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(54) ELECTRONIC RF SWITCH ARRANGEMENT AND METHOD OF HARMONIC CONTROL OF 
ELECTRONIC RF SWITCH ARRANGEMENT

(57) An electronic radio frequency switch arrange-
ment comprises switch branches (100), each of which
comprises at least one diode switch (102), and the switch
branches (100) have an electrical anti-parallel coupling
of the diode switches (102) therebetween, a number of
the switch branches (100) being 2∗n + 1, where n is a
positive integer. One of the diode switches (102), which
comprises at least one electrical anti-series coupling

(104) of diodes, is configured to be biased into an elec-
trically conductive state for harmonic cancellation on the
basis of the electrical anti-series coupling (104), and the
diode switches (102) other than said one of the diode
switches (102) are configured to be biased in an electri-
cally non-conductive state for harmonic reduction on the
basis of the anti-parallel coupling.
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Description

Field

[0001] The invention relates to an electronic radio fre-
quency switch arrangement.

Background

[0002] A problem with radio frequency switched filter
banks is the harmonic level produced by the antenna-
side switch, because the harmonics cannot be filtered
out and because the harmonics can rise above a spec-
trum mask with high output power.
[0003] The problem with the harmonics has been re-
duced in the prior art by using high power switches such
as diode switches. However, increasing the size of diode
switches causes other problems: In addition to physical
size limitations, bigger switches/diodes typically do not
allow as high frequencies as the smaller ones, the smaller
ones having smaller capacitance, for example. Hence,
there is a need for a better harmonics control.

Brief description

[0004] The invention is defined by the independent
claims. Embodiments are defined in the dependent
claims.

List of drawings

[0005] Example embodiments of the present invention
are described below, by way of example only, with ref-
erence to the accompanying drawings, in which

Figures 1A to 1D illustrates examples of anti-series
and anti-parallel couplings of diodes;
Figure 2 illustrates an example of an electronic radio
frequency switch arrangement;
Figure 3 illustrates an example of the electronic radio
frequency switch arrangement which has a receiver
branch and a low power radio frequency branch in
addition to power transmission branches;
Figure 4 illustrates an example of the electronic radio
frequency switch arrangement which has two sec-
tions of diode switch branches;
Figure 5 illustrates an example of a branch which
has an anti-series coupling of diodes;
Figure 6 illustrates an example of how DC electric
currents flow in the electronic radio frequency switch
arrangement when one of the diode switches having
an anti-series coupling of diodes is biased into an
electrically conducting state;
Figure 7 illustrates another example of how DC elec-
tric currents flow in the electronic radio frequency
switch arrangement when one of the diode switches
having an anti-series coupling of diodes is biased
into an electrically conducting state;

Figure 8 illustrates still another example of how DC
electric currents flow in the electronic radio frequen-
cy switch arrangement when one of the diode switch-
es having an anti-series coupling of diodes is biased
into an electrically conducting state;
Figure 9 illustrates another example of how DC elec-
tric currents flow in the electronic radio frequency
switch arrangement when a diode switch of a receiv-
er branch is biased into an electrically conducting
state;
Figure 10 illustrates an example of connection di-
odes that are coupled opposite to the previous ex-
amples; and
Figure 11 illustrates of an example of a flow chart of
a method of harmonic control of an electronic radio
frequency switch arrangement.

Description of embodiments

[0006] The following embodiments are only examples.
Although the specification may refer to "an" embodiment
in several locations, this does not necessarily mean that
each such reference is to the same embodiment(s), or
that the feature only applies to a single embodiment. Sin-
gle features of different embodiments may also be com-
bined to provide other embodiments. Furthermore, words
"comprising" and "including" should be understood as
not limiting the described embodiments to consist of only
those features that have been mentioned and such em-
bodiments may contain also features/structures that
have not been specifically mentioned. All combinations
of the embodiments are considered possible if their com-
bination does not lead to structural, operational or logical
contradiction.
[0007] It should be noted that while Figures illustrate
various embodiments, they are simplified diagrams that
only show some structures and/or functional entities. The
connections shown in the Figures may refer to logical or
physical connections. It is apparent to a person skilled in
the art that the described apparatus may also comprise
other functions and structures than those described in
Figures and text. It should be appreciated that details of
some functions, structures, and the signalling used for
measurement and/or controlling are irrelevant to the ac-
tual invention. Therefore, they need not be discussed in
more detail here.
[0008] Figures 1A to 1D show examples of what anti-
series and anti-parallel couplings of diodes mean, al-
though a person skilled in the art is familiar with these
electrical couplings, per se. Figure 1A illustrates an ex-
ample of two diodes 20 and 22, which are electrically
coupled in series. This series coupling is called anti-se-
ries coupling because cathodes of the diodes 20 and 22
are coupled together.
[0009] Figure 1B illustrates an example of two diodes
24 and 26, which are also electrically coupled in series.
This series coupling is, like that of Figure 1A, called anti-
series coupling because anodes of the diodes 24 and 26
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are coupled together. A diode coupling is called anti-se-
ries when the same terminals of serially coupled diodes
are electrically coupled with each other.
[0010] Figure 1C illustrates an example of two diodes
28 and 30, which are electrically coupled in parallel. This
parallel coupling is called anti-parallel coupling because
the diodes 28 and 30 are in opposite positions between
the upper and lower conductors 36 and 38. That is, the
anode of the diode 28 and the cathode of the diode 30
are coupled with the upper conductor 36 while the cath-
ode of the diode 28 and the anode of the diode 30 are
couple with the lower conductor 38.
[0011] Figure 1D illustrates an example of two diodes
32 and 34, which are electrically coupled in parallel. This
parallel coupling is called anti-parallel coupling because
the diodes 32 and 34 are in opposite positions between
the upper and lower conductors 40 and 42. That is, the
cathode of the diode 32 and the anode of the diode 34
are coupled with the upper conductor 40 while the anode
of the diode 32 and the cathode of the diode 34 are cou-
pled with the lower conductor 42. In an anti-parallel cou-
pling different terminals of a pair of parallel coupled di-
odes are coupled with each other.
[0012] Figure 2 illustrates a simple example of an elec-
tronic RF (Radio Frequency) switch arrangement 10. The
electronic radio frequency switch arrangement 10 com-
prises switch branches 100, 142, each of which compris-
es at least one diode switch 102. The switch branches
100 and the switch branch 142 have an electrical anti-
parallel coupling therebetween. A number of the switch
branches 100 is 2∗n + 1, where n is a positive integer.
The positive integers are numbers 1, 2, 3, ... not including
zero. Mathematically the positive integers belong to the
set denoted Z+. In Figure 2, the diode switches 102,
which comprise at least one electrical anti-series cou-
pling 104 of diodes 44B-44C or 44D-44E, are in the power
transmission switch branches and may receive a radio
frequency power signal at input terminals 120, 122 and
pass the radio frequency power signal to an antenna.
The switch branch 142, which has a diode 44A, may re-
ceive a radio frequency signal from the antenna and pass
it toward a receiver circuit through a terminal 124.
[0013] When an anti-series coupling 104 of diodes is
biased into an electrically conducting state, it allows a
radio frequency power signal to pass therethrough from
an input terminal 120, 122 of radio frequency power trans-
mitter to the antenna.
[0014] One 98, 99 of the diode switches 102, which
comprises at least one electrical anti-series coupling 104
of diodes 44B-44C or 44D-44E, is biased into an electri-
cally conductive state for harmonic cancellation on the
basis of the electrical anti-series coupling 104. The bias
may be permanent or temporal. When the bias is tem-
poral, one 98, 99 of the diode switches 102 is biased into
an electrically conductive state at a time. That is, the di-
ode switches 102 may be set in an electrically conducting
state one by one. The diode switches 102 other than said
one 98, 99 of the diode switches 102 and the diode switch

142 are biased in an electrically non-conductive state for
harmonic cancellation on the basis of the anti-parallel
coupling.
[0015] In Figure 2, said one (for example 98) of the
diode switches 102 comprises the electrical anti-series
coupling 104 of diodes 44B-44C and it may be biased in
an electrically conductive state. Then the diodes 44A and
44D form the anti-parallel coupling of diodes. If another
(for example 99) of the diode switches 102, which com-
prises the electrical anti-series coupling 104 of diodes
44D-44E, is biased into an electrically conductive state,
then the diodes 44A and 44B form the anti-parallel cou-
pling of diodes. Correspondingly, diodes 44D and 44E
form the anti-series coupling of diodes.
[0016] The diode 44A may be biased into an electrically
non-conducting state by providing a higher electrical po-
tential to an input V1 than to an input V2. The input V1
is common to all diode switches 102 the electronic radio
frequency switch arrangement 10. Electrically, a poten-
tial difference between any two points refers to a voltage
between the points. The diode 44B may be biased in an
electrically conducting state by providing a higher elec-
trical potential to the input V1 than to an input V3. The
diode 44C may be biased in an electrically conducting
state by providing a higher electrical potential to the input
V4 than to an input V3. The diode 44D may be biased in
an electrically non-conducting state by providing a lower
electrical potential to the input V1 than to an input V5.
The diode 44E may be biased in an electrically non-con-
ducting state by providing a lower electrical potential to
the input V6 than to an input V5.
[0017] The diode 44B may be biased in an electrically
non-conducting state by providing a lower electrical po-
tential to the input V1 than to an input V3. The diode 44C
may be biased in an electrically non-conducting state by
providing a lower electrical potential to the input V4 than
to an input V3. The diode 44D may be biased in an elec-
trically conducting state by providing a higher electrical
potential to the input V1 than to an input V5. The diode
44E may be biased in an electrically conducting state by
providing a higher electrical potential to the input V6 than
to an input V5. In these examples, electric current flows
from a higher potential to a lower potential. The inputs
V1 to V6 may be electrically contacted with DC (Direct
Current) voltage sources, for example. The DC voltage
sources providing the potentials to the inputs V1 to V6
may be adjustable, and by adjusting their voltages to val-
ues characteristics to the electrical circuit configuration
of the electronic radio frequency switch arrangement 10
the harmonics distortion can be reduced or eliminated.
An electric current through the diodes 44A, 44B, 44C,
44D and 44E may be restricted by coupling a resistor
(not shown in Figures) in series with them, for example.
[0018] In an embodiment, a first (98 in Figure 2) of the
diode switches 102, which comprises the at least one
electrical anti-series coupling 104 of diodes, may be bi-
ased into the electrically conductive state at a first mo-
ment, and a second (99 in Figure 2) of the diode switches
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102, which comprises the at least one electrical anti-se-
ries coupling 104 of diodes, may be biased into the elec-
trically conductive state at a second moment. In this ex-
ample, the first and the second moments are different
and the first of the diode switches 102 and the second
of the diode switches 102 are different.
[0019] In an embodiment an example of which is illus-
trated in Figure 3, the switch branches 300, 302, 304,
340, 342 are electrically coupled in parallel between di-
rect current inputs V1, V2, V3, V4, V5, V6, V7, V8, V9,
V30, V31, where the input V1 is common to all diode
switches 102. At least one of the switch branches 300,
302, 304, 340 is a radio frequency power transmission
switch branch 300, 302, 304. The switch branch 340 is
a radio frequency transmission switch branch and the
switch branch 342 is a radio frequency receiver switch
branch. However, the switch branches 340 and 342 are
not necessarily needed in the electronic radio frequency
switch arrangement.
[0020] Each of the switch branches 300, 302, 304, 340,
342 may comprise the diode switch 102, which receives
bias on the basis of the DC potential/voltage. One termi-
nal of each of the diode switches 102 has an electrical
coupling with a conductor 310, which has an electrical
connection with an antenna 350 for electromagnetic radio
frequency power transmission, electromagnetic radio
frequency transmission and/or electromagnetic radio fre-
quency reception.
[0021] The diode switch 102 of each of the at least one
radio frequency power transmission switch branch 300
to 304 comprises one of the at least one anti-series cou-
pling 104 of diodes. The diodes of only one of the radio
frequency power transmission switch branches 300 to
304 may be biased into an electrically conducting state,
i.e. forward biased, to allow a radio frequency power sig-
nal to pass therethrough to the conductor 310 and toward
the antenna 350. The only one of the radio frequency
power transmission switch branches 300 to 304 may be
the switch branch 300 at a certain moment, for example.
At some other moment, the only one of the radio frequen-
cy power transmission switch branches 300 to 304 may
be the switch branch 300, 302 or 304.
[0022] A diode of the diode switch 102 of each of the
switch branches 300 to 304, 340, 342 other than said
one of the at least one of the radio frequency power trans-
mission switch branch 300 to 304 may then be biased
into an electrically non-conducting state, i.e. reverse bi-
ased, to prevent the radio frequency signal, the radio
frequency power signal and/or received radio frequency
signal to pass therethrough.
[0023] In an embodiment an example of which is illus-
trated in Figures 2, 3 and 4, a difference between a
number of anodes of the diode switches 102, which are
coupled with the conductor 310, and cathodes of the di-
ode switches 102, which are coupled with the conductor
310, may be at most one.
[0024] An example Figure 4 illustrates the electronic
radio frequency switch arrangement that comprises two

section 400, 402 of the radio frequency power transmis-
sion switch branches 300, 302, 304, 306, 308, 310, 312,
314, 316 and 318, which are electrically in parallel with
each other and between the direct current inputs V1, V2,
V3, V4, V5, V6, V7, V8, V9, V10, V11, V12, V13, V14,
V15, V16, V17, V18, V19, V20, V21 and V22, where the
input V1 is common to all the diode switches 102. In a
second section 402, the last diode switch 102 having the
DC inputs V20 and V21 may be coupled to a input V22
through an additional diode 450. The additional diode
450 may have its cathode coupled with or facing toward
the input V22, which may be ground. The inputs V7, V9,
V17, V19 and V22 may be coupled with the ground.
[0025] In an embodiment, the input V1 may be a few
volts, such as about 2 V to 15 V, for example. In an em-
bodiment, the input V1 may be between about 3 V to 10
V, for example. The input V1 may be adjustable, and it
is set to a voltage or within a voltage range that reduces
the harmonic disturbances efficiently. A voltage value of
the input V1 depends on the components and the circuit
structure used in the electronic radio frequency switch
arrangement. A person skilled in the art can easily find
a suitable value for the input V1 on the basis of test,
simulation or theory.
[0026] The inputs V2, V4, V10, V12, V14 and V20 may
be switchable between about Val and Vah, for example,
where Val may be between about -5 V and 5 V and Vah
may be between about 80 V to 160 V, for example. The
inputs V6, V8, V16, V18, V21 may be switchable between
about Vbl and Vbh, where Vbl may be about 2.5 V to 10
V and may Vbh be about -80 V to -160 V, for example.
The inputs V3, V5, V13 and V15 may be between about
2.5 V to 10 V, for example. The input V11 may be between
about - 80 V to - 160 V, for example.
[0027] The inputs V2, V4, V10, V12, V14 and V20 may
be switchable between about 0 V and 120 V, for example.
The inputs V6, V8, V16, V18, V21 may be switchable
between about 5 V and -120 V. The inputs V3, V5, V13
and V15 may be about 5 V, for example. The input V11
may be about -120 V, for example. A scale of the values
of inputs V2 to V22 may have a variation of about 50 V,
for example. Hence, the inputs V6, V8, V16, V18, V21
may be switchable between about 5 V and -70 V, or about
5 V to -170 V, for example.
[0028] In general, the electronic radio frequency switch
arrangement comprises at least one section 400, 402.
[0029] Each of the at least one section 400, 402 may
comprise a connection diode 404, 406. The electrical
coupling of the diode switches 102 with the conductor
310 is arranged in this configuration through the connec-
tion diode 404, 406. A cathode of the connection diode
404, 406 is coupled with the one terminal of each of the
diode switches 102 of the at least one section 400, 402.
An anode of the connection diode 404, 406 is coupled
with the conductor 310 and directed toward the antenna
350.
[0030] In an embodiment, an anode of the connection
diode 404, 406 may be coupled with the one terminal of
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each of the diode switches 102 of the anti-series coupling
104 of the diodes. This can be done by setting suitable
electric potentials or voltages at inputs V1 to V22. A per-
son skilled in the art is capable of doing this kind of cou-
pling on the basis of what is taught in this document about
coupling the cathode of the connection diode 404, 406
with the one terminal of each of the diode switches 102
of the at least one section 400, 402.
[0031] The diode switches 102 of the power transmis-
sion switch branches 300 to 318 of the at least one section
400, 402 have the anti-series coupling 104 of the diodes.
Other terminal of each of the diode switches 102 of the
anti-series coupling 104 are configured to receive the
radio frequency signal from radio frequency power signal
input terminal (120, 122 in Figure 2).
[0032] In an embodiment, the electronic radio frequen-
cy switch arrangement may comprise a plurality of the
diode switches 102 that comprise at least one anti-series
coupling 104 of diodes. In an embodiment, all the diode
switches 102 of the electronic radio frequency switch ar-
rangement may comprise at least one anti-series cou-
pling 104 of diodes.
[0033] In an embodiment, the switch branches 300 to
318, 340, 342 may comprise at least one receiver switch
branch 342. The at least one receiver switch branch 342
does not comprise a diode similar to the connection diode
404, 406 between the diode switch 102, which may have
the anti-series coupling 104 of diodes, and the conductor
310. That is, the receiver switch branch 342 operates
without such a diode an anode of which is coupled with
the one terminal of the diode switch 102, and a cathode
of which is directed toward the antenna 350.
[0034] In an embodiment, the switch branches 300 to
318, 340, 342 may comprise at least one limited power
transmission switch branch 340 which is for limited power
transmission. Power of the limited power radio transmis-
sion is less than the power of signals of the radio fre-
quency power transmission. The at least one limited pow-
er transmission switch branch 340 of radio frequency
does not comprise a diode similar to the connection diode
404, 406 between the diode switch 102 and the conductor
310. Correspondingly with the embodiment of the receiv-
er branch switch 342, the limited power transmission
switch 340 operates without such a diode (like diode 404)
a cathode of which is coupled with the one terminal of
the diode switch 102, and an anode of which is coupled
with the conductor 310 and directed toward the antenna
350.
[0035] Alternatively, the switch branches 340 and 342
may be for high radio frequency power instead of limited
radio frequency power, and correspondingly the switch
branches 300 to 338 may be for limited radio frequency
power. The lack of a connection diode 404, 406 is not a
sign or necessity for a limited radio frequency power.
Namely, the limited radio frequency power is typically so
small that it does not cause too much harmonic distur-
bance. If the switch branch 340 were a high radio fre-
quency power branch, the input V1 may be expanded to

negative voltage/potential range in order to adjust an
electric current of a first diode coupled with the conductor
310 with respect to another diode below it, which would
then reduce the harmonic disturbance.
[0036] The same is true for the switch branch 342,
where the electric current of a first diode coupled with
the conductor 310 is adjusted with respect to those below
it. The switch branches of limited power may also be a
part of an anti-cancellation of harmonic disturbance when
a high power radio frequency transmission is on, as it is
in an embodiment of Figure 3, for example. The connec-
tion diodes 404, 406 may be used to increase isolation
with respect to other branches/sections, and reduce the
parallel-capacitance of the reversed biased diodes in oth-
er switch branches, which lowers an attenuation of sig-
nals passing through the other switch branches. The con-
cepts of anti-series and anti-parallel coupling are func-
tional also with respect to the connection diodes 404, 406
on the basis of practical tests.
[0037] In an embodiment an example of which is illus-
trated in Figure 5, a diode switch 102, which comprises
a series coupling 104 of diodes 502, 504 (series coupling
of diodes and diode switch being the same in this exam-
ple), may comprise a diode resistor 500 parallel to a diode
502 of the series coupling 104, the diode 502 of the series
coupling 104 being electrically coupled with the conduc-
tor 310 or the connection diode 404, 406. The diode re-
sistor 500 may increase the cancellation of the harmonics
in the electronic radio frequency switch arrangement.
[0038] The diode resistor 500 may switch the reverse
bias to the connection diode 404, 406 in a state where
the whole section 400, 402 is off. This reverse bias of the
connection diode results in an isolation of the unused
section 400, 402 and for harmonics cancellation on the
basis of the anti-parallel coupling of diodes of the switch
branches, which have diode switches 102 in an electri-
cally non-conductive state. The diode resistor 500 may
have a resistance value in a range 100 kΩ to 10 MΩ, for
example. In an embodiment, the diode resistor 500 may
have a resistance value about 1 MΩ.
[0039] In an embodiment, there may be a middle in-
ductor 506 coupled to between the diodes 502, 504 and
an input Vx provided by an electric power source in order
to improve the cancellation of the harmonics. The input
Vx may refer to any of the inputs V2, V4, V6, V8, V10,
V12, V14, V16, V18 and V20.
[0040] In an embodiment, there may be an outer in-
ductor 512 coupled with an end of the diode switch 102,
the end being opposite to an end coupled with the con-
ductor 310 or the connection diode 404, 406, and an input
Vy provided by an electric power source in order to im-
prove the cancellation of the harmonics. The input Vy
may refer to any of the inputs V3, V5, V7, V9, V11, V13,
V15, V17, V19, V21. In an embodiment, there may be a
coil resistor 514 in series with the outer inductor 512 in
order to improve the cancellation of the harmonics. In an
embodiment, the input Vx different from the ground may
be coupled to the ground through a ground resistor 508
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and/or a ground capacitor 510 in order to improve the
cancellation of the harmonics. The ground resistor 508
may have a resistance value in a range 10 Ω to 100 Ω,
for example. In an embodiment, the ground resistor 508
may have a resistance value about 33 Ω. If the ground
resistor 508 is replace by a resistor parallel to the middle
inductor 506, a value of such a resistor is 100 Ω to 50 kΩ.
[0041] Figure 6 illustrates an example where inputs V1,
V2 and V3 cause one of the diode switch 102 having the
at least one anti-series coupling 104 of the diodes of the
radio frequency power switch branch 300 be in an elec-
trically conductive state. Also the connection diode 404
is in an electrically conductive state. Then an electric DC
current (shown with arrow headed line) flows from the
input V1 to the input V2. Correspondingly, an electrical
DC current (see another of arrow headed lines) flows
from the input V3 to the input V2. At the same time, a
radio frequency power signal can pass through the radio
frequency power switch branch 300 having the anti-se-
ries coupling 104, which is in an electrically conducting
state, and the connection diode 404 to the antenna 350.
Because the other diode switches 102 are biased into an
electrically non-conducting state, no radio transmission
or reception signal can be pass through them between
the transmitter and the antenna 350 and the receiver and
the antenna 350. The diodes that have a squared dashed
line surrounding them (cathode pointing away from input
V1) and the diodes that have an ellipse dashed line sur-
rounding them (cathode pointing toward input V1) cancel
harmonics distortion of each other at least partly because
the diodes are coupled in an anti-parallel manner. A
number of diodes of the anti-parallel coupling having a
cathode coupled with the connection diode 404 and a
number of diodes of the anti-parallel coupling having an
anode coupled with the connection diode 404 is the same
for fulfilling the definition of the anti-parallel coupling. The
diodes of the anti-series coupling, which is in an electri-
cally conducting state, also cancel harmonics distortion
of each other at least partly. Here it can be seen that the
diode of the receiver switch branch 342 may be utilized
for causing an anti-parallel coupling of diodes. Figure 6
also shows the transmitter that supplies the radio fre-
quency power signal to the diode switches 102 of the
radio frequency power transmission switch branches 300
to 318. Although the transmitter is shown using two rec-
tangles, the transmitter may comprise one or more trans-
mitter units which may be in various manners be con-
nected with the diode switches 102 of the radio frequency
power transmission switch branches 300 to 318.
[0042] Figure 7 illustrates where inputs V1, V6, V7 and
V10 cause one of the diode switches 102 having the at
least one anti-series coupling 104 of the diodes of the
radio frequency power transmission switch branch 304
be in an electrically conductive state. Also the connection
diode 404 is in an electrically conductive state. Then an
electric DC current flows from the input V1 to the input
V10. Correspondingly, an electrical DC current flows
from the input V6 to the input V10. In a similar manner,

an electrical DC current flows from the input V6 to the
input V7. At the same time, a radio frequency power sig-
nal can pass through the radio frequency power switch
branch 304 having the anti-series coupling 104, which is
in an electrically conducting state, and the connection
diode 404 to the antenna 350. Because the other diode
switches 102 are biased into an electrically non-conduct-
ing state, no other radio transmission or reception signal
can be pass through the electronic radio frequency switch
arrangement. The diodes that have a squared dashed
line surrounding them and the diodes that have an ellipse
dashed line surrounding them cancel harmonics distor-
tion of each other at least partly because the diodes are
coupled in anti-parallel. The diodes of the anti-series cou-
pling, which is in an electrically conducting state, also
cancel harmonics distortion of each other at least partly.
[0043] Figure 8 illustrates where inputs V1, V20 and
V21 cause one of the diode switches 102 having the at
least one anti-series coupling 104 of the diodes of the
radio frequency power switch branch 318 be in an elec-
trically conductive state. Also the connection diode 406
is in an electrically conductive state. Then an electric DC
current flows from the input V1 to the input V20. Corre-
spondingly, an electrical DC current flows from the input
V21 to the input V20. At the same time, a radio frequency
power signal can pass through the radio frequency power
switch branch 318 having the anti-series coupling 104,
which is in an electrically conducting state, and the con-
nection diode 406 to the antenna 350. Because the other
diode switches 102 are biased into an electrically non-
conducting state, no other radio transmission or recep-
tion signal can be pass through the electronic radio fre-
quency switch arrangement. The diodes that have a
squared dashed line surrounding them and the diodes
that have an ellipse dashed line surrounding them cancel
harmonics distortion of each other at least partly because
the diodes are coupled in anti-parallel. The diodes of the
anti-series coupling, which are in an electrically conduct-
ing state, also cancel harmonics distortion of each other
at least partly.
[0044] Figure 9 illustrates where inputs V1, V30 and
V31 cause one of the diode switches 102 of the radio
frequency switch branch 342 be in an electrically con-
ductive state. Then an electric DC current flows from the
input V30 to the input V1. Correspondingly, an electrical
DC current flows from the input V30 to the input V31. At
the same time, a radio frequency power signal can pass
through the radio frequency switch branch 342, which is
in an electrically conducting state, to the receiver 900.
Because the other diode switches 102 are biased into an
electrically non-conducting state, no other radio trans-
mission or reception signal can be pass through the elec-
tronic radio frequency switch arrangement.
[0045] Figure 10 illustrates where inputs V1, V6 and
V7 cause one of the diode switches 102 of the radio fre-
quency switch branch 304 be in an electrically conductive
state. Then an electric DC current flows from the input
V6 to the input V1. Correspondingly, an electrical DC
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current flows from the input V6 to the input V7. At the
same time, a radio frequency power signal can pass
through the radio frequency switch branch 304, which is
in an electrically conducting state, to the antenna 350.
Because the other diode switches 102 are biased into an
electrically non-conducting state, no other radio trans-
mission or reception signal can be pass through the elec-
tronic radio frequency switch arrangement.
[0046] This example shows a dual reverse configura-
tion of the previously presented the 11-branch switch
(with the power transmission switch branch 304 in active
state). The cathodes of the connection diodes 404 and
406 point towards the antenna and the input V1. The
adjustable voltage at the input may go (negative voltages
with respect to input V6) and electric currents flow in an
opposite direction compared to the previous set-up such
as in Figure 9. Note also that the reverse-voltage switch-
ing diodes are shifted to different branches which use
negative reverse-bias voltage. Also, the diodes in the re-
ceiver switch branch 342 are inverted to maintain parallel
cancellation balance. The diodes that have a squared
dashed line surrounding them and the diodes that have
an ellipse dashed line surrounding them cancel harmon-
ics distortion of each other at least partly because the
diodes are coupled in anti-parallel. The diodes of the anti-
series coupling, which are in an electrically conducting
state, also cancel harmonics distortion of each other at
least partly. This cancellation is similar to other examples.
[0047] In Figure 10, the resistor 500 (see Figure 5) may
be used to allow the diode switches 102 in the switch
branches 304 and 314 to switch into an electrically non-
conductive state when all switch branches of a section
400, 402 are desired to be switched into an electrically
non-conducting state. The resistor 508 lowers the level
of the harmonic disturbance because it reduces the Q-
factor of the coil 506.
[0048] In all examples, there is a certain electric current
value or a certain electric current range, which causes a
harmonic disturbance of the first two diodes and harmon-
ic disturbance of the third diode in anti-series connection
in respect to two first diodes to cancel each other. Said
two first diodes are the first diode of the diode switch 102
coupled directly to the conductor 310 and the connection
diode 404, 406. The said third diode in the anti-series
connection is the second diode of the diode switch 102
(FIG. 5). The harmonic disturbance may include the sec-
ond harmonic disturbance, for example.
[0049] Using this kind of electronic radio frequency
switch arrangement, a high power and wide frequency
band switched filter banks can be designed with smaller
diodes requiring less room and less current adjustment.
The second harmonic level can be actively adjusted.
Some power, frequency band, switching speed and max-
imum switching cycle-combinations are impossible to im-
plement with current diode technology (or with any other
solid-state or related technology) without cancelling
switch-produced harmonics by some technique, and this
electronic radio frequency switch arrangement provides

a solution to this kind of technical problem.
[0050] In an embodiment, diodes of high-power, where
the high power means about 10 W or over, may be used
as RF-switches in the electronic radio frequency switch
arrangement without producing too high harmonic levels.
The high power may be in range 10 W to 1 kW, for ex-
ample. The diodes of the high power may comprise PIN-
diodes. Typical use is at the output-side switch of a
switched filter bank. The anti-series and anti-parallel
pairs of PIN diodes can be used to reduce or eliminate
the harmonics. The PIN-diodes are arranged such that
diodes in an electrically non-conducting state cancel dis-
tortion in parallel pairs, and in an electrically conducting
state the cancellation is provided by an anti-series pair.
Additionally, electric current through one or more of the
diodes of the anti-series coupling may be actively adjust-
ed.
[0051] Instead of only two diodes in anti-series there
may be two or more diodes in series to improve isolation
when switched into an electrically non-conducting state.
By adjusting the forward current of switch branch biased
in an electrically conducting state, an optimal value of
bias-current can be found for minimizing the second har-
monic distortion caused by the diodes. Also the third har-
monic may be limited in this manner. The anti-parallel
coupling of diodes affects both the second and higher
order harmonics. Combination of the both anti-series and
anti-parallel coupling of diodes effectively reduces har-
monic level of the electronic radio frequency switch ar-
rangement.
[0052] In addition of the anti-series and anti-parallel
cancellation techniques, harmonic distortion can be ad-
ditionally decreased by intentionally decreasing the Q-
value of the PIN-diode bias coils. This can be implement-
ed by insertion of serial or parallel resistor with bias-coil.
The use of a resistor (typical value is about 33 ohms with
about 1.8 mH coil) in series with suitable DC-block ca-
pacitor is typical realization of the circuit.
[0053] Figure 11 is a flow chart of a method of harmonic
control of an electronic radio frequency switch arrange-
ment. The electronic radio frequency switch arrangement
comprises switch branches 100, each of which compris-
es at least one diode switch 102, and the switch branches
100 have an electrical anti-parallel coupling of the diode
switches 102 therebetween, a number of the switch
branches 100 being 2∗n + 1, where n is a positive integer.
In step 1100, one of the diode switches 102, which com-
prises at least one electrical anti-series coupling 104 of
diodes, is biased into an electrically conductive state for
harmonic reduction on the basis of the anti-series cou-
pling 104 of diodes of the one of the switch branches
100. In step 1102, the diode switches 102 other than said
one of the diode switches 102 are biased into an electri-
cally non-conductive state for harmonic reduction on the
basis of the anti-parallel coupling of diodes of the switch
branches 100, which have diode switches 102 in an elec-
trically non-conductive state. The method may further
comprise step 1104, where an electric DC current from
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a common input V1 to the diode switches 102, each of
which comprise at least one electrical anti-series cou-
pling 104 of diodes, is optimized for the harmonic reduc-
tion.
[0054] It will be obvious to a person skilled in the art
that, as technology advances, the inventive concept can
be implemented in various ways. The invention and its
embodiments are not limited to the example embodi-
ments described above but may vary within the scope of
the claims.

Claims

1. An electronic radio frequency switch arrangement,
characterized in that electronic radio frequency
switch arrangement comprises switch branches
(100), each of which comprises at least one diode
switch (102), and the switch branches (100) have an
electrical anti-parallel coupling of the diode switches
(102) therebetween, a number of the switch branch-
es (100) being 2∗n + 1, where n is a positive integer;
one of the diode switches (102), which comprises at
least one electrical anti-series coupling (104) of di-
odes, is configured to be biased into an electrically
conductive state for harmonic cancellation on the ba-
sis of the electrical anti-series coupling (104), and
the diode switches (102) other than said one of the
diode switches (102) are configured to be biased in
an electrically non-conductive state for harmonic re-
duction on the basis of the anti-parallel coupling.

2. The electronic radio frequency switch arrangement
of claim 1, characterized in that a first (98, 99) of
the diode switches (102), which comprises the at
least one electrical anti-series coupling (104) of di-
odes, is configured to be biased into the electrically
conductive state at a first moment, and a second (98,
99) of the diode switches (102), which comprises the
at least one electrical anti-series coupling (104) of
diodes, is configured to be biased into the electrically
conductive state at a second moment, where the first
and the second moments are different and the first
and the second (98, 99) of the diode switches (102)
are different.

3. The electronic radio frequency switch arrangement
of claim 1, characterized in that the switch branch-
es (100), which are electrically coupled in parallel
between direct current potentials (V1 to V22), and
at least one of the switch branches (100) is a radio
frequency power transmission switch branch (300 to
318);
each of the switch branches (100) comprise the di-
ode switch (102), which is configured to receive bias
on the basis of the direct current input (V1 to V22,
and one terminal of each of the diode switches (102)
has an electrical coupling with a conductor (310),

which is configured to have an electrical connection
with an antenna (150) for electromagnetic radio fre-
quency transmission;
the diode switch (102) of each of the at least one
radio frequency power transmission switch branch
(300 to 318) comprises one of the at least one anti-
series coupling (104) of diodes, and the diodes of
only one of the radio frequency power transmission
switch branches (300 to 304) are configured to be
biased into an electrically conductive state to allow
a radio frequency signal to pass therethrough to the
conductor (310);
a diode of the diode switch (102) of each of the switch
branches (300 to 318, 340, 342) other than said one
of the at least one of the radio frequency power trans-
mission switch branch (300 to 318) is configured to
be biased onto an electrically non-conductive state
to prevent the radio frequency signal to pass there-
through.

4. The electronic radio frequency switch arrangement
of claim 3, characterized in that a difference be-
tween a number of anodes of the diode switches
(102), the anodes being coupled with the conductor
(310), and cathodes of the diode switches (102), the
cathodes being coupled with the conductor (310), is
configured to be at most one.

5. The electronic radio frequency switch arrangement
of claim 3, characterized in that the electronic radio
frequency switch arrangement comprises at least
one section (400, 402) of the radio frequency power
transmission switch branches (300 to 318), which
are electrically parallel with each other and between
the direct current potentials (V1 to V22).

6. The electronic radio frequency switch arrangement
of claim 5, characterized in that each of the at least
one section (400, 402) comprises a connection diode
(404, 406), which the electrical coupling of the diode
switches (102) with the conductor (310) is arranged
through, and a cathode of the connection diode (404,
406) is coupled with the one terminal of each of the
diode switches (102) of the anti-series coupling (104)
of the diodes.

7. The electronic radio frequency switch arrangement
of claim 5, characterized in that each of the at least
one section (400, 402) comprises a connection diode
(404, 406), which the electrical coupling of the diode
switches (102) with the conductor (310) is arranged
through, and an anode of the connection diode (404,
406) is coupled with the one terminal of each of the
diode switches (102) of the anti-series coupling (104)
of the diodes.

8. The electronic radio frequency switch arrangement
of claim 1, characterized in that the electronic radio
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frequency switch arrangement comprises a plurality
of the diode switches (102) that comprise at least
one anti-series coupling (104) of diodes.

9. The electronic radio frequency switch arrangement
of claim 1, characterized in that the switch branch-
es (100) comprise at least one receiver switch
branch (342).

10. The electronic radio frequency switch arrangement
of claim 1, characterized in that the switch branch-
es (100) comprise at least one radio frequency trans-
mission switch branch (340), which is for limited
transmission power.

11. The electronic radio frequency switch arrangement
of claim 1, characterized in that an electric DC cur-
rent through the one of the diode switches (102),
which comprises at least one electrical anti-series
coupling (104) of diodes, has been optimized for the
harmonic reduction.

12. A method of harmonic control of an electronic radio
frequency switch arrangement, characterized in
that the electronic radio frequency switch arrange-
ment comprises switch branches (100), each of
which comprises at least one diode switch (102), and
the switch branches (100) have an electrical anti-
parallel coupling of the diode switches (102) there-
between, a number of the switch branches (100) be-
ing 2∗n + 1, where n is a positive integer, the method
comprising:

biasing (1000) one of the diode switches (102),
which comprises at least one electrical anti-se-
ries coupling (104) of diodes, into an electrically
conductive state for harmonic reduction on the
basis of the anti-series coupling (104) of diodes
of the one of the switch branches (100); and
biasing (1002) the diode switches (102) other
than said one of the diode switches (102) into
an electrically non-conductive state for harmon-
ic reduction on the basis of the anti-parallel cou-
pling of diodes of the switch branches (100),
which have diode switches (102) in an electri-
cally non-conductive state.

13. The method of claim 12, characterized by optimiz-
ing an electric DC current from a common input (V1)
to the diode switches (102), each of which comprises
at least one electrical anti-series coupling (104) of
diodes, for the harmonic reduction.
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