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COUPLING DEVICE MODULES FOR INDUCTIVE DATA TRANSMISSION

BACKGROUND
[0001] Various devices, such as portable or mobile devices, may be used as device
modules to be coupled to other devices or device modules, for example, for data or power
transfer purposes. Data and/or power signals may be transmitted between coupled devices
using wireless transmission paths between the coupled devices or device modules. For
example, data or power signals may be transmitted inductively.
[0002] Reliability and effectivity of inductive data or power transmission may be
strongly affected by how accurately and reliably the devices or device modules are
coupled together.
SUMMARY
[0003] This Summary is provided to introduce a selection of concepts in a
simplified form that are further described below in the Detailed Description. This
Summary is not intended to identify key features or essential features of the claimed
subject matter, nor is it intended to be used to limit the scope of the claimed subject
matter.
[0004] A first device module is disclosed which may comprise a first coupling
arrangement comprising a first inductive coil, a first magnetic core positioned within the
first inductive coil to form a first electromagnet, and a first control unit electrically
connected to the first inductive coil. The first control unit may be configured to supply
first DC current to the first inductive coil to generate a first magnetic field to attract a
second device module, which second device module comprises a second magnetic element
and a second inductive coil, by magnetic force. Further, the first control unit may be
configured to supply first AC current to the first inductive coil to inductively transmit a
first data or power signal from the first inductive coil to the second inductive coil.
[0005] Many of the attendant features will be more readily appreciated as the same
becomes better understood by reference to the following detailed description considered in
connection with the accompanying drawings.
DESCRIPTION OF THE DRAWINGS
[0006] The present description will be better understood from the following
detailed description read in light of the accompanying drawings, wherein:

FIG. 1 illustrates schematically a system with a first and a second device module;

FIG. 2 illustrates as a flow diagram a method for coupling two device modules and
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inductively transferring signals between them;

FIG. 3 illustrates schematically a control unit to be used in a first and/or a second
device module; and

FIGs. 4 to 9 illustrate schematically various systems with a first and a second

device module.

[0007] The drawings in the FIGs are not to scale.
DETAILED DESCRIPTION
[0008] The detailed description provided below in connection with the appended

drawings is intended as a description of a number of embodiments and is not intended to
represent the only forms in which the embodiments may be constructed, implemented, or
utilized.

[0009] At least some of the embodiments may allow, for example, secure
attachment of two device modules to ensure reliable and effective data and/or power signal
transmission between the device modules. Further, the attachment and data and/or power
signal transmission may be carried out using compact coupling arrangements with
reasonably limited space requirements, allowing incorporation of coupling arrangements
in great variety of different device types and sizes. With the attachment being based on
one or more electromagnets, magnetic field generating magnetic force for carrying out the
attachment may be switched off when it is not needed, thereby preventing any undesired
effects such magnetic field could have on objects in the proximity of the device module.
Further, electromagnets may provide a strong magnetic force allowing secure attachment
of substantially large device modules also.

[0010] The system 100 of FIG. 1 comprises a first device module 110 and a second
device module 120, only a part of each being shown in FIG. 1, illustrated as schematic
sectional views. In FIG. 1, the first and the second device modules are illustrated as
coupled together for inductive data and/or power transmission therebetween. Coupling
may be released, and the first and the second device modules, which may be manufactured
and sold separately, may also lie and be used as separate device modules or devices, each
of which may be operable without being coupled to any other device module.

[0011] “Coupling” refers to such connection and positioning of the first and the
second device modules that said inductive data and/or power transmission is possible. For
example, proper coupling requires the two device modules to be held at sufficient close
proximity to enable secure and efficient inductive transmission.

[0012] For said coupling purposes, the first device module 110 comprises a first
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coupling arrangement 111 comprising a first inductive coil 112, a first magnetic element
in the form of a first magnetic core 113 positioned within the first inductive coil to form a
first electromagnet 114, and a first control unit 115 electrically connected to the first
inductive coil.

[0013] “Inductive coil” refers to a coil wound from a conductor wire and being
capable of inductively transmitting and/or receiving a data and/or power signal in result of
electromagnetic induction.

[0014] “Magnetic core” refers to a piece of a magnetic, preferably ferromagnetic
or ferrimagnetic, material positioned partially or completely within an inductive coil, i.e.
within an inner volume defined by the loops of the coil, so as to concentrate the magnetic
flux generated in result of DC (Direct Current) current flowing in the inductive coil.
Thereby, an electromagnet is formed by the inductive coil and the magnetic core, wherein
magnetic field generated by the electromagnet can be controlled by controlling the DC
current supplied to the inductive coil.

[0015] Being “electrically connected” to an inductive coil refers to connection
formed, for example, by electrically conducting wires between the inductive coil and the
control unit, via which connection currents may be supplied to and/or received from the
inductive coil.

[0016] The second device module 120 comprises a second coupling arrangement
121 comprising a second inductive coil 122, a second magnetic element 123, and a second
control unit 125 electrically connected to the second inductive coil. In the example
illustrated in FIG. 1, the second magnetic element is positioned within the second
inductive coil and it may comprise a permanent magnet or, for example, a piece of a
ferromagnetic material such as iron.

[0017] In other embodiments, the second magnetic element may be positioned
outside the second inductive coil.

[0018] The first control unit 115 is configured to supply first DC (direct current)
current Ipci to the first inductive coil 112 to generate a first magnetic field Gi to attract the
second device module comprising the second magnetic element, by magnetic force Fm. In
result of the first DC current, the first electromagnet thus generates a magnetic field Gu
which further generates a magnetic force Fum attracting the second magnetic element 123
and thereby the entire second device module 120. Thereby, the first and the second device
may be releasably attached to each other, “releasably” referring to the fact that the

magnetic field and the corresponding magnetic force may be substantially removed by
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stopping the first DC current supply to the first inductive coil.

[0019] The first control unit is further configured to supply first AC current Iac1 to
the first inductive coil 112 to inductively transmit a first data or power signal S1 from the
first inductive coil to the second inductive coil 122.

[0020] The same first inductive coil 112 and the first control unit 115 electrically
connected to it thereby advantageously serve for both activating the first electromagnet
114, and for inductively transmitting the first data or power signal Si.

[0021] During the inductive transmission, an induced first AC current I’ac1 will be
generated inductively in the second inductive coil 122.

[0022] The second control unit 121 is configured to receive the first data or power
signal Si transmitted from the first inductive coil to the second inductive coil for further
processing and/ or for storage for later use. Said receiving may be carried out by detecting
and appropriately processing the induced first AC current ’ac1 generated in the second
inductive coil 122.

[0023] A data signal may comprise any appropriate type of data, arranged in any
appropriate signal form, possibly having any appropriate kinds of pulses, transferrable as
an AC current signal. In the data transmission, any appropriate digital or analog signal
transmission processes and practices may be used. For example, in the case of digital
signal transmission, various modulation schemes may be used, such as amplitude-shift
keying (ASK), frequency-shift keying (FSK), phase-shift keying (PSK), and (quadrature
amplitude modulation) QAM, including all their variants.

[0024] A power signal may comprise signal for supplying electrical power in any
appropriate signal form from a first device module to a second device module for directly
operating the second device module by the transmitted power and/or for charging a battery
of the second device module.

[0025] The first device module may comprise a battery for providing the power
required to operate the first device module itself, to supply the first DC current to activate
the first electromagnet, and to supply the possible power to be transferred as a first power
signal to the second device module. Alternatively, or in addition, a first device module
may connectable to mains power or to another external power source.

[0026] The first device module 110 may comprise any activation arrangement via
which the user of the system may activate and deactivate the supply of the first DC current
by the first control unit to the first inductive coil and thereby the attraction between the

first and the second device modules.
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[0027] Alternatively, or in addition, there first control unit 115 may initiate the
supply of the first DC current at least partially automatically. For example, the first control
unit may 115 be configured to carry out a method as illustrated in FIG. 2, comprising
supplying a presence detection current Ips to the first inductive coil 112,

[0028] The method of FIG 2 starts by supplying, in operation 201, presence
detection current to the first inductive coil, and comprises further, in operation 202,
inductively detecting presence of the second device module in the proximity of the first
device module, and initiating, in operation 203, on the basis of detected presence of the
second device module, supply of the first DC current to the first inductive coil.

[0029] The presence detection current may be in the form of any appropriate
current signal suitable for inductive proximity sensing. Also the actual detection may be
based on any appropriate signal processing algorithms and operations suitable for
detecting the presence of the second device module. For example, detection may be based
on detecting change of impedance of a circuit, a part of which the first inductive coil
forms, the impedance of which being affected by the second inductive coil brought in
close proximity of the first inductive coil.

[0030] Detecting “presence” of the second device module refers to determining
whether there is a second device module present in the proximity of the first device
module. Thereby, the result of the detecting may be determining that there is not, or that
there is, a second device module present in the proximity of the first device module.

[0031] The first device module may be configured to transmit, automatically or in
response to an activation user input, the presence detection current continuously or at
predetermined intervals to the first inductive coil until presence of the second device
module in sufficient close proximity of the first device module is detected. Thereafter,
supply of the first DC current to the first inductive coil may be initiated, in operation 203,
to attract the second device module and to attach the first and the second device modules
magnetically together for data and/or power signal transmission. Supplying first AC
current to the first inductive coil in operation 204 may then be initiated to initiate signal
transmission between the first and the second device modules.

[0032] The first control unit may be further configured, once having initiated the
supply of the first AC current to transmit the first data or power signal, to supply presence
detection current to the first inductive coils, for example, at predetermined intervals, to
detect whether the second device module is still appropriately positioned for the inductive

signal transmission.
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[0033] To carry out the operations discussed above for which the first and the
second control units are configured to, the first and the second control units 115, 125 may
comprise any appropriate electrical, electronic, computing, and/or data processing
components, modules, and sub-units. For example, any of the first and the second control
units may be implemented in accordance with the control unit of FIG. 3.

[0034] In the example of FIG. 3, a control unit 335 comprises an electronics sub-
unit 336 and a computing sub-unit 337 connected to each other so that the computing sub-
unit may control the electronics unit and receive signals therefrom.

[0035] The electronics sub-unit 336 may comprise any appropriate circuits and
components forming, for example, any appropriate filters, amplifiers, and power source
elements.

[0036] To control the operation of the electronics sub-unit 336 and, for example,
any power source element therein to supply currents to an inductive coil electrically
connected to the control unit, the computing sub-unit may comprise, for example, at least
one processor and at least one memory coupled to the at least one processor, the memory
storing program code instructions which, when run on the at least one processor, cause the
processor to perform the operations action(s) at issue.

[0037] Alternatively, or additionally, the operations of the computing sub-unit, or
more generally, of the control unit, may be performed, at least partially, by one or more
hardware logic components. For example, and without limitation, illustrative types of
hardware logic components that can be used include Field-programmable Gate Arrays
(FPGAs), Application-specific Integrated Circuits (ASICs), Application-specific Standard
Products (ASSPs), System-on-a-chip systems (SOCs), Complex Programmable Logic
Devices (CPLDs), etc.

[0038] In other embodiments, there may be, instead of separate electronics and
computing sub-units in a control unit, one or more common units or sub-units configured
to carry out all operations of the control unit.

[0039] In the example of FIG. 1, the first and the second device modules have a
first and a second outer casing 116, 126, respectively. An “outer casing” refers to a
housing or shell of a device module enclosing the rest of the device module and forming
the outer surface of the device module.

[0040] The first control unit, including the first magnetic core 113, is located
within the first outer casing, i.e. behind the first outer casing 116 in the interior of the

device module enclosed by the first outer casing, without any opening in the outer casing
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for the first magnetic core 113. Similarly, the second control unit, including the second
magnetic element 123, is located within the second outer casing 126. Then, the first
magnetic core 113 and the second magnetic element 123 cannot be brought in direct
contact to each other. Sufficient magnetic force for secure attachment between the first
and the second device modules may be provided by adjusting the first DC current
appropriately.

[0041] In other embodiments, a first outer casing of a first device module and/or a
second outer casing of a second device module may comprise an opening via which the
first magnetic core and/or the second magnetic element may be exposed to the exterior of
the device module.

[0042] The system 400 of FIG. 4 differs from those discussed above with reference
to FIGs. 1 to 3 in that the second magnetic element of the second device module 420 is
implemented as a second magnetic core 423 positioned within the second inductive coil
422, whereby the second magnetic core and the second inductive coils form a second
electromagnet 424. As a further difference, the second control unit 425 is further
configured to supply second DC current Inc2 to the second inductive coil to generate a
second magnetic field G2 to attract the first device module by magnetic force. In the
example of FIG. 4 the first and the second device modules may thereby be attached
together by a total magnetic force Fm which results from the first and the second magnetic
fields Gi, G2. Thereby, a strong force may be advantageously generated to provide a
strong attachment and thereby secure coupling between the first and the second device
modules.

[0043] In the example, of FIG. 4, the same second inductive coil 422 and the
second control unit 425 electrically connected to it thereby advantageously serve for both
activating the second electromagnet 424, and for inductively receiving the first data or
power signal Si.

[0044] In the example of FIG. 4, the first outer casing 416 of the first device
module 410 comprises a first guiding arrangement in the form of a first guiding structure
417 having a protrusion 418 extending outwards from the general surface plane of the first
outer casing. The second outer casing 426 comprises a second guiding structure 427
having a complementary recess 428 extending inwards from the general surface plane of
the second outer casing, and being shaped and dimensioned to receive the protrusion 418
of the first guiding structure when the first device module is brought into close proximity

with the second device module.
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[0045] The first and the second guiding structures may guide, when the first and
the second device modules are brought together, positioning of the first device module
with the first magnetic element and the first inductive coil at predetermined positions
relative to the second coupling arrangement to allow safe inductive data transmission
coupling between the first and the second coupling arrangements.

[0046] In other embodiments, different guiding structures with any appropriate
type, number, and positioning may be present.

[0047] In yet other embodiments, different types of first and second guiding
arrangements may be present, not necessarily comprising any specific guiding structures
but, for example, visual markings indicating proper positioning of a first and a second
device module relative to each other.

[0048] Embodiments are also possible without any specific guiding arrangement in
first and/or second device module.

[0049] Any guiding arrangement as discussed above may be present also in a first
and/or second device module in accordance with those discussed above with reference to
FIGs. 1 to 3.

[0050] The system 500 of differs from that of FIG. 4 in that the second control unit
525 of the second device module 520 is further configured to supply second AC current
Iac2 to the second inductive coil 522 of the second coupling arrangement of the second
device module to inductively transmit a second data or power signal Sz from the second
inductive coil 522 to the first inductive coil 512. In addition, the first control unit 515 of
the first device module 510 is further configured to receive the second data or power
signal Sz inductively transmitted from the second inductive coil 522 to the first inductive
coil 512 by inducing to the latter induced second AC current I’ac2. Thereby, the first and
the second device modules 510, 520 of the system 500 of FIG. 5 may carry out bi-
directional or bi-lateral data or power transfer.

[0051] The system 600 of FIG. 6 may be in accordance with any of the systems
discussed above with reference to FIGs. 1 to 5.

[0052] The second device module 620 of FIG. 6, illustrated as schematic front
view, comprises a second display 642, and the second control unit 625 comprises a second
display controller 638 electrically connected to the second display 642. The first data or
power signal S1 comprises a display control signal Sp, and the second display controller
638 is configured to control or drive the second display on the basis of the display control

signal.
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[0053] The second device module 620 of FIG. 6 has a substantially plate-like
shape having a peripheral edge 652, and the second coupling arrangement 621 comprising,
in addition to the second control unit 625, the second magnetic element (not illustrated)
and the second inductive coil (not illustrated), is located at the peripheral edge.

[0054] A plate-like shape refers to a three-dimensional shape extending
substantially along a plane, which may be slightly curved, and having dimensions in that
plane substantially larger than the maximum dimension in direction(s) perpendicular to
that plane. The peripheral edge refers to the contour of the plate-like second device
module along said plane.

[0055] Position of the second magnetic element and the second inductive coil at
the peripheral edge 652 enables device configurations where the second device module is
attached to a first device module via the edge thereof. This may be convenient in various
applications where the second device module is used as a display part of a modular device
assembly.

[0056] The second device module 620 of FIG. 6 may be a specific display module
capable of operating as a display or screen part of a modular device, the first device
module of which not comprising any display. For example,e the second device module
620 may form a separable screen of a laptop computer. Alternatively, the second device
module may be a stand-alone device, such as a smartphone or a tablet computer, which
may be coupled to another, possibly similar first device module to form one single
modular device.

[0057] The system 700 of FIG. 7 comprises a first device module 710 and a second
device module 720, the latter being generally in accordance with any of the device
modules discussed above with reference to FIG. 6. The first device module may be
generally in accordance with any of the first device modules discussed above with
reference to FIGs. 1 to 6.

[0058] The first device module 710 of FIG. 7 has a first display 741.

[0059] The first device module 710 of FIG. 7 comprises two first coupling
arrangements 711 which may be in accordance with any of the first coupling arrangements
discussed above with reference to FIGs. 1 to 6.

[0060] The second device module 720 comprises a second display 742 and two
second coupling arrangements 721 which may be in accordance with any of the second
coupling arrangements discussed above with reference to FIGs. 1 to 6.

[0061] A display control signal may comprise large amount of data needed to drive
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the second display. The two pairs of first and second coupling arrangements may serve for
ensuring sufficient data transferring capacity for transferring a display control signal from
one device module to another. Alternatively, one of the coupling arrangement pairs may
be used for transferring a display control signal whereas the other one may be used for
other purposes, such as transferring a power signal to the second device module.

[0062] In other embodiments, there may be any appropriate other number of
coupling arrangements in the first and the second device modules.

[0063] The first and the second coupling arrangements 711, 721 are located at
peripheral edges 751, 752 of the first and the second device modules so that the first and
the second device modules may be attached together via their edges.

[0064] In the system of FIG. 7, the first and the second device modules are parts of
and form a modular device, the first and the second displays thereof forming, with the first
and the second modules attached to each other, an operationally combined, two-part
display.

[0065] An “operationally combined” two-part or splitted display refers to the
operation and driving of the first and the second displays as parts of one larger modular
display with the information content to be displayed being shared between those two
displays. Thereby, the system 700 of FIG. 7 allows implementation of an operationally
single display which is larger than any of the first and the second displays.

[0066] Although not illustrated in the drawings, there may be more than one first
and/or second coupling arrangement also in any of the first and the second device modules
discussed above with reference to FIGs. 1 to 6.

[0067] Any of the first device modules 110, 410, 510, 610, 710 of FIGs. 1, 4, 5, 6,
and 7 may be, for example, a laptop computer, a tablet computer, a smartphone, a mobile
phone, a game console or a part of such, a wearable electronic device, a vehicle dashboard
or a part of such, a digital camera, a wireless charger, or any other appropriate type of
device or a device module for a system with at least two device modules, from which
device or device module data and/or power signal is to be inductively transmitted to
another, second device module.

[0068] Any of the second device modules 120, 420, 520, 620, 720 of FIGs. 1, 4, 5,
6, and 7 may be, for example, a laptop computer, a tablet computer, a smartphone, a
mobile phone, a game console or a part of such, a wearable electronic device, a digital
camera, or a display module, or any other appropriate type of device or a device module

for a system with at least two device modules, to device or device module data and/or
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power signal is to be inductively transmitted from another, first device module.

[0069] The first and the second device modules may be device modules of same
type. For example, they may both be tablet computers or smartphones. Alternatively, they
may be of different types of device modules, such as a wireless charger as the first device
module, and a device of any appropriate type to be charged as the second device module.
In another example, the first device module may be a first part of a computer, and the
second device module may be second part thereof, releasably attachable to the first part.
One of such parts may comprise a display and be implanted as a display module, whereas
the other part may comprise the core operational system of the computer. Instead of being
a mere display module, the part having a display may be a fully operational tablet
computer. Then, the other part may be an accessory part comprising, for example, an
additional keyboard.

[0070] The system 800 of FIG. 8 represents one example of possible applications
of a system comprising a first and a second device module. The system comprises a
vehicle dashboard 810 as a first device module, which may be in accordance with any of
the first device modules discussed above with reference to FIGs. 1 to 6. A display module
820 as a second device module, which may be in accordance with any of the second
device modules discussed above with reference to FIG. 6, is coupled, by a first coupling
arrangement 811 in the dashboard and a second coupling arrangement 821 in the display
module, to the vehicle dashboard for inductive data and/or power transmission between
the dashboard and the display module.

[0071] Another application example is illustrated in FIG. 9, wherein a the system
900 comprises a wireless charger 910 as a first device module, connectable to mains
power by a plug 960, and a second device module 920 which may be implemented as any
of the examples mentioned above, such as a smartphone or a tablet computer. The charger
and the second device module are coupled by a first coupling arrangement 911 contained
in the wireless charger and a second coupling arrangement 921 contained in the second
device module to form a two-part system. A power signal may be inductively transmitted
from the first coupling arrangement 911 to the second coupling arrangement 921.

[0072] Some embodiments are further discussed shortly in the following.

[0073] In a first aspect, a first device module comprises a first coupling
arrangement; the first coupling arrangement comprising a first inductive coil, a first
magnetic core positioned within the first inductive coil to form a first electromagnet, and a

first control unit electrically connected to the first inductive coil; the first control unit
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being configured to supply first DC current to the first inductive coil to generate a first
magnetic field to attract a second device module comprising a second magnetic element
and a second inductive coil by magnetic force, and to supply first AC current to the first
inductive coil to inductively transmit a first data or power signal from the first inductive
coil to the second inductive coil.

[0074] In an embodiment, the first control unit is configured to supply presence
detection current to the first inductive coil and to inductively detect presence of the second
device module in the proximity of the first device module, and to initiate the supply of the
first DC current to the first inductive coil on the basis of detected presence of the second
device module.

[0075] In an embodiment, which may be in accordance with the previous
embodiment, the first device module has a first outer casing, the first magnetic core of the
coupling arrangement being located within the first outer casing.

[0076] In an embodiment, which may be in accordance with any of the preceding
embodiments, the first device module has a first outer casing comprising a first guiding
arrangement configured to guide positioning of the second device module with the second
magnetic element and the second inductive coil at predetermined positions relative to the
first coupling arrangement.

[0077] In an embodiment, which may be in accordance with any of the preceding
embodiments, the first control unit is further configured to receive a second data or power
signal inductively transmitted from the second inductive coil of the second device module
to the first inductive coil.

[0078] In an embodiment, which may be in accordance with any of the preceding
embodiments, the first device module comprises at least two first coupling arrangements.
[0079] In an embodiment, which may be in accordance with any of the preceding
embodiments, the first device module is implemented as one of a laptop computer, a tablet
computer, a smartphone, a mobile phone, a game console, a wearable electronic device, a
vehicle dashboard, a digital camera, and a wireless charger.

[0080] In a second aspect, a second device module comprises a second coupling
arrangement; the second coupling arrangement comprising a second inductive coil, a
second magnetic core positioned within the second inductive coil to form a second
electromagnet, and a second control unit electrically connected to the second inductive
coil; the second control unit being configured to supply second DC current to the second

inductive coil to generate a second magnetic field to attract a first device module
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comprising a first magnetic element and a first inductive coil by magnetic force, and to
receive a first data or power signal inductively transmitted from the first inductive coil of
the first device module to the second inductive coil.

[0081] In an embodiment, the second device module has a second outer casing, the
second magnetic core of the coupling arrangement being located within the second outer
casing.

[0082] In an embodiment, which may be in accordance with the previous
embodiment, the second device module has a second outer casing comprising a second
guiding arrangement configured to guide positioning of the first device module with the
first magnetic element and the first inductive coil at predetermined positions relative to the
second coupling arrangement.

[0083] In an embodiment, which may be in accordance with any of the preceding
embodiments of the second aspect, the second control unit is further configured to supply
second AC current to the second inductive coil to inductively transmit a second data or
power signal from the second inductive coil to the first inductive coil.

[0084] In an embodiment, which may be in accordance with any of the preceding
embodiments of the second aspect, the second device module comprises a display,
wherein the first data or power signal comprises a display control signal, and the second
control unit comprises a second display controller configured to control the display on the
basis of the display control signal.

[0085] In an embodiment in accordance with the previous embodiment, the second
device module has s substantially plate-like shape having a peripheral edge, wherein the
second magnetic element and the second inductive coil are located at the peripheral edge.
[0086] In an embodiment, which may be in accordance with any of the preceding
embodiments of the second aspect, the second device module comprises at least two
second coupling arrangements.

[0087] In an embodiment, which may be in accordance with any of the preceding
embodiments of the second aspect, the second device module is implemented as one of a
laptop computer, a tablet computer, a smartphone, a mobile phone, a game console, a
wearable electronic device, a digital camera, and a display module.

[0088] In a third aspect, a system comprises: a first device module comprising a
first coupling arrangement comprising a first inductive coil, a first magnetic core
positioned within the first inductive coil to form a first electromagnet, and a first control

unit electrically connected to the first inductive coil; and a second device module
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comprising a second coupling arrangement comprising a second inductive coil, a second
magnetic element, and a second control unit electrically connected to the second inductive
coil; the first control unit being configured to supply first DC current to the first inductive
coil to generate a first magnetic field to attract the second magnetic element, thereby
releasably attaching the first and the second device modules together by magnetic force;
and to supply first AC current to the first inductive coil to inductively transmit a first data
or power signal from the first inductive coil to the second inductive coil; the second
control unit being configured to receive the first data or power signal. The first device
module may be in accordance with the first device module of the first aspect or any
specific embodiment thereof discussed above.

[0089] In an embodiment, the second magnetic element is implemented as a
second magnetic core positioned within the second inductive coil to form a second
electromagnet; the second control unit being configured to supply second DC current to
the second inductive coil to generate a second magnetic field to increase the magnetic
force by which the first and the second device modules are attached together by magnetic
force. In this embodiment, the second device element may be in accordance with the
second device module of the second aspect or any specific embodiment thereof discussed
above.

[0090] In an embodiment, which may be in accordance with the previous
embodiment, the first device module has a first outer casing comprising a first and the
second device module has a second outer casing, wherein the first and the second outer
casings comprise a first and a second guiding structure, respectively, to guide positioning
of the first device module with the first coupling arrangement at predetermined positions
relative to the second coupling arrangement of the second device module, one of the first
and the second guiding structures comprising a protrusion and the other one comprising a
complementary recess configured to receive the protrusion.

[0091] In an embodiment, which may be in accordance with any of the preceding
embodiments of the third aspect, the second device module comprises a second display
and a second display controller configured to drive the second display on the basis of the
first data signal received by the second inductive coil.

[0092] In an embodiment in accordance with the previous embodiment, the first
device module comprises a first display, the first and the second device modules forming a
modular device, the first and the second displays forming, with the first and the second

modules attached to each other, an operationally combined, two-part display.
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[0093] The embodiments illustrated and described herein as well as embodiments
not specifically described herein but within the scope of aspects of the claims constitute
exemplary means for coupling a first and a second device module together, for attaching
such device modules together by magnetic force, and for inductively transmitting data
and/or power signal(s) between the coupled device modules. For example, the first control
units, when configured to supply DC and/or AC currents and receiving signals, constitute
exemplary means for supplying such currents and receiving signals. As another example,
the first and the second inductive coils constitute exemplary means for inductively
transmitting signals between the first and the second coupling arrangements. As yet
another example, the first and the second guiding arrangements, when configured to guide
positioning of the first and the second device modules, constitute exemplary means for
guiding said positioning.

[0094] Although some of the present embodiments may be described and
illustrated as being implemented in a smartphone, a mobile phone, or a tablet computer,
these are only examples of a device and not a limitation. As those skilled in the art will
appreciate, the present embodiments are suitable for application in a variety of different
types of devices, such as portable and portable devices, for example, in lap upper
computers, tablet computers, game consoles or game controllers, various wearable
devices, etc.

[0095] Although the subject matter has been described in language specific to
structural features and/or methodological acts, it is to be understood that the subject matter
defined in the appended claims is not necessarily limited to the specific features or acts
described above. Rather, the specific features and acts described above are disclosed as
example forms of implementing the claims.

[0096] It will be understood that the benefits and advantages described above may
relate to one embodiment or may relate to several embodiments. The embodiments are not
limited to those that solve any or all of the stated problems or those that have any or all of
the stated benefits and advantages. It will further be understood that reference to 'an' item
refers to one or more of those items.

[0097] The term “comprising” is used in this specification to mean including the
feature(s) or act(s) followed thereafter, without excluding the presence of one or more

additional features or acts.
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CLAIMS

1. A first device module comprising a first coupling arrangement; the first coupling
arrangement comprising a first inductive coil, a first magnetic core positioned within the
first inductive coil to form a first electromagnet, and a first control unit electrically
connected to the first inductive coil; the first control unit being configured to supply first
DC current to the first inductive coil to generate a first magnetic field to attract a second
device module comprising a second magnetic element and a second inductive coil by
magnetic force, and to supply first AC current to the first inductive coil to inductively
transmit a first data or power signal from the first inductive coil to the second inductive
coil.

2. A first device module as defined in claim 1, wherein the first control unit is configured
to supply presence detection current to the first inductive coil and to inductively detect
presence of the second device module in the proximity of the first device module, and to
initiate the supply of the first DC current to the first inductive coil on the basis of detected
presence of the second device module.

3. A first device module as defined in claim 1 or 2, having a first outer casing, the first
magnetic core of the coupling arrangement being located within the first outer casing.

4. A first device module as defined in any of claims 1 to 3, having a first outer casing
comprising a first guiding arrangement configured to guide positioning of the second
device module with the second magnetic element and the second inductive coil at
predetermined positions relative to the first coupling arrangement.

5. A first device module as defined in any of claims 1 to 4, wherein the first control unit is
further configured to receive a second data or power signal inductively transmitted from
the second inductive coil of the second device module to the first inductive coil.

6. A first device module as defined in any of claims 1 to 5, comprising at least two first
coupling arrangements.

7. A first device module as defined in any of claims 1 to 6, implemented as one of a laptop
computer, a tablet computer, a smartphone, a mobile phone, a game console, a wearable
electronic device, a vehicle dashboard, a digital camera, and a wireless charger.

8. A second device module comprising a second coupling arrangement;, the second
coupling arrangement comprising a second inductive coil, a second magnetic core
positioned within the second inductive coil to form a second electromagnet, and a second
control unit electrically connected to the second inductive coil; the second control unit

being configured to supply second DC current to the second inductive coil to generate a
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second magnetic field to attract a first device module comprising a first magnetic element
and a first inductive coil by magnetic force, and to receive a first data or power signal
inductively transmitted from the first inductive coil of the first device module to the
second inductive coil.
9. A second device module as defined in claim 8, having a second outer casing, the second
magnetic core of the second coupling arrangement being located within the second outer
casing.
10. A second device module as defined in claim 8 or 9, having a second outer casing
comprising a second guiding arrangement configured to guide positioning of the first
device module with the first magnetic element and the first inductive coil at predetermined
positions relative to the second coupling arrangement.
11. A second device module as defined in any of claims 8 to 10, wherein the second
control unit is further configured to supply second AC current to the second inductive coil
to inductively transmit a second data or power signal from the second inductive coil to the
first inductive coil.
12. A second device module as defined in any of claims 8 to 11, comprising a display,
wherein the first data or power signal comprises a display control signal, and the second
control unit comprises a second display controller configured to control the display on the
basis of the display control signal.
13. A second device module as defined in any of claims 8 to 12, comprising at least two
second coupling arrangements.
14. A second device module as defined in any of claims 8 to 13, implemented as one of a
laptop computer, a tablet computer, a smartphone, a mobile phone, a game console, a
wearable electronic device, a digital camera, and a display module.
15. A system comprising:

a first device module as defined in any of claims 1 to 7; and

a second device module comprising a second coupling arrangement comprising a
second inductive coil, a second magnetic element, and a second control unit electrically
connected to the second inductive coil;

the first control unit being configured to supply first DC current to the first
inductive coil to generate a first magnetic field to attract the second magnetic element,
thereby releasably attaching the first and the second device modules together by magnetic
force; and to supply first AC current to the first inductive coil to inductively transmit a

first data or power signal from the first inductive coil to the second inductive coil;
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the second control unit being configured to receive the first data or power signal.
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