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Description

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates generally to compos-
ite high-frequency components and, more particularly,
to a composite high-frequency component formed by
connecting a high-frequency component such as a
high-frequency switch component and a filter compo-
nent.

2. Description of the Related Art

Referring to Fig. 10, a high-frequency switch com-
ponent is used to selectively establish a connection
between a transmitting circuit TX and an antenna ANT
and a connection between a receiving circuit RX and
the antenna ANT.

Referring to Fig. 11, a high-frequency switch com-
ponent 1 is connected to an antenna ANT, to a transmit-
ting circuit TX and to a receiving circuit RX. The anode
of a diode D1 is connected to the transmitting circuit TX
through a capacitor C1. The anode of the diode D1 is
also connected to ground potential through a series cir-
cuit of a distributed constant line L1 and a capacitor C2.
If the wavelength of a transmitted signal from the trans-
mitting circuit TX is A, the line length of the distributed
constant line L1 is set to A/4 or less. A control terminal
Vc1 is connected to a point of connection between the
distributed constant line L1 and the capacitor C2. A con-
trol circuit for changing the high-frequency switch com-
ponent 1 is connected to the control terminal Vci1. The
cathode of the diode D1 is connected to the antenna
ANT through a capacitor C3. A series circuit of a distrib-
uted constant line L2 and a capacitor C4 is connected in
parallel with the diode D1 (between the anode and the
cathode).

To the capacitor C3 connected to the antenna ANT,
the receiving circuit RX is connected through a series
circuit of a distributed constant line L3 and a capacitor
C5. The line length of the distributed constant line L3 is
also set to A/4 or less, as in the case of the distributed
constant line L1. The anode of a diode D2 is connected
to a point of connection between the distributed con-
stant line L2 and the capacitor C5. The cathode of the
diode D2 is connected to ground potential through a
capacitor C6. A control terminal Vc2 is connected to a
point of connection between the diode D2 and the
capacitor C6. The control circuit for changing the high-
frequency switch component 1 is connected to the con-
trol terminal Vc2 as well as to the terminal V1.

To perform transmitting by using the thus-arranged
high-frequency switch component 1, a positive bias volt-
age is applied to the control terminal Vc1 while a nega-
tive bias voltage is applied to the control terminal Vc2.
These voltages act as forward bias voltages on the
diodes D1 and D2 to turn on diodes D1 and D2. At this
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time, DC components are cut by the capacitors C1 to
C6 and the voltages supplied to the control voltages Vc1
and Vc2 are applied only to the circuits which include
the diodes D1 and D2. Accordingly, the distributed con-
stant line L3 is grounded by the diode D2 and resonates
at a transmitting frequency, so that the impedance
thereof becomes substantially infinitely large. There-
fore, substantially no transmitted signal from the trans-
mitting circuit TX is transmitted to the receiving circuit
RX. The transmitted signal is transmitted to the antenna
ANT via the capacitor C1, the diode D1 and the capaci-
tor C3. Since the distributed constant circuit L1 is
grounded through the capacitor C2, it resonates at the
transmitting frequency, so that the impedance thereof
becomes substantially infinitely large. The transmitted
signal is thereby prevented from leaking to the ground
potential side.

On the other hand, at the time of receiving, a nega-
tive bias voltage is applied to the control terminal Vc1
while a positive bias voltage is applied to the control ter-
minal Vc2. These voltages act as reverse bias voltages
on the diodes D1 and D2 to turn off diodes D1 and D2,
so that a received signal from the antenna ANT is trans-
mitted to the receiving circuit RX via the capacitor C3,
the distributed constant line L3 and the capacitor C5,
and is not substantially transmitted to the transmitting
circuit TX.

As described above, the high-frequency switch
component 1 can switch transmitted and received sig-
nals by controlling the bias voltages applied to the con-
trol terminals Vc1 and V2.

The series circuit of the distributed constant line L2
and the capagcitor C4 is used to reduce the insertion loss
and reflection loss by increasing the impedance at the
point of connection between the diode D1 and the dis-
tributed constant line L2 when the diode D1 is off in
such a manner that it forms a parallel resonant circuit
which resonates by the combined electrostatic capaci-
tance of the diode D1 in the off state and the capacitor
C4 and the inductance component of the distributed
constant line L2, and which is caused to resonate at the
same frequency as that of the received signal.

Conventionally, to form a composite high-frequency
component operated by connecting a filter component
to the above-described high-frequency component, the
high-frequency component and the filter component are
designed and manufactured separately from each
other. Therefore, the area and the volume occupied by
these components on a circuit board are large, so that
the flexibility of circuit arrangement is reduced.

There is also a need to newly add an impedance
matching circuit to the high-frequency component and
the filter component for the purpose of impedance
matching between the high-frequency component and
the filter component.

Further, an additional design time for designing the
impedance matching circuit is also required.
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SUMMARY OF THE INVENTION

In view of the above-described problems of the con-
ventional art, an object of the present invention is to pro-
vide a composite high-frequency component which
occupies only a smaller area and a smaller volume
when mounted in an apparatus, which can be arranged
with improved flexibility, and which requires no imped-
ance matching circuit.

To achieve the above-described object, according
to the present invention, there is provided a composite
high-frequency component comprising a high-fre-
quency component formed of a plurality of circuit ele-
ments, and a filter component formed of a multilayer
substrate which is a lamination of a plurality of dielectric
layers on at least one of which at least one of internal
electrodes and distributed constant lines is formed. At
least one of the circuit elements of the high-frequency
component is mounted on a circuit base while the other
circuit elements of the high-frequency component are
incorporated in or supported on the multilayer substrate.

In the above-described composite high-frequency
component, the high-frequency component may be a
high-frequency switch component.

In the above-described composite high-frequency
component, the filter component may be one of a low-
pass filter component and a band-pass filter compo-
nent.

In the composite high-frequency component of the
present invention, at least one of the circuit elements
constituting the high-frequency component is incorpo-
rated in the multilayer substrate forming the filter com-
ponent, thereby achieving a reduction in overall size.

Also, the circuit of the high-frequency component
and the circuit of the filter component can be designed
simultaneously in a composite form. Therefore, an
improved design effect can be achieved with respect to
impedance matching between the circuit of the high-fre-
quency component and the circuit of the filter compo-
nent.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a circuit diagram of an embodiment of a
composite high-frequency component 10 in accord-
ance with the present invention;

Fig. 2 is a side view of the composite high-fre-
quency component shown in Fig. 1;

Fig. 3 is an exploded perspective view of a multi-
layer substrate constituting the composite high-fre-
quency component shown in Fig. 1;

Fig. 4 is a schematic circuit diagram of a modifica-
tion of the composite high-frequency component of
the present invention;

Fig. 5 is a schematic circuit diagram of another
modification of the composite high-frequency com-
ponent of the present invention;

Fig. 6 is a schematic circuit diagram of still another
modification of the composite high-frequency com-
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ponent of the present invention;

Fig. 7 is a schematic circuit diagram of a further
modification of the composite high-frequency com-
ponent of the present invention;

Fig. 8 is a schematic circuit diagram of a further
modification of the composite high-frequency com-
ponent of the present invention;

Fig. 9 is a schematic circuit diagram of a further
modification of the composite high-frequency com-
ponent of the present invention;

Fig. 10 is a schematic circuit diagram of a conven-
tional high-frequency component; and

Fig. 11 is a circuit diagram of the conventional high-
frequency component.

DESCRIPTION OF THE PREFERRED EMBODIMENT

A preferred embodiment of the present invention
will be described below with reference to the accompa-
nying drawings. Portions of the embodiment of the
invention identical or corresponding to those of the con-
ventional arrangement are indicated by the same refer-
ence characters and the description for them will not be
repeated.

Fig. 1 shows a circuit diagram of an embodiment of
a composite high-frequency component 10 in accord-
ance with the present invention.

The composite high-frequency component 10 has a
high-frequency switch component 1 and a filter compo-
nent, e.g., a Butterworth low-pass filter component 2
connected between a transmitting circuit TX and one
end of capacitor C1 of the high-frequency switch com-
ponent 1. The low-pass filter component 2 is formed of
distributed constant lines L4 and L5 and capacitors C7,
C8, and C9. The connection relationship between the
elements in the low-pass filter component 2 is well-
known and, therefore, will not be explained.

Fig. 2 shows a side view of the composite high-fre-
quency component 10. The composite high-frequency
component 10 is formed by mounting high-frequency
devices, e.g., diodes D1 and D2 constituting the high-
frequency switch 1 on a circuit base 12 together with a
multilayer substrate 11. As shown in Fig. 3, the multi-
layer substrate 11 is formed by superposing first to fif-
teenth dielectric layers 13 to 27 one on another.
Capacitors C1 to C6 constituting the high-frequency
switch 1, distributed constant lines L1 to L3 and the low-
pass filter component 2 are incorporated in the multi-
layer substrate 11.

No component is mounted on the first dielectric
layer 13. An internal electrode, i.e., a capacitor elec-
trode C51, is formed on the second dielectric layer 14.
Also, capacitor electrodes C11, C21, and C31 are
formed on the third dielectric layer 15; capacitor elec-
trodes C12, C22, and C32 on the fourth dielectric layer
16; capacitor electrodes C13, C23, and C61 on the fifth
dielectric layer 17; and capacitor electrodes C15, C35,
and C63 on the seventh dielectric layer 19. A capacitor
electrode C41 is formed on the tenth dielectric layer 22,
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and capacitor electrodes C71, C81, and C91 are formed
on the fourteenth dielectric layer 26.

Further, capacitor electrodes C14, C34, and C62
and a distributed constant line, i.e., a strip line L31, are
formed on the sixth dielectric layer 18, strip lines L41
and L51 are formed on the eighth dielectric layer 20,
and strip lines L11 and L21 are formed on the twelfth
dielectric layer 24.

A ground electrode G1 provided as an internal elec-
trode is formed on each of the ninth, eleventh, thirteenth
and fifteenth dielectric layers 21, 23, 25, and 27.

On a lower surface (indicated by 27u in Fig. 3) of
the fifteenth dielectric layer 27 are formed an external
electrode TX1 for connection to the transmitting circuit
TX, an external electrode RX1 for connection to a
receiving circuit RX, an external electrode ANT1 for
connection to an antenna ANT, external electrodes
Vc11 and Ve22 for control, and an external electrode
G2 for connection to ground potential.

Signal lines (not shown) and via holes (not shown)
are formed at desired positions on the first to fifteenth
dielectric layers 13 to 27, and external electrodes (not
shown) are formed on outer surfaces of the multilayer
substrate and on the circuit base 12. Capacitors C1 to
C6 constituting the high-frequency switch 1, the multi-
layer substrate 11 incorporating distributed constant
lines L1 to L3 and low-pass filter component 2, and
diodes D1 and D2 are mounted on the circuit base 2,
and the multilayer substrate 11 and the diodes D1 and
D2 are connected as desired, thus forming the compos-
ite high-frequency component 10 equivalent to the cir-
cuit configuration shown in Fig. 1.

The multilayer substrate constituting the above-
described composite high-frequency component is
manufactured as described below. First, dielectric
ceramic green sheets are prepared. A metallic paste is
applied on the dielectric ceramic green sheets in
accordance with the shapes of the internal electrodes,
the distributed constant lines and the signal lines. Next,
the dielectric ceramic green sheets on which the metal-
lic paste is printed in the predetermined shapes are
stacked and baked to form a multilayer substrate as a
lamination of the dielectric layers.

The metallic paste is printed on the outer surface of
the multilayer substrate and is baked to form the exter-
nal electrodes. The multilayer substrate may be formed
in such a manner that, after lamination of the dielectric
ceramic green sheets, the metallic paste is printed in
the shapes corresponding to the external electrodes
and is fired together with the dielectric layers.

In the above-described embodiment of the present
invention, the capacitors and the distributed constant
lines constituting the high-frequency component and
the filter component are incorporated in one multilayer
substrate formed by laminating a plurality of dielectric
layers, thereby achieving a reduction in overall size. As
a result, the area and volume occupied on the circuit
base can be reduced.

The circuit of the high-frequency component and
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the circuit of the filter component can be designed
simultaneously in a composite form. Therefore, an
improved design effect can be achieved with respect to
impedance matching between the circuit of the high-fre-
quency component and the circuit of the filter compo-
nent. Thus, the need for adding an impedance matching
circuit is eliminated and the entire circuit can be simpli-
fied.

Also, the need for the time for designing an imped-
ance matching circuit can be eliminated.

There are various high-frequency switch circuits
other than that described above. For example, any of
high-frequency switch circuits such as those described
in Japanese Patent Laid-Open Publication Nos. 6-
197042, 6-197043 and 7-74672 may be used.

In the above-described embodiment of the present
invention, diodes are used as high-frequency devices.
However, bipolar transistors, field effect transistors and
the like may be used instead of diodes.

The present invention has been described with
respect to the case of using strip lines as distributed
constant lines. However, microstrip lines, coplanar lines
and the like may be used in place of the strip lines.

The present invention has been described with
respect to the case of incorporating capacitors and strip
lines in the multilayer substrate. However, resistor com-
ponents such as printed resistors may also be incorpo-
rated in the multilayer substrate.

Also, the present invention has been described with
respect to the case of directly mounting the diodes on
the circuit base. However, capacitors or resistor compo-
nents such as chip resistors may also be mounted
directly on the circuit base.

In the above-described connection relationship
between the high-frequency component and the filter
component, low-pass filter component 2 is connected
between receiving circuit RX and high-frequency switch
component 1. However, the present invention is also
advantageous in the case of connecting some low-pass
filter 2 between high-frequency switch component 1 and
receiving circuit RX and/or between high-frequency
switch component 1 and antenna ANT, as in the above-
described embodiment.

For example, the following cases are possible: the
case of connecting low-pass filter component 2
between antenna ANT and high-frequency switch com-
ponent 1, as shown in Fig. 4; the case of connecting
low-pass filter component 2 between receiving circuit
RX and high-frequency switch component 1, as shown
in Fig. 5; the case of respectively connecting low-pass
filter components 2 between transmitting circuit TX and
high-frequency switch component 1 and between
antenna ANT and high-frequency switch component 1,
as shown in Fig. 6; the case of respectively connecting
low-pass filter components 2 between transmitting cir-
cuit TX and high-frequency switch component 1 and
between receiving circuit RX and high-frequency switch
component 1, as shown in Fig. 7; the case of respec-
tively connecting low-pass filter components 2 between
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receiving circuit RX and high-frequency switch compo-
nent 1 and between antenna ANT and high-frequency
switch component 1, as shown in Fig. 8; and the case of
respectively connecting low-pass filter components 2
between transmitting circuit TX and high-frequency
switch component 1, between receiving circuit RX and
high-frequency switch component 1 and between
antenna ANT and high-frequency switch component 1,
as shown in Fig. 9.

Also, the present invention has been described with
respect to the case of using a low-pass filter component
as the filter component connected to the high-frequency
component. Alternatively, a high-pass filter component,
a band-pass filter component or a band elimination filter
component may be used in combination with the high-
frequency component.

In the composite high-frequency component of the
present invention, at least one of the circuit elements
constituting the high-frequency component is mounted
on the circuit base together with the multilayer sub-
strate, and the other circuit elements of the high-fre-
quency component and the filter component are
incorporated in or supported on the multilayer substrate,
thereby achieving a reduction in overall size. Accord-
ingly, the area and volume occupied in an apparatus in
which the components are mounted can be reduced.

Also, the circuit of the high-frequency component
and the circuit of the filter component can be designed
simultaneously in a composite form. Therefore, an
improved design effect can be achieved with respect to
impedance matching between the circuit of the high-fre-
quency component and the circuit of the filter compo-
nent. Thus, the need for adding an impedance matching
circuit is eliminated and the entire circuit can be simpli-
fied.

Also, the need for the time for designing an imped-
ance matching circuit can be eliminated.

Claims

1. A composite high-frequency component (10) com-
prising:

a high-frequency component formed of a plu-
rality of circuit elements; and
a filter component (2) formed of a multilayer
substrate (11) which is a lamination of a plural-
ity of dielectric layers (13 to 27) on at least one
of which at least one of internal electrodes and
distributed constant lines is formed,

wherein at least one of the circuit ele-
ments of said high-frequency component is
mounted on a circuit base (12) while the other
circuit elements of said high-frequency compo-
nent are incorporated in or supported on said
multilayer substrate (11).

2. A composite high-frequency component (10)
according to Claim 1, wherein said high-frequency
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component comprises a high-frequency switch
component (1).

A composite high-frequency component (10)
according to Claim 1 or 2, wherein said filter com-
ponent (2) comprises one of a low-pass filter com-
ponent and a band-pass filter component.
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