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(57) Abstract: A camera module (12) for a motor vehicle comprises a lens assembly (20), a housing (22) comprising a back plate (32)
and a lens holder (53), wherein said back plate (32) carries an image sensor (24) within the housing (22), wherein said lens holder (53)
is mounted to said back plate (32) and holds said lens objective (20) such that said image sensor (24) is arranged in or close to an image
plane (A) of the lens objective (20). The back plate (32) comprises at least one bi-material element (31) holding said image sensor (24),
said bi-material element (31) having at least two layers (33, 34) of materials having significantly ditferent thermal properties and being
joined together such that the bi-material element (31) is adapted to bend with changing temperature.
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Camera module for a motor wvehicle

The invention relates to a camera module for a motor vehicle,
comprising a lens objective, a housing comprising a back plate
and a lens holder, wherein said back plate carries an image
sensor within the housing, wherein said lens holder is mounted
to said back plate and holds said lens objective such that
said image sensor is arranged in or close to an image plane of

the lens objective.

Automotive camera modules are exposed to temperatures varying
over a large range, and are required to have excellent imaging
performance over the whole temperature range occurring in
practice. Furthermore, automotive camera modules normally do
not include an autofocusing mechanism for cost reasons. In
many fixed-focus automotive camera modules, a major challenge
is to retain the focus over the temperature envelope T. For
low f/# lenses, the distance between the image and the sensor

must be controlled at a scale of micrometres.

Temperature differences lead to a respective change of the di-
mensions of the housing of the camera module. For instance,
the height of the housing increases due to thermal expansion
with an increase of the housing temperature. Accordingly, a
distance between the lens objective, usually attached to a
front end of the housing, and the image sensor, usually ar-
ranged at a back end of the housing, increases with a tempera-
ture increase, resulting in the sensor moving out of the image
plane of the lens objective. Consequently, at high or very low
temperatures the image sensor may not detect an image as clear

as at moderate temperatures.
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Therefore, for fixed focus cameras, there is a need to balance
the image plane drift caused by the lens objective at largely
varying temperatures; otherwise image sharpness will inevita-
bly decrease under such conditions. Even more, since pixel
size of image sensors is constantly being reduced, the image

plane drift has to be controlled with increasing precision.

Solutions exist to control the image plane drift by introduc-
ing counter-acting mechanical elements in the camera module,
so-called “athermalizers”. For example, WO 2015/032512 Al dis-
closes an automotive camera module having a tube holding the
lens objective, the tube being tuned to cancel the image plane
drift. Although this solution is simple and reliable, the tube
is an additional part which causes additional steps in the

mounting of the camera module.

The problem underlying the present invention is to provide a
fast-to-mount camera module having a simple mechanism to keep
the image sensor close to the image plane of the lens objec-

tive.

The invention solves this objective with the features of the
independent claims. The invention has realized that the ther-
mal drift of the focus plane out of the image sensor plane can
be counteracted at the back side of the camera module, namely
by providing a bi-material element holding the image sensor
and designed to bend with changing temperature. The bending
action causes the image sensor to move, and this movement can
be designed such that the image sensor, and with it the sensor
plane, follows the thermal displacement of the image focus

plane.
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Preferably, therefore, the bi-material element is designed
such that the bending of the bi-material element acts towards
keeping the image plane in a predetermined positional relation
to the image sensor, most preferably in the sensitive plane of
the image sensor. Ideally the bending of the bi-material ele-
ment holding the image sensor is tuned such that the image fo-
cus plane and the sensor plane are coinciding over the whole
temperature range existing in automotive applications. Advan-
tageously the bi-material element is designed such that a
thermal displacement of the bi-material element is able to
compensate a thermal expansion of the lens holder and a shift

of the image plane caused by changes of and within the lens

objective.

The realization of the invention comprises different preferred
aspects which shall be described in the following. Preferably
the designing of the bi-material element comprises one or more
of:

- choosing the material of the layers to have different suited
coefficients of thermal expansion;

- choosing the material of the layers to have suited elastic
moduli; and/or

- choosing a suited geometry of the bi-material element, in

particular a suited thickness of the layers.

In preferred embodiments under the present invention, the ma-
terial of one or preferably both of said at least two layers
is a metal. In particular, the bi-material element may be a
bi-metal strip or plate. In these embodiments, the material of
the layers may for example be based on iron, like steel,

and/or be based on copper and/or tin, like brass.
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In other preferred embodiments under the present invention,

the lavyers are formed by layers of a sandwiched structure,

like a PCB structure, comprising a metal layer, for example a

copper layer, and a non-metal composite layer, like a glass

fibre layer. In such embodiments, the bending properties of

the plate may preferably be tuned by one or more of

- adjusting the copper coverage in the copper layer of the
sandwiched structure, for example in the form of a square
grid;

- providing slits in at least one of said plate layers to me-
chanically decouple from the stiff lens holder;

- providing an inhomogeneocus pattern in said metal layer, in
particular in said copper layer, wherein the inhomogeneous
pattern may preferably comprise stripes in a preferred di-

rection, a circular pattern, or combinations thereof.

The invention scolves the above mentioned objective also with a
camera module of the same kind, where instead of a bi-material
element in the back plate, the back plate and the lens holder
are made of materials having thermal properties and geometries
and being connected together such that the back plate is
adapted to bend with changing temperature. In this embodiment,
the material, thickness and gecometries of the back plate and
the lens holder are combined to achieve the bi-material ef-
fect. Many preferred features described above with respect to
the bi-material element in the back plate also apply for this
embodiment in a corresponding manner. In particular, the back
plate is designed and connected to the lens holder in such a
manner such that the bending of the back plate acts towards
keeping the image plane in a predetermined positional relation

tc the image sensor.
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In the following the invention shall be illustrated on the ba-
sis of preferred embodiments with reference to the accompany-

ing drawings, wherein:

Fig. 1 schematically shows a vision system comprising the

inventive camera module;

Figs. 2, 3 schematically show an embodiment of the inventive

camera module;

Fig. 4 schematically shows an inventive camera module in an-

other embodiment;

Fig. 5 shows a schematic cross-sectional view of a lens ob-

Jective for use in an inventive camera module; and

Fig. 6 schematically shows an inventive camera module in a

further embodiment.

In Fig. 1 a vision system 10 is shown which is mounted in a
motor vehicle (not shown) and comprises an imaging apparatus
11 for acquiring images of a region surrounding the motor ve-
hicle, for example a region in front of the motor vehicle. The
imaging apparatus 11 comprises one or more camera modules 12.
The camera module 12 preferably operates in the visible wave-
length region. In an alternative embodiment, the camera module
12 operates in the infrared wavelength region, where infrared
covers near IR with wavelengths below 5 microns and/or far IR
with wavelengths beyond 5 microns. In cone embodiment the imag-
ing apparatus 11 comprises a plurality of camera modules 12 in
particular forming a stereo imaging apparatus 11. Alternative-
ly only camera module 12 forming a mono imaging apparatus 11

can be used.
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The image data from the imaging apparatus 11 are provided to
an electronic processing device 14 where image and data pro-
cessing is carried out by corresponding software. In particu-
lar, the image and data processing in the processing device 14
comprises the following functions: identification and classi-
fication of possible objects surrounding the motor vehicle,
such as pedestrians, other vehicles, bicyclists or large ani-
mals; tracking over time the position of identified cbiject
candidates in the recorded images; calculation of a collision
probability between the vehicle and a detected object; and/or
activation or control of at least one driver assistance device
18 depending on the result of the object detection and track-
ing processing and/or said collision probability calculation.
The driver assistance device 18 may comprise a display device
for displaying information relating to a detected object; a
warning device adapted to provide a collision warning to the
driver by suitable optical, acoustical and/or haptical warning
signals; one or more restraint systems such as occupant air-
bags or safety belt tensioners, pedestrian airbags, hood lift-
ers and the like; and/or dynamic vehicle control systems such
as brakes or steering device. The processing device 14 expedi-

ently has access to a memory device 25.

The data processing device 14 is preferably a digital device
which i1s programmed or programmable and preferably comprises a
microprocessor, micro-controller, digital signal processor
(DSP) or a System-0On-Chip {(S50C) device. The data processing
device 14 and the memory device 25 are preferably realised in
an on-board electronic control unit (ECU) and may be connected
to the imaging apparatus 11 via a separate cable or a vehicle
data bus. In another embodiment the ECU and one or more of the

imaging devices 12 can be integrated into a single unit, where
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a one box solution including the ECU and all imaging devices
12 can be preferred. All steps from imaging, image processing
to possible activation or control of driver assistance device
18 are performed automatically and continuously during driving

in real time.

In Fig. 2 an embodiment of the inventive camera module 12 is
schematically shown. The camera module 12 comprises a lens ob-
jective 20, a housing 22 and an image sensor 24. The housing
22 comprises a lens holder 53 and a back plate 32 holding the
image sensor 24. The housing 22 is basically closed in a light
tight manner except for an opening 28 at a front end. The lens
holder 53 comprises a tubular part 54 holding the lens objec-
tive 20 and a base part 55 adapted to connect the lens holder
53 to the back plate 32. The tubular part 54 1is preferably cy-
lindrical and extends parallel to the optical axis of the lens

objective 20.

Radiation or light from an image incidenting through the open-
ing 28 is transmitted through the lens objective 20 held by
the lens holder 53. The lens objective 20 focuses the image in
the image plane A of the lens objective 20. The lens objective
20 and the sensitive plane of the image sensor 24 are arranged
apart from each other with a predetermined distance dl, which
ideally corresponds to the back focal distance of the lens ob-
jective 20 such that the image focus lies in the sensitive

plane of the image sensor 24.

The image sensor 24 is preferably a two-dimensional image sen-
sor, in particular an optical sensor having maximum sensitivi-
ty preferably in the visible wavelength region, and is adapted
to convert incident light into an electrical signal containing

image information of the image to be detected. As mentioned
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above, the image sensor 24 is advantageously arranged within
the housing 22 in or close to the image plane A of the lens

obijective 20.

Preferably the lens holder 53 is made of a metal or a metal
alloy, for example a zink alloy. In another embodiment, the
lens holder 53 may be made of a polymer material, for example
Polyphenylene sulphide (PPS). Further preferably the lens
holder 53 is made of reinforced plastics, in particular glass
fiber and/or mineral powder reinforced plastics. A very pre-
ferred material for the lens holder 53 is PPS GM65, i.e. PPS

with 65% glass fiber and mineral powder reinforcement.

The temperature dependent distance a({T) between the image
plane A and the sensitive surface of the sensor 24 is deter-
mined by two parameters, see Figure 2. The first is the tem-
perature dependent distance dl(T) between the lens objective
20 and the sensitive surface of the sensor 24. The second is
the distance dZ(T) between the lens objective 20 and the image
plane A which varies over temperature due to mechanical dis-
placements in the lens objective 20, change in refractive in-
dex of the optical elements or lenses in the lens objective
20, dimensional changes within the lens objective 20, etc. The
image position A relative to the sensor 24 is then given by
a(T) = dl(T)~d2(T). Ideally, the image plane shall always co-
incide with the sensor surface, i.e. a(T)=0, such that

dl(T)=dz(T).

In order to achieve this, the image sensor 24 is mounted on a
bi-material element 31 which is preferably planar and has the
form of a plate or strip. In particular, the bi-material ele-
ment 31 can form the back plate 32, be part of the back plate

32 or be mounted on the back plate 32. The image sensor 24 is
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preferably mounted in the center of the bi-material element 31
in a longitudinal direction, as shown in Figures 2 to 4. The
bi-material element 31 comprises at least two layers 33, 34
made of different materials having significantly different co-
efficients of thermal expansion (CTE) and connected to each
other in a manner {(for example along opposing edges of the bi-
material element 31) such that the bi-material element 31

bends which changing temperature.

In one embodiment, the layers 33, 34 may be made of metal, for
example an iron based layer 33 like steel, and a copper and/or
tin based layer 34 like brass. In another embodiment, the lay-
ers 33, 34 may be the layers of a sandwiched PCB structure, in

particular a copper layer and a glass fiber layer.

The materials of the plate layers 33, 34 are duly chosen such
that the above equation d1l(T)=d2(T) is fulfilled over the tem-
perature range occurring in the operation of a motor vehicle.
In the embodiment of Figures 2 and Figure 3 the plate 33 of
material having the lower CTE is facing towards the lens ob-
jective 20 and carries the image sensor 24, whereas the plate
34 of material having the higher CTE is arranged at the outer
side of the camera module 23 facing away from the lens objec-
tive 20. In such embodiments the bi-material element 31 bends
outwards in a convex manner, i.e. away from the lens objective
20, with rising temperature. For example, Figure 2 shows a
planar state of the bi-material element 31 at a reference tem-
perature, and Figure 3 shows a bent state of the bi-material
element 31 at a temperature significantly higher than the ref-
erence temperature. Since the lens holder 53 expands with ris-
ing temperature (no materials are known which contract with
rising temperature), this embodiment may be beneficial in case

where downward movement of the image plane A with rising tem-
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perature caused by effects in the lens objective 20 dominates

over contraction of the lens holder 53.

In the embodiment of Figure 4 the plate 33 of material having
the lower CTE is arranged at the outer side of the camera mod-
ule 23 facing away from the lens objective 20, whereas the
plate 34 of material having the higher CTE is facing towards
the lens objective 20 and carries the image sensor 24. In oth-
er words, the arrangement of the layers 33, 34 1is vice versa
as compared to Figures 2 and 3. In such embodiments the bi-
material element 31 bends inwards in a concave manner, l.e.
towards the lens objective 20, with rising temperature. This
embodiment may be beneficial in case the expansion of the lens
heolder 53 1s dominating over the movement of the image plane A

caused by effects in the lens objective 20.

The lens objective 20 comprises a lens barrel 63 and one or
more lenses 64 to 69 held inside the lens barrel 63 and spaced
from each other using ring shaped spacers 70, see Figure 5.
The lens barrel 63 and the spacers 70 are preferably made of
metal, in particular brass. The lenses 64 to 69 may comprise
convex lenses 65, 66, 68, 69 and concave lenses 64, ¢7. The
outer shape of the lens barrel 63 is generally cylindrical and
closely fits the inner cylindrical shape of the tubular part
24 such that the lens objective 20 is closely guided in the

tubular part 24.

There is no requirement that a practical embodiment of the in-
vention comprises a state with plane or even bi-material ele-
ment 31 as shown in Figure 2. In particular, a practical em-
bodiment of the invention may be designed such that the bi-
material element 31 changes between a less convex bent state

and largely convex bent state, or between a less concave bent
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state and largely concave bent state. That is, the bi-material
element 31 may be bent in one direction over the whole temper-

ature range occurring in automobile operation.

Figure 6 shows an embodiment where the back plate 32 is made
of a material, form and thickness which leads to a bending of
the back plate 32 here towards the lens objective 20 when the
temperature rises, such that the image sensor 24 mounted on
the back plate 32 moves towards the lens objective 20 with
rising temperature. In particular, the back plate 32 may be
made of a material having significantly different thermal
properties, in particular a higher CTE, as compared to the ma-
terial of the lens holder 53. Therefore, in this embodiment,
the desired bi-material effect is achieved through the connec-
tion of the back plate 32 to the lens holder 53, whereas no
thermal bending is required in the back plate 32 on its own,

i.e. when disconnected from the lens holder 53.
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Claims:

A camera module (12) for a motor vehicle, comprising a
lens objective (20), a housing (22) comprising a back
plate (32) and a lens holder (53), wherein said back
plate (32) carries an image sensor (24) within the hous-
ing (22}, wherein said lens holder (53) is mounted to
sald back plate (32) and holds said lens obijective (20)
such that said image sensor (24) is arranged in or close
to an image plane (A) of the lens objective (20), charac-
terized in that the back plate (32) comprises at least
one bi-material element (31) holding said image sensor
(24), said bi-material element (31) having at least two
layvers (33, 34) of materials having significantly differ-
ent thermal properties and being connected together such
that the bi-material element (31) is adapted to bend with

changing temperature.

The camera module (12) as claimed in claim 1, character-
ized in that the bi-material element (31) is designed
such that the bending of the bi-material element (31)
acts towards keeping the image plane (A) in a predeter-

mined positional relation to the image sensor (24).

The camera module (12) as claimed in claim 2, character-
ized in that the designing of the bi-material element
(31) comprises choosing the material of the layers (33,

34} to have different suited coefficients of thermal ex-

pansion.

The camera module (12) as claimed in claims 2 or 3, char-
acterized in that the designing of the bi-material ele-

ment (31) comprises choosing the material of the layers
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10.

(33, 34) to have suilted elastic moduli.

The camera module (12) as claimed in any one of claims 2
to 4, characterized in that the designing of the bi-
material element (31) comprises choosing a suited geome-

try of the bi-material element (31).

The camera module (12) as claimed in claim 5, character-
ized in that the designing of the bi-material element
(31) comprises choosing a suited thickness of said layers

(33, 34).

The camera module (12) as claimed in any one of the pre-
ceding claims, characterized in that said bi-material el-
ement (31) is designed to bend away from the lens objec-

tive (20) with rising temperature.

The camera module (12) as claimed in any one of the pre-
ceding claims, characterized in that bi-material element
(31) is adapted to bend towards the lens objective (20)

with rising temperature.

The camera module (12) as claimed in any one of the pre-
ceding claims, characterized in that the material of one
or preferably both of said at least two layers (33, 34)

is a metal.

The camera module (12) as claimed in any one of the pre-
ceding, characterized in that the layers (33, 34) are
formed by layers of a sandwiched structure, like a PCB
structure, comprising a metal layer, for example a copper

layer, and a non-metal composite layer, like a glass
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11.

12.

13.

14.

15.

fiber layer.

The camera module (12) as claimed in claim 10, character-
ized in that the bending properties of the bi-material
element (31) are tuned by adjusting the copper coverage
in the copper layer of the sandwiched structure, for ex-

ample in the form of a sgquare grid.

The camera module (12) as claimed in claim 10 or 11, char-
acterized in that the bending properties of the bi-mate-
rial element (31) are tuned by providing slits in at

least one of said layers (33, 34) to mechanically decou-

ple from the lens holder (53).

The camera module (12) as claimed in any one of claims 10
to 12, characterized in that the bending properties of
the bi-material element (31) are tuned by providing an
inhomogeneous pattern in said metal layer, in particular
in said copper layer, wherein preferably said inhomogene-
ous pattern comprises stripes in a preferred direction, a

circular pattern, or combinations thereof.

The camera module (12} as claimed in any one of the pre-
ceding claims, characterized in that the bi-material ele-
ment (31) is designed such that a thermal displacement of
the bi-material element (31) is able to compensate a
thermal expansion of the lens holder (53) and a shift of
the image plane caused by changes of and within the lens

objective (20).

A camera module (12) for a motor vehicle, comprising a
lens objective (20), a housing (22) comprising a back

plate (32) and a lens holder (53), wherein said back
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plate (32) carries an image sensor (24) within the hous-
ing (22), wherein said lens holder (53) is mounted to
said back plate (32) and holds said lens obijective (20}
such that said image sensor (24) i1s arranged in or close
to an image plane (A) of the lens objective (20}, charac-
terized in that the back plate (32) and the lens holder
(53) have thermal properties and geometries and being
connected together such that the back plate (32) is

adapted to bend with changing temperature.
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