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(54) Transmitting circuit device and wireless communications device

(57) A transmitting circuit device (201) has a first
signal source (202) which outputs a first signal that is a
binary or multilevel discrete analog signal or a discrete
analog signal with a binary or multilevel envelope and
that has signal components and quantization noise

components; a second signal source (203) which out-
puts a second signal composed of the quantization
noise components; a first amplifier (204) which amplifies
the first signal; and a combiner (206) which cancels out
the quantization noise components by combining an
output of the first amplifier and the second signal.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a transmitting
circuit device used for a transmitting circuit of a wireless
communications device as well as to a wireless commu-
nications device using it.

Related Art of the Invention

[0002] Recently, with the spread of cellular phones,
cellular phone terminals have grown in functionality. For
example, via a basestation, cellular phone terminals can
now communicate wirelessly with a remote cellular
phone terminal in a higher-quality voice, send and re-
ceive e-mail, and download images and programs
through the Internet. In addition to growth in functional-
ity, cellular phone terminals have been achieving reduc-
tions in size and power consumption.
[0003] One factor which has enabled growth in the
functionality of cellular phone terminals is the adoption
of digital wireless communications methods, such as
CDMA, which allow larger amounts of information to be
carried without error than do conventional analog wire-
less communications methods. These wireless commu-
nications methods employ QPSK or other similar mod-
ulation method and generally use a quadrature modu-
lator as a component of a transmitting circuit device.
[0004] Figure 26 shows a basic configuration of a con-
ventional transmitting circuit device. In the figure, the
transmitting circuit device consists of a quadrature mod-
ulator 403, bandpass filter 404, IQ signal generator 405,
local oscillator 406, and power amplifier 411. The quad-
rature modulator 403 consists of a phase shifter 407,
mixer 408, mixer 409, and combiner 410.
[0005] The IQ signal generator 405 outputs a base-
band I signal and baseband Q signal--analog signals--
which are input in the quadrature modulator 403. The
local oscillator 406 outputs a carrier-frequency sine
wave signal, which is then divided by the phase shifter
407 into two signals 90 degrees out of phase with each
other. The resulting signals are input in the mixer 408
and mixer 409, which then use the baseband I signal
and baseband Q signal, respectively, to amplitude-mod-
ulate the carrier-frequency signals 90 degrees out of
phase with each other. The modulated signals are com-
bined by the combiner 410 as an output of the quadra-
ture modulator 403. The output of the quadrature mod-
ulator 403 is amplified by the power amplifier 411 and
has unnecessary frequency components reduced by
the bandpass filter 404 before it is output.
[0006] However, with the conventional transmitting
circuit device, since the baseband I signal and base-
band Q signal inputted in the quadrature modulator 403
are analog signals, it is necessary to prevent the mixers

408 and 409 from causing distortion. Thus, it is difficult
to ensure a sufficiently high level of output from the
quadrature modulator 403.
[0007] To raise the output of the quadrature modulator
403 to a sufficiently high level, it must be amplified by
the power amplifier 411. Since the power amplifier 411
must be operated in a linear region relatively free of dis-
tortion, it must operate at a sufficiently low level com-
pared to its saturation level. This causes the power am-
plifier 411 to consume much power, making it impossible
to reduce power consumption of the transmitting circuit
device as a whole.
[0008] To solve this conventional problem, this appli-
cant proposed a transmitting circuit device shown in Fig-
ure 27 in Japanese Patent Laid-Open No. 2002-57732,
his first patent application.
[0009] The entire disclosure of Japanese Patent Laid-
Open No. 2002-57732 is incorporated herein by refer-
ence to its entirety.
[0010] Figure 27 shows a basic configuration of the
transmitting circuit device proposed by this applicant in
his first patent application. In the figure, the transmitting
circuit device consists of a first digital modulator 1001,
second digital modulator 1002, quadrature modulator
1003, IQ data generator 1005, and local oscillator 1006.
[0011] Moreover, the quadrature modulator 1003 con-
sists of a phase shifter 1007, first digital RF modulator
1008, second digital RF modulator 1009, first bandpass
filter 1110, second bandpass filter 1111, and combiner
1010.
[0012] Next, operation of this transmitting circuit de-
vice will be described.
[0013] First, the IQ data generator 1005 outputs a
baseband I signal to the first digital modulator 1001, and
a baseband Q signal to the second digital modulator
1002. The baseband I signal and baseband Q signal are
multilevel digital signals . The first digital modulator
1001 delta-sigma modulates an input signal and outputs
a digital I signal which has a lower vertical resolution, i.
e., a smaller number of available values than a base-
band modulating signal. Similarly, the second digital
modulator 1002 delta-sigma modulates an input signal
and outputs a digital Q signal.
[0014] A local signal outputted by the local oscillator
1006 is divided by the phase shifter 1007 into carrier-
frequency signals 90 degrees out of phase with each
other. The two carrier-frequency signals are input in the
first digital RF modulator 1008 and second digital RF
modulator 1009, respectively. The carrier-frequency
signal inputted in the first digital RF modulator 1008 is
amplitude-modulated stepwise by an output signal from
the first digital modulator 1001 while the carrier-frequen-
cy signal 90 degrees out of phase inputted in the second
digital RF modulator 1009 is amplitude-modulated step-
wise by an output signal from the second digital modu-
lator 1002.
[0015] Output from the first digital RF modulator 1008
is input in the combiner 1010 through the first bandpass
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filter 1110 while output from the second digital RF mod-
ulator 1009 is input in the combiner 1010 through the
second bandpass filter 1111. These inputs are added by
the combiner 1010 to produce a transmitter output sig-
nal of the quadrature modulator 1003. The first band-
pass filter 1110 and second bandpass filter 1111 are in-
stalled to reduce unnecessary frequency components
which occur in outputs of the first digital RF modulator
1008 and second digital RF modulator 1009, respective-
ly. In the configuration shown in Figure 27, the bandpass
filters 1110 and 1111 can reduce unnecessary frequency
components before combining signals.
[0016] Since a digital RF modulator needs to output
only those levels which exactly correspond to digital IQ
signals which have a lower vertical resolution, i.e., a
smaller number of available values, it does not need to
have high linearity. Thus, elements included in the digital
RF modulator can be used at levels close to their satu-
ration levels, resulting in high efficiency. Also, since
there are a small number of components dependent on
analog characteristics, it is easy to ensure linearity.
[0017] Thus, the transmitting circuit device proposed
by this applicant in his first patent application solves the
above problem and offers great advantages: namely, by
delta-sigma modulating the baseband IQ signals into
digital IQ signals which has a lower vertical resolution,
i.e., a smaller number of available values than the base-
band IQ signals and modulating the carrier waves with
the quadrature modulator, it can achieve good linearity
and low power consumption.
[0018] Figure 28 shows a basic configuration of a
transmitting circuit device proposed by this applicant in
Japanese Patent Laid-Open No. 2002-325109, his sec-
ond patent application.
[0019] The entire disclosure of Japanese Patent Laid-
Open No. 2002-325109 is incorporated herein by refer-
ence to its entirety.
[0020] The transmitting circuit device consists of a fre-
quency modulator 1101, amplitude modulator 1102, del-
ta sigma modulator 1103, bandpass filter 1104, and data
generator 1105.
[0021] The data generator 1105 serves as a means
of dividing an incoming digital signal and outputting vec-
tor modulation data composed of frequency modulation
data and amplitude modulation data, both of which are
digital signals that take discrete values.
[0022] The frequency modulator 1101 serves as a
means of frequency-modulating a carrier-frequency sig-
nal using frequency modulation data.
[0023] The delta sigma modulator 1103 is a high-or-
der delta sigma modulator and serves as a means of
delta-sigma modulating amplitude modulation data and
outputting digital amplitude data which has a lower ver-
tical resolution, i.e., a smaller number of available val-
ues than the amplitude modulation data.
[0024] The amplitude modulator 1102 serves as a
means of amplitude-modulating an output signal of the
frequency modulator 1101 using the digital amplitude

data outputted from the delta sigma modulator 1103.
[0025] The bandpass filter 1104 serves as a means
of reducing unnecessary frequency components in the
amplitude modulator 1102. Whereas the transmitting
circuit device shown in Figure 26 which employs a con-
ventional quadrature modulator needs two bandpass fil-
ters, the transmitting circuit device in Figure . 28 needs
only one bandpass filter. In this way, the transmitting cir-
cuit device in Figure 28 needs a smaller number of band-
pass filters than do conventional transmitting circuit de-
vices.
[0026] Next, operation of this transmitting circuit de-
vice will be described.
[0027] The data generator 1105 generates vector
modulation data by dividing an incoming digital signal.
Specifically, as the vector modulation data, it generates
and outputs frequency modulation data and amplitude
modulation data, both of which are digital signals.
[0028] The frequency modulator 1101 frequency-
modulates a carrier-frequency signal using the frequen-
cy modulation data outputted from the data generator
1105. Figure 29 (a) shows a signal which has been fre-
quency-modulated by the frequency modulator 1101. It
can be seen that the frequency-modulated signal has a
constant envelope.
[0029] The delta sigma modulator 1103 is a high-or-
der delta sigma modulator. It delta-sigma modulates
amplitude modulation data and outputs digital amplitude
data which has a lower vertical resolution, i . e . , a small-
er number of available values than the amplitude mod-
ulation data.
[0030] Figure 29(b) shows amplitude modulation data
which is input in the delta sigma modulator 1103. The
amplitude modulation data is transmitted to the delta
sigma modulator 1103 via a bus line on which data bits
are transmitted on respective signal lines in synchroni-
zation with a clock signal. Figure 29 (c) shows output
data from the delta sigma modulator 1103. In Figure 29
(c) , the output data from the delta sigma modulator 1103
is modulated into binary digital amplitude data . Inciden-
tally, although the amplitude modulation data has been
described as data transmitted via a bus line as shown
in Figure 29(b), it may alternatively be transmitted as a
multilevel analog signal which takes discrete values.
[0031] The amplitude modulator 1102 amplitude-
modulates the output signal of the frequency modulator
1101 using digital amplitude data.
[0032] Output of the amplitude modulator 1102 has
unnecessary frequency components reduced by the
bandpass filter 1104.
[0033] The output of the frequency modulator 1101 is
a frequency-modulated signal and thus, has a constant
envelope. The amplitude modulator 1102, which per-
forms amplitude modulation using digital amplitude da-
ta, needs to provide only a small number of output levels
proportional to the numeric values of the data because
the digital amplitude data has a low vertical resolution,
i.e., a smaller number of available values. Thus, even
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an amplitude modulator with low linearity can readily
correct output levels.
[0034] If the delta sigma modulator 1103 is configured
to produce 1-bit outputs, in particular, the amplitude
modulator needs to operate simply as a switch. This al-
lows the amplitude modulator 1102 to operate nearly at
its saturation level, resulting in high efficiency. Also,
since there are a small number of components depend-
ent on analog characteristics, it is possible to obtain
good linearity even using elements prone to produce
high distortion.
[0035] Thus, the transmitting circuit device proposed
by this applicant in his second patent application solves
the above problem and offers great advantages: name-
ly, it can achieve good linearity, high transmitter output
power efficiency, and low power consumption.
[0036] Incidentally, although the frequency modulator
1101 is used in the example described above, this is not
restrictive. Instead of the frequency modulator 1101, the
transmitting circuit device proposed by this applicant in
his second patent application can also use a phase
modulator which phase-modulates carrier-frequency
signals using the phase modulation data outputted from
the data generator 1105. In short, the transmitting circuit
device described above can produce the same effect
using a frequency modulator or angle modulator such
as a phase modulator.
[0037] Figure 30 shows a transmitting circuit device
proposed in order to solve the conventional problem de-
scribed above. This transmitting circuit device amplifies
discrete analog signals unlike the transmitting circuit de-
vice shown in Figure 26. It consists of a delta sigma
modulator 1202, amplifier 1203, and bandpass filter
1204.
[0038] The delta sigma modulator 1202 delta-sigma
modulates input data received via an input terminal
1201 and outputs digital data which has a lower vertical
resolution, i.e., a smaller number of available values
than the input data.
[0039] The digital data outputted from the delta sigma
modulator 1202 goes through D/A conversion, is ampli-
fied by the amplifier 1203, passes through the bandpass
filter 1204 to reduce unnecessary frequency compo-
nents including quantization noise produced when the
input data is quantized by the delta sigma modulator
1202, and is output through an output terminal 1205.
[0040] Since the delta sigma modulator 1202 con-
verts the input data into digital data which has a lower
vertical resolution, i.e., a smaller number of available
values, the amplifier 1203 needs to output only those
levels which exactly correspond to the digital data which
has a lower vertical resolution, i.e., a smaller number of
available values and does not need to have high linear-
ity. Thus, elements included in the amplifier 1203 can
be used at levels close to their saturation levels, result-
ing in high efficiency. Also, since there are a small
number of components dependent on analog character-
istics, it is easy to ensure linearity.

[0041] However, with any of the transmitting circuit
devices shown in Figures 27, 28, and 30, quantization
noise occurs when the input signal to the delta sigma
modulator is delta-sigma modulated. To reduce the
quantization noise, it is necessary to use a bandpass
filter with steep characteristics.
[0042] A bandpass filter with steep characteristics has
a large size, which increases the circuit scale of the
transmitting circuit device accordingly. Also, a bandpass
filter with steep characteristics involves high losses, de-
creasing the efficiency of the transmitting circuit device
itself.
[0043] Thus, the proposed transmitting circuit devices
have the problem of increased size resulting from the
large size of the bandpass filter.
[0044] Also, the proposed transmitting circuit devices
have the problem of lowered efficiency resulting from
the high losses of the bandpass filter.
[0045] In view of the above problems, the present in-
vention has an object to provide a transmitting circuit
device and wireless communications device small in
size.
[0046] Also, in view of the above problems, the
present invention has an object to provide a transmitting
circuit device and wireless communications device
which have high efficiency.

SUMMARY OF THE INVENTION

[0047] The 1st aspect of the present invention is a
transmitting circuit device, comprising:

a first signal source which outputs a first signal that
is a binary or multilevel discrete analog signal or an
analog signal with a binary or multilevel discrete en-
velope and that has signal components and quan-
tization noise components;
a second signal source which outputs a second sig-
nal composed of the quantization noise compo-
nents;
a first amplifier which amplifies the first signal; and
a combiner which cancels out the quantization
noise components by combining an output of the
first amplifier and the second signal.

[0048] The 2nd aspect of the present invention is the
transmitting circuit device according to the 1st aspect,
comprising a signal processor which performs signal
processing on incoming third vector data, and thereby
outputs (1) first vector data that is a signal whose enve-
lope can take a smaller number of values when vector-
modulated than can a signal envelope obtained by vec-
tor-modulating the third vector data and (2) second vec-
tor data that is a signal obtained by subtracting the third
vector data from the first vector data, wherein:

the first signal source is a first vector modulator
which vector-modulates the incoming first vector
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data;
the first signal is an output of the first vector modu-
lator;
the second signal source is a second vector modu-
lator which vector-modulates the incoming second
vector data; and
the second signal is an output of the second vector
modulator.

[0049] The 3rd aspect of the present invention is the
transmitting circuit device according to the 2nd aspect,
wherein a low pass filter is installed between the signal
processor and the second vector modulator.
[0050] The 4th aspect of the present invention is the
transmitting circuit device according to the 2nd aspect,
comprising an auxiliary amplifier which amplifies output
of the second vector modulator, wherein:

the combiner cancels out the quantization noise
components contained in the output of the first am-
plifier by combining the output of the first amplifier
and output of the auxiliary amplifier.

[0051] The 5th aspect of the present invention is the
transmitting circuit device according to the 4th aspect,
wherein a low pass filter is installed between the signal
processor and the second vector modulator or a band
pass filter is installed between the second vector mod-
ulator and the auxiliary amplifier.
[0052] The 6th aspect of the present invention is a
transmitting circuit device, comprising:

a first divider which divides an incoming signal in
two;
a delta sigma modulator which delta-sigma modu-
lates a signal from the first output of the first divider;
a second divider which divides a signal from an out-
put of the delta sigma modulator in two;
a main amplifier which amplifies a signal from the
first output of the second divider;
a first combiner which combines a signal from the
second output of the first divider and a signal from
the second output of the second divider; and
a second combiner which combines a signal from
an output of the main amplifier and a signal from an
output of the first combiner,

wherein the signal at one input and the signal at
the other input to the first combiner have been adjusted
to be virtually equal in amplitude and opposite in phase,
and the signal at one input and the signal at the other
input to the second combiner have been adjusted to be
virtually equal in amplitude and opposite in phase.
[0053] The 7th aspect of the present invention is a
transmitting circuit device, comprising:

a first divider which divides an incoming signal in
two;

a delta sigma modulator which delta-sigma modu-
lates a signal from the first output of the first divider;
a second divider which divides a signal from an out-
put of the delta sigma modulator in two;
a main amplifier which amplifies a signal from the
first output of the second divider;
a first vector regulator which adjusts the amplitude
and phase of a signal from the second output of the
first divider;
a first combiner which combines a signal from an
output of the first vector regulator and a signal from
the second output of the second divider;
a second vector regulator which adjusts the ampli-
tude and phase of a signal from an output of the first
combiner;
an auxiliary amplifier which amplifies a signal from
an output of the second vector regulator;
a second combiner which combines a signal from
the output of the main amplifier and a signal from
the output of the auxiliary amplifier,

wherein the signal at one input and the signal at
the other input to the first combiner have been adjusted
to be virtually equal in amplitude and opposite in phase,
and the signal at one input and the signal at the other
input to the second combiner have been adjusted to be
virtually equal in amplitude and opposite in phase.
[0054] The 8th aspect of the present invention is the
transmitting circuit device according to the 7th aspect,
wherein a band pass filter is installed between the first
combiner and the second vector regulator or between
the second vector regulator and the auxiliary amplifier.
[0055] The 9th aspect of the present invention is the
transmitting circuit device according to the 7th aspect,
wherein a digital signal is input in all or some of the first
divider, the delta sigma modulator, the second divider,
the first vector regulator, the second combiner, and the
second vector regulator.
[0056] The 10th aspect of the present invention is a
transmitting circuit device, comprising:

a first divider which divides amplitude modulation
data received from a data generator which gener-
ates the amplitude modulation data and angle mod-
ulation data, in two;
a delta sigma modulator which delta-sigma modu-
lates a signal from the first output of the first divider;
a second divider which divides a signal from an out-
put of the delta sigma modulator in two;
a first vector regulator which adjusts the amplitude
and phase of a signal from the second output of the
first divider;
a first combiner which combines a signal from the
first output of the second divider and a signal from
an output of the first vector regulator;
an angle modulator which angle-modulates the an-
gle modulation data received;
a third divider which divides a signal from an output
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of the angle modulator in two;
a first multiplier which multiplies a signal from the
second output of the second divider and a signal
from the first output of the third divider;
a second multiplier which multiplies a signal from
the first output of the first combiner and a signal from
the second output of the third divider;
a second vector regulator which adjusts the ampli-
tude and phase of a signal from the first output of
the second multiplier; and
a second combiner which combines a signal from
an output of the first multiplier and a signal from an
output of the second vector regulator,

wherein the signal at one input and the signal at
the other input to the first combiner have been adjusted
to be virtually equal in amplitude and opposite in phase,
and the signal at one input and the signal at the other
input to the second combiner have been adjusted to be
virtually equal in amplitude and opposite in phase.
[0057] The 11th aspect of the present invention is the
transmitting circuit device according to the 10th aspect,
wherein a low pass filter is installed between the first
combiner and the second multiplier.
[0058] The 12th aspect of the present invention is a
transmitting circuit device, comprising:

a first divider which divides amplitude modulation
data received from a data generator which gener-
ates the amplitude modulation data and angle mod-
ulation data, in two;
a delta sigma modulator which delta-sigma modu-
lates a signal from the first output of the first divider;
an angle modulator which angle-modulates the an-
gle modulation data received;
a second divider which divides a signal from an out-
put of the angle modulator in two;
a first multiplier which multiplies a signal from the
first output of the second divider and a signal from
an output of the delta sigma modulator;
a third divider which divides a signal from an output
of the first multiplier in two;
a second multiplier which multiplies a signal from
the second output of the second divider and a signal
from the second output of the first divider;
a first vector regulator which adjusts the amplitude
and phase of a signal from an output of the second
multiplier;
a first combiner which combines a signal from the
first output of the third divider and a signal from an
output of the first vector regulator;
a second vector regulator which adjusts the ampli-
tude and phase of a signal from an output of the first
combiner;
an auxiliary amplifier which amplifies a signal from
an output of the second vector modulator; and
a second combiner which combines a signal from
the second output of third divider and a signal from

an output of the auxiliary amplifier,

wherein the signal at one input and the signal at
the other input to the first combiner have been adjusted
to be virtually equal in amplitude and opposite in phase,
and the signal at one input and the signal at the other
input to the second combiner have been adjusted to be
virtually equal in amplitude and opposite in phase.
[0059] The 13th aspect of the present invention is the
transmitting circuit device according to the 12th aspect,
wherein a band pass filter is installed between the first
combiner and the second vector regulator or between
the second vector regulator and the auxiliary amplifier.
[0060] The 14th aspect of the present invention is a
transmitting circuit device, comprising:

a delta sigma modulator which delta-sigma modu-
lates amplitude modulation data received from a da-
ta generator which generates the amplitude modu-
lation data and angle modulation data;
an angle modulator which angle-modulates the an-
gle modulation data received;
a multiplier which multiplies a signal from an output
of the delta sigma modulator and a signal from an
output of the angle modulator;
a divider which divides an output of the multiplier;
a vector modulator which modulates an incoming
vector signal;
a first vector regulator which adjusts the amplitude
and phase of a signal from an output of the vector
modulator;
a first combiner which combines a signal from a first
output of the divider and a signal from an output of
the first vector regulator;
a second vector regulator which is connected to out-
put of the first combiner; and
a second combiner which combines a signal from a
second output of the divider and a signal from an
output of the second vector regulator,

wherein the signal at one input and the signal at
the other input to the first combiner have been adjusted
to be virtually equal in amplitude and opposite in phase,
and the signal at one input and the signal at the other
input to the second combiner have been adjusted to be
virtually equal in amplitude and opposite in phase.
[0061] The 15th aspect of the present invention is the
transmitting circuit device according to the 14th aspect,
comprising an auxiliary amplifier which amplifies a sig-
nal from an output of the second vector regulator and
outputs it to the second combiner,

wherein a band pass filter is installed between the
first combiner and the second vector regulator or be-
tween the second vector regulator and the auxiliary am-
plifier.
[0062] The 16th aspect of the present invention is the
transmitting circuit device according to any of the 10th

to 14th aspects, wherein amplitude modulation data is a
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digitalized data.
[0063] The 17th aspect of the present invention is the
transmitting circuit device according to any of the 7th ,
12th, or 14th aspects, wherein an auxiliary amplifier is
connected to at least one of the vector regulators and a
predistortion circuit is installed in a stage preceding the
auxiliary amplifier.
[0064] The 18th aspect of the present invention is the
transmitting circuit device according to any of the 7th to
15th aspects, wherein a bandpass filter is installed in a
stage upstream or downstream of the second combiner.
[0065] The 19th aspect of the present invention is the
transmitting circuit device according to the 18th aspect,
wherein the bandpass filter varies its pass band with the
transmit frequency.
[0066] The 20th aspect of the present invention is a
transmitting circuit device, comprising:

a delta sigma modulator which delta-sigma modu-
lates an incoming I signal;
a first divider which divides a signal from an output
of the delta sigma modulator in two;
a first vector regulator which adjusts the amplitude
and phase of the incoming I signal;
a first combiner which combines a signal from the
first output of the first divider and a signal from an
output of the a first vector regulator;
a signal generator which generates a local oscillator
signal;
a phase shifter which phase-shifts an output signal
of the signal generator;
a first multiplier which multiplies a signal from an
output of the first combiner and an output signal
from the phase shifter;
a second vector regulator which adjusts the ampli-
tude and phase of a signal from an output of the first
multiplier;
a second multiplier which multiplies a signal from
the second output of the first divider and the output
signal from the phase shifter;
a second combiner which combines a signal from
an output of the second vector regulator and a sig-
nal from an output of the second multiplier;
a delta sigma modulator which delta-sigma modu-
lates an incoming Q signal;
a second divider which divides a signal from an out-
put of the delta sigma modulator in two;
a third vector regulator which adjusts the amplitude
and phase of the incoming Q signal;
a third combiner which combines a signal from the
first output of the second divider and a signal from
an output of the third vector regulator;
a third multiplier which multiplies a signal from an
output of the third combiner and a signal from an
output of the phase shifter;
a fourth vector regulator which adjusts the ampli-
tude and phase of a signal from an output of the
third multiplier;

a fourth multiplier which multiplies a signal from the
second output of the second divider and the output
signal from the phase shifter;
a fourth combiner which combines a signal from the
first output of the fourth vector regulator and a signal
from an output of the fourth multiplier; and
a fifth combiner which combines a signal from an
output of the second combiner and a signal from an
output of the fourth combiner;

wherein the signal at one input and the signal at
the other input to the first combiner have been adjusted
to be virtually equal in amplitude and opposite in phase,

the signal at one input and the signal at the other
input to the second combiner have been adjusted to be
virtually equal in amplitude and opposite in phase,

the signal at one input and the signal at the other
input to the third combiner have been adjusted to be vir-
tually equal in amplitude and opposite in phase, and

the signal at one input and the signal at the other
input to the fourth combiner have been adjusted to be
virtually equal in amplitude and opposite in phase.
[0067] The 21st aspect of the present invention is the
transmitting circuit device according to the 20th aspect,
wherein:

a low pass filter is installed between the first com-
biner and the first multiplier; and
a low pass filter is installed between the third com-
biner and the third multiplier.

[0068] The 22nd aspect of the present invention is the
transmitting circuit device according to the 20th aspect,
wherein a bandpass filter is installed in at least one or
more places from among a stage upstream or down-
stream of the second combiner, a stage upstream or
downstream of the fourth combiner, and a stage up-
stream or downstream of the fifth combiner.
[0069] The 23rd aspect of the present invention is a
wireless communications device, comprising:

a transmitting circuit which outputs transmit signals;
and
a receive circuit which receives receive signals,

wherein the transmitting circuit device according
to any of the 1st to 14th and the 20th to 22nd aspects is
used for the transmitting circuit.

Brief Description of the Drawings

[0070]

Figure 1 is a block diagram of a transmitting circuit
device according to a first embodiment of the
present invention.
Figure 2 is a block diagram of the transmitting circuit
device according to the first embodiment of the
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present invention.
Figure 3 (a) ia a diagram showing an example of a
signal generated by a first signal source.
Figure 3 (b) is a diagram showing another example
of a signal generated by the first signal source.
Figure 4 is a block diagram of a transmitting circuit
device according to a second embodiment of the
present invention.
Figure 5 is a block diagram of a transmitting circuit
device which can implement functions equivalent to
those of the transmitting circuit device according to
the second embodiment of the present invention,
using digital signal processing.
Figure 6 (a) to (f) are Diagrams showing power
spectra in the second embodiment of the present
invention.
Figure 7 is a block diagram of the transmitting circuit
device according to the second embodiment of the
present invention.
Figure 8 is a block diagram of a transmitting circuit
device according to a third embodiment of the
present invention.
Figure 9 is a block diagram of a transmitting circuit
device which can implement functions equivalent to
those of the transmitting circuit device according to
the third embodiment of the present invention, using
digital signal processing.
Figure 10 is a block diagram of a transmitting circuit
device according to a fourth embodiment of the
present invention.
Figure 11 is a block diagram of a transmitting circuit
device according to a fifth embodiment of the
present invention.
Figure 12 is a block diagram of a transmitting circuit
device according to a sixth embodiment of the
present invention.
Figure 13 is a block diagram of a transmitting circuit
device according to another embodiment of the
present invention.
Figure 14 is a block diagram of a transmitting circuit
device according to the first embodiment of the
present invention.
Figure 15 is a block diagram of another transmitting
circuit device according to the first embodiment of
the present invention.
Figure 16 is a diagram showing a power spectrum
of a delta-sigma modulated signal.
Figure 17 is a signal obtained by combining a delta-
sigma modulated signal and band-limited quantiza-
tion noise signal.
Figure 18 is an explanatory diagram illustrating an
algorithm for signal generation in a second signal
source 203 according to the first embodiment of the
present invention.
Figure 19 (a) is a diagram illustrating how quantiza-
tion noise components of a signal generated by a
first signal source 202 and a signal generated by
the second signal source 203 are adjusted to be

equal in amplitude and opposite in phase according
to the first embodiment of the present invention.
Figure 19 (b) is a diagram showing a configuration
example of a quantization noise monitor according
to the first embodiment of the present invention.
Figure 20 is a diagram showing another example of
a control system which makes two input signals in
a combiner equal in amplitude and opposite in
phase.
Figure 21 is a diagram conceptually showing a con-
figuration of the transmitting circuit device 37 ac-
cording to the third embodiment of the present in-
vention.
Figure 22 is a diagram showing a control method
used by a signal processor according to the third
embodiment of the present invention.
Figure 23 is a diagram showing a control method
used by the signal processor according to the third
embodiment of the present invention.
Figure 24 is a diagram showing a configuration of a
multiplier according to the third embodiment of the
present invention.
Figure 25 is a diagram showing a configuration of a
multiplier according to the third embodiment of the
present invention.
Figure 26 is a diagram showing a basic configura-
tion of a conventional transmitting circuit device.
Figure 27 is a diagram showing a basic configura-
tion of a conventional transmitting circuit device.
Figure 28 is a diagram showing a basic configura-
tion of a conventional transmitting circuit device.
Figure 29 (a) is a diagram showing an example of
a signal which has been frequency-modulated by a
frequency modulator.
Figure 29 (b) is a diagram showing amplitude mod-
ulation data at an input to the delta sigma modulator.
Figure 29 (c) is a diagram showing amplitude mod-
ulation data at an output from the delta sigma mod-
ulator.
Figure 30 is a diagram showing a basic configura-
tion of a conventional transmitting circuit device.

Description of Symbols

[0071]

1 Transmitting circuit device
3 First divider
4 Delta sigma modulator
5 Second divider
6 Main amplifier
7 First vector regulator
8 First combiner
9 Second vector regulator
10 Auxiliary amplifier
11 Second combiner
12 Output terminal
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PREFERRED EMBODIMENTS OF THE INVENTION

[0072] Embodiments of the present invention will be
described below with reference to the drawings.

(First embodiment)

[0073] To begin with, a first embodiment will be de-
scribed. Figure 1 shows a configuration of a transmitting
circuit device 201 according to the first embodiment.
[0074] The transmitting circuit device 201 consists of
a first signal source 202, second signal source 203,
main amplifier 204, auxiliary amplifier 205, combiner
206, output terminal 207, and signal processor 220.
[0075] The signal processor 220 is a circuit which per-
forms signal processing based on input data and sends
the processed data to the first signal source 202 and
second signal source 203.
[0076] The first signal source 202 is a circuit which
generates an analog signal containing signal compo-
nents and quantization noise components based on in-
put data from the signal processor 220.
[0077] The second signal source 203 is a circuit which
generates an analog signal containing only the quanti-
zation noise components from the first signal source 202
based on input data from the signal processor 220.
[0078] The main amplifier 204 is a circuit which am-
plifies a signal from an output of the first signal source
202.
[0079] The auxiliary amplifier 205 is a circuit which
amplifies a signal from an output of the second signal
source 203.
[0080] The combiner 206 is a circuit which combines
a signal from an output of the main amplifier 204 and a
signal from an output of the auxiliary amplifier 205.
[0081] Incidentally, the main amplifier 204 according
to this embodiment is an example of an amplifier accord-
ing to the present invention.
[0082] Next, operation of this embodiment will be de-
scribed.
[0083] Figure 18 shows an explanatory diagram illus-
trating signal generation. Specifically, assuming that an
input signal to the signal processor 220, input signal to
the first signal source, and input signal to the second
signal source 203 are x0(t), x1(t), and x2(t), respectively,
x2(t) is determined using x2 (t) = x1(t) - x0 (t) . On the
other hand, x1(t) is determined by delta-sigma modulat-
ing x0(t).
[0084] The first signal source 202 generates binary or
multilevel discrete analog signals and outputs them to
the main amplifier 204. Figure 3(a) shows an example
of a signal generated by the first signal source 202. This
is a binary signal obtained, for example, by delta-sigma
modulating an input signal to the first signal source 202
and contains components of the input signal to the first
signal source 202 and quantization noise components
generated during the delta sigma modulation.
[0085] In this way, the first signal source 202 outputs

a signal which contains signal components and quanti-
zation noise components.
[0086] On the other hand, the second signal source
203 outputs a signal which corresponds to the quanti-
zation noise components contained in the output from
the first signal source 202.
[0087] The main amplifier 204 amplifies the signal
from the output of the first signal source 202 and outputs
it to the combiner 206.
[0088] On the other hand, the auxiliary amplifier 205
amplifies the signal from the output of the second signal
source 203 and outputs it to the combiner 206.
[0089] In the input to the combiner 206, the quantiza-
tion noise components contained in the output from the
first signal source 202 and the signal from the second
signal source 203 have been adjusted to be equal in am-
plitude and opposite in phase by the vector regulator
(not shown) or the like. Thus, as these signals are com-
bined by the combiner 206, the quantization noise com-
ponents are cancelled out and only the signal compo-
nents appear on the output terminal 207.
[0090] Depending on differences between paths in
delay time, gain, or phase passed through, the operation
x2(t) = x1(t) - x0(t) may not be able to suppress quanti-
zation noise sufficiently. In that case, it becomes neces-
sary to adjust the two signals inputted in the combiner
to be equal in amplitude and opposite in phase. Figure
19 (a) shows an adjustment method of adjusting the
quantization noise component contained in a signal
from the first signal source 202 and a signal from the
second signal source 203 to be equal in amplitude and
opposite in phase. Specifically, combiner output is input
into a divider and part of divider output is fed back. More
specifically, the part of the divider output is input into a
quantization noise monitor, which then detects the mag-
nitude of quantization noise which has not been can-
celled out by the combiner.
[0091] According to the quantization noise level de-
tected by the quantization noise monitor, a controller
controls the signal processor in such a way as to mini-
mize the magnitude of the quantization noise outputted
from the combiner.
[0092] Figure 19(b) shows a configuration example of
the quantization noise monitor. A band pass filter passes
signals which fall within the certain frequency range in
which quantization noise is contained. The magnitude
of the signals is detected by a power detector. This con-
figuration can suppress quantization noise in a stable
and effective manner.
[0093] Figure 20 shows another example of a control
system which makes two input signals in a combiner
equal in amplitude and opposite in phase. Combiner
output is input into a divider and part of divider output is
fed back. Specifically, the part of the divider output is
input into a demodulator, which demodulates the signal.
[0094] A comparator compares the demodulated sig-
nal from the demodulator with the original signal while
a controller controls a signal processor so as to reduce
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error. This configuration can suppress quantization
noise in a stable and effective manner.
[0095] Although it has been explained with reference
to Figures 19 and 20 that what is controlled is the signal
processor, it is also possible to control a vector regulator
installed at the output of the first signal source or output
of the second signal source.
[0096] According to this embodiment, since the output
from the first signal source 202 is a binary or multilevel
discrete analog signal, the main amplifier 204 can be
operated properly even in non-linear regions. Thus,
even if the main amplifier 204 is made to perform class
B operation or class C operation nearly at its saturation
level, signals with sufficiently reduced distortion compo-
nents can be obtained from the output terminal.
[0097] If the first signal source 202 outputs binary an-
alog signals, in particular, a switching amplifier can be
used as the main amplifier 204. On the other hand, even
if the first signal source 202 outputs signals whose en-
velopes have small numbers of available values instead
of outputting binary analog signals, linearity can be en-
sured easily.
[0098] Thus, the transmitting circuit device 201 ac-
cording to this embodiment can achieve reduction in
power consumption.
[0099] Furthermore, since the transmitting circuit de-
vice 201 according to this embodiment can cancel out
quantization noise components without using a band-
pass filter, it can achieve reduction in size.
[0100] Incidentally, although it has been explained
that the first signal source 202 according to this embod-
iment outputs binary or multilevel discrete analog sig-
nals, this is not restrictive. The first signal source 202
may output analog signals whose envelopes are binary
or multilevel. Figure 3 (b) shows such a signal: an ex-
ample of a signal whose envelope is binary.
[0101] Figure 14 shows a configuration of a transmit-
ting circuit device 213 in which the first signal source
202 outputs analog signals whose envelopes are binary
or multilevel
[0102] The transmitting circuit device 213 consists of
an input terminal 209, signal processor 210, first vector
modulator 211, second vector modulator 212, main am-
plifier 204, auxiliary amplifier 205, combiner 206, and
output terminal 207.
[0103] Incidentally, the first vector modulator 211 in
Figure 14 corresponds to the first signal source 202 and
the second vector modulator 212 corresponds to the
second signal source 203.
[0104] The input terminal 209 is used to enter vector
data (hereinafter referred to as the vector data x) in the
signal processor 210. The vector data x consists of an
I signal and Q signal.
[0105] The signal processor 210 is a circuit which per-
forms signal processing on the vector data x and outputs
first vector data (hereinafter referred to as the first vector
data x') and second vector data (hereinafter referred to
as the second vector data xn) to the first vector modu-

lator 211 and second vector modulator 212, respective-
ly.
[0106] The first vector modulator 211 is a circuit which
vector-modulates carrier waves with the incoming first
vector data x'
[0107] The second vector modulator 212 is a circuit
which vector-modulates carrier waves with the incoming
second vector data xn.
[0108] Themain amplifier 204 is a circuitwhich ampli-
fies signals from output of the first vector modulator 211.
[0109] The auxiliary amplifier 205 is a circuit which
amplifies signals from output of the second vector mod-
ulator 212.
[0110] The combiner 206 is a circuit which combines
a signal from an output of the main amplifier 204 and a
signal from an output of auxiliary amplifier 205.
[0111] The output terminal 207 is used to output the
signals outputted by the combiner 206.
[0112] Next, operation of this embodiment will be de-
scribed.
[0113] The vector data x entering through the input
terminal 209 is input in the signal processor 210.
[0114] The signal processor 210 performs signal
processing on the incoming vector data x and outputs
the first vector data x' and second vector data xn to the
first vector modulator 211 and second vector modulator
212, respectively.
[0115] The first vector data x' is a signal such that a
signal envelope can take a smaller number of values
when the carrier wave is vector-modulated with the first
vector data x' than when the carrier wave is vector-mod-
ulated with the vector data x. This means that the
number of values available to the size of the vector data
x is larger than the number of values available to the
size of the first vector data x'. The size of the vector data
x here is the square root of the sum of the square of I
signal and the square of Q signal.
[0116] The vector data xn is the signal obtained by
subtracting the vector data x from the first vector data
x'. In other words, the vector data xn is given by xn = x'
- x. Thus, the vector data xn is a quantization noise com-
ponent of the first vector data x'.
[0117] After performing the signal processing de-
scribed above, the signal processor 210 outputs the first
vector data x' and second vector data xn to the first vec-
tor modulator 211 and second vector modulator 212, re-
spectively.
[0118] The first vector modulator 211 vector-modu-
lates the carrier wave with the incoming first vector data
x' outputted from the signal processor 210.
[0119] The second vector modulator 212 vector-mod-
ulates the carrier wave with the incoming second vector
data xn outputted from the signal processor 210.
[0120] The main amplifier 204 amplifies the signal
from the output of the first vector modulator 211 and out-
puts it to the combiner 206.
[0121] The auxiliary amplifier 205 amplifies the signal
from the output of the second vector modulator 212 and
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outputs it to the combiner 206.
[0122] In the input to the combiner 206, the quantiza-
tion noise components contained in the output of the
main amplifier 204 and the signal from the output of the
auxiliary amplifier 205 have been adjusted to be equal
in amplitude and opposite in phase by a vector regulator
(not shown) or the like. Thus, as these signals are com-
bined by the combiner 206, the quantization noise com-
ponents are cancelled out and only the signal compo-
nents appear on the output terminal 207.
[0123] According to this embodiment, since the enve-
lope of the signal from the output of the first vector mod-
ulator 211 can take a smaller number of values than can
the envelope of the signal obtained by vector-modulat-
ing the carrier wave with the vector data x, the main am-
plifier 204 can be operated properly even in non-linear
regions. Thus, even if the main amplifier 204 is made to
perform class B operation or class C operation nearly at
its saturation level, signals with sufficiently reduced dis-
tortion components can be obtained from the output ter-
minal.
[0124] In particular, if the envelope of the first vector
modulator 211 outputs binary signals, i.e., if the size of
the first vector data x' can take two values--0 or a posi-
tive real number, a switching amplifier can be used as
the main amplifier 204.
[0125] In this way, the transmitting circuit device 213
according to this embodiment can achieve reduction in
power consumption.
[0126] Incidentally, even if the first signal source and
second signal source are vector modulators, it is possi-
ble to control signals to be equal in amplitude and op-
posite in phase in the same manner as in Figures 19
and 20.
[0127] Furthermore, since the transmitting circuit de-
vice 213 according to this embodiment can cancel out
quantization noise components without using a band-
pass filter, it can achieve reduction in size. Moreover,
since there is no loss of a bandpass filter, it can achieve
high efficiency.
[0128] Furthermore, although it has been explained
that the transmitting circuit device 213 according to this
embodiment comprises the auxiliary amplifier 205, it
may be configured without the auxiliary amplifier 205 as
with a transmitting circuit device 213a shown in Figure
15.
[0129] Furthermore, although it has been explained
that no filter is used to reduce quantization noise com-
ponents, a bandpass filter may be installed on the side
of out put of the combiner 206 to reduce the quantization
noise components and pass signal components. Even
in that case, since quantization noise components are
reduced sufficiently by the combiner 206 , there is no
need for the bandpass filter to have steep characteris-
tics and it can be a small-sized, low-loss filter.
[0130] Furthermore, the first vector data x' outputted
from the signal processor 210 may be amplified by an
amplifier before it is input in the first vector modulator

211. Similarly, the second vector data xn outputted from
the signal processor 210 may be amplified by an ampli-
fier before it is input in the second vector modulator 212.
[0131] Furthermore, although the transmitting circuit
device 201 according to this embodiment comprises the
auxiliary amplifier 205 in the example described above,
it may not have the auxiliary amplifier 205 as with a
transmitting circuit device 208 shown in Figure 2.
[0132] Also, as described later in a second embodi-
ment, if output of the second signal source 203 is quan-
tization noise components of a delta-sigma modulated
signal, the larger frequency detuning in a frequency do-
main becomes, the larger power becomes. Thus, sig-
nals inputted in the auxiliary amplifier 205 maintain high
power over a wide range in the frequency domain. This
also increases the electric power fed to the auxiliary am-
plifier 205, thus resulting in increased power consump-
tion. To solve this problem, the output of the second sig-
nal source 203 can be band-limited by installing a band
pass filter between the second signal source 203 and
auxiliary amplifier 205. This decreases the electric pow-
er fed to the auxiliary amplifier 205, and thus reduces
power consumption as well as quantization noise in the
vicinity.
[0133] Furthermore, to reduce power consumption, a
low pass filter may be installed between the signal proc-
essor 210 and second vector modulator 212. Alterna-
tively, it is also possible to reduce power consumption
by installing a band pass filter between the second vec-
tor modulator 212 and auxiliary amplifier 205. In that
case, a band pass filter should also be installed on the
output side of the combiner 206 to reduce unnecessary
frequency components.
[0134] Furthermore, although it has been explained
in this embodiment that x1 (t is generated by delta-sigma
modulating x0 (t), this is not restrictive. It is possible to
generate x1 (t) by PWM as well as by delta modulating
x0 (t).

(Second embodiment)

[0135] Next, a second embodiment will be described.
[0136] Figure 4 shows a configuration of a transmit-
ting circuit device 1 according to the second embodi-
ment.
[0137] The transmitting circuit device 1 consists of an
input terminal 2, first divider 3, delta sigma modulator 4,
second divider 5, main amplifier 6, first vector regulator
7, first combiner 8, second vector regulator 9, auxiliary
amplifier 10, second combiner 11, and output terminal
12. These circuit elements composing the transmitting
circuit device 1 are intended for analog signal process-
ing.
[0138] The first divider 3 and second divider 5 are cir-
cuits each of which divides an incoming signal in two.
The delta sigma modulator 4 is a circuit which delta-sig-
ma modulates an input signal and outputs a multilevel
discrete analog signal.
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[0139] The main amplifier 6 and auxiliary amplifier 10
are circuits which amplify signals.
[0140] The first vector regulator 7 and second vector
regulator 9 are circuits which adjust the amplitude and
phase of input signals and consist of a variable attenu-
ator and variable phase shifter.
[0141] The first combiner 8 and second combiner 11
are circuits which combine signals entering through two
input ports and output the resulting signal.
[0142] Next, operation of this embodiment will be de-
scribed.
[0143] An input signal, which is an analog signal, en-
tering through the input terminal 2 is divided in two by
the first divider 3, a signal from the first output of the first
divider 3 is input in the delta sigma modulator 4 while a
signal from the second output is input in the first vector
regulator 7.
[0144] Figure 6 (b) shows a power spectrum of a sig-
nal at point B in Figure 4, i . e., at an input to the first
vector regulator 7. In Figure 6 (b) , the horizontal axis
represents frequency (MHz) while the vertical axis rep-
resents power (dBm) . As can be seen from Figure 6(b),
the power spectrum at point B is distributed over a fre-
quency band of 0.02 MHz around 900 MHz. Except for
difference in power according to the split ratio at which
the first divider 3 divides the signal, the signal at an input
to the delta sigma modulator 4 is distributed similarly to
Figure 6(b). In this way, at an output of the first divider
3, signal components are distributed over a frequency
band of 0.02 MHz around 900 MHz.
[0145] The delta sigma modulator 4 receives a signal
from the first output of the first divider 3, quantizes it,
and outputs amultilevel discrete analog signal. Figure 6
(a) shows a power spectrum of a signal at point A in
Figure 4, i.e., at an output of the delta sigma modulator
4 . In Figure 6 (a) , the horizontal axis represents fre-
quency (MHz) while the vertical axis represents power
(dBm). In Figure 6(a), the power spectrum of the analog
signal at the output of the delta sigma modulator 4 is
distributed over a wide frequency band because of
quantization noise produced when the analog signal is
quantized by the delta sigma modulator 4. Thus, the sig-
nal outputted from the delta sigma modulator 4 consists
of signal components distributed over a frequency band
of 0.02 MHz around 900 MHz and quantization noise
components distributed over a wide frequency band.
[0146] The analog signal outputted from the delta sig-
ma modulator 4 is input in the second divider 5, where
it is divided in two. The main amplifier 6 receives an an-
alog signal from the first output of the second divider 5
and amplifies it. Figure 6 (d) shows a power spectrum
of a signal at point D in Figure 4, i.e., at an output of the
main amplifier 6. In Figure 6 (d) , the horizontal axis rep-
resents frequency (MHz) while the vertical axis repre-
sents power (dBm) . Compared to the power spectrum
in Figure 6(a), the power spectrum in Figure 6(d) shows
increased power due to the amplification by the main
amplifier 6.

[0147] On the other hand, the first vector regulator 7
receives a signal from the second output of the first di-
vider 3 and adjusts its amplitude and phase. The first
combiner 8 combines a signal from the second output
of the second divider 5 and a signal from the first vector
regulator 7. The first vector regulator 7 adjusts the am-
plitude and phase of the signal it receives, to produce
an output equal in amplitude and opposite in phase to
the signal components of the signal from the second out-
put of the second divider 5. Thus, the first combiner 8
outputs only quantization noise components with the
signal components cancelled out.
[0148] The second vector regulator 9 adjusts the am-
plitude and phase of the quantization noise components
outputted from the first combiner 8. Figure 6(c) shows
a power spectrum of a signal at point C in Figure 4, i .
e., at an output of the second vector regulator 9. In Fig-
ure 6(c), the horizontal axis represents frequency (MHz)
while the vertical axis represents power (dBm). As can
be seen from Figure 6(c), the signal at point C consists
of only the quantization noise components with signal
components cancelled out. The auxiliary amplifier 10
amplifies the quantization noise components outputted
from the second vector regulator 9. Figure 6(e) shows
a power spectrum of a signal at point E in Figure 4, i.e.,
at an output of the auxiliary amplifier 10. Compared to
the power spectrum in Figure 6 (c), the power spectrum
in Figure 6(e) shows increased power due to the ampli-
fication by the auxiliary amplifier 10.
[0149] The second combiner 11 combines a signal
from an output of the main amplifier 6 and a signal from
an output of the auxiliary amplifier 10 . The second vec-
tor regulator 9 adjusts the amplitude and phase of its
input signal so that a signal from an output of the auxil-
iary amplifier 10 and a signal from an output of the main
amplifier 6 will be equal in amplitude and opposite in
phase at the frequency of the quantization noise com-
ponents. Thus, the second combiner 11 outputs a signal
containing only signal components with the quantization
noise components cancelled out. Figure 6(f) shows a
power spectrum of a signal at point F in Figure 4, i.e.,
at the output of the second combiner 11. It can be seen
that out of the signal contained in Figure 6 (d) , only the
signal components are distributed in Figure 6(f) with the
quantization noise components cancelled out.
[0150] Incidentally, although it has been explained
that the transmitting circuit device 1 according to the
second embodiment has no bandpass filter installed on
the side of the output terminal 12, a bandpass filter may
be installed between the output terminal 12 and second
combiner 11.
[0151] Also, as shown in Figure 6(a),the larger fre-
quency detuning in a frequency domain becomes, the
larger the power of the delta-sigma modulated signal be-
comes. Figure 16 shows a power spectrum of the signal
outputted from the delta sigma modulator 4 with the hor-
izontal axis representing frequency in a range between
-100 MHz and+100 MHz around a center frequency. The
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figure shows large power spectrum over a wide range
in the frequency domain as is the case with Figure 6(a).
[0152] In this way, since the signal outputted from the
delta sigma modulator 4 shows large power over a wide
range in the frequency domain, the signal inputted in the
auxiliary amplifier 10 also shows large power over a
wide range in the frequency domain. The electric power
fed to the auxiliary amplifier 10 is large by this, thus re-
sulting in large power consumption. To solve this prob-
lem, the output of the delta sigma modulator 4 can be
band-limited by installing a band pass filter between the
first combiner 8 and second vector regulator 9 or be-
tween the second vector regulator 9 and auxiliary am-
plifier 10. This decreases the electric power fed to the
auxiliary amplifier 10, and thus reduces power con-
sumption as well as quantization noise in the vicinity.
[0153] Figure 17 shows a power spectrum of an out-
put signal from the second combiner 11, obtained with
a band pass filter installed between the first combiner 8
and second vector regulator 9. The cut-off frequency of
the band pass filter installed between the first combiner
8 and second vector regulator 9 is 80 MHz. Figure 17
shows a power spectrum of the signal outputted from
the second combiner 11 with the horizontal axis repre-
senting frequency difference from a center frequency in
a range between -100 MHz and +100 MHz. It can be
seen from Figure 17 that power is increased at frequen-
cies 80 MHz or more lower than the center frequency. It
can also be seen that power is increased at frequencies
80 MHz or more higher than the center frequency.
[0154] In the region 80 MHz or more lower than the
center frequency and the region 80 MHz or more higher
than the center frequency, the signal power can be re-
duced by installing a band pass filter on the output side
of the second combiner 11. The band pass filter installed
on the output side of the second combiner 11 does not
need to have steep attenuation characteristics because
it only has to attenuate signal power at frequencies suf-
ficiently far from the center frequency.
[0155] By installing a band pass filter somewhere be-
tween the delta sigma modulator 4 and auxiliary ampli-
fier 10 in this way, it is possible to further reduce power
consumption.
[0156] Thus, the transmitting circuit device 1 accord-
ing to this embodiment can output a signal from the out-
put terminal 12 after canceling out the quantization
noise produced during delta sigma modulation by the
delta sigma modulator 4. Also, the transmitting circuit
device 1 can reduce the quantization noise sufficiently
without using a bandpass filter. Even when a bandpass
filter is used to further reduce the quantization noise,
there is no need for the bandpass filter to have steep
characteristics because the circuit configuration of the
present invention is sufficient to remove the quantization
noise near the carrier. Thus, the transmitting circuit de-
vice 1 according to this embodiment can achieve size
reduction compared to when a bandpass filter with steep
characteristics is used and can achieve high efficiency

even when a bandpass filter is used because it can re-
duce losses due to the bandpass filters
[0157] Although it has been explained that the trans-
mitting circuit device 1 in Figure 4 performs analog sig-
nal processing, it is also possible to implement the same
functions as in Figure 4 using digital signal processing.
The transmitting circuit device 1a in Figure 5 implements
the same functions as the transmitting circuit device 1
in Figure 4 using digital signal processing. Incidentally,
FIG1 is aconceptual block diagram of the transmitting
circuit device 1a shown in Figure 5.
[0158] A digital signal processor 13 in Figure 5 is con-
figured as a digital signal processing circuit. Outside the
digital signal processing 13, analog signal processing is
performed by an analog signal processing circuit. Figure
5 is a block diagram of the digital signal processor 13.
Algorithms based on mathematical formulas may be
used.
[0159] A signal inputted in a first divider 3a is a digital
signal. It is inputted in the first divider 3a via a bus line
consisting of a signal line which transmits at least a clock
signal and two or more signal lines which transmit re-
spective binary digital signals in synchronization with
the clock signal. Also, signals processed in the digital
signal processor 13 are transmitted via a similar bus line
and undergo digital signal processing.
[0160] Output of a delta sigma modulator 4a is a dig-
ital signal which has a lower vertical resolution, i.e., a
smaller number of available values than input of the del-
ta sigma modulator 4a.
[0161] D/A converters 14 and 15 are circuits which
convert digital signals on the bus line into analog sig-
nals.
[0162] The delta sigma modulator 4a, a second divid-
er 5a, a vector regulator 7a, a first combiner 8a, and a
vector regulator 9a are digital signal processing circuits
which perform digital signal processing on the digital sig-
nals transmitted on the bus line.
[0163] The transmitting circuit device 1a shown in Fig-
ure 5, in which circuits for analog signal processing oc-
cupy a smaller portion than in the transmitting circuit de-
vice 1, is smaller in circuit scale and easier to adjust than
the transmitting circuit device 1 of Figure 4.
[0164] When removing signal components in the first
combiner 8a, output of the D/A converter 15 is monitored
and the vector regulator 7a is operated using the results
of monitoring. Also, to facilitate combination in the sec-
ond combiner 11, the output terminal 12 is monitored
and the vector regulator 9a is operated.
[0165] To facilitate combination in the second combin-
er 11, etc. of the transmitting circuit device 1a in Figure
5, gains of the main amplifier 6 and auxiliary amplifier
10 can be determined as follows.
[0166] First, operation of the transmitting circuit de-
vice 1a will be described, including operation of compu-
tational algorithms for the digital signal processing 13 in
Figure 5.
[0167] Outside the digital signal processing 13, ana-
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log signal processing is performedby an analog signal
processing circuit. Actually, the digital signal processing
13 is performed by a digital signal processing circuit us-
ing algorithms based on mathematical formulas, but Fig-
ure 5 shows a circuit block in an analog fashion to help
understand operation of the digital signal processing cir-
cuit.
[0168] The first divider 3a divides an input signal
transmitted via the bus line in two.
[0169] A signal from the first output of the first divider
3a is delta-sigma modulated by the delta sigma modu-
lator 4a, converted into a signal which has a lower ver-
tical resolution, i.e., a smaller number of available val-
ues than the signal from the first output of the first divider
3a, input in the second divider 5a, and divided in two.
On the other hand, the second output of the first divider
3a has its amplitude and phase adjusted by the vector
regulator 7a and is input in the first combiner 8a.
[0170] The first combiner 8a combines a signal from
the second output of the second divider 5a and a signal
from the output of the vector regulator 7a and outputs
the resulting signal to the vector regulator 9a.
[0171] The vector regulator 9a adjusts the amplitude
and phase of the signal from the output of the first com-
biner 8a and outputs the resulting signal to the D/A con-
verter 15.
[0172] The D/A converter 15 converts the signal from
the output of the vector regulator 9a into an analog sig-
nal, which is then amplified by the auxiliary amplifier 10
and input in the second combiner 11.
[0173] A signal from the first output of the second di-
vider 5a is input in the D/A converter 14, converted into
an analog signal by the D/A converter 14, and output to
the main amplifier 6.
[0174] The main amplifier 6 amplifies the analog sig-
nal received from the D/A converter 14 and outputs it to
the second combiner 11.
[0175] The second combiner 11 combines the signal
from the output of the main amplifier 6 and signal from
the output of the auxiliary amplifier 10 and outputs the
resulting signal.
[0176] When received by the first combiner 8a, the
signal from the second output of the second divider 5a
contains signal components as well as quantization
noise components produced when the signal compo-
nents are quantized. On the other hand, the signal from
the output of the vector regulator 7a contains only the
signal components. These signals have been adjusted
to be equal in amplitude and opposite in phase when
inputted in the first combiner 8a. Thus, the first combiner
8a outputs a signal containing only the quantization
noise components.
[0177] Since the quantization noise components in
the signal from the output of the main amplifier 6 and
signal from the output of the auxiliary amplifier 10 have
been adjusted to be equal in amplitude and opposite in
phase when inputted in the second combiner 11, the
second combiner 11 outputs a signal containing only the

signal components to the output terminal 12 with the
quantization noise components cancelled out.
[0178] If the signals received by the main amplifier 6
and auxiliary amplifier 10 are binary, switching elements
can be used as the main amplifier 6 and auxiliary am-
plifier 10, which further increases efficiency.
[0179] Next, a concrete description will be provided
using a mathematical formula.
[0180] Namely, if X (t) denotes the output signal from
the vector regulator 7a and Y (t) denotes the signal del-
ta-sigma modulated by the delta sigma modulator 4a,
Formula 1 below holds.
[Formula 1]

where E(t) is quantization noise.
[0181] The signal Y (t) is output from point A. A signal
alxY (t) is output from point B, where a1 is a gain of the
main amplifier 6. On the other hand, a signal a23E(t) is
output from point C, where a2 is a constant.
[0182] In order for the second combiner 11 to cancel
out the quantization noise components, a13E(t) must
be output from point D. Thus, the gain of the auxiliary
amplifier 10 can be set to a1/a2
[0183] Incidentally, it is possible to install an A/D con-
verter between the second output of the first divider 3a
and vector regulator 7a, input analog signals in the first
divider 3a, and make the A/D converter convert the an-
alog signals outputted from the first divider 3a into digital
signals. Alternatively, it is possible to install an A/D con-
verter between the first output of the first divider 3a and
delta sigma modulator 4a, input analog signals in the
first divider 3a, and make the A/D converter convert the
analog signals outputted from the first divider 3a into dig-
ital signals. It is also possible to install an A/D converter
on the output side of the blocks composing the digital
signal processor 13, input analog signals in the blocks,
and make the A/D converter convert the analog signals
into digital signals. In short, all that is necessary is to
input the digital signals transmitted via the bus line into
all or some of the digital signal processing 13 blocks and
make all or some of the digital signal processing 13
blocks perform digital signal processing.
[0184] As shown in Figure 7, by installing a predistor-
tion circuit 16 between the auxiliary amplifier 10 and sec-
ond vector regulator 9 of the transmitting circuit device
1 shown in Figure 4, it is possible to improve distortion
characteristics of the auxiliary amplifier 10, reduce the
power consumption of the auxiliary amplifier, reduce the
power consumption of the transmitting circuit as a
whole, and thus provide a transmitting circuit device 16
which has good characteristics. Also, that part of the
transmitting circuit device 1b in Figure 7 which corre-
sponds to the digital signal processing 13 of the trans-
mitting circuit device 1a in Figure 5 can be made to per-
form digital signal processing similar to the digital signal

Y(t) = X(t) + E(t)
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processing 13. In that case, the transmitting circuit de-
vice 1 in Figure 7 can be made smaller in circuit scale
and easier to adjust.

(Third embodiment)

[0185] Next, a third embodiment will be described.
Figure 8 shows a configuration of a transmitting circuit
device 37 according to the third embodiment. The trans-
mitting circuit device 37 according to this embodiment
functions as a modulator and a power amplifier as well.
[0186] The transmitting circuit device 37 comprises a
data generator 23, first divider 24, delta sigma modula-
tor 25, first vector regulator 26, second divider 27, first
combiner 28, angle-modulated signal source 36, angle
modulator 29, local oscillator 30, third divider 31, first
multiplier 32, second multiplier 33, second vector regu-
lator 34, second combiner 35, and output terminal 22.
The angle-modulated signal source 36 consists of the
angle modulator 29 and local oscillator 30.
[0187] The data generator 23 is a circuit which gen-
erates amplitude modulation data and angle modulation
data.
[0188] The first divider 24, second divider 27, and
third divider 31 are circuits which divide an input signal
in two.
[0189] The delta sigma modulator 25 is a circuit which
lowers the vertical resolution of amplitude modulation
data. For example, it converts 8-bit input data (data
which can take 256 values) into 2-bit data (data which
can take 4 values). In this way, the delta sigma modu-
lator 25 reduces the number of values available to am-
plitude modulation data.
[0190] The first vector regulator 26 and second vector
regulator 34 are circuits which adjust the amplitude and
phase of input signals and consist of a variable attenu-
ator and variable phase shifter.
[0191] The first combiner 28 and second combiner 35
are circuits which combine signals entering through two
different ports and output the resulting signal.
[0192] The angle-modulated signal source 36 is a cir-
cuit which supplies an angle-modulated signal. Thus,
the local oscillator 30 oscillates a carrier wave and the
angle modulator 29 angle-modulates the oscillated car-
rier wave with the angle modulation data.
[0193] The first multiplier 32 and second multiplier 33
are circuits which multiply signals entering through two
different ports. Such a circuit may be a dual-gate FET
configured to enter an output of a delta sigma modulator
in the first gate, and an angle-modulated wave in the
second gate. Alternatively, an amplifier may be installed
in a stage subsequent to the second multiplier 33.
[0194] Next, operation of this embodiment will be de-
scribed. The data generator 23 generates amplitude
modulation data and angle modulation data.
[0195] The amplitude modulation data outputted from
the data generator 23 is input in the first divider 24 and
divided in two by the first divider 24. The amplitude mod-

ulation data from the first output of the first divider 24 is
delta-sigma modulated by the delta sigma modulator 25
and outputted as digital data which has a lower vertical
resolution, i.e., a smaller number of available values
than the amplitude modulation data, or as discrete an-
alog data.
[0196] The output signal is input in the second divider
27 and divided in two by the second divider 27.
[0197] On the other hand, the amplitude modulation
data from the second output of the first divider 24 is input
in the first vector regulator 26. The first vector regulator
26 adjusts the amplitude and phase of the amplitude
modulation data. A signal from the first output of the sec-
ond divider 27 and a signal from an output of the first
vector regulator 26 are combined by the first combiner
28. The first vector regulator 26 adjusts the amplitude
and phase of the received amplitude modulation data
so that the received amplitude modulation data and the
signal from the first output of the second divider 27 will
be equal in amplitude and opposite in phase. Conse-
quently, signal components in a signal from an output of
the first combiner 28 are cancelled out and only quanti-
zation noise components attributable to quantization by
the delta sigma modulator 25 are outputted. In the trans-
mitting circuit device 37 according to this embodiment,
components attributable to quantization are detected at
the frequency of the amplitude modulation data which
are lower than the frequencies of the output from the
output terminal 22.
[0198] Besides, the local oscillator 30 oscillates a car-
rier wave which is a wave of a carrier frequency. The
angle modulator 29 angle-modulates the carrier wave
oscillated by the local oscillator 30, using angle modu-
lation data received from the data generator 23. The sig-
nal which has been angle-modulated by the angle mod-
ulator 29 is divided in two by the third divider 31. The
angle-modulated signal from the first output of the third
divider 31 is multiplied by a signal from the second out-
put of the second divider 27 by the first multiplier 32.
Thus, the signal outputted from the first multiplier 32 has
undergone angle modulation and amplitude modulation.
[0199] On the other hand, a signal from the second
output of the third divider 31 is multiplied by the signal
outputted from the first combiner 28 by the second mul-
tiplier 33. Thus, a signal outputted from the second mul-
tiplier 33 has been angle-modulated and then ampli-
tude-modulated with the quantization noise compo-
nents attributable to quantization. The second vector
regulator 34 adjusts the amplitude and phase of the sig-
nal from the second multiplier 33.
[0200] The signal from the output of the first multiplier
32 and signal from the output of the second vector reg-
ulator 34 are combined by the second combiner 35. The
second vector regulator 34 adjusts the amplitude and
phase of the signal from the output of the second mul-
tiplier 33 to produce an output equal in amplitude and
opposite in phase to the signal from the output of the
first multiplier 32 in terms of the quantization noise com-
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ponents.
[0201] Specifically, the signal from the output of the
first multiplier 32 has been angle-modulated with a sig-
nal containing the quantization noise components and
signal components and then amplitude-modulated. On
the other hand, the signal from the second vector regu-
lator 34 has been angle-modulated and then amplitude-
modulated with a signal containing only the quantization
noise components. Consequently, the second combiner
35 outputs a signal containing only the signal compo-
nents which have been angle-modulated with signal
components and then amplitude-modulated. In other
words, the signal components which have been angle-
modulated with the quantization noise components and
then amplitude-modulated have been removed from the
output of the second combiner 35.
[0202] Thus, a signal from which components attrib-
utable to quantization noise components have been re-
moved can be obtained from the output terminal 22.
[0203] If the firstmultiplier 32 or secondmultiplier 33
consists of a mixer and amplifier, it can also function as
an angle modulator and a power amplifier as described
above. Furthermore, since a signal which has been an-
gle-modulated with quantization noise components and
then amplitude-modulated can be cancelled out without
using a bandpass filter, a high-efficiency, small-sized
transmitting circuit device can be implemented.
[0204] The larger frequency detuning width becomes,
the larger the power of the sigal inputted in the second
multiplier 33 as in the case of the second embodiment
described with reference to Figure 16. Thus, if signals
are band-limit by installing a low pass filter between the
second divider 27 and first combiner 28 or between the
first combiner 28 and second multiplier 33, it is possible
to decrease the power of the signals inputted in the sec-
ond multiplier 33, and thus reduce power consumption.
In that case, unnecessary frequency components can
be reduced by installing a band pass filter on the output
side of the second combiner 35. Incidentally, the band
pass filter installed on the output side of the second com-
biner 35 does not need to have steep characteristics for
the reasons stated in relation to the second embodi-
ment.
[0205] In this way, by installing a low pass filter be-
tween the first combiner 28 and second multiplier 33, it
is possible to further reduce power consumption.
[0206] Figure 9 shows a transmitting circuit device
37a which implements functions equivalent to those of
the transmitting circuit device 37 by means of digital sig-
nal processing. In other words, the digital signal
processing 40 portion of the transmitting circuit device
37a implements the functions of the transmitting circuit
device 37 in Figure 8 by means of digital signal process-
ing. Also, a D/A converter 38 and D/A converter 39 con-
vert digital data outputted from the digital signal
processing 40 and transmitted on a bus line into analog
signals.
[0207] Figure 21 shows a conceptual diagram of the

transmitting circuit device 37 shown in Figure 9. A signal
processor in Figure 21 corresponds to the first divider
24, delta sigma modulator 25, second divider 27, first
vector regulator 26, and first combiner 28.
[0208] The signal processor in Figure 21 is a circuit
which produces amplitude data with low vertical resolu-
tion from a first output and produces quantization noise
signals from a second output.
[0209] The signal processor in Figure 21 produces
amplitude data x1 (t with low vertical resolution from the
first output and produces a quantization noise signal
from the second output. As the second output, the signal
processor produces x2(t) determined from x2(t) = x1(t)
- x0(t), where x0(t) is the original amplitude data.
[0210] The signal processor can suppress quantiza-
tion noise in a stable and effective manner using control
methods shown in Figures 22 and 23. Incidentally, the
control method shown in Figure 22 is similar to the con-
trol method in Figure 19 described in relation to the first
embodiment while the control method shown in Figure
23 is similar to the control method in Figure 20 described
in relation to the first embodiment, and thus detailed de-
scription thereof will be omitted. A comparator shown in
Figure 23 compares an original amplitude signal with a
demodulated amplitude signal. Alternatively, it is possi-
ble to perform control in such a way as to minimize dif-
ference between an original vector signal inputted in the
comparator and a vector signal outputted from a demod-
ulator.
[0211] Since the transmitting circuit device 37a in Fig-
ure 9 has a smaller number of analog signal processing
circuits than the transmitting circuit device 37 in Figure
8, it can be made small in size and simple in structure.
[0212] When the transmitting circuit device 1 accord-
ing to the second embodiment is used as a power am-
plifier at a transmit frequency, digital data which is delta-
sigma modulated by the delta sigma modulator 25 has
a very high frequency. If the transmit frequency is in the
1-GHz band, for example, the clock frequency of the del-
ta sigma modulator 25 in the transmitting circuit device
1 according to the second embodiment will be some-
where around 4 GHz, for example. The use of such a
very high transmit frequency makes it difficult to produce
the delta sigma modulator 25 or results in increased
power consumption.
[0213] This problem can be avoided by using a con-
figuration in which the amplitude data outputted from the
data generator 23 is delta-sigma modulated by the delta
sigma modulator 25, as is the case with the transmitting
circuit device 37 in Figure 8. Specifically, the delta sigma
modulator 25 of the transmitting circuit device 37 can
avoid the problem by delta-sigma modulating amplitude
modulation data lower in frequency than the transmit fre-
quency rather than delta-sigma modulating the transmit
frequency. Therefore, even if a very high transmit fre-
quency such as a 1-GHz band frequency is used, the
delta sigma modulator 25 can be produced easily and
low-distortion signals at the transmit frequency can be
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output through the output terminal 22.
[0214] Incidentally, although it has been explained
that in the transmitting circuit device 37 according to this
embodiment and the transmitting circuit device 37a, the
first multiplier 32 and second combiner 35 are connect-
ed directly, this is not restrictive. A power amplifier may
be connected between the first multiplier 32 and second
combiner 35.
[0215] Examples of multipliers are shown in Figures
24 and 25. These configurations make it possible to im-
plement amplification capabilities together with multipli-
cation capabilities. Figure 24 shows a configuration in
which amixer is used as a multiplier and a power ampli-
fier is installed in a stage subsequent to the mixer. Figure
25 shows a configuration in which a high-power ampli-
tude modulator is used. That is, a multiplier in Figure 25
is implemented by controlling supply voltage of a power
amplifier.
[0216] In this way, various modifications can be made
to the transmitting circuit device 37 of this embodiment
and depending on the modification, unique effects can
be added to the transmitting circuit device 37 of this em-
bodiment.
[0217] Furthermore, the angle modulator 29 may be
a frequency modulator which frequency-modulates the
carrier wave outputted from the data generator 23 using
the frequency modulation data outputted from the local
oscillator 30 or may be a phase modulator which phase-
modulates the carrier wave outputted from the data gen-
erator 23 using the phase modulation data outputted
from the local oscillator 30 . The same is true of the an-
gle modulators used in the following embodiments.

(Fourth embodiment)

[0218] Next, a fourth embodiment will be described.
[0219] Figure 10 shows a configuration of a transmit-
ting circuit device 54 according to this embodiment. Un-
like the transmitting circuit device 37 according to the
third embodiment which detects components attributa-
ble to quantization in the frequency band of the ampli-
tude modulation data, the transmitting circuit device 54
according to this embodiment detects the components
in the frequency band of a transmit frequency.
[0220] Thus, the transmitting circuit device 54 accord-
ing to this embodiment consists of a data generator 23,
first divider 44, delta sigma modulator 45, first multiplier
46, angle-modulated signal source 36, second divider
47, third divider 48, second multiplier 49, first vector reg-
ulator 50, first combiner 51, second vector regulator 52,
auxiliary amplifier 53, and second combiner 54'.
[0221] The data generator 23 is a circuit which gen-
erates amplitude modulation data and angle modulation
data as in the case of the third embodiment.
[0222] The first divider 44, second divider 47, and
third divider 48 are circuits which divide an input signal
in two.
[0223] The delta sigma modulator 45 is a circuit which

converts amplitude modulation data into digital data
which has a lower vertical resolution, i.e., a smaller
number of available values than the amplitude modula-
tion data, and then into discrete analog data.
[0224] The angle-modulated signal source 36 is a cir-
cuit which outputs a signal obtained by angle-modulat-
ing a carrier wave with angle modulation data as in the
case of the third embodiment.
[0225] The first multiplier 46 and second multiplier 49
are circuits which multiply signals entering through two
ports. Such a circuit may be a circuit consisting, for ex-
ample, of a mixer and power amplifier.
[0226] The first vector regulator 50 and second vector
regulator 52 are circuits which adjust the amplitude and
phase of input signals.
[0227] The first combiner 51 and second combiner 54'
are circuits which combine signals entering through two
ports and output the resulting signal.
[0228] The auxiliary amplifier 53 is a circuit which am-
plifies input signals.
[0229] Incidentally, an amplifier may be installed be-
tween the third divider 48 and second combiner 54'.
[0230] Next, operation of this embodiment will be de-
scribed.
[0231] The data generator 23 generates amplitude
modulation data and angle modulation data as in the
case of the third embodiment. The first divider 44 divides
the amplitude modulation data outputted by the data
generator 23 in two.
[0232] The amplitude modulation data from the first
output of the first divider 44 is delta-sigma modulated by
the delta sigma modulator 45.
[0233] On the other hand, the angle-modulated signal
source 36 outputs an angle-modulated signal as in the
case of the third embodiment. The angle-modulated sig-
nal is divided in two by the second divider 47. The first
multiplier 46 multiplies the angle-modulated signal from
the first output of the second divider 47 and a signal from
the delta sigma modulator 45. In other words, the first
multiplier 46 amplitude-modulates the angle-modulated
signal with the output signal from the delta sigma mod-
ulator 45. The signal obtained by the multiplication is
divided in two by the third divider 48.
[0234] The second multiplier 49 multiplies the angle-
modulated signal from the second output of the second
divider 47 and the amplitude modulation data from the
second output of the first divider 44. In other words, the
second multiplier 49 amplitude-modulates the angle-
modulated signal with the amplitude modulation data.
The signal obtained by the multiplication has its ampli-
tude and phase adjusted by the first vector regulator 50.
[0235] The first combiner 51 combines a signal from
the first output of the third divider 48 and a signal from
an output of the first vector regulator 50.
[0236] The signal inputted in the first vector regulator
50 has been angle-modulated and then amplitude-mod-
ulated with the amplitude modulation data. The first vec-
tor regulator 50 adjusts the amplitude and phase of this
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signal to produce an output equal in amplitude and op-
posite in phase to the signal from the first output of the
third divider 48 . Thus, the first combiner 51 outputs only
the signal which has been angle-modulated with quan-
tization noise components and then amplitude-modulat-
ed. The signal which have been angle-modulated with
signal components and then amplitude-modulated is
cancelled out.
[0237] The second vector regulator 52 adjusts the
amplitude and phase of the signal outputted from the
first combiner 51. A signal from an output of the second
vector regulator 52 is amplified by the auxiliary amplifier
53. The second combiner 54combines a signal from the
second output of the third divider 48 and a signal from
an output of the auxiliary amplifier 53 and outputs the
resulting signal to an output terminal 42.
[0238] The signal from the second output of the third
divider 48 has been angle-modulated and then ampli-
tude-modulated with digital data containing both signal
components and quantization noise components. On
the other hand, the signal from the output of the auxiliary
amplifier 53 has been angle-modulated with the compo-
nents attributable to quantization and then amplitude-
modulated. To make the two signals equal in amplitude
and opposite in phase, the second vector regulator 52
adjusts the amplitude and phase of the signal from the
output of the first combiner 51. Thus, in the second com-
biner 54', the signal which has been amplitude-modu-
lated with the quantization noise components is can-
celled out. The second combiner 54' outputs a signal
with reduced quantization noise components.
[0239] Thus, a carrier-frequency signal with reduced
quantization noise components can be obtained from
the output terminal 42.
[0240] Incidentally, although it has been explained
that in the transmitting circuit device 54 according to this
embodiment, the third divider 48 and second combiner
54' are connected directly, this is not restrictive. A power
amplifier may be connected between the third divider 48
and second combiner 54'.
[0241] As is the case with the second and third em-
bodiments, it is possible to reduce power consumption
by installing a band pass filter between the first combiner
51 and second vector regulator 52 or between the sec-
ond vector regulator 52 and auxiliary amplifier 53 . In
that case, a band pass filter should be installed on the
output side of the second combiner 54' to reduce unnec-
essary frequency components.
[0242] Incidentally, effects of the fourth embodiment
and variations other than those above are similar to
those of the third embodiment, and thus description
thereof will be omitted.

(Fifth embodiment)

[0243] Next, a fifth embodiment will be described. Fig-
ure 11 shows a configuration of a transmitting circuit de-
vice 71 according to the fifth embodiment.

[0244] The transmitting circuit device 71 according to
the fifth embodiment consists of a data generator 23,
delta sigma modulator 45, first divider 63, angle-modu-
lated signal source 36 , multiplier 64 , vector modulator
65 , first vector regulator 66, first combiner 67, second
vector regulator 68, auxiliary amplifier 69, second com-
biner 70, and output terminal 62.
[0245] The data generator 23, delta sigma modulator
45, and angle-modulated signal source 36 are the same
as those of the fourth embodiment.
[0246] The first divider 63 is a circuit which divides an
input signal in two and outputs the resulting signals.
[0247] The multiplier 64 is a circuit which multiplies
signals entering through two ports.
[0248] The vector modulator 65 is a circuit which vec-
tor-modulates carrier waves with vector signals. The
vector modulator 65 used here may be a quadrature
modulator which quadrature-modulates carrier waves
with a baseband I signal and baseband Q signal or a
polar modulator which polar-modulates carrier waves
with an amplitude signal and phase signal. The fifth em-
bodiment will be described citing a case in which a quad-
rature modulator is used as the vector modulator 65.
[0249] The first vector regulator 66 and second vector
regulator 68 are circuits which adjust the amplitude and
phase of input signals.
[0250] The first combiner 67 and second combiner 70
are circuits which combine signals entering through two
ports and output the resulting signal.
[0251] The auxiliary amplifier 69 is a circuit which am-
plifies input signals.
[0252] Incidentally, an amplifier may be installed be-
tween the first divider 63 and second combiner 70.
[0253] Next, operation of this embodiment will be de-
scribed. The data generator 23 outputs amplitude mod-
ulation data, angle modulation data, and baseband IQ
signals.
[0254] The delta sigma modulator 45 delta-sigma
modulates the amplitude modulation data and outputs
a discrete analog signal, which is then input in the mul-
tiplier 64.
[0255] The amplitude modulation data outputted from
the data generator 23 is input in the angle-modulated
signal source 36, which angle-modulates a carrier wave
with the amplitude modulation data and outputs the re-
sulting signal to the multiplier 64.
[0256] The multiplier 64 multiplies the signal output-
ted from the delta sigma modulator 45 and the signal
outputted from the angle-modulated signal source 36.
[0257] The baseband IQ signals outputted from the
data generator 23 are input in the vector modulator 65,
which quadrature-modulates carrier frequency with the
baseband IQ signals. Incidentally, the carrier wave in-
putted in the modulator 65 is supplied from the local os-
cillator 30 of the angle-modulated signal source 36. The
first vector regulator 66 adjusts the amplitude and phase
of the quadrature-modulated signal outputted from the
vector modulator 65.
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[0258] The first combiner 67 combines a signal from
the second output of the first divider 63 and a signal from
the first vector regulator 66. The signal from the multi-
plier 64 has been angle-modulated and then amplitude-
modulated with a signal containing both signal compo-
nents and quantization noise components (attributable
to quantization). The signal from the output of the first
vector regulator 66 has been quadrature-modulated.
The first vector regulator 66 adjusts the amplitude and
phase of the signal from an output of the vector modu-
lator 65 to produce an output equal in amplitude and op-
posite in phase to the signal at the output of the multiplier
64. Thus, the first combiner 67 cancels out the signal
which has been angle-modulated and then amplitude-
modulated with the signal components and outputs only
the signal which has been amplitude-modulated with the
quantization noise components attributable to quantiza-
tion.
[0259] The signal outputted from the first combiner 67
is input in the second vector regulator 68, where it has
its amplitude and phase adjusted. Then, it is amplified
by the auxiliary amplifier 69.
[0260] The second combiner 70 combines a signal
from the first output of the first divider 63 and a signal
from an output of the auxiliary amplifier 69 . The signal
from the first output of the first divider 63 has been an-
gle-modulated and then amplitude-modulated with a
signal containing signal components and components
attributable to quantization. The signal from an output
of the auxiliary amplifier 69 has been angle-modulated
and then amplitude-modulated with the components at-
tributable to quantization. The second vector regulator
68 adjusts the amplitude and phase of the signal from
the output of the first combiner 67 so that the signal at
the first output of the first divider 63 and the signal at the
output of the auxiliary amplifier 69 will be equal in am-
plitude and opposite in phase. Thus, the second com-
biner 70 cancels out the signal which has been angle-
modulated and then amplitude-modulated with the com-
ponents attributable to quantization and outputs only the
signal which has been amplitude-modulated with the
signal components. This makes it possible to obtain a
signal with good distortion characteristics from the out-
put terminal 62.
[0261] In this way, the transmitting circuit device 71
according to this embodiment can output signals with
good distortion characteristics without using a bandpass
filter, as is the case with the other embodiments de-
scribed above.
[0262] Also, by using a circuit consisting of a mixer
and power amplifier as the multiplier 64 , the transmit-
ting circuit device 71 can combine the functions of
amodulator and power amplifier . Moreover, a bandpass
filter is either unnecessary or does not need to have
steep characteristics if ever used. This makes it possible
to implement a high-efficiency, small-sized transmitting
circuit device. Besides, the use of semiconductor
circuits , which can be implemented in chip form, will al-

low the device to be made smaller than with a large filter.
[0263] Needless to say, the transmitting circuit device
71 according to this embodiment can be based on digital
signal. processing, as in the case of the transmitting cir-
cuit devices according to the other embodiments de-
scribed above.
[0264] Furthermore, if a power amplifier is installed
between the multiplier 64 and second combiner 70 , an
even higher-power, higher-efficiency transmitting circuit
device can be implemented.
[0265] Besides , although the fifth embodiment has
been described citing a case in which a quadrature mod-
ulator is used as the vector modulator 65 , a polar mod-
ulator may be used as the vector modulator 65. In that
case, instead of baseband IQ signals, an amplitude sig-
nal and phase signal should be output from the data
generator 23.
[0266] Furthermore, to reduce power consumption,
the signals outputted from the delta sigma modulator 45
can be band-limited by installing a low pass filter be-
tween the delta sigma modulator 45 and multiplier 64.
In that case, a band pass filter should be installed on the
output side of the second combiner 70 to reduce unnec-
essary frequency components.

(Sixth embodiment)

[0267] Next, a sixth embodiment will be described.
Figure 12 shows a configuration of a transmitting circuit
device 104 according to the sixth embodiment.
[0268] The transmitting circuit device 104 according
to the sixth embodiment comprises a data generator 23,
delta sigma modulators 94a and 94b, first dividers 95a
and 95b, first vector regulators 96a and 96b, first com-
biners 97a and 97b, first multipliers 98a and 98b, second
vector regulators 104a and 104b, second multipliers 99a
and 99b, second combiners 100a and 100b, a third com-
biner 103, and an output terminal 62.
[0269] The data generator 23 is a circuit which outputs
a baseband I signal and baseband Q signal.
[0270] The delta sigma modulators 94a and 94b are
circuits which delta-sigma modulate the baseband I sig-
nal and baseband Q signal.
[0271] The first dividers 95a and 95b are circuits
which divide an input signal in two and outputs the re-
sulting signals.
[0272] The first vector regulators 96a and 96b as well
as second vector regulators 104a and 104b are circuits
which adjust the amplitude and phase of input signals.
[0273] The first combiners 97a and 97b, second com-
biners 100a and 100b, and third combiner 103 are cir-
cuits each of which combines signals entering through
two ports and outputs the resulting signal.
[0274] The first multipliers 98a and 98b as well as sec-
ond multipliers 99a and 99b are circuits each of which
multiplies signals entering through two different ports.
[0275] Asignal generator 101 is a circuit which gener-
ates carrier waves.
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[0276] A phase shifter 102 is a circuit which shifts the
phases of carrier waves. It phase-shifts two outputs
whose phases are 90 degrees apart from each other.
[0277] Next, operation of this embodiment will be de-
scribed. Incoming voice signals and the like enter the
data generator 23, which then outputs a baseband I sig-
nal and baseband Q signal.
[0278] The baseband I signal is divided in two by a
divider (not shown) and inputted in the delta sigma mod-
ulator 94a and the first vector regulator 96a. The signal
inputted in the delta sigma modulator 94a is delta-sigma
modulated by it and inputted in the first divider 95a,
where it is divided in two.
[0279] On the other hand, the baseband I signal in-
putted in the first vector regulator 96a has its amplitude
and phase adjusted. The first combiner 97a combines
a signal from the first output of the first divider 95a and
the baseband I signal from an output of the first vector
regulator 96a. Since the signal from the first output of
the first divider 95a is a delta-sigma modulated base-
band I signal, it contains a signal component, which is
the baseband I signal, and quantization noise compo-
nents produced by quantization. The first vector regula-
tor 96a adjusts the amplitude and phase of the base-
band I signal it receives, to produce an output equal in
amplitude and opposite in phase to the signal from the
first output of the first divider 95a. Thus, the first com-
biner 97a cancels out the signal component which is the
baseband I signal and outputs only the quantization
noise components attributable to quantization.
[0280] The first multiplier 98a multiplies the carrier
wave generated by the signal generator 101 and the sig-
nal outputted from the first combiner 97a. Thus, the sig-
nal outputted from the first multiplier 98a is the signal
obtained by amplitude-modulating the carrier wave with
the quantization noise components.
[0281] On the other hand, the signal from the second
output of the first divider 95a is input in the second mul-
tiplier 99a, which is also fed the carrier wave generated
by the signal generator 101. The second multiplier 99a
multiplies the signal from the first divider 95a and the
carrier wave from the signal generator 101. Thus, the
signal outputted from the second multiplier 99a is the
signal obtained by amplitude-modulating the carrier
wave with a signal containing the signal component,
which is the baseband I signal, and the quantization
noise components produced by quantization.
[0282] The second combiner 100a combines the sig-
nal from the second multiplier 99a and signal from the
first multiplier 98a.
[0283] The signal from the output of the second mul-
tiplier 99a is the signal obtained by amplitude-modulat-
ing the carrier wave with a signal containing the signal
component, which is the baseband I signal, and the
quantization noise components. The signal from the out-
put of the first multiplier 98a is the signal obtained by
amplitude-modulating the carrier wave with the quanti-
zation noise components which are produced when the

I signal is delta-sigma modulated. The second vector
regulator 104a adjusts the amplitude and phase of the
signal it receives, to produce an output equal in ampli-
tude and opposite in phase to the signal from the output
of the second multiplier 99a. Thus, the second combiner
100a cancels out the component obtained by amplitude-
modulating the carrier wave with the quantization noise
components and outputs only the signal obtained by
amplitude-modulating the carrier wave with the signal
component which is the baseband I signal.
[0284] The above operation similarly applies to the
baseband Q signal. The second combiner 100b outputs
only the signal obtained by amplitude-modulating the
carrier wave with the signal component which is the
baseband Q signal.
[0285] The signal outputted from the second combin-
er 100a and the signal outputted from the second com-
biner 100b are combined by the third combiner 103 and
outputted through the output terminal.
[0286] In this way, the transmitting circuit device 104
according to this embodiment can output signals with
good distortion characteristics without using a bandpass
filter, as is the case with the other embodiments de-
scribed above.
[0287] Also, by using circuits each consisting of a mix-
er and power amplifier as the second multipliers 99a and
99b, the transmitting circuit device 104 can combine the
functions of a modulator and power amplifier. Moreover,
a bandpass filter is either unnecessary or does not need
to have steep characteristics if ever used. This makes
it possible to implement a high-efficiency, small-sized
transmitting circuit device. Besides, the use of digital
signal processing or IC chips in the stages up to the mul-
tipliers will allow size reduction.
[0288] Needless to say, the transmitting circuit device
104 according to this embodiment can be based on dig-
ital signal processing, as in the case of the transmitting
circuit devices according to the other embodiments de-
scribed above.
[0289] Furthermore, a power amplifier may be in-
stalled between the second multiplier 99a and the sec-
ond combiner 100a as well as between the second mul-
tiplier 99b and the second combiner 100b.
[0290] Incidentally, in the above embodiment, a pre-
distortion circuit may be installed before the multipliers
while a predistortion circuit and an amplifier may be in-
stalled after the vector regulators.
[0291] Also, to reduce power consumption, the sig-
nals outputted from the delta sigma modulators 94a and
94b can be band-limited by installing a low pass filter
between the first combiner 97a and first multiplier 98a
as well as between the first combiner 97b and first mul-
tiplier 98b. In that case, a band pass filter should be in-
stalled on the output side of the third combiner 103 to
reduce unnecessary frequency components.
[0292] Figure 13 shows another embodiment. A dig-
ital signal processing 135 portion is similar to the trans-
mitting circuit device 37 in Figure 9, but differs in that a
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signal is divided by a divider 127 and that one of signals
has its phase rotated by a phase shifter 128.
[0293] An output of the divider 127 is converted into
an analog signal by a D/A converter 138 and inputted in
an angle-modulated signal source 129. On the other
hand, an output of the phase shifter 128 is converted
into an analog signal by a D/A converter 139 and input-
ted in an angle-modulated signal source 131. The angle-
modulated signal sources 129 and 131 are circuits
which angle-modulate incoming signals and output
them.
[0294] An output of a divider 124 is converted into an
analog signal by a D/A converter 136. The output of the
D/A converter 136 and output of the angle-modulated
signal source 129 are input in a multiplier 130. On the
other hand, an output of a combiner 126 is converted
into an analog signal by a D/A converter 137. Then, the
output of the D/A converter 137 and output of the angle-
modulated signal source 131 are input in a multiplier
132. Outputs of the multipliers 130 and 132 are com-
bined by a combiner 133 and outputted through an out-
put terminal 134.
[0295] With this configuration, this embodiment has
the following advantages.
[0296] Since the transmitting circuit device 135a in
Figure 13 has a small number of analog signal process-
ing circuits, can be made smaller in circuit scale and
easier to adjust.
[0297] Incidentally, a wireless communications de-
vice, comprising a transmitting circuit which outputs
transmit signals; and a receive circuit which receives re-
ceive signals, wherein any of the transmitting circuit de-
vices according to the present invention is used for the
transmitting circuit also belongs to the present invention.
[0298] As described above, the present invention can
provide a transmitting circuit device and wireless com-
munications device which are small in size and high in
efficiency.

Claims

1. A transmitting circuit device, comprising:

a first signal source which outputs a first signal
that is a binary or multilevel discrete analog sig-
nal or an analog signal with a binary or multi-
level discrete envelope and that has signal
components and quantization noise compo-
nents;
a second signal source which outputs a second
signal composed of the quantization noise
components;
a first amplifier which amplifies the first signal;
and
a combiner which cancels out the quantization
noise components by combining an output of
the first amplifier and the second signal.

2. The transmitting circuit device according to claim 1,
comprising a signal processor which performs sig-
nal processing on incoming third vector data, and
thereby outputs (1) first vector data that is a signal
whose envelope can take a smaller number of val-
ues when vector-modulated than can a signal en-
velope obtained by vector-modulating the third vec-
tor data and (2) second vector data that is a signal
obtained by subtracting the third vector data from
the first vector data,
wherein:

the first signal source is a first vector modulator
which vector-modulates the incoming first vec-
tor data;
the first signal is an output of the first vector
modulator;
the second signal source is a second vector
modulator which vector-modulates the incom-
ing second vector data; and
the second signal is an output of the second
vector modulator.

3. The transmitting circuit device according to claim 2,
wherein a low pass filter is installed between the sig-
nal processor and the second vector modulator.

4. The transmitting circuit device according to claim 2,
comprising an auxiliary amplifier which amplifies
output of the second vector modulator, wherein:

the combiner cancels out the quantization
noise components contained in the output of
the first amplifier by combining the output of the
first amplifier and output of the auxiliary ampli-
fier.

5. The transmitting circuit device according to claim 4,
wherein a low pass filter is installed between the sig-
nal processor and the second vector modulator or
a band pass filter is installed between the second
vector modulator and the auxiliary amplifier.

6. A transmitting circuit device, comprising:

a first divider which divides an incoming signal
in two;
a delta sigma modulator which delta-sigma
modulates a signal from the first output of the
first divider;
a second divider which divides a signal from an
output of the delta sigma modulator in two;
a main amplifier which amplifies a signal from
the first output of the second divider;
a first combiner which combines a signal from
the second output of the first divider and a sig-
nal from the second output of the second divid-
er; and
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a second combiner which combines a signal
from an output of the main amplifier and a signal
from an output of the first combiner,

wherein the signal at one input and the signal
at the other input to the first combiner have been
adjusted to be virtually equal in amplitude and op-
posite in phase, and

the signal at one input and the signal at the
other input to the second combiner have been ad-
justed to be virtually equal in amplitude and oppo-
site in phase.

7. A transmitting circuit device, comprising:

a first divider which divides an incoming signal
in two;
a delta sigma modulator which delta-sigma
modulates a signal from the first output of the
first divider;
a second divider which divides a signal from an
output of the delta sigma modulator in two;
a main amplifier which amplifies a signal from
the first output of the second divider;
a first vector regulator which adjusts the ampli-
tude and phase of a signal from the second out-
put of the first divider;
a first combiner which combines a signal from
an output of the first vector regulator and a sig-
nal from the second output of the second divid-
er;
a second vector regulator which adjusts the
amplitude and phase of a signal from an output
of the first combiner;
an auxiliary amplifier which amplifies a signal
from an output of the second vector regulator;
a second combiner which combines a signal
from the output of the main amplifier and a sig-
nal from the output of the auxiliary amplifier,

wherein the signal at one input and the signal
at the other input to the first combiner have been
adjusted to be virtually equal in amplitude and op-
posite in phase, and

the signal at one input and the signal at the
other input to the second combiner have been ad-
justed to be virtually equal in amplitude and oppo-
site in phase.

8. The transmitting circuit device according to claim 7,
wherein a band pass filter is installed between the
first combiner and the second vector regulator or
between the second vector regulator and the auxil-
iary amplifier.

9. The transmitting circuit device according to claim 7,
wherein a digital signal is input in all or some of the
first divider, the delta sigma modulator, the second

divider, the first vector regulator, the second com-
biner, and the second vector regulator.

10. A transmitting circuit device, comprising:

a first divider which divides amplitude modula-
tion data received from a data generator which
generates the amplitude modulation data and
angle modulation data, in two;
a delta sigma modulator which delta-sigma
modulates a signal from the first output of the
first divider;
a second divider which divides a signal from an
output of the delta sigma modulator in two;
a first vector regulator which adjusts the ampli-
tude and phase of a signal from the second out-
put of the first divider;
a first combiner which combines a signal from
the first output of the second divider and a sig-
nal from an output of the first vector regulator;
an angle modulator which angle-modulates the
angle modulation data received;
a third divider which divides a signal from an
output of the angle modulator in two;
a first multiplier which multiplies a signal from
the second output of the second divider and a
signal from the first output of the third divider;
a second multiplier which multiplies a signal
from the first output of the first combiner and a
signal from the second output of the third divid-
er;
a second vector regulator which adjusts the
amplitude and phase of a signal from the first
output of the second multiplier; and
a second combiner which combines a signal
from an output of the first multiplier and a signal
from an output of the second vector regulator,

wherein the signal at one input and the signal
at the other input to the first combiner have been
adjusted to be virtually equal in amplitude and op-
posite in phase, and

the signal at one input and the signal at the
other input to the second combiner have been ad-
justed to be virtually equal in amplitude and oppo-
site in phase.

11. The transmitting circuit device according to claim
10, wherein a low pass filter is installed between the
first combiner and the second multiplier.

12. A transmitting circuit device, comprising:

a first divider which divides amplitude modula-
tion data received from a data generator which
generates the amplitude modulation data and
angle modulation data, in two;
a delta sigma modulator which delta-sigma
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modulates a signal from the first output of the
first divider;
an angle modulator which angle-modulates the
angle modulation data received;
a second divider which divides a signal from an
output of the angle modulator in two;
a first multiplier which multiplies a signal from
the first output of the second divider and a sig-
nal from an output of the delta sigma modulator;
a third divider which divides a signal from an
output of the first multiplier in two;
a second multiplier which multiplies a signal
from the second output of the second divider
and a signal from the second output of the first
divider;
a first vector regulator which adjusts the ampli-
tude and phase of a signal from an output of
the second multiplier;
a first combiner which combines a signal from
the first output of the third divider and a signal
from an output of the first vector regulator;
a second vector regulator which adjusts the
amplitude and phase of a signal from an output
of the first combiner;
an auxiliary amplifier which amplifies a signal
from an output of the second vector modulator;
and
a second combiner which combines a signal
from the second output of third divider and a
signal from an output of the auxiliary amplifier,

wherein the signal at one input and the signal
at the other input to the first combiner have been
adjusted to be virtually equal in amplitude and op-
posite in phase, and

the signal at one input and the signal at the
other input to the second combiner have been ad-
justed to be virtually equal in amplitude and oppo-
site in phase.

13. The transmitting circuit device according to claim
12, wherein a band pass filter is installed between
the first combiner and the second vector regulator
or between the second vector regulator and the
auxiliary amplifier.

14. A transmitting circuit device, comprising:

a delta sigma modulator which delta-sigma
modulates amplitude modulation data received
from a data generator which generates the am-
plitude modulation data and angle modulation
data;
an angle modulator which angle-modulates the
angle modulation data received;
a multiplier which multiplies a signal from an
output of the delta sigma modulator and a sig-
nal from an output of the angle modulator;

a divider which divides an output of the multi-
plier;
a vector modulator which modulates an incom-
ing vector signal;
a first vector regulator which adjusts the ampli-
tude and phase of a signal from an output of
the vector modulator;
a first combiner which combines a signal from
a first output of the divider and a signal from an
output of the first vector regulator;
a second vector regulator which is connected
to output of the first combiner; and
a second combiner which combines a signal
from a second output of the divider and a signal
from an output of the second vector regulator,

wherein the signal at one input and the signal
at the other input to the first combiner have been
adjusted to be virtually equal in amplitude and op-
posite in phase, and

the signal at one input and the signal at the
other input to the second combiner have been ad-
justed to be virtually equal in amplitude and oppo-
site in phase.

15. The transmitting circuit device according to claim
14, comprising an auxiliary amplifier which ampli-
fies a signal from an output of the second vector
regulator and outputs it to the second combiner,

wherein a band pass filter is installed between
the first combiner and the second vector regulator
or between the second vector regulator and the
auxiliary amplifier.

16. The transmitting circuit device according to any of
claims 10 to 14, wherein amplitude modulation data
is a digitalized data.

17. The transmitting circuit device according to any of
claims 7, 12, or 14, wherein an auxiliary amplifier is
connected to at least one of the vector regulators
and a predistortion circuit is installed in a stage pre-
ceding the auxiliary amplifier.

18. The transmitting circuit device according to any of
claims 7 to 15, wherein a bandpass filter is installed
in a stage upstream or downstream of the second
combiner.

19. The transmitting circuit device according to claim
18,
wherein the bandpass filter varies its pass band with
the transmit frequency.

20. A transmitting circuit device, comprising:

a delta sigma modulator which delta-sigma
modulates an incoming I signal;
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a first divider which divides a signal from an out-
put of the delta sigma modulator in two;
a first vector regulator which adjusts the ampli-
tude and phase of the incoming I signal;
a first combiner which combines a signal from
the first output of the first divider and a signal
from an output of the a first vector regulator;
a signal generator which generates a local os-
cillator signal;
a phase shifter which phase-shifts an output
signal of the signal generator;
a first multiplier which multiplies a signal from
an output of the first combiner and an output
signal from the phase shifter;
a second vector regulator which adjusts the
amplitude and phase of a signal from an output
of the first multiplier;
a second multiplier which multiplies a signal
from the second output of the first divider and
the output signal from the phase shifter;
a second combiner which combines a signal
from an output of the second vector regulator
and a signal from an output of the second mul-
tiplier;
a delta sigma modulator which delta-sigma
modulates an incoming Q signal;
a second divider which divides a signal from an
output of the delta sigma modulator in two;
a third vector regulator which adjusts the am-
plitude and phase of the incoming Q signal;
a third combiner which combines a signal from
the first output of the second divider and a sig-
nal from an output of the third vector regulator;
a third multiplier which multiplies a signal from
an output of the third combiner and a signal
from an output of the phase shifter;
a fourth vector regulator which adjusts the am-
plitude and phase of a signal from an output of
the third multiplier;
a fourth multiplier which multiplies a signal from
the second output of the second divider and the
output signal from the phase shifter;
a fourth combiner which combines a signal from
the first output of the fourth vector regulator and
a signal from an output of the fourth multiplier;
and
a fifth combiner which combines a signal from
an output of the second combiner and a signal
from an output of the fourth combiner;

wherein the signal at one input and the signal
at the other input to the first combiner have been
adjusted to be virtually equal in amplitude and op-
posite in phase,

the signal at one input and the signal at the
other input to the second combiner have been ad-
justed to be virtually equal in amplitude and oppo-
site in phase,

the signal at one input and the signal at the
other input to the third combiner have been adjusted
to be virtually equal in amplitude and opposite in
phase, and

the signal at one input and the signal at the
other input to the fourth combiner have been adjust-
ed to be virtually equal in amplitude and opposite in
phase.

21. The transmitting circuit device according to claim
20,
wherein:

a low pass filter is installed between the first
combiner and the first multiplier; and
a low pass filter is installed between the third
combiner and the third multiplier.

22. The transmitting circuit device according to claim
20,
wherein a bandpass filter is installed in at least one
or more places from among a stage upstream or
downstream of the second combiner, a stage up-
stream or downstream of the fourth combiner, and
a stage upstream or downstream of the fifth com-
biner.

23. A wireless communications device, comprising:

a transmitting circuit which outputs transmit sig-
nals; and
a receive circuit which receives receive signals,

wherein the transmitting circuit device accord-
ing to any of claims 1 to 14 and 20 to 22 is used for
the transmitting circuit.
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