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(54) CIRCUIT BOARD AND COMMUNICATION DEVICE WITH SIDE COUPLER

(57) A communication device includes a circuit board
having an upper surface and a lower surface, an upper
housing disposed on the upper surface, and a lower
housing disposed on the lower surface. The circuit board
includes a top metal frame disposed on the upper sur-
face, wherein the top metal frame defines a top cavity; a
bottom metal frame disposed on the bottom surface,
wherein the bottom metal frame defines a bottom cavity

corresponding to the top cavity; a microstrip line disposed
on the upper surface and extending into the top cavity;
and a side coupler disposed on the lower surface and
extending into the bottom cavity. The upper housing in-
cludes a depression corresponding to the top cavity, and
the lower housing includes an aperture corresponding to
the bottom cavity.
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Description

PRIORITY CLAIM AND CROSS-REFERENCE

[0001] This application claims priority of U.S. provi-
sional application Ser. No. 62/546,827 filed on August
17, 2017, which is incorporated herein by reference in its
entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to a circuit board
and a communication device, and more particularly, to a
circuit board and a communication device with a side
coupler for detecting output power.

DISCUSSION OF THE BACKGROUND

[0003] In conventional communication devices, an ex-
tra power directional coupler or power-sensing integrated
circuit (IC) is typically required in the amplifiers on the
circuit board to monitor the power output of satellites or
wireless signal point-to-point converters. However, in-
stalling power directional couplers or power-sensing ICs
creates some drawbacks, such as the need for a larger
board area when such devices are installed. Further-
more, the detection circuit generates additional insertion
loss. In addition,, it increases the overall cost of the circuit
board.
[0004] This Discussion of the Background section is
provided for background information only. The state-
ments in this Discussion of the Background are not an
admission that the subject matter disclosed in this section
constitutes prior art to the present disclosure, and no part
of this Discussion of the Background section may be used
as an admission that any part of this application, including
this Discussion of the Background section, constitutes
prior art to the present disclosure.

SUMMARY

[0005] One aspect of the present disclosure provides
a circuit board, comprising a substrate having an upper
surface and a lower surface; a top metal frame disposed
on the upper surface, wherein the top metal frame defines
a top cavity; a bottom metal frame disposed on the bottom
surface, wherein the bottom metal frame defines a bot-
tom cavity corresponding to the top cavity; a microstrip
line disposed on the upper surface and extending into
the top cavity; and a side coupler disposed on the lower
surface and extending into the bottom cavity.
[0006] In some embodiments, the side coupler com-
prises a linear conductor having a first end extending into
the bottom cavity and a second end connected to a
through conductor, and the through conductor pene-
trates the substrate.
[0007] In some embodiments, the circuit board further
comprises a power conversion circuit disposed on the

upper surface and electrically connected to the through
conductor of the side coupler.
[0008] In some embodiments, the circuit board further
comprises a plurality of conductors electrically connect-
ing the top metal frame to the bottom metal frame.
[0009] In some embodiments, the top metal frame
comprises a top passage gap, and the microstrip line
extends into the top cavity through the top passage gap.
[0010] In some embodiments, the bottom metal frame
comprises a bottom passage gap, and the side coupler
extends into the top cavity through the bottom passage
gap.
[0011] In some embodiments, the bottom metal frame
and the side coupler are disposed on the same plane.
[0012] In some embodiments, the side coupler is elec-
trically isolated from the bottom metal frame.
[0013] Another aspect of the present disclosure pro-
vides a communication device, comprising a circuit
board, an upper housing disposed on an upper side of
the circuit board, and a lower housing disposed on a lower
side of the circuit board. The circuit board comprises a
substrate having an upper surface and a lower surface;
a top metal frame disposed on the upper surface, wherein
the top metal frame defines a top cavity; a bottom metal
frame disposed on the bottom surface, wherein the bot-
tom metal frame defines a bottom cavity corresponding
to the top cavity; a microstrip line disposed on the upper
surface and extending into the top cavity; and a side cou-
pler disposed on the lower surface and extending into
the bottom cavity.
[0014] In some embodiments, the upper space has a
height of one quarter of the operating wavelength of the
communication device.
[0015] In some embodiments, the communication de-
vice further comprises an amplifier disposed on the upper
surface and electrically connected to the microstrip line.
[0016] In some embodiments, the side coupler com-
prises a linear conductor having a first end extending into
the bottom cavity and a second end connected to a
through conductor, and the through conductor pene-
trates the substrate.
[0017] In some embodiments, the communication de-
vice further comprises a power conversion circuit dis-
posed on the upper surface and electrically connected
to the through conductor of the side coupler.
[0018] In some embodiments, the circuit board further
comprises a plurality of conductors electrically connect-
ing the top metal frame to the bottom metal frame.
[0019] In some embodiments, the top metal frame
comprises a top passage gap, and the microstrip line
extends into the top cavity through the top passage gap.
[0020] In some embodiments, the bottom metal frame
comprises a bottom passage gap, and the side coupler
extends into the top cavity through the bottom passage
gap.
[0021] In some embodiments, the bottom metal frame
and the side coupler are disposed on the same plane.
[0022] In some embodiments, the side coupler is elec-
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trically isolated from the bottom metal frame.
[0023] In some embodiments, the depression forms a
reflection waveguide.
[0024] In some embodiments, the aperture forms an
output waveguide.
[0025] In the present disclosure, the coupling loss of
the side coupler can be changed by adjusting the length
(L) of the side coupler, so as to control the coupling loss
to fit the desired linear power detection range.
[0026] In the present disclosure, the side coupler is
used to replace the conventional power directional cou-
pler, and the microstrip line and the side coupler are cou-
pled to generate the required power for further conver-
sion of the power to the voltage. In this way, the size of
the circuit board can be effectively reduced and the man-
ufacturing cost of the expensive circuit board can be re-
duced correspondingly.
[0027] The foregoing has outlined rather broadly the
features and technical advantages of the present disclo-
sure in order that the detailed description of the disclosure
that follows may be better understood. Additional fea-
tures and technical advantages of the disclosure are de-
scribed hereinafter and form the subject of the claims of
the disclosure. It should be appreciated by those skilled
in the art that the concepts and specific embodiments
disclosed may be utilized as a basis for modifying or de-
signing other structures, or processes, for carrying out
the purposes of the present disclosure. It should also be
realized by those skilled in the art that such equivalent
constructions do not depart from the spirit or scope of
the disclosure as set forth in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] A more complete understanding of the present
disclosure may be derived by referring to the detailed
description and claims. The disclosure should also be
understood to be connected to the figures’ reference
numbers, which refer to similar elements throughout the
description, and:

FIG. 1 is schematic diagram of a communication de-
vice in accordance with some embodiments of the
present disclosure.

FIG. 2A and FIG. 2B are schematic diagrams of the
substrate in FIG. 1 in accordance with some embod-
iments of the present disclosure.

FIG. 3A and FIG. 3B are schematic diagrams of a
circuit board at different viewing angles in accord-
ance with some embodiments of the present disclo-
sure.

FIG. 4A and FIG. 4B are schematic assembled dia-
grams of a communication device at different viewing
angles in accordance with some embodiments of the
present disclosure.

FIG. 4C and FIG. 4D are schematic disassembled
diagrams of the communication device shown in FIG.
4A and FIG. 4B at different viewing angles in accord-
ance with some embodiments of the present disclo-
sure.

FIG. 5 is a graph showing the insertion loss of the
communication device shown in FIG. 4A and a com-
parative communication device at different frequen-
cies in accordance with some embodiments of the
present disclosure.

FIG. 6 is a graph showing the return loss of the com-
munication device shown in FIG. 4A and a compar-
ative communication device at different frequencies
in accordance with some embodiments of the
present disclosure.

FIG. 7 is a graph showing the coupling loss of the
communication device shown in FIG. 4A at different
frequencies in accordance with some embodiments
of the present disclosure.

FIG. 8 is a graph showing transfer waveforms of a
power conversion circuit at different frequencies in
accordance with some embodiments of the present
disclosure.

DETAILED DESCRIPTION

[0029] Embodiments, or examples, of the disclosure
illustrated in the drawings are now described using spe-
cific language. It shall be understood that no limitation of
the scope of the disclosure is hereby intended. Any al-
teration or modification of the described embodiments,
and any further applications of principles described in
this document, are to be considered as normally occur-
ring to one of ordinary skill in the art to which the disclo-
sure relates. Reference numerals may be repeated
throughout the embodiments, but this does not neces-
sarily mean that feature(s) of one embodiment apply to
another embodiment, even if they share the same refer-
ence numeral.
[0030] It shall be understood that, although the terms
first, second, third, etc. may be used herein to describe
various elements, components, regions, layers or sec-
tions, these elements, components, regions, layers or
sections are not limited by these terms. Rather, these
terms are merely used to distinguish one element, com-
ponent, region, layer or section from another region, layer
or section. Thus, a first element, component, region, layer
or section discussed below could be termed a second
element, component, region, layer or section without de-
parting from the teachings of the present inventive con-
cept.
[0031] The terminology used herein is for the purpose
of describing particular example embodiments only and
is not intended to be limited to the present inventive con-
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cept. As used herein, the singular forms "a," "an" and
"the" are intended to include the plural forms as well,
unless the context clearly indicates otherwise. It shall be
further understood that the terms "comprises" and "com-
prising," when used in this specification, point out the
presence of stated features, integers, steps, operations,
elements, or components, but do not preclude the pres-
ence or addition of one or more other features, integers,
steps, operations, elements, components, or groups
thereof.
[0032] FIG. 1 is schematic diagram of a communication
device 100 in accordance with some embodiments of the
present disclosure. Referring to FIG. 1, in some embod-
iments, the communication device 100, such as a micro-
wave communication device, includes a general micro-
wave substrate 110, such as a Rogers substrate. In some
embodiments, the upper side and the lower side of the
substrate 110 have an upper space 120 and a lower
space 130, respectively.
[0033] FIG. 2A and FIG. 2B are schematic diagrams
of the communication device 100 in FIG. 1 in accordance
with some embodiments of the present disclosure. In
some embodiments, the substrate 110 of the communi-
cation device 100 includes an upper surface 110A and
a lower surface 110B, and the upper space 120 and the
lower space 130 are disposed respectively over the up-
per surface 110A and below the lower surface 110B. In
some embodiments, the upper space 120 may be imple-
mented by disposing a hollow shell over the upper sur-
face 110A of the substrate 110. In some embodiments,
the lower space 130 implements an output waveguide,
which is a passage space for the microwave signals. In
some embodiments, the upper space 120 implements a
reflection waveguide, and the height of the upper space
120 is one-quarter of the designed operating wavelength
of the communication device 100, wherein the height is
designed so that the microwave signals are reflected
back to the lower space 130.
[0034] Referring to FIG. 1, FIG. 2A and FIG. 2B, in
some embodiments, the communication device 100 fur-
ther includes a microstrip line 111 and a side coupler 112
disposed on different planes of the communication de-
vice 100. In some embodiments, the microstrip line 111
and the side coupler 112 are disposed on different sides
of the substrate 110; for example, the microstrip line 111
is disposed on the upper surface 110A, while the side
coupler 112 is disposed on the lower surface 110B.
[0035] Referring to FIG. 1 and FIG. 2A, in some em-
bodiments, the microstrip line 111 serves as an input
terminal connected to an electronic device such a signal
amplifier 10, and the signals from the signal amplifier 10
are converted by a microstrip-to-waveguide conversion
mechanism implemented on the upper surface 110A and
in the upper space 120. In some embodiments, in the
lower space 130, the converted signal is then conducted
to the side coupler 112 on the lower surface 110B.
[0036] Referring to FIG. 1 and FIG. 2B, in some em-
bodiments, a major portion of the microwave power from

the microstrip line 111 is outputted through the output
waveguide (the lower space 130) to the outside of the
communication device 100, while a minor portion of the
microwave power from the microstrip line 111 can be
coupled out of the output waveguide (the lower space
130) by the side coupler 112 in the lower space 130. In
some embodiments, the coupling loss of the side coupler
112 can be adjusted by changing the length (L) of the
side coupler 112, and the length (L) can be adjusted in
view of the power requirement of the communication de-
vice 100. In some embodiments, the minor portion of the
microwave power coupled out by the side coupler 112 is
then passed to a power conversion circuit 11 on the upper
surface 110A for further conversion to a voltage signal.
[0037] Referring to FIG. 1 and FIG. 2A, in some em-
bodiments, the power conversion circuit 11 is disposed
on the upper surface 110A of the substrate 110 and con-
nected to the side coupler 112. In some embodiments,
a through conductor 113 penetrates the substrate 110
from the lower surface 110B to the upper surface 110A,
and the through conductor 112A electrically connects the
side coupler 112 on the lower surface 110B to the power
conversion circuit 11 on the upper surface 110A.
[0038] Some coupling losses are generated during the
coupling process. In some embodiments, in order to
make the power detection range of the communication
equipment fall within a preferable linear region, i.e., a
region where power and voltage conversion are relatively
linear; the coupling loss can be changed by adjusting the
coupling ratio of the side coupler 112, e.g., by changing
the length (L) of the side coupler 112 to control the cou-
pling loss to fit the desired linear power detection range.
[0039] FIG. 3A and FIG. 3B are schematic diagrams
of a circuit board 20 at different viewing angles in accord-
ance with some embodiments of the present disclosure.
In some embodiments, the circuit board 20 comprises a
substrate 21, such as a Rogers substrate, having an up-
per surface 21A and a lower surface 21B; a top metal
frame 23 disposed on the upper surface 21A, wherein
the top metal frame 23 defines a top cavity 23A; a bottom
metal frame 25 disposed on the bottom surface 21B,
wherein the bottom metal frame 25 defines a bottom cav-
ity 25A corresponding to the top cavity 23A; a microstrip
line 27 disposed on the upper surface 21A and extending
into the top cavity 23A; and a side coupler 29 disposed
on the lower surface 21B and extending into the bottom
cavity 25A. In some embodiments, the circuit board 20
further comprises a plurality of conductors 33 such as
conductive through vias/holes electrically connecting the
top metal frame 23 to the bottom metal frame 25.
[0040] Referring to FIG. 3B, in some embodiments, the
side coupler 29 comprises a linear conductor 30 having
a first end 30A in the bottom cavity 25A and a second
end 30B connected to a through conductor 31, and the
through conductor 31 penetrates the substrate 21. In
some embodiments, the bottom metal frame 25 also de-
fines a bottom passage gap 29A, and the side coupler
29 extends into the bottom cavity 25A through the bottom
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passage gap 29A, and the side coupler 29 is electrically
isolated from the bottom metal frame 25. In some em-
bodiments, the bottom metal frame 25 and the side cou-
pler 29 are disposed on the same plane, and can be
integrally formed by the same fabrication process.
[0041] Referring to FIG. 3A, in some embodiments, the
circuit board 20 comprises a power conversion circuit 35
such as a power-to-voltage converter disposed on the
upper surface 21A and electrically connected to the
through conductor 31, which further connects to the side
coupler 29 on the lower surface 21B. In some embodi-
ments, the top metal frame 23 also defines a top passage
gap 27A, the microstrip line 27 extends into the top cavity
23A through the top passage gap 27A, and the microstrip
line 27 is electrically isolated from the top metal frame 23.
[0042] FIG. 4A and FIG. 4B are schematic assembled
diagrams of a communication device 200 at different
viewing angles in accordance with some embodiments
of the present disclosure, and FIG. 4C and FIG. 4D are
schematic disassembled diagrams of the communication
device 200 at different viewing angles in accordance with
some embodiments of the present disclosure. In some
embodiments, the communication device 200 comprises
the circuit board 20 in FIG. 3A, an upper housing 220
disposed on the upper surface 21A of the circuit board
20, and a lower housing 230 disposed on the lower sur-
face 21B of the circuit board 20.
[0043] Referring to FIG. 4A and FIG. 4C, in some em-
bodiments, the power conversion circuit 35 is disposed
on the upper surface 21A of the circuit board 20 and is
connected to the side coupler 29 on the lower surface
21B via the through conductor 31 penetrating the circuit
board 20. In some embodiments, the power conversion
circuit 35 is not covered by the upper housing 220. In
some embodiments, the upper housing 220 comprises
a depression 221 corresponding to the top cavity 23A,
and the depression 221 implements the upper space 120
in FIG. 1, serving as the reflection waveguide.
[0044] Referring to FIG. 4B and FIG. 4D, in some em-
bodiments, the lower housing 230 comprises an aperture
231 corresponding to the bottom cavity 25A. In some
embodiments, the aperture 231 of the lower housing 230
implements the lower space 130 in FIG. 1, serving as an
output waveguide, which is a passage space for the mi-
crowave signals.
[0045] FIG. 5 is a graph showing the insertion loss of
the communication device 200 and a comparative com-
munication device at different frequencies in accordance
with some embodiments of the present disclosure, and
FIG. 6 is a graph showing the return loss of the commu-
nication device 200 and the comparative communication
device at different frequencies in accordance with some
embodiments of the present disclosure.
[0046] Referring to FIG. 5, the curve 510A represents
the insertion losses of the comparative communication
device without the side coupler 29, and the curve 520A
represents the insertion losses of the communication de-
vice 200 with the side coupler 29. The range R indicates

the designed operating frequency range of 14.0-14.5
GHz. As can be seen from FIG. 5, the difference in terms
of the insertion loss between the curve 510A (without the
side coupler) and the curve 520A (with the side coupler)
is only about 0.01 dB. In other words, incorporating the
side coupler 29 in the communication device 200 incurs
a negligible insertion loss. In contrast, conventionally in-
corporating the power directional couplers or the power
detection ICs can generate an insertion loss of 0.4 to 0.6
dB.
[0047] Referring to FIG. 6, the curve 510B represents
the return losses of the comparative communication de-
vice without the side coupler 29, and the curve 520B rep-
resents the return losses of the communication device
200 with the side coupler 29. It can be seen from FIG. 6
that there is no significant difference between the curve
510B and the curve 520B. In other words, incorporating
the side coupler 29 into the communication device 200
does not cause significant return loss.
[0048] FIG. 7 is a graph showing the coupling loss of
the communication device 200 in FIG. 4A at different fre-
quencies in accordance with some embodiments of the
present disclosure, and FIG. 8 is a graph showing the
transfer waveforms of the power conversion circuit 35
such as a Schottky diode at different frequencies in ac-
cordance with some embodiments of the present disclo-
sure. In the present disclosure, the coupling loss of the
side coupler 29 can be changed by adjusting the length
(L) of the side coupler 29, so as to control the coupling
loss to fit the desired linear power detection range of the
power conversion circuit 35.
[0049] Referring to FIG. 7, in an embodiment, when
the power requirement of the communication device 200
is set to be 30dBm, the coupling loss is about -28dB in
the designed operating frequency range of 14.0-14.5
GHz; referring to FIG. 8, the transfer waveforms of the
power conversion circuit 35 have a linear region between
-3.0dBm and 5.0dBm at input (horizontal axis). In other
words, the difference between the power requirement
(30dBm) and the coupling loss (-28dB) is about 2dB,
which falls within the linear region of the power conver-
sion circuit 35. In case of different power requirements
of the communication device 200, the length (L) of the
side coupler 112 can be changed so that the difference
between the power requirement and the coupling loss
falls within the linear region of the power conversion cir-
cuit 35.
[0050] In the present disclosure, the side coupler 29 is
used to replace the conventional power directional cou-
pler, and the microstrip line 27 and the side coupler 29
are coupled to generate the required power for further
conversion of the coupled power to the voltage. In this
way, the size of the circuit board can be effectively re-
duced and the manufacturing cost of the expensive circuit
board can be reduced correspondingly.
[0051] One aspect of the present disclosure provides
a circuit board. The circuit board comprises a substrate
having an upper surface and a lower surface; a top metal
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frame disposed on the upper surface, wherein the top
metal frame defines a top cavity; a bottom metal frame
disposed on the bottom surface, wherein the bottom met-
al frame defines a bottom cavity corresponding to the top
cavity; a microstrip line disposed on the upper surface
and extending into the top cavity; and a side coupler dis-
posed on the lower surface and extending into the bottom
cavity.
[0052] Another aspect of the present disclosure pro-
vides a communication device. The communication de-
vice comprises a circuit board, an upper housing dis-
posed on an upper side of the circuit board, and a lower
housing disposed on a lower side of the circuit board.
The circuit board comprises a substrate having an upper
surface and a lower surface; a top metal frame disposed
on the upper surface, wherein the top metal frame defines
a top cavity; a bottom metal frame disposed on the bottom
surface, wherein the bottom metal frame defines a bot-
tom cavity corresponding to the top cavity; a microstrip
line disposed on the upper surface and extending into
the top cavity; and a side coupler disposed on the lower
surface and extending into the bottom cavity.
[0053] Although the present disclosure and its advan-
tages have been described in detail, it should be under-
stood that various changes, substitutions and alterations
can be made herein without departing from the spirit and
scope of the disclosure as defined by the appended
claims. For example, many of the processes discussed
above can be implemented in different methodologies
and replaced by other processes, or a combination there-
of.
[0054] Moreover, the scope of the present application
is not intended to be limited to the particular embodiments
of the process, machine, manufacture, and composition
of matter, means, methods and steps described in the
specification. As one of ordinary skill in the art will readily
appreciate from the present disclosure, processes, ma-
chines, manufacture, compositions of matter, means,
methods, or steps, presently existing or later to be de-
veloped, that perform substantially the same function or
achieve substantially the same result as the correspond-
ing embodiments described herein may be utilized ac-
cording to the present disclosure. Accordingly, the ap-
pended claims are intended to include within their scope
such processes, machines, manufacture, compositions
of matter, means, methods, or steps.

Claims

1. A circuit board, comprising:

a substrate having an upper surface and a lower
surface;
a top metal frame disposed on the upper sur-
face, wherein the top metal frame defines a top
cavity;
a bottom metal frame disposed on the bottom

surface, wherein the bottom metal frame defines
a bottom cavity corresponding to the top cavity;
a microstrip line disposed on the upper surface
and extending into the top cavity; and
a side coupler disposed on the lower surface
and extending into the bottom cavity.

2. The circuit board of Claim 1, wherein the side coupler
comprises a linear conductor having a first end ex-
tending into the bottom cavity and a second end con-
nected to a through conductor, and the through con-
ductor penetrates the substrate.

3. The circuit board of Claim 1, wherein the bottom met-
al frame comprises a bottom passage gap, and the
side coupler extends into the top cavity through the
bottom passage gap.

4. The circuit board of Claim 1, wherein the bottom met-
al frame and the side coupler are disposed on the
same plane.

5. The circuit board of Claim 1, wherein the side coupler
is electrically isolated from the bottom metal frame.

6. A communication device, comprising:

a circuit board, wherein the circuit board com-
prises a substrate having an upper surface and
a lower surface; a top metal frame disposed on
the upper surface, wherein the top metal frame
defines a top cavity; a bottom metal frame dis-
posed on the bottom surface, wherein the bot-
tom metal frame defines a bottom cavity corre-
sponding to the top cavity; a microstrip line dis-
posed on the upper surface and extending into
the top cavity; and a side coupler disposed on
the lower surface and extending into the bottom
cavity;
an upper housing disposed on the upper sur-
face, wherein the upper housing comprises a
depression corresponding to the top cavity; and
a lower housing disposed on the lower surface,
wherein the lower housing comprises an aper-
ture corresponding to the bottom cavity.

7. The communication device of Claim 6, wherein the
upper space has a height of one quarter of the op-
erating wavelength of the communication device.

8. The communication device of Claim 6, further com-
prising an amplifier disposed on the upper surface
and electrically connected to the microstrip line.

9. The communication device of Claim 6, wherein the
side coupler comprises a linear conductor having a
first end extending into the bottom cavity and a sec-
ond end connected to a through conductor, and the
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through conductor penetrates the substrate.

10. The communication device of Claim 9, further com-
prising a power conversion circuit disposed on the
upper surface and electrically connected to the
through conductor of the side coupler.

11. The communication device of Claim 6, wherein the
bottom metal frame comprises a bottom passage
gap, and the side coupler extends into the top cavity
through the bottom passage gap.

12. The communication device of Claim 6, wherein the
bottom metal frame and the side coupler are dis-
posed on the same plane.

13. The communication device of Claim 6, wherein the
side coupler is electrically isolated from the bottom
metal frame.

14. The communication device of Claim 6, wherein the
depression forms a reflection waveguide.

15. The communication device of Claim 9, wherein the
aperture forms an output waveguide.

11 12 



EP 3 444 891 A1

8



EP 3 444 891 A1

9



EP 3 444 891 A1

10



EP 3 444 891 A1

11



EP 3 444 891 A1

12



EP 3 444 891 A1

13



EP 3 444 891 A1

14



EP 3 444 891 A1

15



EP 3 444 891 A1

16



EP 3 444 891 A1

17



EP 3 444 891 A1

18



EP 3 444 891 A1

19

5

10

15

20

25

30

35

40

45

50

55



EP 3 444 891 A1

20

5

10

15

20

25

30

35

40

45

50

55



EP 3 444 891 A1

21

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 62546827 A [0001]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

