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(54) Title of Invention
POWER AMPLIFIER MODULE

(57) Abstract

[PROBLEM] To provide a small, highly efficient power
amplifier module that does not cause the problems of
cracking and splitting that can occur when being mounted on
a motherboard.

[RESOLUTION MEANS] Relates to a power amplifier
module used in a transmitter of a communication device that
uses a microwave band. At least one selected from balun
transformers 101 and 105 provided in a layer before power
amplifiers 102 and 106, power detection circuit units 103 and
107 provided in a layer after the power amplifiers 102 and
106, low-pass filter units 104 and 108 connected to a layer
after the power detection circuit units 103 and 107, and a
power control circuit unit 109 that controls a power amplifier
that is modularized with the power amplifiers 102 and 106.

What is claimed is:
[Claim 1]

I.

H H, H. H
H H H

A power amplifier module used in a transmitter of a communication device that uses a microwave band

comprising:
a power amplifier, wherein

the power amplifier module modularizes at least one of a balun transformer provided in a layer before
the power amplifier, a power detection circuit unit provided in a layer after the power amplifier, a low-pass
filter unit connected to a layer after the power detection circuit unit, and a power control circuit unit that

controls the power amplifier to the power amplifier.
[Claim 2]
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The power amplifier module according to claim 1 further comprising:

a mounting substrate, wherein

the mounting substrate is configured of a composite material produced by mixing a ceramic material
with an organic resin material, and includes, in an interior thereof, an inductance element and a capacitance
element.
[Claim 3]

The power amplifier module according to claim 2, wherein

the organic resin material includes a polyvinyl benzyl ether compound, and has a relative dielectric
constant in the range of 2.5 to 3.5, and a dielectric loss tangent in the range of 0.0025 to 0.005.
[Claim 4]

The power amplifier module according to claim 3, wherein

the ceramic material includes a titanium barium ceramic, and where, when a content of the polyvinyl
benzyl ether compound is a (vol%) and a content of the titanium barium ceramic is b (vol%), the power
amplifier module satisfies a:b = (70:30) to (40:60).
DETAILED DESCRIPTION OF THE INVENTION
[0001]
FIELD OF THE INVENTION
The present invention relates to a power amplifier module used mainly in a transmitting circuit unit used in a
communications device, and the like, that uses a microwave band.
[0002]
PRIOR ART
The demand for power amplifiers (power amplifier modules) used in microwave band transmitters has risen in
recent years due to the spread of digital mobile communication devices such as mobile phones, and the like. A
power amplifier module is one component of a mobile communication device, and in recent years, as
communication devices, particularly mobile phones, have become smaller and more functional, there has been
a growing demand for lower voltage operation, higher efficiency, and lighter weight.
[0003]
In a digital mobile communication device, a signal received from an antenna is transmitted to a low-noise
amplifier unit, a mixer unit, and an IF circuit unit, in that order, and then to a baseband unit through a low-noise
amplifier unit and a transmit/receive switch.
[0004]
Furthermore, a transmission signal is sent out by the transmission from the baseband unit to a quadrature
modulation unit, mixer unit, power amplifier circuit unit side, and then from the power amplifier circuit unit to
the antenna through the transmit/receive switch.
[0005]
The power amplifier circuit unit plays the role of amplifying the transmission signal output from the antenna. It
1s known that power amplifier circuit units support GSM/DCS dual bands. GSM and DCS sides have different
frequency bands and output power specifications, so separate circuits must be provided for the GSM and DCS
sides, and the two circuits, one on the GSM side and one on the DCS side, are configured aligned in parallel.
[0006]
The power amplifier circuit unit includes a balun transformer, a power amplifier, a power detection circuit unit,
a low-pass filter unit, and the like. The transmission signal is supplied to the balun transformer from a mixer
unit typically provided in a layer before the power amplifier circuit unit and then amplified by the power
amplifier after passing through the balun transformer. An amplified signal is sent to the transmit/receive switch
through the power detection circuit unit and the low-pass filter unit. An output of the power amplifier is
detected by the power detection circuit unit and transmitted to a power control circuit, and a control signal is
sent to the power amplifier from the power control circuit in order to maintain a constant output. The power
control circuit is typically configured of one circuit, but provides power control to the GSM side and the DCS
side separately.
[0007]
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The power amplifier module plays the role of power amplification, the main function thereof, in the power
amplifier circuit unit described above. As is disclosed in, for example, Japanese Unexamined Patent
Application Publication No. H11-112249, a power amplifier module typically includes an amplifier, an input
matching circuit, an output matching circuit, a DC bias circuit, and the like. Furthermore, as is disclosed in
Japanese Unexamined Patent Application Publication No. H6-196949, a configuration where a coupler is
added to the amplifier, input matching circuit, output matching circuit, and the like, is also known.

[0008]

A conventional power amplifier module only modularizes a power amplifier, and a balun transformer, power
amplifier, power detection circuit unit, power control circuit, low-pass filter unit, and the like, that configure a
power amplifier circuit unit are made independent from the power amplifier module and connected to one
another on a motherboard. The power amplifier module is configured by mounting an active circuit unit that
configures the power amplifier on a multi-layer substrate, and then forming an inductance element, capacitor
element, and the like, which are required by the active circuit unit, inside the multi-layer substrate. A
Ba0O-Ti02-Nd203 ceramic material is one example of substrate material that can be used.

[0009]

PROBLEM TO BE SOLVED BY THE INVENTION

As a mobile communication device such as mobile phone, and the like, becomes smaller, a power amplifier
module, which is a component of such a device must also become smaller. However, a conventional power
amplifier module only modularizes a power amplifier, and a balun transformer, power amplifier, power
detection circuit unit, power control circuit, low-pass filter unit, and the like, that configure a power amplifier
circuit unit are made independent from the power amplifier module. Therefore, even if made smaller, the
power amplifier module as a whole cannot be made smaller unless the power detection circuit unit, low-pass
filter unit, power control circuit, balun transformer, and the like, which form a peripheral circuit, are also made
smaller. That is, the external dimensions of the power amplifier module, balun transformer, power detection
circuit unit, low-pass filter unit, and power control circuit are predetermined, and thus a total mounting area on
a motherboard is determined based on these dimensions. As a typical example, the mounting area required for
the balun transformer and power control circuit is 18.0 x 4.0 (mm?), for the power amplifier module is 18.0 x
8.0 (mm?), and for the low-pass filter unit and power detection circuit unit is 18.0 x 3.0 (mm?), for a total
required area of 18.0 x 15.0 (mm?).

[0010]

Furthermore, the power amplifier module, power detection circuit unit, low-pass filter unit, power control
circuit, balun transformer, and the like, are each mounted on the motherboard by soldering, or the like, and
because wiring is done using patterns on the motherboard, power amplifier module output signals lose power
due to soldering locations and patterns on the motherboard, which reduces the efficiency of the power amplifier
module. As a typical example, the power attenuation due to the soldering locations of the power amplifier
module, the low-pass filter unit, and the power detection circuit unit is (—0.1 dB), and the power attenuation
due to the patterns on the motherboard between the power amplifier module, power detection circuit unit,
power detection circuit unit, and low-pass filter unit is (—0.2 dB). Therefore, a total power attenuation of (—0.3
dB) occurs, which results in a loss of output power from the power amplifier module. If the power amplifier
module power output is set to 35.0 dBm, then approximately 0.2 W of power is lost.

[0011]

Moreover, since a conventional power amplifier module substrate is configured of ceramic material, the
substrate has poor mechanical strength, and thus, when an integrated power amplifier module that includes a
power detection circuit unit, low-pass filter unit, power control circuit, and balun transformer, which are power
amplifier module peripheral circuits, is formed, the external dimensions of the substrate increase and cracking
and splitting occur during mounting on the motherboard, which creates problems with the reliability and
quality of the power amplifier module. Bending strength of the substrate is a specific problem. A
BaO-Ti0O»-Nd»Os ceramic substrate, a typical example of a substrate, has a bending strength of 30 to 40
kg/mm?, which is considerably weaker than the 45 to 52 kg/mm? bending strength of a glass epoxy substrate.
[0012]
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A ceramic substrate will generally have a higher dielectric constant than an organic resin substrate, and a
dielectric loss tangent that can be set lower, and is thus effective in making a power amplifier module smaller
and more efficient. However, such a substrate will, as is described above, have weaker bending strength than an
organic resin material, which will reduce the reliability and quality of the power amplifier module.

[0013]

A problem of the present invention is to provide a power module that will help make a power amplifier circuit
unit small.

[0014]

Another problem of the present invention is to provide a power module that reduces power loss and improves
efficiency of a pattern or mounting location on a motherboard.

[0015]

Another problem of the present invention is to provide a power amplifier module that can eliminate the
problems of cracking and splitting when being mounted on a motherboard.

[0016]

MEANS FOR SOLVING THE PROBLEM

To resolve the problems described above, the power amplifier module according to the present invention
includes a power amplifier, and can be used in a transmitter of a communication device that uses a microwave
band. In this case, the power amplifier module modularizes at least one of a balun transformer provided in a
layer before the power amplifier, power detection circuit unit provided in a layer after the power amplifier,
low-pass filter unit connected to a layer after the power detection circuit unit, and power control circuit that
controls the power amplifier to the power amplifier.

[0017]

According to this configuration, all or some of the balun transformer, power detection circuit unit, low-pass
filter unit, and power control circuit included in a power amplifier circuit unit can be modularized as a single
item, thus making it possible to make the power amplifier circuit unit small. Furthermore, power loss can be
reduced and efficiency increased because a number of soldering locations and patterns on a motherboard is
reduced.

[0018]

A mounting substrate that configures the power amplifier module is preferably configured of a composite
material produced by mixing a ceramic material with an organic resin material. Such a mounting substrate has
greater bending strength and is less prone to cracking, splitting, and the like, than a ceramic substrate. Such a
substrate is also able to ensure electrical characteristics that are superior to those of an organic resin substrate.
An inductance element and a capacitance element can be formed inside this mounting substrate.

[0019]

EMBODIMENTS OF THE INVENTION

FIG. 1 is a block diagram depicting an example of a configuration of a high-frequency circuit unit in a digital
mobile communication device. A signal received by an antenna ANT is transmitted through a transmit/receive
switch SW, which has been turned on, on a low-noise amplifier unit AMP side, to a low-noise amplifier unit
AMP, a mixer unit MXR, an IF circuit unit, and then a baseband unit BSB. Furthermore, a transmission signal
is sent out by the transmission from the baseband unit BSB to a quadrature modulation unit DC/AC, mixer unit
MXT, power amplifier circuit unit PWA in that order, and then to the antenna ANT through the
transmit/receive switch SW, which has been turned on, on the power amplifier circuit unit PWA side. The
power amplifier module according to the present invention is used to configure the power amplifier circuit unit
PWA in the high-frequency circuit unit depicted in FIG. 1.

[0020]

FIG. 2 is a diagram depicting an example of an internal configuration of the power amplifier module according
to the present invention. FIG. 2 depicts a power amplifier module 1 that supports a GSM/DCS dual band. On
the GSM side, a frequency range is 880 to 915 MHz and output power is 35.0 dBm, whereas on the DCS side a
frequency range is 1710 to 1785 MHz and the output power is 32.0 dBm, and since the sides have different
specifications, the GSM side and the DCS side of the power amplifier module 1 are divided into two
independent circuits, one for GSM and one for DCS, and arranged in parallel.
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[0021]

A GSM side circuit configuration includes a balun transformer 101, power amplifier unit 102, power detection
circuit unit 103, and low-pass filter unit 104 aligned in series. A DCS side circuit configuration includes a
balun transformer 105, power amplifier unit 106, power detection circuit unit 107, and low-pass filter unit 108
aligned in series.

[0022]

The power amplifier module 1 according to the present invention must include the power amplifiers 102 and
106, but need only include at least one of the balun transformers 101 and 105, power detection circuit units 103
and 107, and low-pass filter units 104 and 108.

[0023]

FIG. 3 is a circuit diagram depicting a more detailed configuration of the power amplifier module according to
the present invention. Referring to FIG. 2 and FIG. 3, the power amplifiers 102 and 106 play the role of
amplifying power input from terminal Pinl and terminal Pin2. The balun transformers 101 and 105 play the
role of converting an AC signal that requires two terminals for ground potential into an AC signal that requires
only one terminal for ground potential. The power detection circuit units 103 and 107 play the role of detecting
an output from the power amplifiers 102 and 106 and feeding a signal thereof back to the power control circuit
unit 109 in order to make the output of the power amplifiers 102 and 106 constant.

[0024]

The power control circuit unit 109 plays the role of sending a control signal Vapc for making the output of
power amplifiers 102 and 106 constant based on a detection signal from the power detection circuit units 103
and 107 to the power amplifiers 102 and 106. There is one power control circuit 109, which is shared by both
the GSM and DCS sides.

[0025]

A terminal Vdd1 (GSM side) and a terminal Vdd2 (DCS side) apply bias to a semiconductor element of the
power amplifier units 102 and 106. An amplification operation is performed when this bias is applied to the
power amplifier units 102 and 106 and a signal is input from the from the terminal Pinl (GSM side) and the
terminal Pin2 (DCS side).

[0026]

Terminal Vcc and terminal APC operate the power control circuit unit 109, which operates so that an output
signal from the power control circuit unit 109 to the power amplifiers 102 and 106 is controlled, and an output
from the power amplifiers 102 and 106 is kept generally stable based on a detection signal from the power
detection circuit units 103 and 107. A signal amplified to a constant value in the power amplifiers 102 and 106
is output from terminals Poutl (GSM side) and Pout2 (DCS side).

[0027]

The low-pass filter units 104 and 108 play the role of removing a harmonic signal that is not a fundamental
signal from the output signal from the power amplifiers 102 and 106 so that only a fundamental signal is
transmitted to an output side.

[0028]

FIG. 4 depicts specific circuit diagrams of the power amplifiers 102 and 106. In the figure, terminal Vapcl and
terminal Vapc2 are terminals provided for output control, and an output from the power amplifier module is
controlled by a voltage level applied to terminal Vapcl and terminal Vapc2. Furthermore, a voltage applied to
the terminal Vapcl and the terminal Vapc2 operates so that a signal obtained by the power detection circuit
units 103 and 107 depicted in FIG. 2 and FIG. 3 is obtained by being fed back to the power control circuit 109,
and so that the output from the power amplifier module is always kept constant by a Vapc signal output from
the power control circuit 109.

[0029]

The power amplifiers 102 and 106 include semiconductor circuit units Q1 and Q2, which are made from
three-layered semiconductor elements, input matching circuit units IM1 and IM2, output matching circuit units
OMI1 and OM2, and bias circuit units BC1 and BC2. The semiconductor circuit units Q1 and Q2 play the role
of amplifying a signal input from terminal Pinl and terminal Pin2, the input matching circuits play the role of
matching an impedance (50 Q) at terminal Pinl and terminal Pin2 with an input impedance of the
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semiconductor circuit units Q1 and Q2 and transmitting a signal input from terminal Pinl and terminal Pin2 to
an input of the semiconductor circuit units Q1 and Q2 without loss due to impedance mismatch, the output
matching circuit units OM1 and OM2 play the role of matching an output impedance of the semiconductor
circuit units Q1 and Q2 to an impedance (50 Q) seen at terminal Poutl and terminal Pout2 and transmitting a
signal output from the semiconductor circuit units Q1 and Q2 to terminal Poutl and terminal Pout2 without
loss due to impedance mismatch, and the bias circuit units BC1 and BC2 play the role of operating a
semiconductor as an amplifying element.

[0030]

The input matching circuit unit IM1 is configured of a circuit where an inductance element L10 and a
capacitance element C1 are connected in an L shape. The input matching circuit unit IM2 is configured of a
circuit where an inductance element L20 and a capacitance element C15 are connected in an L shape.
Additionally, capacitance elements C2 and C16 are provided in the input matching circuit units IM1 and IM2.
[0031]

The output matching circuit units OM1 and OM2 are configured such that four layers of L-shaped circuits are
connected in order to ensure impedance matching across all frequency bands (GSM: 880 to 915 MHz, DCS:
1710 to 1785 MHz). Specifically, in the output matching circuit unit OM1, a first layer is an L-shaped circuit
formed by inductance element L11 and capacitance element C3, a second layer is an L-shaped circuit formed
by inductance element L.12 and capacitance element C4, a third layer is an L-shaped circuit formed by
inductance element L13 and capacitance element C5, and a final layer is an L-shaped circuit formed by
inductance element L14 and capacitance element C6.

[0032]

Similarly, in the output matching circuit unit OM2, a first layer is an L-shaped circuit formed by inductance
element L21 and capacitance element C17, a second layer is an L-shaped circuit formed by inductance element
L22 and capacitance element C18, a third layer is an L-shaped circuit formed by inductance element L23 and
capacitance element C19, and a final layer is an L-shaped circuit formed by inductance element .24 and
capacitance element C20.

[0033]

Furthermore, it is ideally preferable to make an impedance of inductance elements L15 to L17 and L25 to L27
in bias circuit units BC1 and BC2 infinite so that a signal amplified by the semiconductor circuit units Q1 and
Q2 is not leaked to terminals Vdd1 and Vdd2. For this reason, such elements are usually configured with a (A/4)
long pattern or an inductor element having an impedance equivalent to a (A/4) long pattern.

[0034]

FIG. 5 depicts an example of the balun transformers 101 and 105 included in the power amplifier module
according to the present invention. The balun transformers 101 and 105 depicted in FIG. 5 include (A/4) long
inductance elements L51 to L54, and inductance element L51 and inductance element L52 and inductance
element L54 and inductance element L53 are formed in a spiral pattern and provided on a power amplifier
module substrate inner layer so as to be electromagnetically coupled by magnetic or capacitive coupling. A
signal input from terminal Pin11 and terminal Pin12 and a signal input from terminal Pin21 and terminal Pin22
are transmitted to terminal Poutl and terminal Pout2 by magnetic and capacitive coupling between inductance
element L51 and inductance element L52 and magnetic and capacitive coupling between inductance element
L54 and inductance element L53.

[0035]

The balun transformers 101 and 105 have a function for converting an AC signal that requires two terminals for
ground potential into an AC signal that requires only one terminal for ground potential. Normally, an output
signal from a mixer MXT is an AC signal that requires two terminals for ground potential, however,
input/output of the power amplifiers 102 and 106 is configured so that an AC signal requires only one terminal
for grounding, therefore, the balun transformers 101 and 105 are provided on an input side of the power
amplifiers 102 and 106 and convert an AC signal that requires two terminals for grounding into an AC signal
that only requires one terminal for grounding. Depending on the system, a mixer MXT need not be used. In
such cases, a balun transformer need not be provided.

[0036]
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FIG. 6 depicts an example of the low-pass filter units 104 and 108 included in the power amplifier module
according to the present invention. In FIG. 6, the low-pass filter units 104 and 108 are depicted in the area
framed by the solid line and the power detection circuit units 103 and 107 are depicted in the area framed by the
dotted line.

[0037]

The power detection circuit unit 103 detects an output from the power amplifier 102, and a detected signal is
fed back to the power control circuit unit 109 to control an output of the power amplifier module, and becomes
an information source for keeping the output of the power amplifier module constant.

[0038]

Inductance elements L61 and L62 are configured in a pattern on a power amplifier module substrate inner layer
in the power detection circuit unit 103, and are provided one above the other so that magnetic coupling can be
achieved. A coupling level is determined based on an arrangement gap between and positioning of the
inductance elements L61 and L62.

[0039] Capacitors C60 to C79 are formed by capacitive coupling between patterns. A frequency (frequency at
which coupling can be achieved) at which the power detection circuit units 103 and 107 can operate is
determined by the values of the capacitors C61 to C68. An example of a coupling level is —15 dB.

[0040]

Inductance elements L71 and L72 are likewise configured in a pattern on a power amplifier module substrate
inner layer in the power detection circuit unit 107, and are provided one above the other so that magnetic
coupling can be achieved. A coupling level is determined based on an arrangement gap between and
positioning of the inductance elements L71 and L72.

[0041]

Capacitors C71 to C78 are formed by capacitive coupling between patterns. A frequency at which the power
detection circuit unit 107 can operate is determined by the values of the capacitors C71 to C78. An example of
a coupling level i1s —15 dB.

[0042]

The low-pass filter units 104 and 108 play the role of allowing only a fundamental frequency included in an
output signal from the power amplifier module to pass through and thus removing a harmonic component at or
above the fundamental frequency in order to, ideally, ensure the output signal is a distortion-free sine wave.
[0043]

In the low-pass filter unit 104, an output signal from the power detection circuit unit 103 is input from a
terminal Pin61, passes through a two-layer n-shaped filter configured from the inductance element L62,
capacitors C63 and C64, inductance element L63, and capacitors C65, C69, and C60, and is output from a
terminal Pout61. The inductance elements L61 and L62 are configured in a pattern on a power amplifier
module substrate inner layer, and capacitors C61 to C65 are formed using capacitive coupling between
patterns. The inductance elements L61 and L62 and capacitors C60 to C69 transmit a desired frequency to an
OUT terminal, and are designed so that a high frequency side thereof is not transmitted to the OUT terminal.
[0044]

In the low-pass filter unit 108, an output signal from the power detection circuit unit 107 is input from a
terminal Pin62, passes through a two-layer n-shaped filter configured from the inductance element L75,
capacitors C73 and C74, inductance element L76, and capacitors C75, C79, and C70, and is output from a
terminal Pout62. Inductance elements .74 and L75 are configured in a pattern on a power amplifier module
substrate inner layer, and capacitors C71 to C75 are formed using capacitive coupling between patterns. The
inductance elements L74 and L75 and capacitors C71 to C75 transmit a desired frequency to an OUT terminal,
and are designed so that a high frequency side thereof is not transmitted to the OUT terminal.

[0045]

As an example of the characteristics of the low-pass filter units 104 and 108 on the GSM side by frequency
band, the signal attenuation between IN and OUT is —0.6 dB in the fo = 880 to 915 MHz frequency range, the
signal attenuation between IN and OUT is —41.2 dB in the 2 fo = 1760 to 1830 MHz frequency range, and the
signal attenuation between IN and OUT is —39.8 dB in the 3 fo = 2640 to 2745 MHz frequency range.

[0046]
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As described above, the low-pass filter units 104 and 108 only take out a fundamental wave component of an
output signal from the power amplifier, and remove a harmonic component at or above a fundamental
frequency.

[0047]

FIG. 7 is a circuit diagram depicting an example of the power control circuit unit 109 of the power amplifier
module according to the present invention. Referencing the figure, the power control circuit unit 109 plays the
role of determining a level of a control signal Vapc to be output to the power amplifiers 102 and 106 based on
a detection signal from the power detection circuit units 103 and 107, and keeping an output of the power
amplifiers 102 and 106 constant. A signal input to monitor terminals MON1 and MON2 is transmitted to
resistor R83. A control signal from a baseband unit is sent from a terminal APC, a signal from the monitor
terminals MON1 and MON2 is added to this signal and applied to a (+) side input terminal of a non-inverting
amplifier IC1. A reference voltage obtained from the terminal Vcc is applied to a (-) side input terminal of the
non-inverting amplifier IC1, and a signal level output to a semiconductor circuit unit Q80 is controlled by a
voltage level applied to the (+) side input terminal of the non-inverting amplifier IC1. Semiconductor circuit
units Q80 and Q81 operate and a voltage level output from terminal Vapc81 and terminal Vapc82 is controlled
based on a signal level supplied to the semiconductor circuit unit Q80. As a result, a signal level output from
the terminal Vapc81 and the terminal Vapc82 is controlled based on a signal level input from a monitor
terminal, and the output signal level is transmitted to terminal Vapcl and terminal Vapc2 of the power
amplifiers 102 and 106, and plays the role of power amplifier module output control.

[0048]

The power amplifier module according to the present invention is configured by forming a passive element
such as an inductor or capacitor in a multi-layer configuration of at least three layers using an organic resin
material, ceramic material, or material produced by mixing a ceramic powder in an organic resin material as a
substrate material.

[0049]

FIG. 8 is a plan view of the power amplifier module according to the present invention seen from one side of a
substrate. The substrate is configured using a six-layer substrate. The substrate is configured using a composite
material produced by mixing a ceramic powder with an organic resin material.

[0050]

Mixing a ceramic powder with an organic resin material can improve on the poor bending strength seen in a
conventional power amplifier module substrate (that uses ceramic material) and produce a relative dielectric
constant and dielectric loss tangent comparable to those of a ceramic substrate. This can prevent substrate
cracking and splitting when mounting on a motherboard of a power amplifier module even when configuring
an integrated power amplifier module that includes a peripheral circuit such as a balun transformer, power
detection circuit unit, low-pass filter unit, or power control circuit in a conventional power amplifier module,
and can also reduce a mounting area that includes the peripheral circuit and power loss.

[0051]

A polyvinyl benzyl ether compound may be used as the organic resin material. Using a composite material
produced by mixing a ceramic material with a polyvinyl benzyl ether compound makes it possible to obtain a
dielectric substrate with a relative dielectric constant er of about 7 to 14. A high Q value can also be achieved.
[0052]

It is preferable to use a polyvinyl benzyl ether compound with a relative dielectric constant in the range of 2.5
to 3.5 and a dielectric loss tangent in the range of 0.0025 to 0.005.

[0053]

Furthermore, a titanium barium ceramic may be used as the ceramic material. A titanium barium ceramic
contains barium oxide and titanium oxide. The titanium barium ceramic may also contain at least one out of
neodymium oxide, manganese oxide, and bismuth oxide. A BaO-Ti02-Nd»O3 ceramic is an example of a
titanium barium ceramic.

[0054]

In the example configuration depicted in FIG. 8, the relative dielectric constant of the substrate is set at 7 to 14
and the dielectric loss tangent is set at 0.01 to 0.002 to make it easier to design the power amplifier module. In
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this case, the content of polyvinyl benzyl ether compound is a (vol%) and the content of titanium barium
ceramic is b (vol%), and the two are mixed at a ratio a:b in the range of (70:30) to (40:60) (where a + b = 100).
The mixed material allows the creation of a substrate with a relative dielectric constant er =7 to 14 and a
dielectric loss tangent = 0.01 to 0.002.

[0055]

As an example, in a composition where the ratio (a:b) is 70:30, the relative dielectric constant €r is 9 and the
dielectric loss tangent is 0.003. Furthermore, for a composition where a:b = 55:45, the relative dielectric
constant er is 10 and the dielectric loss tangent is 0.005. Moreover, for a composition where a:b = 40:60, the
relative dielectric constant er is 12 and the dielectric loss tangent is 0.003.

[0056]

A mixing ratio for the organic resin material and the ceramic material can be selected within the
above-mentioned mixing range. Generally, increasing the ceramic material content increases the relative
dielectric constant, and increasing the organic resin material content increases bending strength.

[0057]

Measurement data on bending strength, relative dielectric constant, and dielectric loss tangent of a
conventional ceramic substrate, an organic resin substrate, and the substrate according to the present invention
is shown below. Bending strength was determined by applying a load to the center of a substrate using a
pressure tool and measuring the force at which a test substrate breaks.

[0058]

(1) Titanium barium ceramic substrate

Bending strength: 35 kg/mm?

Relative dielectric constant: 10

Dielectric loss tangent: 0.005

(2) Glass epoxy substrate

Bending strength: 48 kg/mm?

Relative dielectric constant: 4.5

Dielectric loss tangent: 0.02

(3) The substrate according to the present invention

Polyvinyl benzyl ether: Mixed with a titanium barium ceramic at a ratio of 55 vol%:45 vol%

Bending strength: 41 kg/mm?

Relative dielectric constant: 10

Dielectric loss tangent: 0.005

As is shown above, a substrate made of a ceramic material and an organic resin material will have the same
relative dielectric constant and dielectric loss tangent values as a ceramic substrate used in a conventional
power amplifier module, and will have improved substrate bending strength.

[0059]

Furthermore, glass cloth may be embedded in a mixture of polyvinyl benzyl ether compound and titanium
barium ceramic as a means of increasing substrate mechanical strength. Glass cloth is composed mainly of
Si0; and plays the role of forming a substrate frame. An example of an acceptable glass cloth composition is
shown below.

[0060]

<Example Glass Cloth Composition>

S10,2: 56 vol%

MgB0s: 10 vol%

AlO3: 17 vol%

Ca0: 17 vol%

A flame retardant may also be added with or without glass cloth. A tetrabromodiphenol A modified polyvinyl
benzyl ether compound is a specific example of a flame retardant.

[0061]

Examples of characteristics of substrates made of a polyvinyl benzyl ether compound, titanium barium
ceramic, glass cloth, and flame retardant are shown below. In an example where the content of the polyvinyl
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benzyl ether compound is a (vol%), the content of titanium barium ceramic is b (vol%), the content of glass
cloth is ¢ (vol%), and the content of flame retardant is d (vol%), the ratio a:b:c:d = 30:45:20:5, the relative
dielectric constant er is 9, and the dielectric loss tangent is 0.003. Furthermore, in an example where a:b:c:d =
25:50:20:5, the relative dielectric constant er = 12 and the dielectric loss tangent = 0.003.

[0062]

FIG. 9 to FIG. 12 depict conductor patterns at each substrate layer boundary, where FIG. 9 depicts a surface
pattern of a second layer Lay2 with a first layer Layl as a surface layer, FIG. 10 depicts a surface pattern of a
third layer Lay3, FIG. 11 depicts a surface pattern of a fourth layer Lay2, FIG. 12 depicts a surface pattern of a
fifth layer Lay5, and FIG. 13 depicts a surface pattern of a sixth layer Lay6.

[0063]

In the first layer Lay1 (see FIG. 8), a semiconductor element, capacitor of bias circuit units BC1 and BC2, and
AC coupling capacitor of a matching circuit unit are mounted on power amplifiers 102 and 106, and a pattern
for forming an inductor and a capacitor for the matching circuit unit is formed.

[0064]

The second layer Lay?2 (see FIG. 9) and the fourth layer Lay4 (see FIG. 11) have GND patterns. The GND
patterns are used for forming capacitive couplings between the patterns formed on the first layer Lay1 and the
third layer Lay3 (see FIG. 10). Capacitors C1, C3 to C6, C15, and C17 to C20 depicted on the third layer Lay3
are provided between the pattern formed on the third layer Lay3 and the GND pattern on the fourth layer Lay?2.
[0065]

Inductance elements (L15 to L17) and (L25 to L27) of the bias circuits BC1 and BC2 (see FIG. 4) are formed in
the fifth layer Lay5 (see FIG. 12). The GND pattern on the fourth layer Lay4 plays the role of isolating the
patterns on the first layer Layl to the third layer Lay3 from the pattern formed on the fifth layer Lay5.

[0066]

The sixth layer Lay6 (see FIG. 13) has a GND pattern formed over nearly the entire surface of the layer so that
a pattern on a mounting side motherboard does not affect the pattern on the fifth layer Lay5 when a power
amplifier module is mounted.

[0067]

The balun transformers 101 and 105 are formed from the third layer Lay3 to the sixth layer Lay6 within the
ranges depicted by the dotted lines. The inductance elements L52 and L53 (GSM side) and the inductance
elements L56 and L57 (DCS side) are formed in a spiral pattern on the third layer Lay3. The inductance
elements L52 and L53 are coupled with the inductance elements L51 and L54, respectively, and the inductance
elements L56 and L57 are coupled with the inductance elements L55 and L58, respectively.

[0068]

In the embodiments depicted in FIG. 10 and FIG. 11, the inductance elements L51 and L54 and inductance
elements L55 and L58 are provided directly below the inductance elements L52 and L53 and inductance
elements L56 and L57, respectively, and are formed in a spiral pattern on the fourth layer Lay4.

[0069]

A coupling level between the inductance elements L52 and L53 and inductance elements L51 and L54, and a
coupling level between the inductance elements L56 and L57 and inductance elements L55 and L58 are
controlled by a thickness of a dielectric between the third layer Lay3 to the fourth layer Lay4.

[0070]

A signal input from the terminal Pinl and terminal Pin2 is sent to the power amplifiers 102 and 106 by
magnetic and capacitive coupling between the inductance elements L52 and L53 and inductance elements L51
and L54 and magnetic and capacitive coupling between the inductance elements L56 and L57 and inductance
elements L55 and L58.

[0071]

In FIG. 9 and FIG. 10, the power detection circuit units 103 and 107 are formed on the first layer Lay2 and the
third layer Lay3 in the ranges depicted by the dotted lines. An output signal from the power amplifiers 102 and
106 is transmitted to the inductance elements L62 and L75 (see FIG. 10) formed on the third layer Lay3, and is
then transmitted by magnetic coupling to the inductance elements L61 and L74 (see FIG. 9) formed on the
second layer Lay?2.
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[0072]

In the embodiments depicted in FIG. 9 and FIG. 10, the inductance elements L61 and L74 are provided directly
above the inductance elements L62 and L75, and a coupling level between the inductance elements L62 and
L75 is controlled by a thickness of a dielectric between the first layer Lay?2 to third layer Lay3. A signal
detected by inductance elements L71 and L74 is transmitted to the power control circuit 109 formed on the first
layer Lay1 through the pattern formed on the second layer Lay?2.

[0073]

In FIG. 10 to FIG. 12, the low-pass filter units 104 and 108 are formed on the surfaces of the third layer Lay3 to
fifth layer Lay5 in the ranges depicted by the dotted lines.

[0074]

A signal input from the inductance elements L62 and L75 of the power detection circuit units 103 and 107
sends a detection signal to the inductance elements L61 and L74, which signal is transmitted to the inductance
elements L63 and L76 formed on the fifth layer Lay5. The capacitance elements C60 to C79 (see FIG. 6) of the
power detection circuit units 103 and 107 and the low-pass filter units 104 and 108 are provided between the
second layer Lay2 and the third layer Lay3. In FIG. 4, a harmonic component at or above a fundamental
frequency is removed from a signal input from the terminal Pinl and terminal Pin2, and the signal is
transmitted to the terminal Poutl and terminal Pout2. In FIG. 8, the power control circuit unit 109 is formed on
the first layer Lay! in the range depicted by the dotted lines. In the example configuration of FIG. 8, all the
resistor elements, capacitor elements, and semiconductor circuit units Q80 to Q82 are surface mounted
components with shape 1005 (external dimensions: 1.0 x 0.5 (mm)) or shape 0603 (0.6 x 0.3 (mm)), mounted
on a substrate, and wired in a pattern on the first layer Lay].

[0075]

In the embodiment depicted in FIG. 8, on either the GSM or DCS side, a mounting area for the balun
transformer and power control circuit unit is 18.0 x 2.0 (mm?), a mounting area for the power amplifier is 18.0
x 6.5 (mm?), and a mounting area for the power detection circuit unit and low-pass filter unit is 18.0 x 1.5
(mm?), making the total mounting area on the GSM or DCS side 18.0 x 10.0 (mm?). In a conventional example,
as described above, a mounting area for the balun transformer and the power control circuit unit was 18.0 x 4.0
(mm?), a mounting area for the power amplifier was 18.0 x 8.0 (mm?), and a mounting area for the power
detection circuit unit and low-pass filter unit was 18.0 x 3.0 (mm?), requiring a total area of 18.0 x 15.0 (mm?).
Therefore, using the power amplifier module according to the present invention can reduce a mounting area by
approximately 33% compared to the conventional example.

[0076]

Furthermore, by using the power amplifier module according to the present invention, (a) power attenuation
due to soldering locations on the power amplifier 102 (or 106), the low-pass filter unit 104 (or 108), and the
power detection circuit unit 103 (or 107) was reduced to —0.1 dB, and (b) power attenuation due to patterns on
the motherboard of the power amplifier 102 (or 106), the power detection circuit unit 103 (or 107), the power
detection circuit unit 103 (or 107), and the low-pass filter unit 104 (or 108) was reduced to —0.2 dB. As is
shown by items (a) and (b) described above, the reduced number of soldered locations and amount of pattern
wiring on the motherboard are what reduced signal loss.

[0077]

FIG. 14 depicts a relationship between an input power Pin and an output power Pout of the GSM side power
amplifier 102 when the GSM side power amplifier module and the power amplifier module according to the
present invention are used in a conventional example where a frequency f = 900 MHz, and FIG. 15 depicts a
relationship between the input power Pin and an efficiency PAE.

[0078]

When the input power Pin is in the range of 10 to 3 dBm, the output power Pout and efficiency PAE tend to
increase linearly, but when the input power Pin is in the range of 3.0 to 10.0 dBm, the output power Pout tends
to saturate at 35 dBm and the efficiency PAE tends to decrease. Although the conventional power amplifier
module and the power amplifier module according to the present invention have the same characteristic
tendencies, using the power amplifier module according to the present invention can reduce the
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above-mentioned losses. As a result, as depicted in FIG. 14, at Pin = 3.0 dBm, the output power Pout can be
improved by 0.3 dB. This also leads to an improvement in the efficiency PAE, and as shown by the
characteristics depicted in FIG. 15, at an input power Pin of 3.0 dBm, the efficiency PAE is improved by about
4%.

[0079]

Here, PAE is an abbreviation for Power Added Efficiency, which is calculated using the following formula.
PAE = ((Pout — Pin) / (Vdd x Idd)) x 100 (%), where 1dd is an input current from the Vdd terminal.

[0080]

EFFECT OF THE INVENTION

The following effects can be achieved by the power amplifier module according to the present invention.

(a) A power module that helps make a power amplifier circuit unit small can be provided.

(b) A power module that reduces power loss and improves efficiency of a pattern or mounting location on a
motherboard can be provided.

(c) A power amplifier module that can eliminate the problems of cracking and splitting when being mounted on
a motherboard can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram depicting a configuration of a mobile communication device in which the power
amplifier module according to the present invention is used.

FIG. 2 is a block diagram depicting a configuration of the power amplifier module according to the present
invention.

FIG. 3 is a block diagram depicting the configuration of the power amplifier module according to the present
invention in greater detail.

FIG. 4 is a circuit diagram depicting a power amplifier unit in the power amplifier module according to the
present invention.

FIG. 5 is a circuit diagram depicting an example of a balun transformer in the power amplifier module
according to the present invention.

FIG. 6 is a circuit diagram depicting an example of a low-pass filter unit and a power detection circuit unit in
the power amplifier module according to the present invention.

FIG. 7 is a circuit diagram depicting an example of a power control circuit unit in the power amplifier module
according to the present invention.

FIG. 8 is a plan view of the power amplifier module according to the present invention.

FIG. 9 is a diagram depicting a pattern that appears on a surface of a second layer that configures a substrate
that configures the power amplifier module according to the present invention.

FIG. 10 is a diagram depicting a pattern that appears on a surface of a third layer that configures a substrate that
configures the power amplifier module according to the present invention.

FIG. 11 is a diagram depicting a pattern that appears on a surface of a fourth layer that configures a substrate
that configures the power amplifier module according to the present invention.

FIG. 12 is a diagram depicting a pattern that appears on a surface of a fifth layer that configures a substrate that
configures the power amplifier module according to the present invention.

FIG. 13 is a diagram depicting a pattern that appears on a surface of a sixth layer that configures a substrate that
configures the power amplifier module according to the present invention.

FIG. 14 is a diagram depicting a relationship between an input power Pin and an output power Pout on a GSM
side of a power amplifier module.

FIG. 15 is a diagram depicting a relationship between an input power Pin and an efficiency PAE on a GSM side
of a power amplifier module.

DESCRIPTION OF SYMBOLS

101, 105 Balun transformers

102, 106 Power amplifiers

103, 107 Power detection circuit units
104, 108 Low-pass filter units

109 Power control unit
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[FIG. 11]

104,108

GND pattern

101,109

[FIG. 12]

106

L26

) L17 L27 C
101.105
™ T ™y ™y
Continued from front page
(51) Int. CL7 ID Code FI Theme Code (Reference)
HOSK  1/03 610 HOSK  3/46 T
// HO5K  3/46 HOIL 25/04 C

EX1024/ Page 17 of 34
Murata Manufacturing Co., Ltd.



F-term (Reference)

SE346

5J091

5J092

AAI2
BBI16
HHO1
AA04
CA73
HA25
KA29
KA68
TAO1
AA04
CA73
HA19
KAI2
KA49
QA04

AA13 AAI1S5 BBO1
BB20 CC08 CCl6

AA21 AA41 AAS]
CA92 FAl6 HAO02
HA29 HA33 HA38
KA42 KA46 KA48
MAO8 MA22 QA04
TAO2

AA21 AA41 AAS]
CA75 CA92 FAl6
HA25 HA29 HA33
KA29 KA42 KA46

BB06
FF45

CA36
HA19
KAI2
KA49
SA14

CA36
HAO02
HA38
KA48

KAS5 KA68 MAO8 MA22

SAl4 TAO1 TAO2

EX1024/ Page 18 of 34
Murata Manufacturing Co., Ltd.



HC Language Solutions, Inc.
4701 Patrick Henry Dr. Bldg16, Suite 116
Santa Clara, CA 95054

CERTIFICATION OF TRANSLATION

I, Takashi Maeshiro, on behalf of HC Language Solutions, Inc., do solemnly and
sincerely declare, to the best of my knowledge and belief, that the attached text represents a
translation of Japanese Patent Application Publication No. JP 2001-345648, that the translation
was performed by HC Language Solutions, Inc., and that the translation represents a true, correct,
and faithful translation from Japanese to English in a form that reflects the intention and meaning
of the original text.

| hereby declare that all statements made herein of my own knowledge are true and that
all statements made on information and belief are believed to be true; and further that these
statements were made with the knowledge that willful false statements and the like so made
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United
States Code.

Date: November 20, 2024
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Signature

Takashi Maeshiro
HC Language Solutions, Inc.
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