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(57) ABSTRACT 

An electronic device (1) is provided with at least a base part 
(2,22,32,42) and an electronic module (3). The base part (2. 
22, 32,42) comprises a soft magnetic layer (5.25, 35,45) and 
at least a primary coil (7). The electronic module (3) com 
prises at least one electronic element and at least a secondary 
coil (8) adapted to inductively interact with the primary coil 
(7). The primary coil (7) is located in a hole (6) of the soft 
magnetic layer (5, 25, 35, 45). The electronic module (3) 
further comprises at least one magnet (9) adapted to magneti 
cally interact with the soft magnetic layer (5, 25, 35, 45). 
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ELECTRONIC DEVICE AS WELLAS A BASE 
PARTAND ANELECTRONICELEMENT 

SUTABLE FOR USE IN SUCHAN 
ELECTRONIC DEVICE 

FIELD OF THE INVENTION 

0001. The invention relates to an electronic device being 
provided with at least a base part and an electronic module, 
which base part comprises a soft magnetic layer and at least a 
primary coil, whereas the electronic module comprises at 
least one electronic element and at least a secondary coil 
adapted to inductively interact with the primary coil. 
0002 The invention also relates to a base part and an 
electronic element Suitable for use in Such an electronic 
device. 

BACKGROUND OF THE INVENTION 

0003. In such an electronic device, which is known from 
WO/2008/012702 A1, the base part comprises a soft mag 
netic layer to improve the inductive coupling between the 
primary and secondary coil. The base part is provided with a 
number of primary coils. 
0004 Positioning elements are provided on both the base 
part and the electronic module to place the electronic module 
on the base part in a predefined position so that the inductive 
coupling between the primary coil and the secondary coil is at 
the optimum. Furthermore, the positioning elements hold the 
electronic module at its place on the base part. 

SUMMARY OF THE INVENTION 

0005. It is an object of the invention to provide an elec 
tronic device wherein a fixation between the electronic mod 
ule and the base part is improved. 
0006. This object is accomplished with the electronic 
device according to the invention in that the primary coil is 
located in a hole of the Soft magnetic layer, whereas the 
electronic module further comprises at least one magnet 
adapted to magnetically interact with the soft magnetic layer. 
0007 Since the primary coil is located in a hole of the soft 
magnetic layer, the primary coil and the soft magnetic layer 
can be located in the same plane due to which both the 
distance between the primary coil and the secondary coil as 
well as the distance between the soft magnetic layer and the 
magnet can be relatively small. Due to the relatively small 
distance between the primary coil and the secondary coil, a 
good inductive power transmission will be obtained. Due to 
the relatively small distance between the soft magnetic layer 
and the magnet, a strong magnetic fixation will be obtained. 
The magnet can be a permanent magnet or an electromagnet. 
0008. An embodiment of the electronic device according 
to the invention is characterized in that the primary coil and 
the hole are round, wherein the diameter of the hole is at least 
10% and preferably 25% larger than the diameter of the 
primary coil. 
0009. Due to the difference in diameter, eddy currents in 
the soft magnetic layer are effectively prevented. 
0010. Another embodiment of the electronic device 
according to the invention is characterized in that the hole in 
the soft magnetic layer is a through hole. 
0011 Such a through hole can easily be provided in the 
Soft magnetic layer. A substrate can be positioned on a side of 
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the soft magnetic layer facing away from the electronic mod 
ule, wherein the primary coil is being Supported by the Sub 
Strate. 

0012 Yet another embodiment of the electronic device 
according to the invention is characterized in that the hole in 
the soft magnetic layer is a blind hole. 
0013. A better magnetic coupling can be obtained in this 
manner. In Such a case the backside of the primary coil is 
preferably shielded to prevent eddy currents in the remaining 
part of the soft magnetic layer in the blind hole. The blind hole 
can also be partly filled with a soft magnetic material suitable 
for alternating magnetic fields, like ferrite or a ferrite polymer 
compound (FPC). 
0014. A further embodiment of the electronic device 
according to the invention is characterized in that the soft 
magnetic layer comprises at least one slit extending from the 
hole. 
0015. Such a slit will prevent unwanted eddy currents in 
the soft magnetic layer. 
0016. When providing the soft magnetic layer with slits, 
the difference in diameter between the hole and the primary 
coil can be reduced. By reducing said difference, more Sur 
face area of the Soft magnetic layer is available for attaching 
the magnet thereto. 
0017. Yet a further embodiment of the electronic device 
according to the invention is characterized in that the soft 
magnetic layer comprises a number of slits extending radially 
from the hole. 
0018 Since the radially extending slits are arranged per 
pendicularly to the path of the eddy currents which would 
flow in the absence of the slits, an optimal reduction of the 
eddy currents is obtained. 
0019. Yet a further embodiment of the electronic device 
according to the invention is characterized in that the soft 
magnetic layer is provided with a number of primary coils 
located in holes, wherein at least one slit extends between 
adjacent holes. 
0020. By having one slit per two holes, the soft magnetic 
layer can be kept together as one piece. When more slits 
extend from one hole to a number of adjacent holes, the soft 
magnetic layer will be separated in several pieces. In Such a 
case the Soft magnetic layer can be attached to a substrate. 
0021. Yet a further embodiment of the electronic device 
according to the invention is characterized in that the dimen 
sions of the primary coil and the secondary coil are about the 
SaC. 

0022. As the dimensions of the primary coil and the sec 
ondary coil are about the same. Such as the same diameter, an 
optimal coupling factor between the primary coil and the 
secondary coil will be obtained. 
0023 Yet a further embodiment of the electronic device 
according to the invention is characterized in that the elec 
tronic module comprises at least one permanent magnet. 
0024. By using a permanent magnet instead of an electro 
magnet no power of the primary coil is needed for holding the 
electronic module against the base part. Furthermore, by 
using a permanent magnet the risk that the electronic module 
will fall off the base part in case of a power failure is easily 
avoided. 
0025 Preferably the permanent magnets are located 
around the secondary coil at a regular spacing. Such that for 
example three permanent magnets are located in a triangle 
around the secondary coil or four permanent magnets are 
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located in a square around the secondary coil to easily align 
the secondary coil of the electronic module with one of the 
primary coils of the base part. 
0026. Yet a further embodiment of the electronic device 
according to the invention is characterized in that the perma 
nent magnet is magnetized normal to the soft magnetic layer. 
0027. With such a direction of the magnetic field of the 
permanent magnet a good magnetic fixation can be obtained 
with relatively small magnets. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0028. The invention will be explained in more detail with 
reference to the drawing, in which: 
0029 FIG. 1A-1C are a top view and cross sections of a 

first embodiment of the electronic device according to the 
invention, 
0030 FIG. 2 is a side view of an electronic module of the 
electronic device according to the invention, 
0031 FIG. 3 is a top view of a second embodiment of a 
base part of the electronic device according to the invention, 
0032 FIG. 4 is a top view of a third embodiment of a base 
part of the electronic device according to the invention, 
0033 FIG.5is a top view of a fourth embodimentofa base 
part of the electronic device according to the invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 

0034. In the figures, like parts are indicated with the same 
numerals. 

0035 FIGS. 1A-1C show a first embodiment of an elec 
tronic device 1 according to the invention. The electronic 
device 1 comprises a base part 2 and an electronic module 3. 
0036. The base part 2 comprises a non-conducting and 
non-magnetic substrate 4 like a printed circuit board (PCB) 
kind of substrate, a soft magnetic layer 5 provided with a 
number of through holes 6 and a number of primary coils 7. 
The soft magnetic layer 5 is preferably 0.5-2 mm thick, 
whereas the primary coil 6 is preferably 0.2-2 mm thick. Each 
primary coil 7 is located in a hole 6 and is mounted on the 
Substrate 4. The holes 6 are arranged in an array with rows and 
columns. 
0037. The electronic module 3 comprises a secondary coil 
8 and four permanent magnets 9 positioned in a square around 
the secondary coil 8. The secondary coil 8 and the permanent 
magnets 9 are mounted on a substrate 10. The hole 6, the 
primary coil 7 and the secondary coil 8 are round. The radiir, 
of the primary coil 7 and the secondary coil 8 are almost 
identical, whereas the radius r of the hole 6 is about 1.1 to 
1.25 times the radius r, to prevent unwanted eddy currents. 
The radius r is about 10 cm. The distance between the holes 
6 is about 1 cm. 
0038. The soft magnetic layer 5 is preferably made of an 
electrically conducting material Such as a ferromagnetic 
material like iron or construction steel (ST7). 
0039 FIG. 2 shows a side view of an electronic module 3 
according to the invention comprising a secondary coil 8 and 
four permanent magnets 9 mounted on one side of a substrate 
10 and electronic components 11 and an electronic element 
like a light emitting diode (LED) 12 mounted on the other side 
of the substrate 10. The electronic components 11 and the 
LED 12 are electrically connected to the secondary coil 8. The 
electronic module 3 may also comprise means for shielding 
the environment against the magnetic field to comply with 
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EMC requirements. The permanent magnets 9 are magne 
tized normal to the substrate 10 and normal to the soft mag 
netic layer 5 in use. 
0040. When mounting the electronic module 3 on the base 
part 2 the permanent magnets 9 will be attracted by magnetic 
force to the soft magnetic layer 5 and hold the electronic 
module 3 against the base part 2. Since the permanent mag 
nets 9 are located around the secondary coil 8 and the soft 
magnetic layer 5 is located around the primary coils 7, the 
secondary coil 8 will be automatically align with respect to 
one of the primary coils 7. The primary coils 7 are connected 
to a driver which can drive the primary coils 7 with an AC 
field, preferably in the range of 0.1 MHz-10 MHz. The driver 
may include a detection mechanism to sense whether a sec 
ondary coil 8 is present opposite a primary coil 7 to activate 
this primary coil 7 at high power. 
0041 FIG.3 shows a top view of a second embodiment of 
a base part 22 of an electronic module according to the inven 
tion. The base part 22 comprises a Substrate 4, a soft magnetic 
layer 25 provided with a number of holes 6 and a number of 
primary coils 7. Between pairs of holes 6a slit 26 extends. The 
slit 26 can be manufactured in the soft magnetic layer 25 by 
means of mechanical tooling like milling or sawing, etched 
using photolithography or cut by a laser. 
0042. The slit 26 is provided to prevent that eddy currents 
occur when the primary coil 7 is powered. Such eddy currents 
will limit the efficiency of energy transfer to the secondary 
coil 8 and will generate heat in the soft magnetic layer 25. 
0043. By having one slit 26 per two holes 6, the number of 
slits 26 is limited and will hardly influence the mechanical 
strength of the soft magnetic layer 25. 
0044 FIG. 4 shows a top view of a third embodiment of a 
base part 32 of an electronic module according to the inven 
tion. The base part 32 comprises a Substrate 4, a soft magnetic 
layer 35 provided with a number of holes 6 and a number of 
primary coils 7. Between each hole 6 and its adjacent holes 6 
a slit 26 extends, which divides the soft magnetic layer 35 in 
several pieces. The pieces of the soft magnetic layer 35 are 
mounted on the substrate 4. Due to the larger number of slits 
near each primary coil 7. eddy currents are prevented even 
better. 

004.5 FIG. 5 shows a top view of a fourth embodiment of 
a base part 42 of an electronic module according to the inven 
tion. The base part 42 comprises a Substrate 4, a soft magnetic 
layer 45 provided with a number of holes 6 and a number of 
primary coils 7. Between each hole 6 and its adjacent holes 6 
a slit 26 extends, which divides the soft magnetic layer 45 in 
several pieces. The pieces of the soft magnetic layer 35 are 
mounted on the substrate 4. Furthermore a large number of 
relatively short, radially extending slits 46 are provided 
around each hole 6. 

0046. Due to the slits 46 the occurrence of unwanted eddy 
currents is further reduced. These slits 46 have nearly no 
influence on the function of the permanent magnets 9 because 
the magnet flux can still flow in the direction of the remaining 
Soft magnetic material of the Soft magnetic layer 45. 
0047. The better eddy currents are being prevented by 
means of the slits, the smaller the difference in diameter 
between the primary coil 7 and the hole 6 can be. 
0048. It is also possible to provide soft magnetic material 
in the centre of the primary coil 7 and to provide the electronic 
module 3 with a centrally located permanent magnet 9. 
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0049. It is also possible to use square coils or other shaped 
coils. In Such a case, the hole has preferably the same shape as 
the primary coil. 
0050. It is possible to provide the base part 2 with a non 
magnetic cover layer to hide the primary coils from view. 
0051. It is also possible to have more than one primary coil 
in each hole. 
0052. It is also possible to use more or less than four 
magnets or to use a ring shaped magnet. 
0053. It is also possible to make the soft magnetic layer out 
of a number of Small pieces of soft magnetic material being 
positioned between and near the primary coils. 
0054. It is also possible to use electromagnets instead of 
one or more permanent magnets, which electromagnets can 
be powered by the secondary coil. 
0055 Instead of a LED 12, the electronic module 3 may 
comprise any other kind of electronic element which can be 
powered by means of the secondary coil, like an OLED or a 
Small camera, speaker, sensor, electric fan, radio device, 
antenna, LCD display etcetera. 

1. An electronic device comprising 
a base part, comprising a soft magnetic layer defining a 

hole and at least a primary coil, and 
an electronic module, comprising at least one electronic 

element, and at least a secondary coil, adapted to induc 
tively interact with the primary coil, wherein the primary 
coil is located in the hole of the soft magnetic layer, and 
wherein the electronic module further comprises at least 
one magnet, adapted to magnetically interact with the 
Soft magnetic layer. 

2. An electronic device, according to claim 1, wherein the 
primary coil and the hole are substantially round, wherein the 
diameter of the hole is at least 10% larger than the diameter of 
the primary coil. 
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3. An electronic device, according to claim 1, wherein the 
hole in the soft magnetic layer is a through hole. 

4. An electronic device, according to claim 1, wherein the 
hole in the soft magnetic layer is a blind hole. 

5. An electronic device, according to claim 1, wherein the 
Soft magnetic layer comprises at least one slit extending from 
the hole. 

6. An electronic device, according to claim 1, wherein the 
Soft magnetic layer comprises a number of slits extending 
radially from the hole. 

7. An electronic device, according to claim 1, wherein the 
Soft magnetic layer is provided with a number of primary 
coils, located in holes wherein at least one slit extends 
between adjacent holes. 

8. An electronic device, according to claim 1, wherein the 
dimensions of the primary coil and the secondary coil are 
about the same. 

9. An electronic device, according to claim 1, wherein the 
electronic module comprises at least one permanent magnet. 

10. An electronic device, according to claim 9, wherein the 
electronic module comprises at least three permanent mag 
nets located around the secondary coil at a regular spacing. 

11. An electronic device, according to claim 9, wherein 
three permanent magnets are located in a triangle around the 
secondary coil. 

12. An electronic device, according to claim 9, wherein 
four permanent magnets are located in a square around the 
secondary coil. 

13. An electronic device, according to claim 9, wherein the 
permanent magnet, is magnetized normal to the Soft magnetic 
layer. 

14-15. (canceled) 
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