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(57) ABSTRACT

An RF circuit module, in which a power amplifier and a
transceiver are united, with reduced interference between its
electronic circuit blocks, downsized and still having high
performance, and with a stable performance not dependent on
the ground land structure on the motherboard, is provided.
The ground plane 110 for at least a last-stage amplifier 11 of
the power amplifier 10 where the greatest power is generated
in the whole RF circuit block, that is, the source of generating
the greatest noise and heat for the RF circuit block, is isolated
from the ground plane for at least one circuit portion of the
transceiver 9 including an LNA 51, receiver 52, transmitter
30, and VCO 70. These ground planes are connected to a
common ground plane 480 through different connection con-
ductors, respectively.
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RADIO FREQUENCY CIRCUIT MODULE

CLAIM OF PRIORITY

The present application claims priority from Japanese
application JP 2004-029111 filed on Feb. 5, 2004, the content
of which is hereby incorporated by reference into this appli-
cation.

FIELD OF THE INVENTION

The present invention relates to a radio frequency (RF)
circuit module that is employed in wireless communication
equipment and, in particular, to the RF circuit module in
which a power amplifier and an RF transceiver are formed on
a single module substrate and thus united in an RF block.

BACKGROUND OF THE INVENTION

One technique for downsizing portable equipment is cir-
cuit integration of electronic circuits and another is module
implementation, that is, assembling multiple electronic cir-
cuit units in one module. The module implementation method
is widely used for RF circuit blocks of wireless communica-
tion equipment to achieve high performance of the circuit
blocks at low cost (for instance, refer to Published Japanese
Translation of PCT International Publication for Patent
Application No. 2002-536819).

SUMMARY OF THE INVENTION

The module implementation has two main merits. One
merit is downsizing. If attempts are made to implement cir-
cuit on a motherboard, using discrete components such as
packaged components, the packaged components must be
disposed with a certain degree of gap left between adjacent
ones, from the perspective of a viewpoint of the mounting
process and yield. By contrast, in a module using bare-chip
components, the components can be mounted with fewer
gaps between adjacent ones and, consequently, the same cir-
cuit can be made smaller in the finished module. Another
merit is easiness to design and manufacture equipments. In
designing RF circuit blocks, specialized expertise and knowl-
edge are needed to solve problems such as impedance match-
ing, electromagnetic interference, and oscillation. Because
modules in which these problems have been cleared are deliv-
ered to a set manufacturer, the set manufacturer does not need
to make a circuit design for the circuits provided in the mod-
ules and, thus, a set can be developed for a shorter period.
Moreover, in comparison with the case where discrete com-
ponents are mounted, the equipments employing the modules
have a less number of components to be handled and, there-
fore, make it easy to manage and mount the components, and
eliminate the need for additional tasks such as adjustment
after manufacturing.

The RF circuit block of wireless communication equip-
ment, e.g., a cellular phone for GSM (Global System for
Mobile Communications), is generally made up of a power
amplifier (hereinafter referred to as “PA”’) module, an antenna
duplex circuit module, a low pass filter (hereinafter referred to
as “LPF”) for transmission, a band pass filter (hereinafter
referred to as “BPF”) for reception, and a radio frequency
integrated circuit (hereinafter referred to as “RF-1IC”).

In the RF-IC, receive circuits including a low noise ampli-
fier (hereinafter referred to as “LLNA”), a receiver, etc., a
transmitter, a voltage control oscillator (hereinafter referred
to as “VCO”), and other components are integrated. These
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circuits may be assembled in an IC other than the RF-IC or a
module. The sections operate as follows, respectively.

First, in transmit operation, a voice input from a micro-
phone is encoded by a base band large scale integrated circuit
(hereinafter referred to as “BB-LSI”), then modulated into a
transmit signal, and the frequency of this signal is converted
into a transmitting frequency by the transmitter in the RF-IC.
After frequency conversion, the RF transmit signal is ampli-
fied by the PA and unwanted harmonics are removed from the
signal by the transmitting L.PF, and, after passing through the
antenna duplex circuit, the RF transmit signal is emitted from
an antenna.

Next, in receive operation, an RF receive signal received by
the antenna goes through the antenna duplex circuit and
unwanted interference noise is removed from the signal by
the receiving BPF, and, after amplified by the LNA in the
RF-IC, the frequency of RF receive signal is converted into
the frequency of a receive signal by the receiver in the RF-IC.
The receive signal is demodulated and decoded by the BB-
LSIL then output from a speaker. A local oscillation signal
with a specific frequency, generated by the VCO in the RF-IC,
is used for the frequency conversion by the transmitter and the
receiver.

The module implementation of the whole of such an RF
circuit block of wireless communication equipment poses a
problem of signal interference between the circuits in the
module. A method for reducing the interference between the
circuits mounted in the module is described in the above-
mentioned patent document. A multi-chip module disclosed
in this document comprises a single interconnect substrate, a
first RE/IF active circuit chip which performs a first RF/IF
function, bonded to the single interconnect substrate, and a
second RF/IF active circuit chip which performs a second
RF/IF function, bonded to the single interconnect circuit;
these circuit chips are integrated on the single interconnect
substrate. The substrate further includes a first ground plane
which is functionally associated with the first REF/IF active
circuit chip and a second ground plane which is functionally
associated with the second RF/IF active circuit chip. Thereby,
this module accomplishes RF signal isolation between the
first and second active circuit chips.

In the above multi-chip module of prior art, however, cir-
cuits for which RF signal isolation should be performed are
not identified. Consequently, in order to implement the whole
RF circuit block of wireless communication equipment in a
module by the multi-chip module technique of prior art, RF
signal isolation between circuits must be performed for all
circuit blocks in the module or circuits that require RF signal
isolation must be determined by repeating trial manufacture.
In the former, a problem in which the module size will be
larger was presented; in the latter, a program in which the
module development period will be longer was presented.

In the above multi-chip module of prior art, no consider-
ation was taken for thermal isolation of a circuit that is sus-
ceptible to heat from a circuit that operates, while generating
a greater amount of heat in the module.

Furthermore, in the above multi-chip module of prior art,
separate ground planes are connected to separate ground pads
on the under surface (reverse side) of the module and the pads
are terminated to the ground plane of the motherboard. Thus,
the potential of the ground pads varies, depending on what
type of a ground land selected by the set manufacturer and
provided on the motherboard, which caused a problem in
which the circuits in the module oscillate or the performance
decreases.

It is an object of the present invention to provide an RF
circuit module with reduced interference between its elec-
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tronic circuit blocks in the RF circuit module implementation
of the whole RF circuit block of wireless communication
equipment, that is, the module in which the power amplifier
and the transceiver are united.

It is another object of the present invention to provide a
downsized RF circuit module that still has high performance.

It is a further object of the present invention to provide a
new RF circuit module that has a stable performance not
dependent on the ground land structure on the motherboard.

A first aspect of the present invention, built to achieve the
foregoing objects, resides in a radio frequency circuit module
comprising a module substrate; first circuit (e.g., a trans-
ceiver) to which a first signal (e.g., transmit signal) is input
and which outputs a second signal (e.g., RF transmit signal)
with a higher frequency than the first signal, and moreover, to
which a third signal (e.g., RF receive signal) is input and
which outputs a fourth signal (e.g., receive signal) with a
lower frequency than the third signal; second circuit (e.g., a
power amplifier) which amplifies the second signal power
level; a structure with ground planes for reducing signal inter-
ference between the first circuit and the second circuit; and a
common ground plane to which all ground planes of the
structure with ground planes are connected, wherein the first
circuit and the second circuit are mounted on the module
substrate.

A second aspect of the present invention, built to achieve
the foregoing objects, resides in a radio frequency circuit
module comprising a module substrate; first circuit (e.g., a
transceiver) to which a first signal (e.g., transmit signal) is
input and which outputs a second signal (e.g., RF transmit
signal) with a higher frequency than the first signal, and
moreover, to which a third signal (e.g., RF receive signal) is
input and which outputs a fourth signal (e.g., receive signal)
with a lower frequency than the third signal; second circuit
(e.g., a power amplifier) which amplifies the second signal
power level; a first ground plane for the first circuit; and a
second ground plane for the second circuit, electrically iso-
lated from the first ground plane mutually, wherein the first
circuit and the second circuit are mounted on the top face of
the module substrate, and wherein the first and second ground
planes are located on conductor layers of the module sub-
strate. The radio frequency circuit module of the second
aspect is preferably structured as follows: the module sub-
strate is configured such that a third ground plane can be
mounted on its reverse side and, if the third ground plane has
been mounted, the first and second ground planes are electri-
cally connected to the third ground plane and the third ground
plane serves as a common ground plane for the first and
second ground planes. Alternatively, the radio frequency cir-
cuit module of the second aspect preferably further comprises
a common ground plane for the first and second circuit,
included in the module substrate, wherein the common
ground plane is located on another conductor layer that is
closer to the reverse side of the module substrate than the
conductor layers on which the first and second ground planes
are located and the first and second ground planes are elec-
trically connected to the common ground plane.

In the RF circuit module, which is a single module con-
figuration of the whole RF circuit block of wireless commu-
nication equipment, namely, the first circuit and the second
circuit, e.g., the transceiver and the power amplifier, the
ground plane for the power amplifier which generates the
greatest electric power, thus produces a large current flow and
a great amount of heat, is isolated from the other ground
planes; consequently, signal interference caused by a part of
the large current flowing into the other circuits is reduced.
Since electric conductors are good thermal conductors, the
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ground planes are electrically isolated from each other, thus
leading to the cutoff of both electric conduction and thermal
conduction therebetween. The present invention enables RF
signal isolation and thermal isolation only in the most proper
places as above, and therefore, the RF circuit module can be
downsized, while the component circuits still have high per-
formances. The module has the common ground plane to
which all ground planes of the first and second ground planes
are connected; consequently, reference potential for all RF
circuits is fixed, not dependent on the ground land on the
motherboard and, therefore, a stable performance can be
achieved.

Preferably, the above radio frequency circuit module of the
present invention is, further, configured as follows.

(1) The ground terminal of a last-stage amplifier of the
power amplifier is connected to the first ground plane and the
ground terminals of the transmitter to which a transmit signal
is input and which outputs an RF transmit signal, included in
the transceiver, are connected to the second ground plane.

(2) The ground terminal of the last-stage amplifier of the
power amplifier is connected to the first ground plane and the
ground terminals of receive circuits to which an RF receive
signal is input and which outputs a receive signal, included in
the transceiver, are connected to the second ground plane.

(3) The module further comprises an antenna duplex circuit
which allows the RF transmit signal to go to an external
antenna and allows the RF receive signal from the antenna to
go to the receive circuits to which the RF receive signal is
input and which outputs the receive signal, included in the
transceiver, and a third ground plane which is electrically
isolated from the second ground plane, wherein the ground
terminals of the antenna duplex circuit are connected to the
third ground plane and the third ground plane is connected to
the common ground plane.

(4) The ground terminal of the last-stage amplifier of the
power amplifier is connected to the first ground plane and the
ground terminal of a voltage control oscillator which gener-
ates local oscillation signals that are used for frequency con-
version of the transmit signal frequency into the RF transmit
signal frequency and frequency conversion of the RF receive
signal frequency into the receive signal frequency, included in
the transceiver, is connected to the second ground plane.

(5) The module further comprises the third ground plane,
which is electrically isolated from the second ground plane,
wherein the ground terminals of the transmitter to which the
transmit signal is input and which outputs the RF transmit
signal, included in the transceiver, are connected to the sec-
ond ground plane, the ground terminal of the voltage control
oscillator which generates local oscillation signals that are
used for frequency conversion of the transmit signal fre-
quency into the RF transmit signal frequency and frequency
conversion of the RF receive signal frequency into the receive
signal frequency, included in the transceiver, is connected to
the third ground plane, and the third ground plane is con-
nected to the common ground plane.

(6) The module further comprises the third ground plane
which is electrically isolated from the second ground plane,
wherein the ground terminals of the receive circuits to which
the RF receive signal is input and which outputs the receive
signal, included in the transceiver, are connected to the sec-
ond ground plane, the ground terminal of the voltage control
oscillator which generates local oscillation signals that are
used for frequency conversion of the transmit signal fre-
quency into the RF transmit signal frequency and frequency
conversion of the RF receive signal frequency into the receive
signal frequency, included in the transceiver, is connected to
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the third ground plane, and the third ground plane is con-
nected to the common ground plane.

(7) The module further comprises the third ground plane
which is electrically isolated from the second ground plane, a
fourth ground plane, the antenna duplex circuit which allows
the RF transmit signal to go to an external antenna and allows
the RF receive signal from the antenna to go to the receive
circuits to which the RF receive signal is input and which
outputs the receive signal, included in the transceiver, and an
output matching network for impedance matching between
the antenna duplex circuit and the last-stage amplifier of the
amplifier, wherein the ground terminal of the last-stage
amplifier is connected to the first ground plane, the ground
terminals of the antenna duplex circuit are connected to the
third ground plane, the ground terminals of the output match-
ing network are connected to the fourth ground plane, and the
fourth ground plane is electrically isolated from at least one of
the first through third ground planes.

A further aspect of the present invention, built to achieve
the foregoing objects, resides in a radio frequency circuit
module comprising a module substrate; the transmitter to
which the transmit signal is input and which outputs the RF
transmit signal; the receive circuits to which the RF receive
signal is input and which outputs the receive signal; the power
amplifier to amplify the RF transmit signal power level; the
first ground plane for the power amplifier; the second ground
planes for the transmitter; the third ground plane for the
receive circuits, wherein these ground planes are isolated
from each other, and the common ground plane. The trans-
mitter, receive circuits, and power amplifier are mounted on
the top face of the module substrate. The first through third
ground planes and the common ground plane are located on
conductor layers of the module substrate. The conductor layer
on which the common ground plane is present is closer to the
reverse side of the module substrate, lower than the conductor
layers on which the first through third ground planes are
located. The first through third ground planes are electrically
connected to the common ground plane.

Because the ground plane for the power amplifier which
generates the greatest power, thus produces a large current
flow, is isolated from the ground planes for other component
circuits, signal interference caused by a part of the large
current flowing into the other circuits is reduced. In addition,
because the second and third ground planes are isolated from
each other, signal interference between the transmitter and
the receive circuits is also reduced. Thus, the RF circuit mod-
ule that is suitable for use in a Frequency Division Duplex
(FDD) communication system where the transmitter and the
receive circuits operate simultaneously can be implemented.

These and other objects and many of the attendant advan-
tages of the invention will be readily appreciated, as the same
becomes better understood by reference to the following
detailed description when considered in connection with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit block diagram for explaining a first
embodiment of the RF circuit module of the present inven-
tion;

FIG. 2 is a diagram depicting connections to ground planes
for explaining the first embodiment of the present invention;

FIG. 3 is a layout plan of components for explaining the
first embodiment of the present invention;

FIG. 4 is a top plan view for explaining the first embodi-
ment of the present invention;
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FIG. 5 is an illustration of conductor pattern formation on
the first conductor layer for explaining the first embodiment
of the present invention;

FIG. 6 is an illustration of conductor pattern formation on
the second conductor layer for explaining the first embodi-
ment of the present invention;

FIG. 7 is an illustration of conductor pattern formation on
the third conductor layer for explaining the first embodiment
of the present invention;

FIG. 8 is an illustration of conductor pattern formation on
the fourth conductor layer for explaining the first embodi-
ment of the present invention;

FIG. 9 is a cross-sectional diagram of line A-A for explain-
ing the first embodiment of the present invention;

FIG. 10 is a cross-sectional diagram of line B-B for
explaining the first embodiment of the present invention;

FIG. 11 is a circuit block diagram for explaining a second
embodiment of the present invention;

FIG. 12 is a diagram depicting connections to ground
planes for explaining the second embodiment of the present
invention;

FIG. 13 is a circuit block diagram for explaining a third
embodiment of the present invention; and

FIG. 14 is a diagram depicting connections to ground
planes for explaining the third embodiment of the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The RF circuit module of the present invention will be
described fully hereinafter with reference to its some pre-
ferred embodiments which are shown in the drawings. In
FIGS. 1 through 14, the same reference numbers are used to
identify the same or similar components.

A first embodiment of the RF circuit module for cellular
phones for GSM, to which the present invention is applied, is
discussed, using FIGS. 1 through 10. First, the configuration
ofthe RF circuit module 1 of the first embodiment is shown in
FIG. 1. The circuit arrangement where connections to ground
planes are specifically expressed is shown in FIG. 2. The
module 1 is essentially comprised of first circuit 9 and second
circuit 10. The first circuit 9 is comprised of third circuit 30 to
which a first signal is input and which outputs a second signal
with a higher frequency than the first signal and fourth circuit
17 to which a third signal is input and which outputs a fourth
signal with a lower frequency than the third signal. The sec-
ond circuit amplifies the second signal power level. The first
circuit 9, second circuit, third circuit 30, and fourth circuit 17
are able to function as a transceiver, power amplifier, trans-
mitter, and receive circuits, respectively. The chain of the
receive circuits which are constituents of the transceiver is
comprised of, e.g., a receiving BPF 65, receiving matching
network 60, LNA 51, and receiver 52 in the first embodiment
example. Hereinafter, the first circuit 9, second circuit, third
circuit 30, and fourth circuit 17 will be again referred to as the
transceiver 9, power amplifier 10, transmitter 30, and receive
circuits 17, respectively.

To the foregoing basic structure of the module 1, more
specifically, an output matching network 20 and an LPF 25
located in the output line of the transmitter 30 are added and
a switch (antenna duplex circuit) 40 which switches between
the connections of an antenna 2 to the transmission chain and
the reception chain is added, and, to the transceiver 9, a VCO
70 which is commonly used for the transmitter 30 and the
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receiver 52 is added. Detail of the overall structure of the
module 1 including these additional circuits will be discussed
below.

The module 1, in the transmission chain, is configured with
the transmitter 30 which converts the frequency of a transmit
signal (an example of the first signal) which is output from an
external BB-LSI 3 and input to it through input terminals 82a,
824 into a transmitting frequency (the transmitter 30 includes
a transmitting mixer, a quadrature modulator, etc., which are
not shown, for frequency conversion), the PA 10 which ampli-
fies the power level of an RF transmit signal (an example of
the second signal) output from the transmitter 30, and the LPF
25 to which the RF transmit signal output from the PA 10 is
input via the output matching network 20 and which removes
unwanted harmonics included in the RF transmit signal. In
addition, the module 1 has the switch 40 which connects to
the external antenna 2 via an antenna terminal 80 and which
allows the RF transmit signal from the LPF 25 to go to the
antenna 2 during transmission and allows an RF receive sig-
nal (an example of the third signal) from the antenna 2, input
to it via the antenna terminal 80, to go to the reception chain
during reception. The switch 40 is the antenna duplex circuit
which performs this switching operation. Furthermore, the
module 1, in the reception chain, is configured with the
receiving BPF 65 which removes unwanted interference
noise from the RF receive signal from the switch 40, the LNA
51 which amplifies the power level of the receive signal
output from the receiving BPF 65 and input to it via the
receiving matching network 60, and the receiver 52 which
converts the frequency of the RF receive signal output from
the LNA 51 into the frequency of a receive signal (an example
of the fourth signal) and supplies the receive signal to the
BB-LSI 3 through output terminals 81a, 815 (the receiver 52
includes a receiving mixer, a quadrature demodulator, etc.,
which are not shown, for frequency conversion).

Here, the transmit signal which is output from the BB-LSI
13 and the receive signal which is input to the BB-L.SI 13 are
in a frequency band of about 200 kHz and the RF transmit
signal which is output from the transmitter 30 and the RF
receive signal which is input to the receiver 52 are in a fre-
quency band of 900 MHz. The above frequencies are exem-
plary and the present invention is not limited to these frequen-
cies.

In the above module structure, an RF-IC 50 is configured
on which the transmitter 30, LNA 51, receiver 52, and VCO
70 which generates local oscillation signals for frequency
conversion and supplies the signals to the transmitter 30 and
receiver 52 are integrated. The receiving BPF 65, receiving
matching network 60, LNA 51, and receiver 52 constitute the
chain of the receive circuits 17. The transmitter 30 and the
VCO 70 together with the receive circuits constitute the trans-
ceiver 9. The PA 10 is a three-stage power amplifier consist-
ing of a last-stage amplifier 11, middle-stage amplifier 12,
and first-stage amplifier 13, which are integrated in an IC chip
structure. The output matching network 20 is a circuit to
match the output impedance of the PA 10 and the input
impedance of the LPF 25 and the receiving matching network
60 is a circuit to match the impedances between the receiving
BPF 65 and the LNA 51. The above circuits and chips are
mounted on the substrate of the module 1.

In the first embodiment, the constituent circuits are
grounded to separate ground planes (a structure with ground
planes) provided for each and eventually grounded to a com-
mon ground plane 480. The common ground plane may be
incorporated into the module or added to the module as an
external component. The manner in which the common
ground plane should be incorporated into the module pro-
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duces an effect that the set manufacturer does not have to do
the work of adding a common ground plane. The manner in
which the common ground plane should be added to the
module produces an effect that the set manufacturer is given
freedom in which a common ground plane with desired char-
acteristics can be chosen at the discretion of the set manufac-
turer.

The separate ground planes (the structure with ground
planes) are a transmitter ground plane 230 for the transmitter
30, a PA ground plane 110 for the PA 10, an antenna duplex
circuit ground plane 240 for the switch 40, a receive circuits
ground plane 260 for the receiving BPF 65, receiving match-
ing network 60, LNA 51, and receiver 52, and a VCO ground
plane 270 for the VCO 70. These separate ground planes are
electrically isolated from each other as they are and function
as the ground only by termination to the common ground
plane 480.

In FIG. 2, the substrate of the module 1 is a layered com-
posite consisting of three dielectric substrates which will be
described later; from the top, a first conductor layer 100,
second conductor layer 200, third conductor layer 300, and
fourth conductor layer 400 are formed in order. The circuits in
the present RF circuit module are associated with the isolated
ground planes as follows.

The PA ground plane 110 to which the ground terminals of
the PA 10 are connected is located on the first conductor layer
100. The transmitter ground plane 230 to which the ground
terminals of the transmitter 30 are connected, the antenna
duplex circuit ground plane 240 to which the ground termi-
nals of the switch 40 are connected, the receive circuits
ground plane 260 to which the ground terminals of the receiv-
ing BPF 65, receiving matching network 60, LNA 51, and
receiver 52 are connected, and the VCO ground plane 270 to
which the ground terminal of the VCO 70 is connected are
located on the second conductor layer 200. Moreover, the
common ground plane 480 is present on the fourth conductor
layer 400.

Interlayer connections are made by interlayer via-holes
that serve as connection conductors. For example, the ground
terminal of the VCO 70 is connected to the VCO ground plane
270 through a 1st-2nd interlayer via-hole 107 and the VCO
ground plane 270 is connected to the common ground plane
480 through a 2nd-3rd interlayer via-hole 207 and a 3rd-4th
interlayer via-hole 307. Likewise, the connection terminals of
the transmitter 30 and the switch circuit 40 are connected to
the transmitter ground plane 230 and the antenna duplex
circuit ground plane 240 respectively through 1st-2nd inter-
layer via-holes and the transmitter ground plane 230 and the
antenna duplex circuit ground plane 240 are connected to the
common ground plane 480 through 2nd-3rd interlayer via-
holes and 3rd-4th interlayer via-holes. The ground terminals
of the receiving BPF 65, receiving matching network 60,
LNA 51, and receiver 52 are connected to the receive circuits
ground plane 260 through 1st-2nd interlayer via-holes and the
receive circuits ground plane 260 is connected to the common
ground plane 480 through 2nd-3rd interlayer via-holes and
3rd-4th interlayer via-holes.

The PA ground plane 110 is connected to the common
ground plane 480 through a plurality of 1st-2nd interlayer
via-holes, 2nd-3rd interlayer via-holes, and 3rd-4th interlayer
via-holes.

Then, the output matching network 20 is comprised of a
transmission line 21 and capacitors 22a, 22b and the ground
terminals of the capacitors 22a, 225 are connected to the
common ground plane 480 through 1st-2nd interlayer via-
holes, 2nd-3rd interlayer via-holes, and 3rd-4th interlayer
via-holes. Besides, the ground terminal of the LPF 25 is
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connected to the common ground plane 480 through a 1st-2nd
interlayer via-hole, 2nd-3rd interlayer via-hole, and 3rd-4th
interlayer via-hole. The receiving matching network 60 con-
sists of two passive elements, which are not shown in FIG. 2,
and the ground terminal of one passive element is connected
to the receive circuits ground plane 260 through a 1st-2nd
interlayer via-hole. In FIG. 2, signal paths are denoted by
dotted lines.

The LPF 25, switch (SW) 40, and BPF 65 are constructed
as chip components. FIG. 3 is a layout plan in which these
components, the IC chip of the PA 10, the RF-IC 50, the
output matching network (Tx-MN) 20 consisting of passive
components, and the receiving matching network (Rx-MN)
60 are mounted on the substrate 4 of the module 1. In FIG. 3,
the transmitter 30 is denoted by Tx and the receiver 52 is
denoted by Rx.

FIG. 41is atop plan view ofthe module 1. The RF-IC 50 and
the switch 40 are mounted with their circuit sides up on the
module substrate 4 and signal and ground pads are disposed
on their top surfaces. On the substrate 4, namely, the first
conductor layer 100, signal and ground bonding pads are also
disposed. Every signal pad is denoted by a thin pattern and
every ground pad is denoted by a thick pattern.

The pads on the top faces of the chips are connected to the
corresponding bonding pads on the substrate 4 by bonding
wires. For example, a ground pad 5 for the VCO 70 on the chip
is connected to a bonding pad 7 on the first conductor layer
100 by a bonding wire 6. As shown in FIG. 2, the bounding
pad 7 is connected to the VCO ground plane 270 located on
the second conductor layer 200 through the 1st-2nd interlayer
via-hole 107.

Although, in this example, the RF-IC 50 and the switch 40
are mounted with their circuit sides up on the module sub-
strate and their ground terminals are connected to the bonding
pads on the module substrate by bonding wires, a flip chip
connection process where the chips are mounted with their
circuit sides down and their ground terminals are connected to
the bonding pads by solder bumping may be applied.

The ground terminals of all amplifier elements of the PA 10
are located (not shown) on the reverse side of the PA chip and
connected to the PA ground plane 110 located on the first
conductor layer 100 by using Ag paste. A signal pad is located
on the top face of the PA 10. The transmission line 21 of the
transmitting matching network 20 is formed of a conductor
pattern formed on the first conductor layer 100. The two
passive elements of the receiving matching network 60 are
denoted by 61a, 615 and the ground terminal of one passive
element 61a is connected to the receive circuits ground plane
260 through the 1st-2nd interlayer via-hole.

Then, FIG. 5 shows conductor pattern formation on the first
conductor layer 100; FIG. 6 shows conductor pattern forma-
tion on the second conductor layer 200; FIG. 7 shows con-
ductor pattern formation on the third conductor layer 300; and
FIG. 8 shows conductor pattern formation on the fourth con-
ductor layer 400. The ground terminals of the switch 40 are
located (not shown) on the reverse side of the switch chip and
connected to the switch ground plane 140 located on the first
conductor layer 100, shown in FIG. 5, by using Ag paste. A
signal conductor pattern 308 from the BPF 65 and the receiv-
ing matching network 60 is shown in FIG. 7.

Then, FIG. 9 shows a cross section of line A-A in FIG. 4.
Thethree dielectric layers, 101,102, 103 of the substrate 4 are
made of glass epoxy resin. Moreover, FIG. 10 shows a cross
section of line B-B. The switch ground plane 140 of the
switch 40 is connected to the antenna duplex circuit ground
plane 240 through a 1st-2nd interlayer via-hole.
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As described above, in the first embodiment, the PA ground
plane 110, receive circuits ground plane 260, transmitter
ground plane 230, VCO ground plane 270, antenna duplex
circuit ground plane 240, and the output matching network
ground plane, or broadly, the common ground plane 480 are
isolated from each other. These ground planes except the
output matching network ground plane are connected to the
common ground plane 480 through interlayer via-holes serv-
ing as connection conductors. Since the interlayer via-holes
generate a resistance component to RF signals by their self-
inductance, the amount of RF resistance, in other words, the
degree ofisolation between the ground planes can be adjusted
by the position of a conductor layer on which each ground
plane is located and the number of interlayer via-holes
employed. Since the interlayer via-holes have thermal resis-
tance, the degree of thermal isolation between the ground
planes can also be adjusted by the position of a conductor
layer on which each ground plane is located and the number
of interlayer via-holes employed.

By configuring the module as described above, the module
is able to prevent the feedback of a current flowing across the
common ground plane 480, or in a narrow sense, the output
matching network ground plane into the receive circuits
ground plane 260 as the result of heat and output current from
the PA 10 where the greatest power is generated in the whole
RF circuit block, that is, the source of generating the greatest
noise and heat for the RF circuit block. The module is also
able to effectively prevent the following problems: a decrease
in the receiving sensitivity and malfunction of the LNA 51
due to increasing noise and a variation in the bandwidth of the
receiving BPF 65 due to temperature rise. Moreover, the
module is able to maintain a higher performance of the
receive circuits 17 by isolation between the antenna duplex
circuit ground plane 240 into which the transmit signal from
the PA 10 flows and the receive circuits ground plane 260.
Also, by isolation between the transmitter ground plane 230
and the receive circuits ground plane 260, the module is able
to prevent a feedback current flowing into the receive circuits
ground plane 260 as the result of heat and output current from
the transmitter 30, thus maintaining a higher performance of
the receive circuits 17.

Also, by mutual isolation of the PA ground plane 110, the
common ground plane 480, or in a narrow sense, the output
matching network ground plane, the transmitter ground plane
230, and the VCO ground plane 270, the module is able to
prevent the feedback of a current flowing across the PA
ground plane 110 and the common ground plane 480, or in a
narrow sense, the output matching network ground plane into
the transmitter ground plane 230 and the VCO ground plane
270 as the result of output current from the PA 10. The module
is able to prevent oscillation of the power amplifier 10 and a
decrease in the quality of local oscillation signals that the
VCO 70 outputs, as the result of feedback of the output of the
power amplifier 10 into the output of the transmitter 30.

Furthermore, by isolation between the receive circuits
ground plane 260 and the VCO ground plane 270, the module
is able to prevent a problem in which the receiving sensitivity
of a desired receive signal is deteriorated due to that surplus
local oscillation signals from the VCO 70 flow into the path in
the receive circuits, in short, local oscillation signal leakage.

Because, in the first embodiment, the output matching
network ground plane is a part of the common ground plane
480 that is present at the layer lowest than other ground planes
when viewed from the circuit formation side (top face) of the
module substrate, the distance between the transmission line
21 which is the main element of the output matching network
20 and its ground plane, namely, the common ground plane
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480 is the greatest in the module substrate 1. Consequently, a
width required to ensure that the transmission line 21 on the
module substrate has certain characteristic impedance can be
given equal to the maximum width of the multilayer substrate
4 employed; this can minimize transmission loss due to con-
ductor loss.

As described above, according to the first embodiment, in
the implementation of a single module form of the whole RF
circuit block, namely, the power amplifier and the transceiver
for cellular phones for GSM, without requiring the set manu-
facturer to make RF circuit design, RF signal isolation and
thermal isolation can be provided only in the most proper
places and, thus, the module can be downsized, while the
component circuits still have high performances. By provid-
ing the module with the common ground plane 480 to which
all ground planes are connected, reference potential for all RF
circuits can be fixed, not dependent on the ground land on the
motherboard. Thus, the RF circuit block with a stable perfor-
mance can be provided.

A second embodiment of the RF circuit module for cellular
phones for GSM, to which the present invention is applied, is
discussed, using FIGS. 11 through 12. The second embodi-
ment differs from the first embodiment in that the middle-
stage amplifier 12 and first-stage amplifier 13 are separated
from the last-stage amplifier 11 in the arrangement of the
chips and that the multilayer substrate consists of five layers
of ceramic substrates, provided with new intermediate
ground planes.

InFIG. 11, a pre-stage amplifier 15 having a built-in power
control circuit is an integrated circuit comprising the middle-
stage amplifier 12, first-stage amplifier 13, and a power con-
trol circuit 14 which controls the gains of these amplifiers and
the last-stage amplifier 11 present on another chip. Other
circuits are the same as shown in FIG. 1. The above circuits
and chips are mounted on the substrate of the module 1.

Separate ground planes are the PA ground plane 110 for the
last-stage amplifier 11, the antenna duplex circuit ground
plane 240 for the switch 40, an RF-IC ground plane 250 for
the pre-stage amplifier 15 with the built-in power control
circuit, transmitter 30, receiving matching network 60, LNA
51, and receiver 52, a receiving BPF ground plane 265 for the
receiving BPF 65, and the VCO ground plane 270 for the
VCO 70.

Besides, there are intermediate ground planes: a first inter-
mediate ground plane 420 for the PA ground plane 110,
output matching network 20, LPF 25 and the antenna duplex
circuit ground plane 240; and a second intermediate ground
plane 450 for the receiving BPF ground plane 265, RF-IC
ground plane 250, and VCO0 ground plane 270. Furthermore,
there is a common ground plane 680 for the first intermediate
ground plane 420 and the second intermediate ground plane
450.

Then, as shown in FIG. 12 which expresses the ground
connections, the first conductor layer 100, second conductor
layer 200, third conductor layer 300, fourth conductor layer
400, fifth conductor layer 500, and sixth conductor layer 600
are formed in order from the top in the multilayer substrate of
the module 1. The circuits in the present RF circuit module are
associated with the isolated ground planes as follows.

In FIG. 12, first, the ground terminal of the last-stage
amplifier 11 is directly connected to the PA ground plane 110
located on the first conductor layer. The PA ground plane 110
is connected to the first intermediate ground plane 420
located on the fourth conductor layer 400 through 1st-2nd
interlayer via-holes, 2nd-3rd interlayer via-holes, and 3rd-4th
interlayer via-holes. The ground plane for the transmission
line 21 which is the main element of the output matching
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network 20 is the first intermediate ground plane 420 and the
ground terminals of the capacitors 22a and 225 which are also
elements of the output matching network 20 are connected to
the first intermediate ground plane 420 through 1st-2nd inter-
layer via-holes, 2nd-3rd interlayer via-holes, and3rd-4th
interlayer via-holes. Likewise, the ground terminal of the
transmitting LPF 25 is connected to the first intermediate
ground plane 420. The ground terminals of the switch 40 are
connected to the antenna duplex circuit ground plane 240
located on the second conductor layer through 1st-2nd inter-
layer via-holes and the antenna duplex circuit ground plane
240 is connected to the first intermediate ground plane 420
through a 2nd-3rd interlayer via-hole and 3rd-4th interlayer
via-hole.

Then, the ground terminals of the middle-stage amplifier
12, first-stage amplifier 13, power control circuit 14, trans-
mitter 30, receiving matching network 60, LNA 51, and
receiver 52 are connected to the RF-IC ground plane 250
located on the second conductor layer through 1st-2nd inter-
layer via-holes. The ground terminal of the receiving BPF 65
is connected to the receiving BPF ground plane 265 located
on the second conductor layer through a 1st-2nd interlayer
via-hole. The ground terminal of the VCO 70 is connected to
the VCO ground plane 270 located on the second conductor
layer through a 1st-2nd interlayer via-hole. The RF-IC
ground plane 250, receiving BPF ground plane 265, and VCO
ground plane 270 are connected to the second intermediate
ground plane 450 located on the fourth layer through 2nd-3rd
interlayer via-holes and 3rd-4th interlayer via-holes.

The first intermediate ground plane 420 and the second
intermediate ground plane 450 are connected to the common
ground plane 680 present on the sixth conductor layer 600
through 4th-5th interlayer via-holes and 5th-6th interlayer
via-holes.

As above, in the second embodiment, the PA ground plane
110 for the ground terminal of the last-stage amplifier 11, the
RF-IC ground plane 250, VCO ground plane 270, antenna
duplex circuit ground plane 240, and output matching net-
work ground plane, or broadly, the first intermediate ground
plane 420 are isolated, and, therefore, the second embodiment
produces the same effects as in the first embodiment.

Furthermore, a small surface acoustic wave filter with
sharp bandwidth limiting characteristics is employed as the
receiving BPF 65 and, consequently, the module of the sec-
ond embodiment is further downsized with improved receiv-
ing performance. This module solves a thermal problem as
follows. By isolation between the PA ground plane 110 and
the RF-IC ground plane 250 for the ground terminals of the
middle-stage amplifier 12 and first-stage amplifier 13 of the
PA and the transmitter 30 and between the RF-IC ground
plane 250 and the receiving BPF ground plane 265, the mod-
ule is able to prevent temperature-induced variation in the
bandwidth of the surface acoustic wave filter whose band-
width limiting characteristics greatly vary with temperature
change and achieve high performance.

In the second embodiment, as above, the ground planes for
the circuits that carry large electric power in the section from
the last-stage amplifier 11 ofthe PA to the antenna terminal 80
are connected to the first intermediate ground plane 420 and
the ground planes for the remaining circuits are connected to
the second intermediate plane 450 and these intermediate
planes are connected to the common ground plane 680. Con-
sequently, the module is able to effectively suppress the influ-
ence of the output of the last-stage amplifier 11 upon other
circuits. In addition, one conductor layer exists between the
layer with the ground planes and the intermediate ground
plane layer and another conductor layer exists between the
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intermediate ground plane layer and the common ground
plane layer; e.g., the third conductor layer 300 and fifth con-
ductor layer 500 between the ground planes. Wiring on these
conductor layers is arranged free from electromagnetic cou-
pling to wiring on other conductor layer. Therefore, the wir-
ing on the third conductor layer 300 and fifth conductor layer
500 can be routed freely and more flexibility can be given to
the wiring layout internal to the module substrate.

In the second embodiment, both the ground terminals of
the middle-stage amplifier 12 and first-stage amplifier 13 of
the PA and the transmitter 30 and the ground terminals of the
receiving matching network 60, LNA 51, and receiver 52 are
connected to one ground plane, not separate. This arrange-
ment is taken because transmission and reception are per-
formed in a time division manner in the GSM. Separation of
the ground plane for the ground terminals of these circuits is
not required, if careful consideration is taken for only the
output of the last-stage amplifier 11. The module can be made
smaller than when this ground plane is separated.

A third embodiment of the RF circuit module for cellular
phones for a Code Division Multiple Access (hereinafter
referred to as “CDMA”) system, to which the present inven-
tion is applied, is discussed, using FIGS. 13 and 14. The
module of the third embodiment has a glass epoxy multilayer
substrate comprising three dielectric layers and four conduc-
tor layers 100, 200, 300, 400, which is the same as the first
embodiment, but its circuit arrangement differs in many
respects from the first embodiment.

In FIG. 13, the module 1, in the transmission chain, is
configured with the transmitter 30 which converts the fre-
quency of a transmit signal input through the input terminals
82a, 82b from the external BB-LSI 3 into a transmitting
frequency, a transmitting BPF 27 which removes unwanted
signal components included in an RF transmit signal output
from the transmitter 30, the PA 10 which amplifies the power
level of the RF transmit signal output from the transmitting
BPF 27, and an isolator 26 to which the RF transmit signal
output from the PA 10 is input via the output matching net-
work 20 and which gives directionality to the RF transmit
signal. In addition, the module 1 has a duplexer 45 which
connects to the external antenna 2 via the antenna terminal 80
and which allows the RF transmit signal from the isolator 26
to go to the antenna 2 during transmission and allows an RF
receive signal from the antenna 2, input to it via the antenna
terminal 80, to go to the reception chain during reception. The
duplexer 45 is an antenna duplex circuit. Furthermore, the
module 1, in the reception chain, is configured with the LNA
51 to which the RF receive signal from the duplexer 45 is
input via the receiving matching network 60 and which
amplifies the signal level, the receiving BPF 65 which
removes unwanted signal components included in the RF
receive signal output from the LNA 51, and the receiver 52
which converts the frequency of the RF receive signal output
from the receiving BPF 65 into the frequency of a receive
signal and supplies the receive signal to the BB-LSI 3 through
output terminals 81a, 815. In the above module structure, a
receiving RF-IC 55 is configured on which the LNA 41 and
the receiver 52 are integrated. The PA 10 is a two-stage power
amplifier consisting of the last-stage amplifier 11 and the
first-stage amplifier 13 which are integrated in an IC chip
structure. The transmitter 30 components are also integrated
in an IC chip structure. The output matching network 20 is a
circuit to match the output impedance of the PA 10 and the
input impedance of the isolator 26 and the receiving matching
network 60 is a circuit to match the impedances between the
duplexer 45 and the LNA 51. The above circuits and chips are
mounted on the substrate of the module 1. In the third
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embodiment, the receiving matching network 60, LNA 51,
receiving BPF 65, and receiver 52 constitute the chain of the
receive circuits 17. The transmitter 30 and the VCO 70
together with the receive circuits constitute the transceiver 9.

Here, the transmit signal which is output from the BB-LSI
13 and the receive signal which is input to the BB-L.SI 13 are
in a frequency band of about 3.8 MHz, the RF transmit signal
which is output from the transmitter 30 has a frequency in the
vicinity of 1.9 GHz, and the RF receive signal which is input
to the receiver 52 has a frequency in the vicinity of about 2.1
GHz. The above frequencies are exemplary and the present
invention is not limited to these frequencies.

In the third embodiment, the constituent circuits are
grounded to separate ground planes provided for each and
eventually grounded to the common ground plane 480. The
separate ground planes are the transmitter ground plane 230
for the transmitter 30 and the transmitting BPF 27, the PA
ground plane 110 for the PA 10, the antenna duplex circuit
ground plane 240 for the duplexer 45, a receive circuits
ground plane 160 for the receiving matching network 60,
LNA 51, receiving BPF 65, and receiver 52, and the VCO
ground plane 270 for the VCO 70. These separate ground
planes are electrically isolated from each other as they are and
function as the ground only by termination to the common
ground plane 480.

FIG. 14 depicts the ground connections. The substrate of
the module 1 is alayered composite consisting of three dielec-
tric substrates; from the top, the first conductor layer 100,
second conductor layer 200, third conductor layer 300, and
fourth conductor layer 400 are formed in order. The circuits in
the present RF circuit module are associated with the isolated
ground planes as follows.

First, the ground terminals of the last-stage amplifier 11
and first-stage amplifier 13 are connected to the PA ground
plane 110 located on the first conductor layer. The PA ground
plane 110 is connected to the common ground plane 480
present on the fourth conductor layer 400 through 1st-2nd
interlayer via-holes, 2nd-3rd interlayer via-holes, and 3rd-4th
interlayer via-holes. The ground plane for the transmission
line 21 which is the main element of the output matching
network 20 is the common ground plane 480 and the ground
terminals of the capacitors 22a and 225 which are also ele-
ments of the output matching network 20 are connected to the
common ground plane 480 through 1st-2nd interlayer via-
holes, 2nd-3rd interlayer via-holes, and 3rd-4th interlayer
via-holes. Likewise, the ground terminal of the isolator 26 is
connected to the common ground plane 480.

The ground terminals of the duplexer 45 are connected to
the antenna duplex circuit ground plane 240 located on the
second conductor layer 200 through 1st-2nd interlayer via-
holes and the antenna duplex circuit ground plane 240 is
connected to the common ground plane 480 a 2nd-3rd inter-
layer via-hole and 3rd-4th interlayer via-hole.

Then, the ground terminals of the transmitter 30 and trans-
mitting BPF 27 are connected to the transmitter ground plane
230 located on the second conductor layer through 1st-2nd
interlayer via-holes. The ground terminal of the VCO 70 is
connected to the VCO ground plane 270 located on the second
conductor layer through a 1st-2nd interlayer via-hole. The
transmitter ground plane 230 and the VCO ground plane 270
are connected to the common ground plane 480 through 2nd-
3rd interlayer via-holes and 3rd-4th interlayer via-holes.

Finally, the ground terminals of the receiving matching
network 60, LNA 51, receiving BPF 65, and receiver 52 are
connected to the receive circuits ground plane 160 by bonding
wires or solder bumping and the receive circuits ground plane



US 7,515,879 B2

15

160 is connected to the common ground plane 480 through
1st-2nd interlayer via-holes, 2nd-3rd interlayer via-holes, and
3rd-4th interlayer via-holes.

In the third embodiment, the PA ground plane 110, trans-
mitter ground plane 230, receive circuits ground plane 160,
VCO ground plane 270, antenna duplex circuit ground plane
240, and output matching network ground plane, or broadly,
the common ground plane 480 are isolated, and, therefore, the
third embodiment produces the same effects as in the first
embodiment. Furthermore, since the CDMA system is a Fre-
quency Division Duplex (FDD) communication system
where the transmitter and the receive circuits operate simul-
taneously, signal interference from the transmitter to the
receive circuits, if present, results in a great decrease in the
receiving performance. However, the module in the third
embodiment is able to effectively prevent the decrease in the
receiving performance by isolating the PA ground plane 110,
output matching network ground plane, or broadly, the com-
mon ground plane 480, transmitter ground plane 230, and
antenna duplex circuit ground plane 240, across which sig-
nals will flow during transmission, from the receive circuits
ground plane 160.

According to the present invention, in the RF circuit mod-
ule in which the whole RF circuit block, namely, the power
amplifier and the transceiver of wireless communication
equipment is configured in a single module, RF signal isola-
tion and thermal isolation can be provided only in the most
proper places and, thus, the module can be downsized, while
the component circuits still have high performances.

It is further understood by those skilled in the art that the
foregoing description is a preferred embodiment of the dis-
closed device and that various changes and modifications
may be made in the invention without departing from the
spirit and scope thereof.

What is claimed is:

1. A radio frequency circuit module comprising:

a module substrate;

a first circuit to which a first signal is input and which
outputs a second signal with a higher frequency than the
first signal, and to which a third signal that differs from
the first and second signals is input and which outputs a
fourth signal with a lower frequency than the third sig-
nal;

a second circuit which amplifies a power level of the sec-
ond signal;

a first ground plane for said first circuit;

a second ground plane for said second circuit electrically
isolated from said first ground plane mutually; and

a common ground plane for said first and second circuit,
included in said module substrate,

wherein said first circuit and said second circuit are
mounted on a top face of said module substrate,

wherein said first and second ground planes are located on
conductor layers of said module substrate,
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wherein said common ground plane is located on another
conductor layer that is closer to a reverse side of said
module substrate than the conductor layers on which
said first and second ground planes are located and said
first and second ground planes are electrically connected
to said common ground plane,

wherein said first circuit includes a fourth circuit to which
the third signal is input and which outputs the fourth
signal,

wherein said second circuit comprises a power amplifier,
and

wherein said radio frequency circuit module further com-
prises:

a third ground plane, electrically isolated from said first
ground plane;

a fourth ground plane;

an antenna duplex circuit which allows the second signal to
go to an external antenna and allows the third signal
from said antenna to go to said fourth circuit; and

an output matching network for impedance matching
between said antenna duplex circuit and a last-stage
amplifier of said amplifier,

wherein a ground terminal of said last-stage amplifier is
connected to said second ground plane, the ground ter-
minals of said antenna duplex circuit are connected to
said third ground plane, and the ground terminals of said
output matching network are connected to said fourth
ground plane, and

wherein said fourth ground plane is electrically isolated in
radio frequency from at least one of said first through
third ground planes.

2. The radio frequency circuit module according to claim 1,

wherein said output matching network comprises a trans-
mission line and a plurality of capacitors grounded to
said fourth ground plane.

3. The radio frequency circuit module according to claim 2,

wherein said fourth ground plane is present on a conductor
layer that is lower than the at least one ground plane that
is electrically isolated in radio frequency from said
fourth ground plane among said first through third
ground planes.

4. The radio frequency circuit module according to claim 3,

wherein said fourth ground plane is the common ground
plane.

5. The radio frequency circuit module according to claim 1,

further comprising:

intermediate ground planes between said second, third, and
fourth ground planes and said common ground plane,
said second, third, and fourth ground planes being con-
nected to said common ground plane via said interme-
diate ground planes.
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