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(54) A matched impedance filter
(57)  Inaradiofrequency filter (34; 35; 36) there is a nent (Z,. Zry Z1x) at the operating frequency. The fil-

port (34a; 34b; 34c) by means of which it is connected
to an external component (14; 17; 21) and the imped-
ance of which is adjusted by internal filter circuits so as
to correspond to the impedance of the external compo-

ter may for example be a duplexfilter (34), in which case
the internal impedance maiching may be employed at
the antenna port (34a), at the reception port (34b) and/
or at the transmission port (34c).
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Description

The invention relates in general to the design of a
radio transmitter/receiver and in particular to application
of filter technology to increased integration of the radio
transmitter/receiver and reduction of its physical size.

The radio set according to the prior art, having bi-
lateral action and employing time division duplex (TDD)
or frequency division duplex (FDD), contains a number
of RF- and intermediate frequency filters on both the
transmission side and the receiving side. Figure 1
shows a TDD radio 10 according to the prior art, which
contains a duplex filter 33 connected to the antenna 21,
for separation of the transmitted and received signals
one from the other. The output port of the duplex filter
is connected to a low-noise amplifier (LNA) 17 via an
impedance matching network 12. The LNA amplifies the
received radio signal. It is followed by a band-pass filter
18, which further filters the received signal. Also, be-
tween the LNA and the band-pass filter 18 there is an
impedance-matching circuit 16. All impedance-match-
ing circuits in the Figure have been shown as specific
combinations of inductive and capacitive components,
but to men skilled in the art it will be clear that the use
of other types of impedance-matching network is possi-
ble. The output port of the filter 18 is connected to a mix-
er 11, in which the received signal is mixed with the first
injection signal coming from a synthesizer 22. The in-
termediate frequency signal (IF) obtained as a result of
mixing is conveyed to the RF circuit for demodulation
and further processing.

The transmitter portion of the radio 10 comprises a
second local oscillator signal (LO) 26, which is brought
in by the forward stage (not illustrated) of the transmitter
and is mixed in a mixer 30 with the first injection signal.
The output of the mixer 30 is carried to a band-pass filter
13, which is usually situated upstream from the power
amplifier 14 of the transmitter. The output of the power
amplifier 14 is connected to the input of a duplex filter
15 via an impedance-matching circuit 19. Afurther, sim-
ilar impedance-matching network 20 is found between
the power amplifier 14 and the band-pass filter 13. Be-
tween the power amplifier 14 and the duplex filter there
is frequently a directional coupler (not shown), with
which it is possible to measure the power level of the
signal going to the antenna. The antenna port of the du-
plex filter 33 is connected to the antenna of the trans-
mitter/receiver via an impedance-maiching circuit 23.

Figure 2 shows a similar radio set according to the
prior art, in which in place of a duplex filter use is made
of an antenna coupler 25, a band-pass filter 27 and a
low-pass filter 28. On both sides of filters 27 and 28 im-
pedance-matching networks 12a, 12b, 19a, 19b are re-
quired.

The standard impedance at the junctions between
the discrete components and the filters has been estab-
lished as 50 Q. Filter and semiconductor manufacturers
adjust the input and output impedances of their products
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to a standard value in order to facilitate modular design.
The input and output impedances of RF circuits would
often benefit from being smaller or greater, for example
the input impedance of the LNA 17 could, as it is, be
approximately 100 Q. Adjustment to the standard value
has to be done by a matching circuit, which is built from
independent components or which the semiconductor
manufacturer integrates into an RF circuit. The match-
ing circuits required for the standard impedance take up
space, increase interference and attenuation and raise
manufacturing costs. In order for the size of the radio
set and its manufacturing costs to be substantially re-
duced from current values, it is necessary to develop a
transceiver filtering solution which permits easier inte-
gration of the said blocks.

Impedance matching may also be viewed from the
standpoint of the antenna and the associated antenna
filtering solution. In data transmission networks use is
generally made of time division multiple access (TDMA),
in which transmission and reception occur in different
time intervals. If the transmission and reception frequen-
cy are the same, the mobile telephone comprises an an-
tenna coupler used for separation of the signals, which
connects the antenna in turn to the transmission or re-
ception branch of the set. If transmission and reception
occur in different frequency bands, a filter similar to the
duplex filter used in analog telephones may be em-
ployed as a separating unit. The latter alternative is also
involved in systems applying frequency division multiple
access (FDMA).

In a digital mobile telephone employing frequency
division duplex (FDD), filters are also required in addi-
tion to the RF coupler circuit described, since there must
be selectivity at the receiver input and it must protect
the low-noise pre-amplifier. At the transmitter output the
harmonic multiples of the transmission frequency and
other spurious emissions such as image frequencies
must be attenuated. In addition, the filters remove noise
generated by the transmitter chain to the receiver band.
Also, the lower frequencies of the transmission band
must be attenuated by a separate filter. In a system em-
ploying time duplex, such as the DECT (Digital Europe-
an Cordless Telephone) system, in addition to the above
different arrangements must be employed to ensure
that, during signal transmission, spurious emissions to-
wards the antenna generated in the receiver are ade-
quately attenuated.

Regardless of whether the radio set employs an an-
tenna coupling or simply frequency-selective filtering for
separation of the transmitted and received signal, the
impedance of the antenna must be matched to the con-
nected coupler or filter block. The standard 50 junction
impedance again necessitates at least one impedance-
matching circuit, which in Figures 1 and 2 is marked by
reference number 23. The same observations concern-
ing loss, interference and costs apply to this circuit as
were presented above in relation to circuits 12, 16, 19
and 20.
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An aim of this present invention is to provide a fil-
tering solution for a transmitter/receiver, which increas-
es the degree of integration of the set while removing
and/or reducing the drawbacks of the prior art as de-
scribed above. Another aim of the invention is also to
present a radio set of small design which is reason-able
in terms of its manufacturing costs and which with re-
gard to its operating frequencies and other specifica-
tions is readily applicable to differing systems.

The aims of this invention are endeavoured to be
attained by designing the radiofrequency filters of the
transmission and reception chains in such a way that
the impedances of their input and output ports corre-
spond to the natural impedances of the components
connected to them. In this way, other components may
be attached to the filters without separate matching net-
works.

The characteristic feature of the matched imped-
ance filter according to this invention, which has a cer-
tain operating frequency and which comprises at least
one port for connection to an external component, is that
the impedance of the port at the operating frequency is
so adjusted by internal circuits of the filter that it is es-
sentially the same as the impedance of the external
component attached to it.

The invention is also concerned with a radio set
which comprises at least one radiofrequency filter and
an active component connected to its input or output
port. Characteristic of the radio set according to the in-
vention is that impedance matching between the radiof-
requency filter and the active component is provided for
by internal circuits of the filter without an external im-
pedance-matching network.

The invention is founded on the belief that the op-
portunities offered by filter technology should be used
as a basis for design of the radio structure. A modern
radiofrequency filter is formed from transmission line
resonators, possible discrete components, transmis-
sion lines connecting these and a framework, which is
most commonly a low-interference substrate, a dielec-
tric (most commonly ceramic) frame block or a combi-
nation of these. The filter-entity is surrounded by an
electrically conductive casing. In accordance with the in-
vention, the transmission lines and any discrete compo-
nents inside the filter in connection with the input and
output ports of the filter are so dimensioned that the im-
pedance of the port corresponds to the impedance of
the antenna or active component connected thereto
without the need for matching networks. The filter to-
gether with its internal matching structures forms a sin-
gle component on the circuit board of a mobile tele-
phone or other radio set, which economizes on space
and accelerates assembly of the radio set. What is im-
portant with regard to the electrical functioning is the
elimination of parasitic elements due to external imped-
ance-matching networks, which results in an accelera-
tion of electrical functioning and a decrease in overall
power losses.
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The invention will now be described in greater detail
with reference to a favour-able embodiment presented
by way of example and to the attached drawings, where
Figure 1 represents a particular radio set in accord-
ance with the prior art,

Figure 2 represents a second radio set in accord-
ance with the prior art,

Figure 3 shows a duplex filter solution according to
the invention compared with a duplex filter
solution in accordance with the prior art,
Figure 4 represents a radio set in which there are a
number of matched impedance filters in ac-
cordance with the invention.

Figure 5 shows a radio set comprising an integrated
filtering unit in accordance with an embod-
iment of the invention; and

Figure 6 shows in outline the design of the integrat-
ed filtering unit shown in Figure 5.

In the above description of the prior art reference is
made to Figures 1 and 2, and so in the following account
of the invention and of favourable embodiments thereof
reference will chiefly be made to Figures 3and 4. In the.
drawings, the same reference numbers are employed
for parts which correspond to each other

In the left part of Figure 3 is a duplex filter solution
according to the prior art, in which the impedance of all
three ports 33a, 33b, 33c of the filter 33 at the operating
frequency is 50 ohm. The input impedance Zgy of the
low-noise pre-amplifier (LNA) 17 is not 50 ohm, so that
an impedance-matching network is required between
the LNA and the duplex filter. There is also a matching
network between the antenna 21 and the duplex filter
33 and between the transmission chain power amplifier
(PA) 14 and the duplex filter 33. The duplex filter 34 ac-
cording to the invention, which is shown in the right half
of Figure 3, includes an antenna port 34a, a reception
port 34b and a transmission port 34c¢, the impedance of
each of which at the operating frequency is so adjusted
that it is the same as the impedance of the component
connected to the port. The impedance of the antenna
port is designated Z,;, the impedance of the reception
port is designated Zgy and the impedance of the trans-
mission port is designated Zty. No separate imped-
ance-matching networks are required between the filter
and the components connected thereto.

Selection of the impedance value of the filter port is
in itself a known technique. Owingto the 50 ohm require-
ment according to the prior art, there are many filters
commercially available where the chosen impedance
value of the ports is 50 ohm. By varying the dimensions
of the parts belonging to these filters it is possible by
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experiment to seek almost any suitable impedance val-
ue. Variable parts include, for example, the transmission
lines and capacitive and inductive discrete components
inside the filter.

Figure 4 shows a radio set in which there is a duplex
filter 34 in accordance with the invention between the
antenna 21, the LNA 17 and the PA 14. Also in the set
between the LNA 17 and the mixer 11 there is a first
band-pass filter 35 according to the invention, and be-
tween the mixer 30 and the PA 14 there is a second
band-pass filter 36 accordingto the invention. The band-
pass filters 35 and 36 conform to the invention by virtue
of the fact that their ports are adjusted to correspond in
impedance to the impedances of the components which
are connected to them. Consequently, there is no need
for separate impedance-matching networks for the filter
ports.

Figure 5 shows a block diagram of a radio set in
which there is an integrated filtering unit 25 in accord-
ance with the invention. The central part of the transmis-
sion and reception chains of the radio set is this inte-
grated filtering unit 25, which contains a duplex filter,
made up of two filter branches 25a and 25b, and two
band-pass filters 25¢ and 25d. In the reception branch
25b of the duplex filter and in the first band-pass filter
25c there are ports for connection of a low-noise ampli-
fier 17 in such a way that the input thereof is connected
to the duplex filter and the output thereof is connected
to the band-pass filter. Corres-pondingly, in the second
band-pass filter 25d and in the transmitter branch 25a
of the duplex filter there are ports for connection of a
power amplifier 14 in such a way that its input is con-
nected to the band-pass filter and its output is connected
tothe duplexfilter. In addition, in the first band-pass filter
25c there is a port for conducting the signal to a mixer
11 and in the second band-pass filter 25d there is a port
for conducting the signal from mixer 30. In the duplex
filter there is a port for connection of the antenna 21.

The above-mentioned ports in the filtering unit 25
each have a certain impedance level. The impedance
level of the ports connected to the low-noise amplifier
17 isin Figure 5 designated Zgy and the impedance lev-
el of the ports connected to the power amplifier 14 is
designated Z1y. The impedance level of the input port
and the output port of a certain amplifier is not neces-
sarily the same, in which case the levels in the filtering
unit also have to be adjusted differently, but for clarity
only one designation is used for each amplifier. The im-
pedance level of the ports connected to the mixers 11
and 30 is designated Z,,,;, and the impedance level of
the port connected to the antenna 21 is designated Z,;.

An embodiment of the invention which is favourable
in respect of the filter structure relates to a filter in which,
for transmission line resonators, use is made of dielec-
tric resonators which are known as such and in which
the necessary transmission lines and soldering pads for
the internal discrete components of the filter are formed
on the surface of a dielectric frame block and/or of a
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substrate attached thereto. The structure is protected
by a protective casing. An example of such a structure
is shown in Figure 6.

The framework is made up of a low-interference
substrate 40 and a ceramic frame block 41 connected
to each other, in the latter of which resonator apertures
42 are formed in a way which is in itself familiar. In that
surface of the ceramic frame block which faces the sub-
strate 40 and which cannot therefore be seen in the
drawing, it is possible to form conductive patterns for
connection to the resonator apertures 42. On the sur-
face of the substrate are formed transmission lines 43
and circuit lands 44; the former of these provide the in-
ternal connections of the structure, while the compo-
nents attached to the latter affect the electrical charac-
teristics of the structure. The ports by means of which
the integrated filtering unit 25 is connected to the anten-
na, to the amplifiers and to the mixers take the form of
conductor strips 45 extending to the edge of the sub-
strate. The structure includes a protective cover 46
made from a thin metal plate or other electrically con-
ductive material.

In one version of the structure shown in Figure 6,
not all resonators are contained in the same ceramic
frame block, but the filter contains a number of discrete
blocks. As a result of these discrete blocks, the resona-
tors may easily be of differing lengths, which in a single-
block filter would necessitate a dielectric block which
was stepped in respect of the other end face. In addition,
resonator groups between which no electromagnetic
connection is to occur may be easily insulated one from
another by arranging between them the metallized sur-
face of two blocks. On the other hand, as the number of
blocks increases, so too does the number of stages in
the filter manufacturing process.

The invention is not restricted to the internal struc-
ture of the filter. As resonators use may be made not
only of dielectric resonators but also of helical, stripline
or coaxial resonators, for example. The best framework
for a structure based on helical resonators is a circuit
board on one edge of which are digitate projections to
which the cylindrical coil conductors of the helical reso-
nators are attached. The same circuit board acts also
as the substrate for transmission lines and discrete com-
ponents. The electrically conductive protective casing is
divided into a number of compartments for the helical
resonators, the resonators being separated by partitions
in which there may be window couplers. The fundamen-
tal structure of the filter based on helical resonators is
as such well known in the field.

Mobile telephones are currently the most important
area of application of portable radio technology. Since
there are many different mobile telephone systems in
operation throughout the world, it must be assumed that
so-called dual-mode telephones, that is, telephones
which operate in different systems at the user's discre-
tion according to circumstances, will become general-
ized. Alternative systems may use very different fre-
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quencies. For example, dual-mode telephones for the
GSM and DECT systems have to incorporate both 900
MHz and 1900 MHz radiofrequency components. In the
dual-mode application according to the present inven-
tion all the transmission and reception-frequency pas-
sive filter components of the different systems, or at
least a significant proportion of them, have been com-
bined in an integrated filtering unit, thus avoiding as
many as ten separate impedance-matching networks
and many separate filter components. Active compo-
nents operating at radiofrequencies in different systems
may further be realized as a single GaAs circuit or as a
multichip module, which is connected to an integrated
filtering unit via signal ports of matching impedance, in
which case the structure becomes particularly small and
compact in character.

The application of the invention is not limited to any
particular radio design, but may be used at all junctions
between radiofrequency filters and components con-
nected thereto.

Claims

1. Avradiofrequency filter (34; 35; 36), which has a cer-
tain operating frequency and which comprises at
least one port (34a, 34b, 34c¢) for connection to an
external component, which external component has
a certain impedance (Z,,;, Zrx, Z1x) at the operat-
ing frequency, characterized in that the impedance
of the port at the operating frequency is so adjusted
by internal circuits of the filter as to be essentially
the same as the impedance of the external compo-
nent connected to the port.

2. A radiofrequency filter in accordance with Claim 1,
characterized in that it is a duplex filter (34) com-
prising an antenna port (34a), a reception port (34b)
and a transmission port (34c), and

- the impedance of said antenna port is so ad-
justed by internal circuits of the filter as to be
essentially the same as the impedance of the
antenna (21) connected to the antenna port,

- the impedance of said reception port is so ad-
justed by internal circuits of the filter as to be
essentially the same as the input impedance of
the low-noise pre-amplifier (17) connected to
the reception port, and

- the impedance of said transmission port is so
adjusted by internal circuits of the filter as to be
essentially the same as the output impedance
of the transmission chain power amplifier (14)
connected to the port.

3. Aradiofrequency filter in accordance with Claim 1,
characterized in that it is a band-pass filter (35; 36).
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4.

10.

A radiofrequency filter in accordance with Claim 1,
characterized in that it is a dielectric filter comprising
dielectric transmission line resonators.

A radiofrequency filter in accordance with Claim 1,
characterized in that it is a helical filter comprising
helical resonators.

A radio set which comprises a radiofrequency filter
(84; 35; 36) and an external active component (11;
14; 17; 21; 30) connected thereto, characterized in
that impedance maitching between the radiofre-
quency filter and the active component is arranged
by internal circuits of the filter without an external
impedance-matching network.

A radio set in accordance with Claim 6, character-
ized in that the radiofrequency filter is a duplex filter
(84) and the active component is an amplifier (17;
14) connected thereto.

A radio set in accordance with Claim 6, character-
ized in that the radiofrequency filter is a band-pass
filter (35; 36) and the active component is an ampli-
fier (17; 14) connected thereto.

A radio set in accordance with Claim 6, character-
ized in that the radiofrequency filter is a band-pass
filter (35; 36) and the active component is a mixer
(11; 30) connected thereto.

Afilter structure (25) for the filtering of radiofrequen-
cy signals in a radio transmitter and/or receiver,
which comprises a first active radiofrequency com-
ponent (17), characterized in that the filter structure
comprises, in an integrated filtering unit,

- afirstfilter (25b) as claimed in claim 1 for filter-
ing of a signal before it is conducted outside the
filtering unit to the first active radiofrequency
component and

- a second filter (25¢) as claimed in claim 1 for
filtering of said signal after it is conducted
through the first active radiofrequency compo-
nent.
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