36).
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The image pick-up module of Claim 15, characterized in
that the cable (102) is releasably connected to the cir-
cuit board (30).

The image pick-up module of anyone of Claims 1 through 16,
characterized in that at least one row of the contact fin-
gers (16, 18) is cut to length and contact-connected to
the circuit board (30) on an outer side (44, 46) of the

first and/or second section (32, 34).

A method for assembly of an image pick-up module (10), an
electronic image sensor (12) and a circuit board (30) be-
ing provided, the image sensor (12) having a plurality of
contact fingers (16, 18) that are arranged in two rows on
opposite sides and have a length, the circuit board (30)
having at least three sections (32, 34, 36), of which a
first and a second section (32, 34) extend in a manner
spaced apart from one another essentially in a first di-
rection and a third section (36) extends in a second di-
rection essentially transversely with respect to the first
direction, the image sensor (12) being fitted to the end
(38, 40) of the first and second sections (32, 34) which
is remote from the third section (36), the contact fingers
(16, 18) of at least one row being arranged along an outer
side (44, 46) of the first and/or of the second section
(32, 34) and being electrically contact-connected to the
circuit board (30), characterized in that the circuit
board (30) is provided with a length which is less than or
equal to the length of the contact fingers (16, 18) and in
that the circuit board (30) has a space (58) between the

first, second and third sections (32, 34, 36), into which
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space at least one electronic component (78, 80) is in-
serted and contact-connected to the circuit board (30) be-

fore the image sensor (12) is fitted.

The method of Claim 18, characterized in that the circuit
board (30) prior to its provision, is produced from a par-
allelepipedal, in particular approximately cuboid, bulk
material, a groove being introduced into the bulk material
by means of a material cutout, thereby forming the first,
second and third sections (32, 34, 36) of the circuit
board (30) and the space (58) between these sections (32,
34, 36).

The method of Claim 18 or 19, characterized in that, be-
fore the image sensor (12) is fitted, at least two elec-
tronic components (78, B80) are inserted into the space
(58) between the first, second and third sections (32, 34,
36) and they are contact-connected to the circuit board
(30), the at least two electronic components (78, 80) be-
ing fitted on the third section (36) in an arrangement ly-

ing one above the other.

The method of anyone of Claims 18 through 20, character-
ized in that the at least one electronic component (78,
80) is contact-connected to at least one conductor wire
(92 - 98) at a location of the space (58) between the

first, second and third sections (32, 34, 36).

The method of anyone of Claims 18 through 21, character-

ized in that the at least one component (78, 80) is con-
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tact-connected at the outer side (52) of the third section

(36).

The method of anyone of Claims 18 through 22, character-
ized in that the free space (58) between the first, second
and third sections (32, 34, 36) which remains after the
insertion of the at least one electronic component (78,

80) is filled with a curing filling composition (100).

The method of Claim 23, characterized in that the filling
composition (100) is filled into the space (58) before the

image sensor (12) is fitted to the circuit board (30).

The method of anyone of Claims 18 through 24, character-
ized in that at least the contact fingers (16, 18) of one
row of the image sensor (12) are diverted onto the outer
side (52) of the third section (36) and are contact-
connected to the circuit board (30) on the said outer

side.

The method of anyone of Claims 18 through 25, character-
ized in that a multi-core cable (102) is contact-connected
to the circuit board (30) at the outer side (52) of the

third section (36).
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Abstract

The invention relates to an image pick-up module, in particular
for an endoscope, comprising an electronic image sensor (12)
having a plurality of contact fingers (16, 18) that are ar-
ranged in two rows on opposite sides and each have a length,
and a circuit board (30), to which the contact fingers (16, 18)
are electrically contact-connected, the circuit board (30)
having at least three sections (32, 34, 36) which are connected
to one another in one piece and of which a first and a second
section (32, 34) extend in a manner spaced apart from one an-
other essentially transversely with respect to the image sensor
(12) and a third section (36) extends essentially parallel to
the image sensor (12), the image sensor (12) being arranged at
the end (38, 40) of the first and second sections (32, 34)
which is remote from the third section (36), and at least one
row of the contact fingers (16, 18) of the image sensor (12)
running along an outer side of the first or second section (32,
34). The first section (32), the second section (34) and the
third section (36) are connected to one another in an unarticu-
lated manner, the length of the first section (32) and/or of
the second section (34) is less than or equal to the length of
the contact fingers (16, 18) and a space (58) is present be-
tween the first, second and third sections (32, 34, 36) of the
circuit board (30), at least one electronic component (78, 80)
for the control electronics of the image sensor (12) being

present in the said space (Fig. 1).
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