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(54) CAMERA MODULE AND IMAGING APPARATUS INCLUDING THE SAME

(57) Provided are a camera module and an imaging
apparatus including the same. The camera module in-
cludes a printed circuit board (PCB); a first imaging de-
vice on the PCB, the first imaging device configured to
generate first image data based on a received optical
signal; a second imaging device on the PCB, the second
imaging device configured to generate second image da-
ta based on the received optical signal; a power man-
agement integrated circuit (PMIC) on the PCB, the PMIC
configured to generate a plurality of power voltages
based on an external power voltage received from an
external power supply and provide the plurality of power
voltages to the first imaging device and the second im-
aging device; and a connector configured to receive the
external power voltage from the external power supply
and provide the external power voltage to the PMIC.
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Description

BACKGROUND

[0001] The present disclosure relate to a camera mod-
ule and/or an imaging apparatus comprising the same.
[0002] Recently, due to the expanded use of camera
functions in electronic devices such as smart phones, a
plurality of camera assemblies, each including image
sensors, are often installed in the electronic devices. The
electronic devices may generate a 3D image, a pano-
ramic image, a zoom image, and a high-resolution image
by synthesizing a plurality of images captured by the plu-
rality of camera assemblies. In order to provide a high
quality image, a technique of minimizing or reducing the
noise generation of an image sensor is required.

SUMMARY

[0003] The present invention provides a camera mod-
ule according to the appended claims. The present dis-
closure of the present disclosure provide a camera mod-
ule for minimizing or reducing noise of an image sensor
and/or minimizing or reducing the number of elements
to be mounted; and/or an imaging apparatus including
the same.
[0004] According to an example aspect of the present
disclosure, there is provided a camera module including
a printed circuit board (PCB); a first imaging device on
the PCB and configured to generate first image data
based on a received optical signal; a second imaging
device on the PCB and configured to generate second
image data based on the received optical signal; a power
management integrated circuit (PMIC) on the PCB and
configured to generate a plurality of power voltages
based on an external power voltage received from an
external power supply, the plurality of power voltages
including a first power voltage and a second power volt-
age. The PMIC configured to provide the at least the first
power voltage to the first imaging device and at least the
second power voltage the second imaging device; and
a connector configured to receive the external power volt-
age from the external power supply and provide the ex-
ternal power voltage to the PMIC.
[0005] According to an example embodiment of the
present disclosure, there is provided a camera module
including a first imaging device mounted on a first printed
circuit board, the first imaging device configured to gen-
erate first image signals based on a received optical sig-
nal; a second imaging device configured to generate sec-
ond image signals based on the optical signal; a first re-
fracting device configured to refract the received optical
signal toward the first imaging device; a PMIC on the first
PCB and configured to provide a first power voltage to
the first imaging device; and a connector configured to
receive a power voltage from an outside and provide the
power voltage to the PMIC.
[0006] According to an example embodiment of the

present disclosure, there is provided an imaging appa-
ratus including: a first camera module comprising at least
one first camera assembly and a first PMIC, the at least
one first camera assembly configured to generate image
data, and the first PMIC configured to generate a plurality
of power voltages based on a power voltage received
through a connector to provide the plurality of power volt-
ages to the at least one first camera assembly; a power
supply configured to provide the power voltage to the first
camera module through the connector; and a processor
configured to provide a control signal to the first camera
module through the connector.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Some embodiments of the present disclosure
will be more clearly understood from the following de-
tailed description taken in conjunction with the accom-
panying drawings in which:

FIG. 1 is a block diagram illustrating a camera mod-
ule according to an example embodiment of the
present disclosure;
FIG. 2 is a side cross-sectional view schematically
showing an imaging device;
FIGS. 3A to 3C illustrate examples of imaging de-
vices included in a camera module and examples of
voltages provided by a PMIC to the imaging devices
according to an example embodiment of the present
disclosure;
FIG. 4 schematically illustrates a camera module ac-
cording to an example embodiment of the present
disclosure;
FIGS. 5A and 5B are block diagrams schematically
illustrating PMICs according to an example embod-
iment of the present disclosure;
FIGS. 6A through 6D are diagrams schematically
illustrating a layout of a camera module according
to an example embodiment of the present disclosure;
FIG. 7 is a block diagram schematically illustrating
an imaging apparatus including a camera module
according to an example embodiment of the present
disclosure;
FIG. 8A is a block diagram illustrating an imaging
apparatus including a camera module according to
a comparative example, and FIG. 8B is a block dia-
gram illustrating an imaging apparatus including a
camera module according to an example embodi-
ment of the present disclosure;
FIG. 9 is a block diagram schematically illustrating
a camera module according to an example embod-
iment of the present disclosure;
FIG. 10 is a diagram schematically illustrating a lay-
out of a camera module according to an example
embodiment of the present disclosure;
FIG. 11 is a block diagram schematically illustrating
a camera module according to an example embod-
iment of the present disclosure;
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FIGS. 12A and 12B are diagrams schematically il-
lustrating a layout of a camera module according to
an example embodiment of the present disclosure;
FIGS. 13A, 13B and 13C are block diagrams sche-
matically illustrating imaging apparatuses including
camera modules according to an example embodi-
ment of the present disclosure;
FIG. 14 schematically illustrates a camera module
with a folded structure using a refraction device ac-
cording to an example embodiment of the present
disclosure;
FIGS. 15A and 15B schematically illustrate cross-
sectional views of a camera module according to an
example embodiment of the present disclosure;
FIGS. 16A and 16B schematically illustrate a camera
module according to an example embodiment of the
present disclosure; and
FIG. 17 is a block diagram illustrating a portable ter-
minal including a camera module according to an
example embodiment of the present disclosure.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0008] When an element is referred to as being "on,"
"connected to," "coupled to," or "adjacent to," another
element, the element may be directly on, connected to,
coupled to, or adjacent to, the other element, or one or
more other intervening elements may be present. In con-
trast, when an element is referred to as being "directly
on," "directly connected to," "directly coupled to," or "im-
mediately adjacent to" another element there are no in-
tervening elements present.
[0009] FIG. 1 is a block diagram illustrating a camera
module 100 according to an example embodiment of the
present disclosure.
[0010] Referring to FIG. 1, the camera module 100 may
include a first imaging device 120-1, a second imaging
device 120-2, a power management integrated circuit
(PMIC) 130, and a connector 140. The first imaging de-
vice 120-1, the second imaging device 120-2, and the
PMIC 130 may be on a printed circuit board (PCB) 110.
In FIG. 1, the camera module 100 is illustrated as includ-
ing two imaging devices, the first imaging device 120-1
and the second imaging device 120-2, but is not limited
thereto. For example, the camera module 100 may in-
clude three or more imaging devices. As such, the cam-
era module 100 having a plurality of imaging devices and
may be referred to as a multi-camera module.
[0011] The imaging device may be a camera assembly
including a lens and an image sensor. Each of the first
imaging device 120-1 and the second imaging device
120-2 may include a lens and an image sensor, and the
image sensor may generate (or obtain) an image (or im-
age data) based on an optical signal collected through
their respective lens.
[0012] A first image generated by the first imaging de-
vice 120-1 may have different image characteristics from
a second image generated by the second imaging device

120-2. For example, the first imaging device 120-1 may
generate a black and white image, and the second im-
aging device 120-2 may generate a color image. As an-
other example, the first imaging device 120-1 may gen-
erate an image using a lens having a first angle of view,
and the second imaging device 120-2 may generate an
image using a lens having a second angle of view that
is wider than the first angle of view. Therefore, the second
image generated by the second imaging device 120-2
may have a wider angle of view than the first image gen-
erated by the first imaging device 120-1. However, the
embodiments are not limited thereto, and, for example,
the lenses of the first imaging device 120-1 and the sec-
ond imaging device 120-2 may have the same angle of
view, and the angles of view of the first image and the
second image may be the same. Other alternatives of
the first imaging device 120-1 and the second imaging
device 120-2 may have shared or varied characteristics
like focal length, lens angle, etc. without diverging from
the example embodiments.
[0013] The PMIC 130 may generate a plurality of power
voltages VDD1, VDD2, and VDD3 used in the first imag-
ing device 120-1 and the second imaging device 120-2
based on an external power voltage VDDe received from
the outside through the connector 140 and provide the
power voltages VDD1, VDD2, and VDD3 to the first im-
aging device 120-1 and the second imaging device
120-2.
[0014] In this case, the first power voltage VDD1
means at least one voltage provided to the first imaging
device 120-1, the second power voltage VDD2 means
at least one voltage provided to the second imaging de-
vice 120-2, and the third power voltage VDD3 means at
least one voltage commonly provided to the first imaging
device 120-1 and the second imaging device 120-2.
Some of the plurality of power voltages VDD1, VDD2,
and VDD3 may be analog power voltages provided to
analog circuits, and the others may be digital power volt-
ages provided to digital circuits.
[0015] In an embodiment, the PMIC 130 may receive
a feedback signal from at least one of the first imaging
device 120-1 and the second imaging device 120-2 and
may adjust the voltage level of a power voltage VDD1,
VDD2, and VDD3 provided to the corresponding imaging
device based on the feedback signal. For example, when
the voltage level of the received first power voltage VDD1
is lower or higher than a target level, the first imaging
device 120-1 may transmit a feedback signal informing
this to the PMIC 130. Accordingly, the PMIC 130 may
adjust the first power voltage VDD1 to match the target
level.
[0016] The connector 140 may electrically connect the
camera module 100 to a main board of an electronic de-
vice including the camera module 100. The connector
140 may be electrically connected to the PCB 110. In an
embodiment, as shown in FIG. 1, the connector 140 may
be connected to the PCB 110 through a flexible PCB
(FPCB) 150. However, the connector is not limited there-
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to. For example, in another embodiment, the connector
140 may be directly connected to PCB 110.
[0017] The connector 140 may include a plurality of
pins 141 that transmit and receive signals or voltages.
The connector 140 may receive the external power volt-
age VDDe through some of the plurality of pins 141, and
the connector 140 may provide the external power volt-
age VDDe to the PMIC 130 through wiring lines patterned
on the PCB 110 and the FPCB 150. Control signals for
controlling the camera module 100 may be received
through the other pins of the plurality of pins 141.
[0018] Wiring lines for communicating signals between
the first imaging device 120-1, the second imaging device
120-2, the PMIC 130, and the connector 140 may also
be patterned on the PCB 110.
[0019] In an example embodiment, the camera module
100 may further include a heat dissipation member (not
shown) for dissipating heat generated by the first imaging
device 120-1, the second imaging device 120-2, and the
PMIC 130. For example, the heat dissipation member
may be attached to one surface of the PCB 110, for ex-
ample, a surface opposite to a surface on which the first
imaging device 120-1, the second imaging device 120-2,
and the PMIC 130 are mounted. The camera module 100
may also include a connection member for grounding the
PCB 110 with a main frame of the electronic device in-
cluding the camera module 100.
[0020] The camera module 100 may be part of an elec-
tronic device having an image capturing or light sensing
function. For example, the camera module 100 may be
part of an electronic device such as a digital still camera,
a digital video camera, a smartphone, a wearable device,
an Internet of Things (IoT) device, a tablet personal com-
puter (PC), a personal digital assistant (PDA), a portable
multimedia player (PMP), a navigation device, etc. In ad-
dition, the camera module 100 may be part of an elec-
tronic device provided as a component of a larger system
or device like a vehicle, furniture, manufacturing facilities,
doors, various measurement devices, a security system,
etc.
[0021] FIG. 2 is a side cross-sectional view schemat-
ically showing an imaging device 120. The imaging de-
vice 120 of FIG. 2 may be applied to at least one of the
first imaging device 120-1 and the second imaging device
120-2 of FIG. 1.
[0022] Referring to FIG. 2, the imaging device 120 may
include a lens 121, an image sensor 122, a filter 123, an
actuator 124, a driving circuit 125, a passive element
126, and a housing 127. In an example embodiment, the
imaging device 120 may include a plurality of lenses and
may further include components for providing additional
functions like an adjustable focal length, variable aper-
ture, focusing, etc.
[0023] Among optical signals collected through the
lens 121, an optical signal transmitted through the filter
123 may be directed to the image sensor 122. The filter
123 may block a component of a specific wavelength
band among frequency components of the received op-

tical signal. As an example, the filter 123 is an IR cut filter,
and may block an infrared component of the optical sig-
nal. Accordingly, filter 123 may prevent, reduce, or min-
imize the noise in the image data caused by the infrared
component. However, the example embodiment is not
limited thereto, and the filter 123 may block a component
of a wavelength band corresponding to a different color
or range among the frequency components of the re-
ceived optical signal.
[0024] The image sensor 122 may convert the received
optical signal into an electrical signal. The image sensor
122 may convert the optical signal to an electrical signal
to generate an electronic image or image data. The con-
version may be an analog-to-digital conversion.
[0025] The image sensor 122 may include a pixel array
that receives an optical signal. The pixel array may be
implemented as, for example, a photoelectric conversion
element such as a charge coupled device (CCD) or a
complementary metal oxide semiconductor (CMOS), or
may be implemented as various types of photoelectric
conversion elements. The pixel array may include a plu-
rality of pixels for converting a received optical signal into
an electrical signal, and the plurality of pixels may be
arranged in a matrix. Each of the plurality of pixels in-
cludes a photosensitive element. For example, the pho-
tosensitive element may include a photodiode, a pho-
totransistor, a port gate, a pinned photodiode, or the like.
[0026] The image sensor 122 may be mounted on the
PCB 110. In an example embodiment, the image sensor
122 may be mounted on the PCB 110 by a wire bonding
method using a wire 128.
[0027] The actuator 124 may be connected to the lens
121 and may move the lens 121 in an optical axis or a
plane perpendicular to the optical axis under the control
of the driving circuit 125. Accordingly, the imaging device
120 may provide an additional function for improving im-
age quality such as auto focusing (AF), optical image
stabilizer (OIS), iris aperture, etc. In an embodiment, the
actuator 124 may be integrated with the housing 127 that
forms the exterior of the imaging device 120. When the
imaging device 120 does not provide the additional func-
tion, the imaging device 120 may not include the driving
circuit 125 and the actuator 124.
[0028] The image sensor 122, the actuator 124, and
the driving circuit 125 may operate based on a power
voltage received from the PMIC (130 of FIG. 1), and may
include the passive element 126 for noise removal of the
received voltage and voltage level stabilization. For ex-
ample, the passive element 126 may be a capacitor.
[0029] In FIG. 2, the drive circuit 125 and the passive
element 126 are outside the housing 127, but are not
limited thereto. For example, and the drive circuit 125
and/or the passive element 126 may be inside the hous-
ing 127 or integrated into the housing 127.
[0030] FIGS. 3A to 3C illustrate implementation exam-
ples of imaging devices included in a camera module and
examples of voltages provided by the PMIC 130 to the
imaging devices according to an example embodiment.
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FIGS. 3A to 3C illustrate components that may operate
based on a received voltage among components includ-
ed in the imaging devices.
[0031] Referring to FIG. 3A, the first imaging device
120-1 may include an image sensor 122-1, an actuator
124-1, and a driving circuit 125-1, and the second imag-
ing device 120-2 may also include the image sensor
122-2, an actuator 124-2, and a driving circuit 125-2.
[0032] The PMIC 130 may generate a plurality of power
voltages V1 to V7 used in the first imaging device 120-1
and the second imaging device 120-2 for example, first
to seventh voltages V1 to V7, and provide the plurality
of power voltages V1 to V7 to the first imaging device
120-1 and the second imaging device 120-2. For exam-
ple, the PMIC 130 may generate the first voltage V1, the
fourth voltage V4, and the sixth voltage V6 as the first
power voltage (VDD1 of FIG. 1) provided to the first im-
aging device 120-1, generate the second voltage V2, the
fifth voltage V5, and the seventh voltage V7 as the second
power voltage (VDD2 of FIG. 1) provided to the second
imaging device 120-2, and generate the third voltage V3
as the third power voltage (VDD3 in FIG. 1) commonly
provided to the first imaging device 120-1 and the second
imaging device 120-2. However, this is merely an exam-
ple, and the type and number of voltages generated by
the PMIC 130 may vary.
[0033] The PMIC 130 may output the plurality of power
voltages V1 to V7, and plurality of power voltages V1 to
V7 may be provided to corresponding components
among the components of the first imaging device 120-1
and the second imaging device 120-2 respectively
through wirings patterned on the PCB 110.
[0034] In the first imaging device 120-1, the image sen-
sor 122-1 may use the first voltage V1 and the third volt-
age V3 as the power voltages, the driving circuit 125-1
may use the fourth voltage V4 as the power voltage, and
the actuator 124-1 may use the sixth voltage V6 as the
power voltage. The actuator 124-1 may operate under
the control of the driving circuit 125-1, for example, based
on a first control signal S1.
[0035] In the second imaging device 120-2, the image
sensor 122-2 may use the second voltage V2 and the
third voltage V3 as the power voltages, the driving circuit
125-2 may use the fifth voltage V5 as the power voltage,
and the actuator 124-2 may use the seventh voltage V7
as the power voltage. The actuator 124-2 may operate
under the control of the driving circuit 125-2, for example,
based on a second control signal S2.
[0036] Referring to FIG. 3B, the first imaging device
120-1 may include the image sensor 122-1, the actuator
124-1, and the driving circuit 125-1, and a second imag-
ing device 120-2a may include the image sensor 122-2
and the actuator 124-2.
[0037] Compared with the second imaging device
120-2 of FIG. 3A, the second imaging device 120-2a does
not include a driving circuit, and the actuator 124-2 of the
second imaging device 120-2a may operate under the
control of the driving circuit 125-1 provided in the first

imaging device 120-1. The actuator 124-2 of the second
imaging device 120-2a may operate based on the second
control signal S2 provided from the driving circuit 125-1.
[0038] Referring to FIG. 3C, the first imaging device
120-1 may include the image sensor 122-1, the actuator
124-1, and the driving circuit 125-1, and a second imag-
ing device 120-2b may include the image sensor 122-2.
[0039] Compared to the second imaging device 120-2
of FIG. 3A, the second imaging device 120-2b may not
include a driving circuit and an actuator.
[0040] In FIGS. 3B to 3C, the PMIC 130 may generate
voltages according to components included in the first
imaging device 120-1 and the second imaging devices
(120-2a of FIG. 3B and 120-2b of FIG. 3C) and provide
the voltages to each of the components of the first imag-
ing device 120-1 and the second imaging devices
(120-2a of FIG. 3B and 120-2b of FIG. 3C). For example,
in FIG. 3B, the PMIC 130 may generate the first to sixth
voltages V1 to V6 used in the first imaging device 120-1
and the second imaging device 120-2a and provide the
first to sixth voltages V1 to V6 to each of corresponding
components of the first imaging device 120-1 and the
second imaging device 120-2a. In addition, in FIG. 3C,
the PMIC 130 may generate the first to fifth voltages V1
to V5 used in the first imaging device 120-1 and the sec-
ond imaging device 120-2b and provide the first to fifth
voltages V1 to V5 to each of the corresponding compo-
nents of the first imaging device 120-1 and the second
imaging device 120-2b.
[0041] FIG. 4 schematically illustrates the camera
module 100 according to an example embodiment of the
present disclosure.
[0042] Referring to FIG. 4, the PMIC 130 may include
a plurality of input terminals 31, and receive external pow-
er, for example, from the first external power voltage VD-
Del and the second external power voltage VDDe2,
through some terminals of the plurality of input terminals
31. Passive elements 131-1 to 131-4 may be connected
to the plurality of input terminals 31 to remove noise from
the received power voltages, or internally generate volt-
ages and stabilize voltage levels. The passive elements
131-1 to 131-4 may be, for example, capacitors.
[0043] The PMIC 130 may include a plurality of output
terminals 32 and may output power voltages to the first
imaging device 120-1 and to the second imaging device
120-2 through the plurality of output terminals 32.
[0044] As described above with reference to FIG. 2,
the first imaging device 120-1 and/or the second imaging
device 120-2 may include passive elements 126-1 to
126-4. For example, as shown in FIG. 4, the passive el-
ements 126-1 through 126-4 may be connected to input
terminals 129 of the image sensors 122-1 and 122-2.
[0045] At least some of the plurality of output terminals
32 of the PMIC 130 may be connected to the passive
elements 126-1 to 126-4. The PMIC 130 may share the
passive elements 126-1 through 126-4 with the first im-
aging device 120-1 and/or the second imaging device
120-2. The PMIC 130 may use the passive elements
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126-1 to 126-4 of the first imaging device 120-1 and/or
the second imaging device 120-2 to remove noise of pow-
er voltages output and to stabilize voltage levels. As such,
separate passive elements for removing noise from pow-
er voltages output to the plurality of output terminals 32
of the PMIC 130 and stabilizing voltage levels may be
omitted, and the PMIC 130 may remove noise of the pow-
er voltages output by using the passive elements 126-1
to 126-4 of the first imaging device 120-1 and/or the sec-
ond imaging device 120-2 and stabilize voltage levels.
Therefore, the number of passive elements included in
the camera module 100 may be reduced.
[0046] FIGS. 5A and 5B are block diagrams schemat-
ically illustrating PMICs 130a and 130b according to an
example embodiment of the present disclosure.
[0047] Referring to FIG. 5A, the PMIC 130a may in-
clude a first voltage generator 131 and a second voltage
generator 132. The first voltage generator 131 may gen-
erate the first power voltage VDD1 provided to the first
imaging device (120-1 of FIG. 1) and the third power volt-
age VDD3 commonly provided to the first imaging device
120-1 and the second imaging device (120-2 of FIG. 1),
and the second voltage generator 132 may generate the
second power voltage VDD2 provided to the second im-
aging device 120-2.
[0048] The PMIC 130a may receive a control signal
from an external processor (e.g., 200 of FIG. 7) and may
receive a first enable signal EN1 and a second enable
signal EN2.
[0049] The first voltage generator 131 may activate or
deactivate in response to the first enable signal EN1, and
the second voltage generator 132 may activate or deac-
tivate in response to the second enable signal EN2. For
example, the first voltage generator 131 and the second
voltage generator 132 may be activated in response to
the first enable signal EN1 and the second enable signal
EN2 of a first level, for example, logic high, respectively
and deactivated in response to the first enable signal
EN1 and the second enable signal EN2 of a second level,
for example, logic low, respectively.
[0050] For example, when both of the first imaging de-
vice 120-1 and the second imaging device 120-2 operate,
the PMIC 130a may receive the first enable signal EN1
and the second enable signal EN2 of a first logic level
and when the first imaging device 120-1 operates and
the second imaging device 120-2 does not operate, the
PMIC 130a may receive the first enable signal EN1 of
the first logic level and the second enable signal EN2 of
a second logic level.
[0051] Referring to FIG. 5B, the PMIC 130b may in-
clude the first voltage generator 131, the second voltage
generator 132, and a third voltage generator 133. The
first voltage generator 131 may generate the first power
voltage VDD1 provided to the first imaging device (120-1
of FIG. 1), the second voltage generator 132 may gen-
erate the second power voltage VDD2 provided to the
second imaging device (120-2 of FIG. 1), and the third
voltage generator 133 may generate the third power volt-

age VDD3 commonly provided to the first imaging device
120-1 and the second imaging device 120-2. The first
voltage generator 131, the second voltage generator
132, and the third voltage generator 133 may activate or
deactivate in response to the first enable signal EN1, the
second enable signal EN2, and a third enable signal EN3,
respectively.
[0052] FIGS. 6A through 6D are diagrams schemati-
cally illustrating a layout of the camera module 100 ac-
cording to an example embodiment of the present dis-
closure. A position where the PMIC 130 is on the layout
of the camera module 100 will be described with refer-
ence to FIGS. 6A through 6D.
[0053] Referring to FIG. 6A, the first imaging device
120-1 and the second imaging device 120-2 may be ar-
ranged parallel to a first direction (X-axis direction) on
the PCB 110, and the PMIC 130 may be between the
connector 140 and the first imaging device 120-1 and the
second imaging device 120-2 in a second direction (Y-
axis direction) perpendicular to the first direction. In an
example embodiment, the PMIC 130 may be between
the first imaging device 120-1 and the second imaging
device 120-2 in the first direction.
[0054] As illustrated in FIG. 6B, the PMIC 130 may be
between the first imaging device 120-1 and the second
imaging device 120-2.
[0055] As shown in FIGS. 6A and 6B, the PMIC 130,
the connector 140, and the first and second imagining
devices 120-1 and 120-2 may be arranged such that the
distance between the connector 140 and the PMIC 130,
and the distance between the first and second imaging
devices 120-1 and 120-2 and the PMIC 130 may be min-
imized or reduced.
[0056] Referring to FIG. 6C, the PMIC 130 may be in
the housing 127 of the first imaging device 120-1 or the
second imaging device 120-2. For example, as shown,
the PMIC 130 may be in the housing 127 of the first im-
aging device 120-1. In an embodiment, the PMIC 130
may be adjacent to the first imaging device 120-1. In an-
other embodiment, the PMIC 130 may be inside the hous-
ing 127 of an imaging device sharing space with the first
imaging device 120-1 and the second imaging device
120-2.
[0057] Referring to FIG. 6D, the connector 140 and the
FPCB 150 may be connected to one side of the PCB
110. The PMIC 130 may also be on one side of the PCB
110, for example, the side closest to the connector 140
in order to minimize or reduce the distance between the
PMIC 130 and the connector 140.
[0058] Referring to FIGS. 6A to 6D, the position where
the PMIC 130 is on the layout of the camera module 100
according to examples embodiment is described above.
However, the embodiments are not limited thereto, and
the position where the PMIC 130 is located on the camera
module 100 may be changed based on considerations
like wiring efficiency, manufacturing restrictions, etc.
[0059] FIG. 7 is a block diagram schematically illus-
trating an imaging apparatus 1000 including the camera
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module 100 according to an example embodiment of the
present disclosure.
[0060] Referring to FIG. 7, the imaging apparatus 1000
may include a camera module 100, a processor 200, and
a power supply 300. The processor 200 and the power
supply 300 may be mounted on a main board 400 of the
imaging apparatus 1000. The camera module 100 may
be mounted on the main board 400 or connected to the
main board 400 through the connector 140.
[0061] The processor 200 may be any other processor
configured to execute program instructions stored in a
central processing device (CPU), a microprocessor, an
ARM processor, an X86 processor, a microprocessor
without interlocked pipeline stages (MIPS) processor, a
graphics processing device (GPU), or a general purpose
GPU.
[0062] The processor 200 may provide a control signal
CS for controlling the camera module 100 to the camera
module 100. The camera module 100 may receive in-
structions or commands for the control signal CS through
the connector 140. For example, the control signal CS
may include setting registers of the first imaging device
120-1, the second imaging device 120-2, and the PMIC
130, or an enable signal for controlling operations there-
of, etc.
[0063] The power supply 300 may be a battery or a
main PMIC of the imaging apparatus 1000. The power
supply 300 may provide a power voltage output from the
power supply 300, that is, the external power voltage
VDDe, to the PMIC 130 through the connector 140.
[0064] The camera module 100 may be connected to
other components of the imaging apparatus 1000. For
example, the camera module 100 may be connected to
the power supply 300 and the processor 200 through the
connector 140, and may transmit and receive signals or
voltages through the plurality of pins 141 of the connector
140.
[0065] FIG. 8A is a block diagram illustrating an imag-
ing apparatus 1000’ including a camera module 100’ ac-
cording to a comparative example, and FIG. 8B is a block
diagram illustrating the imaging apparatus 1000 includ-
ing the camera module 100 according to an example em-
bodiment of the present disclosure.
[0066] Referring to FIG. 8A, the camera module 100’
according to the comparative example may include the
first imaging device 120-1 and the second imaging device
120-2, and a PMIC 130’ providing power voltages, for
example, the voltages V1 to V7, to the camera module
100’ may be mounted on the main board 400 of the im-
aging apparatus 1000’.
[0067] The PMIC 130’ may generate the voltages V1
to V7 based on the external power voltages VDDel and
VDDe2 provided from the power supply 300 and provide
the voltages V1 to V7 to the first and second imaging
devices 120-1 and 120-2 of the camera module 100’
through the connector 140’ of the camera module 100’.
Accordingly, at least seven pins of the plurality of pins
141 of the connector 140’ may transmit the voltages V1

to V7.
[0068] Referring to FIG. 8B, the camera module 100
according to an example embodiment may include the
first imaging device 120-1, the second imaging device
120-2, and the PMIC 130. The PMIC 130 may receive
the external power voltages VDDel and VDDe2 from the
power supply 300 mounted on a main board 400 of the
imaging apparatus 1000 through the connector 140, gen-
erate the voltages V1 to V7 based on the received exter-
nal power voltages VDDel and VDDe2, and provide the
voltages V1 to V7 to the first and second imaging devices
120-1 and 120-2. Accordingly, two of the plurality of pins
141 of the connector 140 may transmit the external power
voltages VDDel and VDDe2. Therefore, the number of
pins of connector of the camera module 100 according
to an example embodiment may be reduced in compar-
ison to the camera module 100’ according to the com-
parative example.
[0069] Meanwhile, referring to FIGS. 8A and 8B, in the
camera module 100, because the PMIC 130 is mounted
in the camera module 100, the distance D2 between the
first imaging device 120-1 and the second imaging device
120-2 and the PMIC 130 may be minimized or reduced.
Thus, in the imaging apparatus 1000 to which the camera
module 100 is attached, a distance D2 between the PMIC
130 and the first and the second imaging device 120-1
and 120-2 may be relatively shorter than a distance D1
between PMIC 130’ and the first and the second imaging
device 120-1 and 120-2 in the imaging apparatus 1000’.
Accordingly, the relatively shorter distance D2 may min-
imize or reduce the noise in the transmitted voltages V1
to V7 to the first imaging device 120-1 and the second
imaging device 120-2 and may minimize or reduce the
I-R drop across the wire, and thus remove, reduce, or
minimize the power noise.
[0070] In addition, in the imaging apparatus 1000’ of
FIG. 8A, passive elements may be connected to an out-
put terminal side of the PMIC 130’ to remove noise and
stabilize the voltage levels of the voltages V1 to V7 output
from the PMIC 130’. However, as described with refer-
ence to FIG. 4, in the camera module 100, the PMIC 130
may use passive elements of the first imaging device
120-1 and the second imaging device 120-2, thus, shar-
ing the passive elements and reducing the number of the
passive elements mounted on the imaging apparatus
1000.
[0071] FIG. 9 is a block diagram schematically illus-
trating a camera module 100b according to an example
embodiment.
[0072] Referring to FIG. 9, the camera module 100b
may include the first imaging device 120-1, the second
imaging device 120-2, a third imaging device 120-3, the
PMIC 130, and the connector 140. The first imaging de-
vice 120-1, the second imaging device 120-2, the third
imaging device 120-3, and the PMIC 130 may be on the
PCB 110 and may transmit and receive signals or volt-
ages to and from outside the camera module 100b
through the connector 140. In an embodiment, the con-
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nector 140 may be connected to the PCB 110 through
the FPCB 150.
[0073] The PMIC 130 may generate a plurality of power
supply voltages VDD1, VDD2, VDD3, and VDD4 based
on the external power voltage VDDe received from out-
side the camera module 100b through the connector 140
and provide the power voltages VDD1, VDD2, VDD3,
and VDD4 to the first imaging device 120-1, the second
imaging device 120-2, and the third imaging device
120-3.
[0074] FIG. 10 is a diagram schematically illustrating
a layout of the camera module 100b according to the
example embodiment of FIG. 9.
[0075] Referring to FIG. 10, the first imaging device
120-1, the second imaging device 120-2, and the third
imaging device 120-3 may be arranged on the PCB 110
in parallel to a first direction (i.e. along an X-axis). The
PMIC 130 may be between the connector 140 and the
first, second, and third imaging devices 120-1 to 120-3
in a second direction (Y-axis direction) perpendicular to
the first direction. In an embodiment, the PMIC 130 may
be at a lower end of the second imaging device 120-2.
Accordingly, the distance between the connector 140 and
the PMIC 130 and the distance between the first, second,
and third imaging devices 120-1 to 120-3 and the PMIC
130 may be minimized or reduced.
[0076] FIG. 11 is a block diagram schematically illus-
trating a camera module 100c according to an example
embodiment.
[0077] Referring to FIG. 11, the camera module 100c
may include an imaging device 120, the PMIC 130, and
the connector 140. The imaging device 120 and the PMIC
130 may be on the PCB 110. The connector 140 may be
connected to the PCB 110 directly or through the FPCB
150.
[0078] The camera module 100c may include an image
sensor 122, an actuator 124, and a driving circuit 125,
and the PMIC 130 may generate the power voltages for
the actuator 124, the image sensor 122, and the driving
circuit 125, based on the external power voltage VDDe
received through the connector 140, and provide the volt-
ages to the image sensor 122, the actuator 124, and the
driving circuit 125.
[0079] Meanwhile, as described with reference to FIG.
4, the PMIC 130 may share a passive element with the
imaging device 120. For example, an output terminal for
outputting a voltage provided to the image sensor 122
among output terminals of the PMIC 130 may be con-
nected to the passive element 126 connected to an input
terminal of the image sensor 122. As a result, the passive
element 126 connected to the input terminal of the image
sensor 122 may stabilize the voltage level of the voltage
provided to the image sensor 122 and removed or reduce
the noise.
[0080] FIGS. 12A and 12B are diagrams schematically
illustrating a layout of the camera module 100c according
to the example embodiment of FIG. 11.
[0081] Referring to FIG. 12A, the PMIC 130 may be

between the imaging device 120 and the connector 140
on the PCB 110. Alternatively, as shown in FIG. 12B, the
PMIC 130 may be in the housing 127 of the imaging de-
vice 120.
[0082] FIGS. 13A, 13B and 13C are block diagrams
schematically illustrating imaging apparatuses 1000a,
1000b, and 1000c including camera modules 101, 102,
and 103 according to an example embodiment of the
present disclosure. The imaging apparatuses 1000a,
1000b, and 1000c may include the plurality of camera
modules 101, 102, and 103 including PMICs 130-1,
130-2, and 130-3.
[0083] Referring to FIG. 13A, the imaging apparatus
1000a may include the first camera module 101, the sec-
ond camera module 102, and the power supply 300. The
imaging apparatus 1000a may further include a proces-
sor configured to generate control signals for controlling
the first camera module 101 and the second camera mod-
ule 102.
[0084] The first camera module 101 may include a plu-
rality of imaging devices, for example, the first imaging
device 120-1 and the second imaging device 120-2, the
first PMIC 130-1, and a first connector 140-1. The first
imaging device 120-1, the second imaging device 120-2,
and the first PMIC 130-1 may be on a first PCB 111. The
first connector 140-1 may connect directly to the first PCB
111, through a FPCB 151, or through other means.
[0085] The second camera module 102 may include
at least one imaging device, for example, the third imag-
ing device 120-3, the second PMIC 130-2, and a second
connector 140-2. The third imaging device 120-3 and the
second PMIC 130-2 may be on a second PCB 112. The
second connector 140-2 may be connected to the second
PCB 112 through a FPCB 152 or directly. In an embod-
iment, the power consumption of at least one imaging
device, for example, the third imaging device 120-3, may
be relatively higher than that of the other imaging devices,
for example the first imaging device 120-1 and the second
imaging device 120-2, or may be relatively higher than
the sum of the power consumption of the first imaging
device 120-1 and the power consumption of the second
imaging device 120-2.
[0086] The first camera module 101 and the second
camera module 102 may be connected to the main board
400 of the imaging apparatus 1000a through the connec-
tors 140-1 and 140-2, respectively. The power supply
300 may provide the first external power voltage VDDel
to the first PMIC 130-1 of the first camera module 101
through the first connector 140-1, and provide the second
external power voltage VDDe2 to the second PMIC 130-2
of the second camera module 102 through the second
connector 140-2.
[0087] Referring to FIG. 13B, the imaging apparatus
1000b may include the first camera module 101, the sec-
ond camera module 102, and the power supply 300.
[0088] The first camera module 101 may include the
first imaging device 120-1, the first PMIC 130-1, and the
first connector 140-1, and the second camera module
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102 may include the second imaging device 120-2, the
second PMIC 130-2, and the second connector 140-2.
As such, each of the first camera module 101 and the
second camera module 102 may include one imaging
device, and a PMIC may be mounted on a camera mod-
ule.
[0089] In an embodiment, the first camera module 101
and the second camera module 102 may operate in syn-
chronization with each other. For example, a synchroni-
zation signal SYNC may be transmitted and received be-
tween the first camera module 101 and the second cam-
era module 102 through the connectors 140-1 and 140-2,
and the first PMIC 130-1 and the second PMIC 130-2
may generate power voltages based on an operation time
according to the synchronization signal SYNC. For ex-
ample, the first PMIC 130-1 in the first camera module
101 may provide the synchronization signal SYNC to the
second PMIC 130-2 in the second camera module 102,
and the second PMIC 130-2 may generate power volt-
ages for the second imaging device 120-2 based on the
synchronization signal SYNC. For example, the synchro-
nization signal SYNC may include a timing signal, an
on/off signal of a camera module, and the like.
[0090] Referring to FIG. 13C, the imaging apparatus
1000c may include the first camera module 101, the sec-
ond camera module 102, and the third camera module
103. Each of the first camera module 101, the second
camera module 102, and the third camera module 103
may include one of the imaging devices 120-1, 120-2,
and 120-3 and one of the PMICs 130-1, 130-2, and 130-3.
The PMICs 130-1, 130-2, and 130-3 respectively provid-
ed in the first camera module 101, the second camera
module 102, and the third camera module 103 may gen-
erate power voltages VDD1, VDD2, and VDD3 based on
the external power voltages VDDe1, VDDe2, and VDDe3
received from the power supply 300 through the connec-
tors 140-1, 140-2, and 140-3, respectively, and provide
the power voltages VDD1, VDD2, and VDD3 to the im-
aging devices 120-1, 120-2, and 120-3.
[0091] In an embodiment, similarly to the description
provided with reference to FIG. 13B, the first camera
module 101, the second camera module 102, and the
third camera module 103 may operate in synchronization
with each other. For example, the synchronization signal
SYNC may be transmitted and received between the first
camera module 101, the second camera module 102,
and the third camera module 103 through the connectors
140-1, 140-2, and 140-3, and the PMICs 130-1, 130-2,
and 130-3 may generate power voltages based on an
operation time according to the synchronization signal
SYNC.
[0092] FIG. 14 schematically illustrates a camera mod-
ule 20 with a folded structure using a refraction device
according to the example embodiment of the present dis-
closure.
[0093] Referring to FIG. 14, the camera module 20 may
include the first imaging device 120-1, the second imag-
ing device 120-2, the PMIC 130, a first refraction device

161, and a second refraction device 162. The first refrac-
tion device 161 and the second refraction device 162
may include a prism, a mirror, a beam splitter, etc.
[0094] The first refraction device 161 may refract (or
reflect) an optical signal received from outside the cam-
era module 20 in a direction (e.g., a Y-axis direction) in
which the first imaging device 120-1 is positioned. The
second refraction device 162 may refract the refracted
optical signal in a direction (e.g., an X-axis direction) in
which the second imaging device 120-2 is positioned or
transmit the optical signal in the direction of the first im-
aging device 120-1.
[0095] The first imaging device 120-1 may be mounted
on the first PCB 111, and the second imaging device
120-2 may be mounted on the second PCB 112. The
PMIC 130 may be mounted on at least one of the first
PCB 111 and the second PCB 112. A connector may be
connected to at least one of the first PCB 111 and the
second PCB 112. In an embodiment, the first PCB 111
and the second PCB 112 may be connected through a
FPCB.
[0096] FIGS. 15A and 15B schematically illustrate
cross-sectional views of a camera module according to
an example embodiment of the present disclosure. FIGS.
15A and 15B are cross-sectional views of the camera
module 20 of FIG. 14 viewed in a third direction (a Z-axis
direction).
[0097] Referring to FIG. 15A, in a camera module 20a,
the connector 140 may be connected to the first PCB 111
directly or through the FPCB 150, and the PMIC 130 may
be mounted on the first PCB 111. The first PCB 111 and
the second PCB 112 may be connected through a FPCB
150-1.
[0098] The PMIC 130 may generate power voltages
VDD1 and VDD2 for the first imaging device 120-1 and
the second imaging device 120-2 using an external pow-
er voltage VDDel and VDDe2 received from the outside
through the connector 140. The PMIC 130 may provide
a power voltage VDD1 to the first imaging device 120-1
through wiring lines patterned on the first PCB 111 and
provide a power voltage VDD2 to the second imaging
device 120-2 through wiring lines patterned on the FPCB
150-1 and the second PCB 112.
[0099] Referring to FIG. 15B, in a camera module 20b,
the first connector 141 and the second connector 142
may be respectively connected to the first PCB 111 and
the second PCB 112 directly or through the FPCBs 151
and 152. The first imaging device 120-1 and the first
PMIC 130-1 may be mounted on the first PCB 111, and
the second imaging device 120-1 and the second PMIC
130-2 may be mounted on the second PCB 112.
[0100] The first PMIC 130-1 may generate power volt-
ages VDD1 for the first imaging device 120-1 based on
an external power voltage VDDe received from the out-
side through the first connector 141. The second PMIC
130-2 may generate power voltages VDD2 for the second
imaging device 120-2 based on an external power volt-
age received from the outside through the second con-
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nector 142.
[0101] FIGS. 16A and 16B schematically illustrate a
camera module according to an example embodiment of
the present disclosure.
[0102] Referring to FIG. 16A, the camera module 30a
may include the first imaging device 120-1, the second
imaging device 120-2, the PMIC 130, the connector 140,
the first refraction device 161, and the second refraction
device 162.
[0103] The first imaging device 120-1, the second im-
aging device 120-2, and the PMIC 130 may be mounted
on the PCB 110. The connector 140 may be connected
to the PCB 110 through the FPCB 150. The PMIC 130
may be between the first imaging device 120-1 and the
second imaging device 120-2 on the PCB 110.
[0104] The first refraction device 161 and the second
refraction device 162 may refract received light in a di-
rection in which the first imaging device 120-1 and the
second imaging device 120-2 are positioned, for exam-
ple, in the Y-axis direction. The first imaging device 120-1
and the second imaging device 120-2 may receive optical
signals through the refraction of the light by the first re-
fraction device 161 and the second refraction device 162
and respectively generate images based on the optical
signals.
[0105] Referring to FIG. 16B, in a camera module 30b,
the connector 140 may be connected to one side of the
PCB 110. The PMIC 130 may be in an area close to the
connector 140 on the PCB 110.
[0106] FIG. 17 is a block diagram illustrating a portable
terminal including a camera module according to an ex-
ample embodiment of the present disclosure.
[0107] Referring to FIG. 17, the portable terminal 2000
may include an application processor 2100, a camera
module 2200, a working memory 2400, a storage 2500,
a display device 2600, a wired/wireless transceiver 2700,
and a user interface 2800. The portable terminal 2000
may further include other components for provided func-
tions, for example, an audio sensor device, etc.
[0108] The application processor 2100 may control the
overall operation of the portable terminal 2000 and may
include a system on chip (SoC) for driving an application
program, an operating system, etc. The application proc-
essor 2100 may control the camera module 2200, gen-
erate control signals for controlling the camera module
2200 and provide the control signals to the camera mod-
ule 2200 through a connector of the camera module
2200.
[0109] The camera module according to the various
embodiments described above may be applied as the
camera module 2200. The camera module 2200 may
include a PMIC 2300. The PMIC 2300 may be mounted
on a PCB together with one or more imaging devices,
and may generate power voltages VDD used in the cam-
era module 2200 based on an external power voltage
VDDe received through a connector.
[0110] The working memory 2400 may include a vol-
atile memory such as dynamic random access memory

(DRAM), static RAM (SRMA), etc. or a nonvolatile resis-
tive memory such as ferroelectric RAM (FeRAM), resis-
tive RAM (RRAM), phase-change RAM (PRAM), etc. The
working memory 2400 may store programs and/or data
processed or executed by the application processor
2100.
[0111] The storage 2500 may include a nonvolatile
memory device such as NADN flash, resistive memory,
etc. For example, the storage 2500 may be provided as
a memory card such as a multi-media card (MMC), an
embedded MMC (eMMC), a secure digital (SD) card, etc.
The storage 2500 may store an image received from the
application processor 2100 or the camera module 2200.
In addition, the storage 2500 may store data and/or a
program for an execution algorithm that implements func-
tions of the application processor 2100. When the appli-
cation processor 2100 operates, the data and/or the pro-
gram may be loaded onto the working memory 2400 upon
operation of the application processor 2100.
[0112] The display device 2600 may include one of a
liquid crystal display (LCD), a light emitting diode (LED)
display, an organic LED (OLED) display, an active-matrix
OLED (AMOLED) display, an electrochromic display
(ECD), a digital mirror device (DMD) display, an actuated
mirror device (AMD), a grating light valve (GLV) display,
a plasma display panel (PDP) display, an electro lumi-
nescent display (ELD), a vacuum fluorescent display
(VFD), or any other type of flat panel or flexible panel.
The display device 2600 may receive an image from the
application processor 2100 or the camera module 2200
and display the received image.
[0113] The wireless transceiver 2700 may include a
transceiver 2710, a modem 2720, and an antenna 2730.
The wireless transceiver 2700 may communicate with an
external device.
[0114] The user interface 2800 may include various
devices capable of receiving user input, such as a key-
board, a key panel, a touch panel, a fingerprint sensor,
a microphone, etc. The user interface 2800 may receive
the user input and provide a signal corresponding to the
received user input to the application processor 2100.
[0115] While the present disclosure have been partic-
ularly shown and described, it will be understood that
various changes in form and details may be made therein
without departing from the scope of the following claims.

Claims

1. A camera module comprising:

a printed circuit board, PCB (110);
a first imaging device (120-1) on the PCB, the
first imaging device configured to generate first
image data based on a received optical signal;
a second imaging device (120-2) on the PCB,
the second imaging device configured to gener-
ate second image data based on the received
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optical signal;
a power management integrated circuit (130),
PMIC, on the PCB, the PMIC configured to gen-
erate a plurality of power voltages (VDD1,
VDD2) based on an external power voltage
(VDDe) received from an external power supply,
the plurality of power voltages including a first
power voltage and a second power voltage, and
the PMIC configured to provide at least the first
power voltage to the first imaging device and the
second power voltage to the second imaging de-
vice; and
a connector (140) configured to receive the ex-
ternal power voltage from the external power
supply and provide the external power voltage
to the PMIC.

2. The camera module of claim 1, wherein the plurality
of power voltages further includes a third power volt-
age (VDD3), and the PMIC is configured to provide
the third power voltage of the plurality of power volt-
ages to the first imaging device and the second im-
aging device.

3. The camera module of claims 1 or 2, wherein
at least one of the first imaging device and the second
imaging device comprises a passive element (126),
and at least one output terminal of the PMIC is con-
nected to the passive element.

4. The camera module of any preceding claim, wherein
the first imaging device comprises a first lens (121)
and a first image sensor (122), the first lens config-
ured to collect an optical signal, and the first image
sensor configured to convert the optical signal to a
first image signal, and
the second imaging device comprises a second lens
and a second image sensor, the second lens con-
figured to collect the optical signal and the second
image sensor configured to convert the optical signal
to a second image signal.

5. The camera module of claim 4, wherein
the first imaging device further comprises an actuator
(124) coupled to the first lens to move the first lens;
and
a driving circuit (125) configured to control the actu-
ator.

6. The camera module of any preceding claim, wherein
the PMIC comprises a first voltage generator (131)
and a second voltage generator (132);
the first voltage generator configured to provide the
first power voltage to the first imaging device; and
the second voltage generator configured to provide
the second power voltage to the second imaging de-
vice,
wherein the first voltage generator and the second

voltage generator are activated or deactivated in re-
sponse to an enable signal received through the con-
nector.

7. The camera module of claims 2 to 6, wherein the
PMIC is configured to adjust a voltage level of the
first power voltage, the second power voltage, or
third power voltage provided to at least one of the
first imaging device and the second imaging device
based on a feedback signal received from at least
one of the first imaging device and the second im-
aging devices.

8. The camera module of any preceding claim, wherein
the first imaging device and the second imaging de-
vice are arranged in parallel to a first direction on the
PCB, and the PMIC located between the connector
and the first and second imaging devices.

9. The camera module of claim 1, wherein the PMIC is
in a housing of the first imaging device or the second
imaging device.

10. The camera module of claim 1, wherein the connec-
tor is adjacent to the first imaging device, and the
PMIC is located between the first imaging device and
the connector.

19 20 



EP 3 757 674 A1

12



EP 3 757 674 A1

13



EP 3 757 674 A1

14



EP 3 757 674 A1

15



EP 3 757 674 A1

16



EP 3 757 674 A1

17



EP 3 757 674 A1

18



EP 3 757 674 A1

19



EP 3 757 674 A1

20



EP 3 757 674 A1

21



EP 3 757 674 A1

22



EP 3 757 674 A1

23



EP 3 757 674 A1

24



EP 3 757 674 A1

25



EP 3 757 674 A1

26



EP 3 757 674 A1

27



EP 3 757 674 A1

28



EP 3 757 674 A1

29



EP 3 757 674 A1

30



EP 3 757 674 A1

31



EP 3 757 674 A1

32



EP 3 757 674 A1

33



EP 3 757 674 A1

34



EP 3 757 674 A1

35



EP 3 757 674 A1

36



EP 3 757 674 A1

37



EP 3 757 674 A1

38



EP 3 757 674 A1

39



EP 3 757 674 A1

40



EP 3 757 674 A1

41

5

10

15

20

25

30

35

40

45

50

55



EP 3 757 674 A1

42

5

10

15

20

25

30

35

40

45

50

55


	bibliography
	abstract
	description
	claims
	drawings
	search report

