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. cn s . 2064L6)
[PROBLEM] To provide a power amplifying module with Terminal Vdd2
stable characteristics and an external form significantly smaller
than a conventional one, and in which a standing wave is not Terminal GND (5

generated due to a transmission signal wavelength.

[RESOLUTION MEANS] Include a conductor pattern 20 with ~ Terminal VddL -
a length corresponding to{(Co/f)/(er)"?}/4 where f (Hz) is a
transmission signal frequency, A0 (m) is a wavelength in a
vacuum, Co (m/s) is the speed of light, and er is a relative
dielectric constant of a dielectric substrate 15. The conductor
pattern 20 is supported by the dielectric substrate 15. Where Lm
Lm (m) is a maximum diameter thereof, the dielectric substrate

15 satisfies Lm < {(Co/f)/(er)?}/4.

20444

Terminal Pin ~ Terminal Vgg 205(L5)

What is claimed is:
[Claim 1]

A power amplifying module used in a communication equipment transmitter, the power amplifying module
comprising:

a dielectric substrate;

and several circuit components, wherein

the circuit components, where f (Hz) is a transmission signal frequency, A0 (m) is a wavelength in a vacuum, Co (m/s)
is the speed of light, and er is a relative dielectric constant of the dielectric substrate, include a conductor pattern with a length
corresponding to {(Co/f)/(er)"?}/4 and are supported by the dielectric substrate, and, where Lm (m) is a maximum diameter
thereof, the dielectric substrate satisfies Lm < {(Co/f)/(er)"?}/4.
[Claim 2]

The power amplifying module according to claim 1, wherein
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the relative dielectric constant er of the dielectric substrate is larger than 4.5.
[Claim 3]

The power amplifying module according to either claim 1 or 2, wherein

the dielectric substrate is made from a composite material that includes an organic resin material and a ceramic
material.
[Claim 4]

The power amplifying module according to claim 3, 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 5]

The power amplifying module according to claim 4, wherein

the ceramic material includes a titanium barium ceramic, and

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 amplifying 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 high-frequency power amplifying module used in a communication equipment transmitter of
a mobile phone, or the like.
[0002]
PRIOR ART
The demand for power amplifying modules used in microwave band transmitters has risen in recent years due to the spread of
communication equipment such as mobile phones.
[0003]
A power amplifying module is provided in a layer before an antenna in, for example, a mobile phone, amplifies a signal output
from a driver amplifier, and then transmits the signal to the antenna. The power amplifying module is normally configured to
include a three-layer amplifying circuit, output matching unit, secondary harmonic countermeasures unit, and the like. An
amplifying circuit of each layer includes a semiconductor amplifying element configured of FET, or the like, a matching
circuit, a drain bias circuit, a gate bias circuit, and the like, and forms one circuit block.
[0004]
The output matching unit is a circuit for impedance matching using a frequency band (fundamental wave) to be amplified in a
frequency band, for example 880 to 915 MHz, used in the power amplifying module.
[0005]
The secondary harmonic countermeasures unit has the role of preventing transmission of a secondary harmonic component to
an output because communication equipment characteristics deteriorate when a frequency other than the fundamental wave is
transmitted to the output.
[0006]
To create a power amplifying module with the circuit configuration described above using a multi-layer dielectric substrate, a
matching circuit, a secondary harmonic countermeasures circuit, part of an FET bias circuit (resistor, capacitor), a bias circuit
with a (A/4) pattern, and the like, are arranged on each layer of the dielectric substrate. Some other resistors or capacitors are
surface-mounted and mounted on the dielectric substrate. An inductance element is formed on a layer of the dielectric substrate
as a conductor pattern. The semiconductor amplifying element of FET, or the like, is mounted directly on the dielectric
substrate as a bare chip, or packaged using a resin mold and then mounted on the dielectric substrate. The external dimensions
of the power amplifying module are determined based on the external dimensions of the dielectric substrate. The external
dimensions of the dielectric substrate are largely determined by the number and shapes of components mounted thereupon.
Dielectric substrate external dimensions of conventional power amplifying modules were 7.0 x 7.0 mm.
[0007]
PROBLEM TO BE SOLVED BY THE INVENTION
As a natural result of the rapid miniaturization of communication equipment, particularly a mobile phone, in recent years, there
is a strong demand to also miniaturize a power amplifying module, which is a component of a mobile phone.
[0008]
Measures for answering the demand to miniaturize a power amplifying module include reducing a mounting surface area and
shape of a configuring component such as a semiconductor element, inductor element, capacitor element, resistor element, or
the like.
[0009]
Of these, the semiconductor element cannot be made smaller unless the technology for manufacturing, the heat dissipation, and
the like, of a chip itself are improved.
[0010]
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For the capacitor element and resistor element, it is possible to use a 1.0 x 0.5 mm or 0.6 x 0.3 mm surface-mounted
component, which is smaller than those formed by a conductor pattern, and thereby contribute to the miniaturization of a power
amplifying module.

[0011]

The inductor element can be miniaturized by being formed in a meander pattern rather than using a surface-mounted
component.

[0012]

However, because forming the inductor element in a meander pattern on the dielectric substrate surface unavoidably requires
some surface area thereon, there are limits to how much a shape can be miniaturized even if the means described above are
used. In fact, with a conventional power amplifying module, the smallest the external dimensions of a dielectric substrate can
be made is 7.0 x 7.0 mm.

[0013]

Furthermore, this type of power amplifying module creates a problem in that there is a risk therewith that a standing wave will
be generated on the dielectric substrate due to a frequency signal wavelength processed when a component is mounted on the
dielectric substrate, which could lead to the deterioration of characteristics.

[0014]

A problem of the present invention is to provide a power amplifying module with an external form significantly smaller than a
conventional one.

[0015]

Another problem of the present invention is to provide a power amplifying module with stable characteristics, and in which a
standing wave is not generated due to a transmission signal wavelength.

[0016]

MEANS FOR SOLVING THE PROBLEM

To resolve the problems described above, the power amplifying module according to the present invention is used in a
communication equipment transmitter, and includes a dielectric substrate and several circuit components. The dielectric
substrate is configured of a dielectric material. The dielectric substrate is configured of a dielectric material.

[0017]

The circuit components, where f (Hz) is a transmission signal frequency, A0 (m) is a wavelength in a vacuum, Co (m/s) is the
speed of light, and er is a relative dielectric constant of the dielectric substrate, include a conductor pattern with a length
corresponding to {(Co/f)/(er)"?}/4, and are supported by the dielectric substrate. Where Lm (m) is a maximum diameter
thereof, the dielectric substrate satisfies Lm < {(Co/f)/(er)"?}/4.

[0018]

Because the conductor pattern is supported by the dielectric substrate in the power amplifying module according to the present
invention and has a length corresponding to {(Co/f)/(er)?}/4, a pattern length of the conductor pattern is set based on a relative
dielectric constant er of the dielectric substrate. Specifically, the use of a dielectric material with the high relative dielectric
constant er shortens the pattern length of the conductor pattern, which makes it possible to obtain a power amplifying module
with a dielectric substrate having a smaller external form.

[0019]

In the above formula, the term (Co/f)/(er)!? is defined as an effective wavelength Ae of a signal transmitted through a conductor
pattern formed on the dielectric substrate. The pattern length of the conductor pattern corresponds to (Ae/4). This prevents a
signal transmitted through the conductor pattern from leaking outside, making it possible to transmit the signal efficiently.
[0020]

Furthermore, a maximum diameter Lm (m) of the dielectric substrate that supports the conductor pattern satisfies Lm <
{(Co/f)/(er)"?}/4. As was described above, because {(Co/f)/(er)?}/4 = (e/4), Lm < (Ae/4). This suppresses the generation of a
standing wave and magnetic coupling between patterns. Suppression of magnetic coupling between patterns leads to, for
example, suppression of oscillation caused by signal leakage from output to input, making it possible to obtain a power
amplifying module with more stable characteristics against load fluctuations and temperature fluctuations.

[0021]

In the present invention, the relative dielectric constant er of the dielectric substrate is preferably selected from the range er >
4.5. Since the relative dielectric constant er of a conventionally used dielectric substrate was 4.5 or less, the power amplifying
module according to the present invention differs from conventional ones in terms of the relative dielectric constant er of the
dielectric substrate.

[0022]

As is described above, the effective wavelength Ae becomes shorter as the relative dielectric constant er of the dielectric
substrate becomes higher, so, according to the present invention, in which the relative dielectric constant er of the dielectric
substrate is selected in a region higher than the conventional value of 4.5, the pattern length of the conductor pattern can be
made shorter than a conventional one. This allows a power amplifying module with a dielectric substrate having a smaller
external form to be obtained.
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[0023]

Additionally, an inductance element that forms a matching circuit in the power amplifying module is designed long enough to
allow a phase rotation angle required for impedance matching to be obtained. As the relative dielectric constant er of the
dielectric substrate becomes higher, a pattern length of the conductor pattern required to achieve the same phase rotation angle
becomes shorter.

[0024]

When the relative dielectric constant er of the dielectric substrate is set to a value larger than the conventional relative dielectric
constant er (< 4.5), the same phase rotation angle can be obtained with a shorter pattern length than was possible
conventionally. This allows a power amplifying module with an even smaller external form to be obtained.

[0025]

The above points apply to all inductance elements configured using conductor patterns in the power amplifying module.
Accordingly, a dielectric substrate that is smaller than conventional ones can be achieved. Specifically, while conventionally it
was possible to reduce the external dimensions of a dielectric substrate to 7.0 x 7.0 mm at best, according to the present
invention, it is possible to reduce the external dimensions of the dielectric substrate to 6.0 x 5.5 mm or less.

[0026]

The dielectric substrate is preferably made from a composite material that includes organic resin material and ceramic material.
Unlike conventional ones formed using ceramic material, a dielectric substrate made from a composite material that includes
organic resin material and ceramic material is less prone to cracking and layer delamination during processing and has superior
mechanical strength, and thus has superior reliability as a product. In addition, such a dielectric substrate is convenient for
forming a capacitor because an insulating resistor between layers is not degraded by cracking.

[0027]

Other objects, configurations, and benefits of the present invention are specifically described with reference to embodiments
depicted in the attached drawings. The figures are merely depictions.

[0028]

EMBODIMENTS OF THE INVENTION

FIG. 1 depicts an example of a block diagram of an RF output unit in a mobile phone that uses the power amplifying module
according to the present invention. The power amplifying module according to the present invention is provided in a
transmitter of the RF output unit in a layer before an antenna ANT 1, amplifies a signal supplied from a driver DR1, and
transmits the amplified signal to the antenna ANT1 through a switch SW1. A mixer M1 is provided in a layer before the driver
DRI, the mixer M1 mixes a signal supplied from a modulator (not depicted in the figure) and a signal supplied from a
distributor DIS, and an output of the mixer M1 is supplied to the driver DR1.

[0029]

A receiving unit of the RF output unit includes a receiving antenna ANT2, amplifier LNA2, switch SW2, filter F1, mixer M2,
and the like. A signal received by the receiving antenna ANT?2 is amplified by the amplifier LNA2, and supplied to the filter F1
through the switch SW2. A receive signal extracted by the filter F1 is mixed with a signal supplied from the distributor DIS in
the mixer M2. An output of the mixer M2 is supplied to a demodulator. Reference symbol LNA1 represents an amplifier.
[0030]

An example of a frequency band used by the power amplifying module is 880 to 915 MHz or 1710 to 1785 MHz, and an
example of an output required for the power amplifying module is 35 dBm or 32 dBm.

[0031]

FIG. 2 depicts a specific example of a circuit in the power amplifying module. The electrical circuit depicted in the figure is
well known as a power amplifying module found in various types of communication equipment, including a mobile phone.
However, FIG. 2 is nothing more than a simple depiction, and it goes without saying that the power amplifying module
according to the present invention is not limited to the circuit depicted in the figure. The power amplifying module depicted in
the figure includes three semiconductor amplifying elements FET1 to FET3. A matching circuit, drain bias circuit, and gate
bias circuit are connected to the semiconductor amplifying elements FET1 to FET3, respectively, and form one circuit block.
[0032]

The semiconductor amplifying elements FET1 to FET3 are configured of field-effect transistors and are connected in a
cascading fashion. The semiconductor amplifying elements FET1 and FET2 configure a two-layer power amplifying circuit.
An input signal supplied from an input terminal Pin is supplied to a gate of the semiconductor amplifying element FET1
through a capacitor C11 and an impedance element Z1.

[0033]

The capacitor C11 and impedance element Z1 form a matching circuit that provides impedance matching with an impedance
(50 Q) of an input signal line. A signal power amplified by the semiconductor amplifying element FET1 is supplied to a gate of
the semiconductor amplifying element FET2 through a secondary harmonic countermeasures unit configured of an inductance
element L1 and capacitor C1, and an impedance matching circuit configured of an impedance element Z2, capacitor C12,
impedance element Z3, and capacitor C13.

[0034]
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A signal power amplified by the semiconductor amplifying element FET2 is supplied to a gate of the semiconductor
amplifying element FET3 through a secondary harmonic countermeasures unit configured of an inductance element L2 and
capacitor C2, and an impedance matching circuit configured of an impedance element Z4, capacitor C21, impedance element
75, and capacitor C22.

[0035]

A signal power amplified by the semiconductor amplifying element FET3 is supplied to an output terminal Pout and output
through a secondary harmonic countermeasures unit configured of an inductance element L3 and capacitor C3, and an output
matching circuit configured of an impedance element Z6, capacitor C31, impedance element Z7, and capacitor C32. The
output terminal Pout is led to the antenna ANT1 (see FIG. 1) through the switch SW1.

[0036]

The gate bias circuit is connected to the gate of the semiconductor amplifying element FET1 by resistors R11 to R13 and
capacitor C14. Resistors R11 and R12 are connected to one another by one end thereof. The other end of the resistor R11 is
connected to a first DC power supply Vgg, and the other end of the resistor R12 is grounded. The resistor R13 is connected to
a connecting point between the resistors R11 and R12, and between the gate of the semiconductor amplifying element FET1.
[0037]

One end of a capacitor C4 is connected to a first power supply terminal Vgg, and the other end is grounded. One end of the
capacitor C14 is connected to a connecting point between the resistors R11, R12, and R13, and the other end is grounded.
[0038]

One end of an inductance element L4 that configures the drain bias circuit is connected to a connecting point between the
impedance element Z2, impedance element Z3, and capacitor C12 that configure a matching circuit on a drain side of the
semiconductor amplifying element FET1. The other end of the inductance element L4 is connected to a second power supply
terminal Vdd1. One end of a capacitor C15 is connected to the other end of the inductance element L4. The other end of the
capacitor C15 is grounded.

[0039]

The gate bias circuit is connected to the gate of the semiconductor amplifying element FET2 by resistors R21 to R23 and
capacitor C23. The resistors R21 and R22 are connected to one another by one end thereof. The other end of the resistor R21 is
connected to the first power supply terminal Vgg, and the other end of the resistor R22 is grounded. The resistor R23 is
connected to a connecting point between the resistors R21 and R22, and between the gate of the semiconductor amplifying
element FET2. One end of the capacitor C23 is connected to a connecting point between the resistors R21 to R23, and the other
end is grounded.

[0040]

One end of an inductance element L5 that configures the drain bias circuit is connected to a connecting point between the
impedance element Z4, impedance element Z5, and capacitor C21 that configure a matching circuit on a drain side of the
semiconductor amplifying element FET2. The other end of the inductance element L5 is connected to the second power supply
terminal Vdd1. One end of a capacitor C24 is connected to the other end of the inductance element L5. The other end of the
capacitor C24 is grounded.

[0041]

The gate bias circuit is connected to the gate of the semiconductor amplifying element FET3 by resistors R31 to R33 and
capacitor C33. The resistors R31 and R32 are connected to one another by one end thereof. The other end of the resistor R31 is
connected to the first DC power supply Vgg, and the other end of the resistor R32 is grounded. The resistor R33 is connected to
a connecting point between the resistors R31 and R32, and between the gate of the semiconductor amplifying element FET3.
One end of the capacitor C33 is connected to a connecting point between the resistors R31, R32, and R33, and the other end is
grounded.

[0042]

One end of an inductance element L6 that configures the drain bias circuit is connected to a connecting point between the
impedance element Z6, impedance element Z7, and capacitor C31 that configure a matching circuit on a drain side of the
semiconductor amplifying element FET3. The other end of the inductance element L6 is connected to a third power supply
terminal Vdd2. One end of a capacitor C34 is connected to the other end of the inductance element L6. The other end of the
capacitor C34 is grounded.

[0043]

The semiconductor amplifying elements FET1 to FET3 of each layer, and a matching circuit, drain bias circuit, gate bias
circuit, and secondary harmonic countermeasures unit that configure one circuit block are described next with reference to a
circuit block of a final layer that includes the semiconductor amplifying element FET3.

[0044]

FIG. 3 is a diagram depicting a circuit block A (see FIG. 1) of a final layer that includes the semiconductor amplifying element
FET3. The circuit block A includes the semiconductor amplifying element FET3, a gate bias unit A1, drain bias unit A2,
secondary harmonic countermeasures unit A3, and output matching unit A4.

[0045]
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The output matching unit A4 is a circuit for impedance matching using a frequency band (fundamental wave) to be amplified in
a frequency band, for example, the 880 to 915 MHz frequency band, used in the power amplifying module.

[0046]

The secondary harmonic countermeasures unit A3 unit has the role of preventing transmission of a secondary harmonic
component to an output because communication equipment characteristics deteriorate when a frequency other than the
fundamental wave is transmitted to the output. Therefore, a circuit impedance created by the inductance element L3 and
capacitor C3 is designed so that an impedance ZL becomes zero at a secondary harmonic frequency when an output terminal
Pout side is seen from a drain terminal of the semiconductor amplifying element FET3.

[0047]

The gate bias unit A1 and drain bias unit A2 apply DC bias to the semiconductor amplifying element FET3 so that the
semiconductor amplifying element FET3 is made to function as an amplifier. For example, if a DC voltage of 1.5 V is supplied
to a gate terminal, a DC voltage of 3.5 V is supplied to a drain bias terminal, and a DC current of 1.0 A is flowing, and a signal
of =900 MHz and P = 0 dBm is input to the gate terminal, a signal of 33 dBm is obtained at the drain terminal, and an
amplification degree of 33 dB is obtained in the semiconductor amplifying element FET3. Amplification degrees can be
controlled by a bias voltage value or current value. For example, if the DC voltage applied to the drain terminal and gate
terminal is 0 V, then for a signal input of f =900 MHz and P = 0 dBm, the output will be —20 dBm, and the amplification degree
of the FET will be —20 dB.

[0048]

Furthermore, an inductance element L6 is configured of a stripline (conductor pattern) with a (A/4) pattern length and
connected to a grounded capacitor C34 in the drain bias unit A2 in order to apply a DC bias to the semiconductor amplifying
element FET3 and prevent a signal from leaking outside.

[0049]

DC bias is also applied to the semiconductor amplifying element FET3 in the gate bias unit A1 as well, and a grounded
capacitor C33 is connected to one end of the resistor R33 to prevent a signal from leaking outside, and thus, at a signal
frequency (for example, f= 880 to 920 MHz), an impedance is isolated from an input impedance of an external power supply.
[0050]

A circuit block that includes the semiconductor amplifying elements FET1 and FET?2 also includes, for the same purpose as for
the semiconductor amplifying element FET3, a gate bias unit, drain bias unit, secondary harmonic countermeasures unit, and
impedance matching unit. Inductance elements L4 and L5 are each configured of a stripline (conductor pattern) with a (A/4)
pattern length in the drain bias unit as well in order to prevent a signal from leaking outside.

[0051]

FIG. 4 is a plan view of the power amplifying module according to the present invention including the circuit configurations
depicted in FIG. 2 and FIG. 3, FIG. 5 is a partial cross-sectional view of the power amplifying module depicted in FIG. 4, FIG.
6 is a cross-sectional plan view depicting a second layer of the power amplifying module depicted in FIG. 4 and FIG. 5, FIG. 7
is a cross-sectional plan view depicting a third layer of the power amplifying module depicted in FIG. 4 and FIG. 5, FIG. 8 is a
cross-sectional plan view depicting a fourth layer of the power amplifying module depicted in FIG. 4 and FIG. 5, and FIG. 9 is
a cross-sectional plan view depicting a fifth layer of the power amplifying module depicted in FIG. 4 and FIG. 5.

[0052]

The power amplifying module of the embodiments depicted in the figures includes a dielectric substrate 1 and semiconductor
chip 3. The dielectric substrate 1 is configured of dielectric material and includes a cutout part 5 on a surface thereof. The
dielectric substrate 1 is configured by laminating a first dielectric substrate 11, second dielectric substrate 12, third dielectric
substrate 13, fourth dielectric substrate 14, and fifth dielectric substrate 15. The dielectric substrate 1 may be formed either by
sequentially laminating and bonding the mutually independent first to fifth dielectric substrates 11 to 15, or by laminating the
dielectric layers and required conductor patterns that configure the first to fifth dielectric substrates 11 to 15 using a continuous
coating method.

[0053]

The first to fifth dielectric substrates mount a passive circuit component of the circuit components included in the circuit
diagram depicted in FIG. 1, and connect the passive circuit component to form a required circuit configuration. There are no
particular limitations to how the circuit components are arranged, but one possible example is shown below. For example, in
FIG. 1, part of a circuit element that configures a bias circuit and a circuit element that configures an impedance matching
circuit are mounted on a surface (upper surface) of the first dielectric substrate 11. Specific examples include, the resistors R11
to R33, capacitors C11 to C32, impedance elements Z1 to Z7, and the like. These circuit components are configured of chip
components, and can be attached to a conductor pattern 16 formed in advance on a surface of the first dielectric substrate 11 by
means of soldering, or the like. Some of these circuit components may also be configured by the conductor pattern 16 formed
on the surface of the first dielectric substrate 11.

[0054]

As depicted in FIG. 6, the second dielectric substrate 12 can form a conductor pattern that serves as GND and a conductor
pattern for a capacitor, and the like, on a surface to be joined to a lower surface of the first dielectric substrate 11. FIG. 6 depicts
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a conductor pattern 17 that serves as GND.

[0055]

As depicted in FIG. 7, the third dielectric substrate 13 can form a conductor pattern 18 for a capacitor on a surface to be joined
to a lower surface of the second dielectric substrate 12. FIG. 7 depicts an example where the conductor pattern 18 for capacitors
C1 and C3 in FIG. 2 and FIG. 3 was formed. The capacitors C1 and C3 face a conductor pattern for GND formed on the second
dielectric substrate 12.

[0056]

As depicted in FIG. 8, the fourth dielectric substrate 14 can form a conductor pattern 19 that serves as GND on a surface to be
joined to a lower surface of the third dielectric substrate 13.

[0057]

Additionally, as depicted in FIG. 9, striplines 204, 205, and 206 that configure inductance elements L4, L5, and L6 that are
included in a drain bias circuit are formed on the fifth dielectric substrate 15.

[0058]

A random number of through holes 25 and 26 are provided in prescribed appropriate positions in the dielectric substrate 1. The
through hole 25 is filled with a conductor, which conductor is used to electrically connect, for example, the conductor pattern
16 formed on a surface of the first dielectric substrate 11, the conductor pattern 17 formed on a surface of the second dielectric
substrate 12, and the conductor pattern 19 formed on the fourth dielectric substrate 14. The through hole 26 is filled with a
conductor, which conductor is used to electrically connect, for example, the conductor pattern 16 formed on a surface of the
first dielectric substrate 11 and the conductor pattern 18 formed on the third dielectric substrate 13.

[0059]

In FIG. 2, the semiconductor chip 3 includes the semiconductor amplifying elements FET1 to FET3, is inserted into a cutout
hole 5 provided in the dielectric substrate 1, and is bonded onto a conductor pattern 20 provided on the fifth dielectric substrate
15 using a conductive adhesive such as silver paste, or the like.

[0060]

An electrode of the semiconductor chip 3is connected to the conductor pattern 20 formed on the fourth dielectric substrate 14
by a wire bonding 23. Furthermore, to ensure the reliability thereof, the semiconductor chip 3 is mounted in a sealed state using
a sealing resin 24.

[0061]

A signal input terminal Pin, signal output terminal Pout, grounding terminal GND, and first to fifth power supply terminals
Vgg, Vddl, Vdd2, and the like, are applied to the dielectric substrate 1 in the form of side surface electrodes.

[0062]

Inductances L4, L5, and L6 formed on the fifth dielectric substrate 15 in the power amplifying module describe above are set
so that, where f (Hz) is a transmission signal frequency, A0 (m) is a wavelength in a vacuum, Co (m/s) is the speed of light, and
er is a relative dielectric constant of the fifth dielectric substrate 15, a pattern length is {(Co/f)/(er)?}/4.

[0063]

In the above formula, the term (Co/f)/(er)"? is an effective wavelength Ae of a signal transmitted through the striplines 204,
205, and 206 formed on the fifth dielectric substrate 15. The striplines 204, 205, and 206 have a pattern length of (Ae/4). This
prevents a signal transmitted through the striplines 204, 205, and 206 from leaking outside, making it possible to transmit the
signal efficiently. The pattern length is a length obtained by passing through a center of a width of the striplines 204, 205, and
206.

[0064]

Furthermore, because the striplines 204, 205, and 206 have a length corresponding to {(Co/f)/(er)"?}/4, the pattern length of
the striplines 204, 205, and 206 can be set according to the relative dielectric constant er of the fifth dielectric substrate 15.
Specifically, the use of a dielectric material with the high relative dielectric constant er shortens the pattern length of the
striplines 204, 205, and 206, which makes it possible to make the external form of the dielectric substrate smaller.

[0065]

Where a maximum diameter of the fifth dielectric substrate 15 that supports the striplines 204, 205, and 206 is Lm (m), the
dielectric substrate satisfies Lm < {(Co/f)/(er)"?}/4.

[0066]

Here, when effective wavelength Ae is used, {(Co/f)/(er)"2}/4 = (\e/4), and therefore Lm < (Ae/4). This suppresses the
generation of a standing wave and magnetic coupling between patterns in the fifth dielectric substrate 15. Suppression of
magnetic coupling between patterns leads to, for example, suppression of oscillation caused by signal leakage from output to
input, making it possible to obtain a power amplifying module with more stable characteristics against load fluctuations and
temperature fluctuations. In the embodiment, the fifth dielectric substrate 15 is square. Accordingly, the maximum diameter
Lm is a diagonal length. The fifth dielectric substrate 15 may have a shape other than a square. In such cases, an external
dimension where an opposing distance is a maximum is the maximum diameter Lm.

[0067]

The external form and maximum diameter of the first to fourth dielectric substrates 11 to 14 are made to match those of the fifth
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dielectric substrate 15. This allows a power control module where the dielectric substrate 1 has an overall smaller external form
to be obtained.

[0068]

In the present invention, the relative dielectric constant er of the dielectric substrate is preferably selected from the range er >
4.5. Conventionally, glass epoxy resin has been used for dielectric substrates, and the relative dielectric constant er thereof was
4.5 or less. Therefore, the power amplifying module according to the present invention differs from conventional ones in terms
of the relative dielectric constant er of the dielectric substrate.

[0069]

FIG. 10 is a graph showing a relationship between the relative dielectric constant er of the fifth dielectric substrate 15 and the
pattern length (mm) of the striplines 204, 205, and 206 that configure the inductance elements L4, L5, and L6. The data in FIG.
10 was obtained using a transmission signal frequency f= 900 MHz, stripline width =200 pm, and fifth dielectric substrate 15
thickness = 100 um. The pattern length is (Ae/4). The pattern length (Ae/4) on the vertical axis of FIG. 10 is expressed as (Ae/4)
= {(Co/D)/(er)"?}/4.

[0070]

As depicted in FIG. 10, the pattern length (Ae/4) of the conductor pattern 20 becomes shorter as the relative dielectric constant
er of the fifth dielectric substrate 15 becomes higher. If the relative dielectric constant er of the fifth dielectric substrate 15 is set
to the conventional value of 4.5, the pattern length (Ae/4) becomes 39.2 mm.

[0071]

On the other hand, by selecting the relative dielectric constant er of the fifth dielectric substrate 15 in a region higher than the
conventional value of 4.5, the pattern length (Ae/4) can be made shorter than a conventional one. Specifically, when the relative
dielectric constant er is set to 14, the pattern length (Ae/4) is reduced to 22.3 (mm). This allows a power amplifying module
with a smaller external form to be obtained.

[0072]

Conventionally, it was common to form a conductor pattern on a dielectric substrate and use the pattern as an inductance
element, but what relative dielectric constant er to select for the dielectric substrate has never been considered from the
viewpoint of reducing the conductor pattern. Furthermore, no prior art examples that use a dielectric substrate with a relative
dielectric constant er exceeding 4.5 can be found.

[0073]

Moreover, with reference to FIG. 10, in a region where the relative dielectric constant er is lower than 4.5, a change in effective
wavelength Ae per unit change in the relative dielectric constant er increases rapidly, whereas in a region where the relative
dielectric constant er is higher than 4.5, a change in pattern length (Ae/4) per unit change in the relative dielectric constant er is
small. That is, a vicinity where the relative dielectric constant er = 4.5 can be regarded as a kind of inflection point.

[0074]

FIG. 11 is a graph showing a relationship between the pattern length (Ae/4) and a phase rotation angle. The data in FIG. 10 was
obtained using a transmission signal frequency f= 900 MHz, stripline width =200 pum, and dielectric substrate thickness = 100
pum.

[0075]

An inductance element that forms a matching circuit in the power amplifying module is designed to be long enough to allow a
phase rotation angle required for impedance matching to be obtained. As depicted in FIG. 11, as the relative dielectric constant
er of the dielectric substrate becomes higher, a pattern length of the conductor pattern required to achieve the same phase
rotation angle becomes shorter. Because the relative dielectric constant er of the dielectric substrate is set to a value larger than
the conventional relative dielectric constant er (< 4.5) in the present invention, the same phase rotation angle can be obtained
with a shorter pattern length than was possible conventionally. This allows a power amplifying module with an even smaller
external form to be obtained.

[0076]

More specifically, 24.0 mm is required to obtain a phase rotation of 90 degrees when er = 4.5, whereas when er = 14.0, only
18.5 mm is required.

[0077]

The relationship between the pattern length (Ae/4) of the conductor pattern and the phase rotation angle described above
applies not only to the inductance elements that form the matching circuit, but also to the striplines 204, 205, and 206 formed
on the fifth dielectric substrate 15. For example, in FIG. 10, a pattern length (Ae/4) of 39.2 mm is required to obtain a phase
rotation of 180 degrees (A/4) when the relative dielectric constant er = 4.5, whereas when the relative dielectric constant er =
14.0, a pattern length (Ae/4) of 22.3 mm is sufficient.

[0078]

The above points apply to all inductance elements configured using striplines in the power amplifying module. Accordingly, a
dielectric substrate that is smaller than a conventional one can be achieved. Specifically, while conventionally it was possible
to reduce the external dimensions of a dielectric substrate to 7.0 x 7.0 mm at best, according to the present invention, it is
possible to reduce the external dimensions of the dielectric substrate to 6.0 x 5.5 mm or less.

EX1006 / Page 8 of 27
Murata Manufacturing Co., Ltd.



[0079]

The dielectric substrate is preferably made from a composite material that includes organic resin material and ceramic material.
Unlike conventional ones formed using ceramic material, a dielectric substrate made from a composite material that includes
organic resin material and ceramic material is less prone to cracking and layer delamination during processing and has superior
mechanical strength, and thus has superior reliability as a product. In addition, such a dielectric substrate is convenient for
forming a capacitor since an insulating resistor between layers is not degraded by cracking.

[0080]

A polyvinyl benzyl ether compound may be used as the organic resin material. Using a mixed material made from a ceramic
material and 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.

[0081]

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.

[0082]

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.

[0083]

In the embodiment, the dielectric substrate is configured so that the relative dielectric constant er is in the range of 7 to 14 and
the dielectric loss tangent is in the range of 0.01 to 0.002. In 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 dielectric substrate with a relative dielectric constant
er =7 to 14 and a dielectric loss tangent = 0.01 to 0.002.

[0084]

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

[0085]

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

[0086]

<Example Glass Cloth Composition>

Si02: 56 vol%

MgB:>0s: 10 vol%

ALO3: 17 vol%

CaO: 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.

[0087]

Examples of characteristics of dielectric 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 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%), and 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. Moreover, for an example where a:b:c:d = 25:50:20:5, the relative dielectric constant er is 12 and the dielectric loss
tangent is 0.003.

[0088]

The mixed material described above makes it possible to secure a high relative dielectric constant er, and is thus also extremely
effective when configuring a capacitor using the relative dielectric constant of the dielectric substrate. For example, a capacitor
can be formed in FIG. 5 by configuring the first dielectric substrate 11 to fourth dielectric substrate 14, in addition to the fifth
dielectric substrate 15, using the mixed material described above, forming a capacitor electrode between the layers of the first
dielectric substrate 11 to fourth dielectric substrate 14, and using the high relative dielectric constant er of the first to fourth
dielectric substrates 11 to 14. This makes it possible to omit the capacitor that should be mounted on a surface of the first
dielectric substrate 11.

[0089]

A specific design example is described next. A dielectric substrate with transmission signal frequency f= 900 MHz, conductor
pattern width w = 200 pm, dielectric substrate thickness = 100 pm, and external dimensions of 6.0 X 5.5 mm is obtained.
[0090]
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First, as depicted in FIG. 12, a pattern length (Ae/4) of 24.0 (mm) or less is required to achieve the external dimensions of 6.0 x
5.5 mm, so a relative dielectric constant er is defined as needing to be 10.0 or more.

[0091]

Next, as depicted in FIG. 13, to avoid oscillation at a double wave (1800 MHz) of a fundamental wave (900 MHz) of a signal
frequency, an upper limit of the relative dielectric constant er is defined as 14.0 so that a stripline pattern length (Ae/4) is 10.0
mm or more.

[0092]

If conditions take double waves into consideration, no fundamental wave problems will occur. In the end, by setting the
relative dielectric constant er to between 10 and 14.0, it is possible to obtain a power amplifying module in which external
dimensions are reduced to 6.0 x 5.5 mm and the occurrence of a standing wave is prevented including the matching circuit and
a bias element in the frequency band f= 900 to 1800 MHz (from fundamental wave to double wave), thereby achieving stable
operation.

[0093]

When the impedance elements Z1 to Z7 (see FIG. 2) that configure the matching circuit are configured of striplines, the
striplines have a longer effective wavelength Ae than the striplines 204, 205, and 206 that configure the drain bias inductance
elements L4, L5, and L6, so conditions considered for the striplines 204, 205, and 206 can also be applied to cases where the
impedance elements Z1 to Z7 (see FIG. 2) that configure the matching circuit are configured of striplines.

[0094]

EFFECT OF THE INVENTION

As described above, according to the present invention, the following effects can be obtained.

(a) Provide a power amplifying module with an external form significantly smaller than a conventional one.

(b) Provide a power amplifying module with stable characteristics, and in which a standing wave is not generated due to a
transmission signal wavelength.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of an RF output unit in a mobile phone that uses the power amplifying module according to the
present invention.

FIG. 2 is a specific circuit diagram of a power amplifying module to which the present invention is applied.

FIG. 3 is a diagram depicting a circuit block of a final layer that includes a semiconductor amplifying element.

FIG. 4 is a plan view of the power amplifying module according to the present invention including the circuit configurations
depicted in FIG. 2 and FIG. 3.

FIG. 5 is a partial cross-sectional view of the power amplifying module depicted in FIG. 4.

FIG. 6 is a cross-sectional plan view depicting a second layer of the power amplifying module depicted in FIG. 4 and FIG. 5.
FIG. 7 is a cross-sectional plan view depicting a third layer of the power amplifying module depicted in FIG. 4 and FIG. 5.
FIG. 8 is a cross-sectional plan view depicting a fourth layer of the power amplifying module depicted in FIG. 4 and FIG. 5.
FIG. 9 is a cross-sectional plan view depicting a fifth layer of the power amplifying module depicted in FIG. 4 and FIG. 5.
FIG. 10 is a graph showing a relationship between a relative dielectric constant of a dielectric substrate and a pattern length
(Ae/4) of a stripline.

FIG. 11 is a graph showing a relationship between the pattern length (Ae/4) of the stripline and a phase rotation angle.

FIG. 12 is a graph showing the relationship between the relative dielectric constant of the dielectric substrate and the pattern
length (Ae/4) of the stripline, and for describing how a lower limit for the relative dielectric constant er is determined.

FIG. 13 is a graph showing the relationship between the relative dielectric constant er of the dielectric substrate and the pattern
length (Ae/4) of the stripline, and for describing how an upper limit for the relative dielectric constant er is determined.
DESCRIPTION OF SYMBOLS

1 Dielectric substrate
L4,1L5 L6 Inductance elements
Lm Maximum diameter
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