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In a signal receiving circuit of a direct conversion system
applied with a semiconductor integrated circuit for radio
communication having a PLL requiring a clock signal, an
LNA requiring low-noise receiving characteristics, and oth-
ers, a variable coupling line is provided between clock signal
buffers and at an input stage of the PLL, so that coupling
between the variable coupling line and an input terminal of
the LNA and coupling between the variable coupling line
and a GND terminal of the LNA are made equal to each
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SEMICONDUCTOR INTEGRATED CIRCUIT
AND SEMICONDUCTOR INTEGRATED
CIRCUIT FOR RADIO COMMUNICATION

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Japa-
nese Patent Application No. JP 2006-035671 filed on Feb.
13, 2006, the content of which is hereby incorporated by
reference into this application.

TECHNICAL FIELD OF THE INVENTION

[0002] The present invention relates to a technology for a
semiconductor integrated circuit. More particularly, it
relates to a technology effectively applied to a semiconduc-
tor integrated circuit for radio communication in which a
circuit block requiring a clock signal and a circuit block
requiring low-noise receiving characteristics are disposed in
one chip.

BACKGROUND OF THE INVENTION

[0003] In a conventional semiconductor integrated circuit
for radio communication, each radio signal processing cir-
cuit is composed of a discrete component for each function
block (such as an amplifier for signal amplification, a mixer
for signal frequency conversion, a filter for passing only a
signal of a desired bandwidth). However, with the recent
improvements in semiconductor technology, a plurality of
functional blocks configuring a radio signal processing
circuit have been able to be incorporated in one semicon-
ductor chip. A radio signal processing circuit with its com-
ponents incorporated in one or more semiconductor chips
converts a radio-frequency signal received from an antenna
to a signal of a lower frequency band with high quality (with
less noise or suppressing signals in bands other than a
desired band).

[0004] To achieve a radio signal processing circuit at low
cost, more functional blocks configuring the radio signal
processing circuit have to be incorporated in one semicon-
ductor chip. As one example of the radio signal processing
circuit, a block diagram of a receiving circuit adopting a
direct conversion system that has been examined as a
background of the invention by the inventors of the present
invention is shown in FIG. 4.

[0005] In FIG. 4, reference numeral 10 denotes a low
noise amplifier (hereinafter, referred to as LNA) input ter-
minal, 20 denotes an LNA, 30 denotes a filter, 40 denotes an
orthogonal mixer, 41 and 42 denote mixers, 50 denotes a low
frequency signal processing unit, 51 and 52 denote variable
gain amplifiers, 53 and 54 denote filters, 60 and 61 denote
output terminals, 100 denotes a clock signal oscillator, 110
and 120 denote clock signal buffers, 130 denotes a phase
locked loop (hereinafter, referred to as PLL), 140 denotes a
voltage controlled oscillator (hereinafter, referred to as
VCO), 150 denotes a 90-degree phase shift circuit, 160
denotes a control signal input terminal, 170 denotes a control
circuit, 1000 denotes a semiconductor chip, VCC denotes a
power source, GND denotes a ground, CE1 and CE2 denote
capacitors, and LE1 to LE4 denote transmission lines.
[0006] A radio signal inputted from an antenna (not
shown) is inputted to the LNA input terminal 10. The LNA
20 amplifies the radio signal at low noise and low distortion
characteristics to output the same. When the LNA 20 is set
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to have as high gain as possible within a range where
distortion characteristics in a whole system of a receiving
circuit can be satisfied, it is advantageous for low noise
characteristics in the system of the receiving circuit. An
output signal from the LNA 20 is inputted into the filter 30.
An output from the filter 30 is inputted into the semicon-
ductor chip 1000 again.

[0007] To achieve a radio signal processing circuit at low
cost, more functional blocks configuring the radio signal
processing circuit have to be incorporated in one semicon-
ductor chip. In general, a surface acoustic wave (hereinafter
referred to as SAW) filter, a dielectric filter or the like is used
as the filter 30. Though signals in bands other than a desired
band are suppressed by the filter 30, the SAW filter and the
dielectric filter cannot be incorporated in a semiconductor
chip. Accordingly, the filter 30 is disposed outside the
semiconductor chip 1000.

[0008] A clock signal generated from the clock signal
generator 100 is inputted into the semiconductor chip 1000
and it is amplified by the clock signal buffers 110 and 120
and then supplied to the PLL 130 and the control circuit 170.
The control circuit 170 performs gain switching among the
LNA 20 and the variable gain amplifiers 51 and 52 and
setting of a frequency dividing ratio in the PLL 130 accord-
ing to a control signal inputted from the control signal input
terminal 160.

[0009] The gain switching in the LNA 20 to a lower gain
occurs when a signal level of a radio signal inputted from the
antenna (not shown) into the LNA input terminal 10 is high
enough to deteriorate the distortion characteristics in the
system of the signal receiving circuit positioned at a down-
stream side of the filter 30. On the contrary, the gain
switching in the LNA 20 to a higher gain occurs when a
signal level of a radio signal inputted from the antenna (not
shown) into the LNA input terminal 10 is not high enough
to influence the distortion characteristics in the system of the
signal receiving circuit positioned at a downstream side of
the filter 30. In this manner, the noise characteristics and the
distortion characteristics in the system of the receiving
circuit become optimal.

[0010] The gain switching in the variable gain amplifiers
51 and 52 is performed so that levels of signals outputted
from the output terminals 60 and 61 fall in a signal level
range set by a demodulating circuit (not shown) disposed at
downstream sides of the output terminals 60 and 61.

[0011] The PLL 130 compares a frequency of a signal
obtained by dividing an oscillation frequency of the VCO
140 by a frequency dividing ratio set according to a control
signal from the control circuit 170 and a frequency of a
signal obtained by dividing a frequency of a clock signal
from the clock signal buffer 120 by a frequency dividing
ratio set according to a control signal from the control circuit
170 with each other and performs the control so that a
difference therebetween becomes a desired level or less. By
this means, an output voltage which determines the oscilla-
tion frequency of the VCO 140 is outputted to the VCO 140.
[0012] Forexample, when the clock signal frequency from
the clock signal buffer 120 is represented as fR, the fre-
quency dividing ratio set according to a control signal from
the control circuit 170 for the clock signal frequency from
the clock signal buffer 120 is represented as R, and the
frequency dividing ratio set according to a control signal
from the control circuit 170 for the oscillation frequency
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from the VCO 140 is represented as N, an oscillation
frequency fVCO of the VCO 140 is expressed by the
following equation.

JVCO=fRxN/R

[0013] By this means, the VCO 140 is controlled to
oscillate at different frequencies according to respective
receiving channels. Since the signal receiving circuit shown
in FIG. 4 is of the direct conversion system, the center
frequency of a receiving channel and a frequency of an
oscillation signal provided to the mixers 41 and 42 are
controlled to be equal to each other.

[0014] The oscillation signals from the VCO 140 are
inputted to the mixer 41 and the mixer 42. In this case, the
oscillation signal inputted into the mixer 41 has the same
phase as the original oscillation signal and the oscillation
signal inputted into the mixer 42 is converted by the 90-de-
gree phase shift circuit 150 so as to have a phase different
from that of the signal inputted into the mixer 41 by 90
degrees. An output signal from the mixer 41 is amplified to
a desired level by the variable gain amplifier 51, and after
signal components of the amplified output signal in bands
other than a desired channel band are suppressed by the filter
53, the signal is outputted from the output terminal 60. An
output signal from the mixer 42 is amplified to a desired
level by the variable gain amplifier 52, and after signal
components in the amplified output signal in bands other
than a desired channel band are suppressed by the filter 54,
the signal is outputted from the output terminal 61.

[0015] The mixers 41 and 42 are collectively called
“orthogonal mixer” and they are shown as an orthogonal
mixer 40 in FIG. 4. The variable gain amplifiers 51 and 52
and the filters 53 and 54 perform processing of a low
frequency signal in a desired channel band obtained by the
frequency conversion by the orthogonal mixer 40 and they
are shown as a low frequency signal processing unit 50 in
FIG. 4.

[0016] The power source VCC is a power source which
supplies power to the semiconductor chip 1000. The power
is inputted into the semiconductor chip 1000 via the trans-
mission lines LE1 to LE4. The capacitor CE2 is inserted
between the LNA 20 and the power source and the capacitor
CE1 is inserted between the clock signal buffers 110 and 120
and the power source, so that characteristic degradation and
malfunction due to noise or the like can be suppressed by
short-circuiting the impedance of the power source VCC
which rises due to the influence of the transmission lines
LE1 to LE4 in an AC manner.

SUMMARY OF THE INVENTION

[0017] Incidentally, in the receiving circuit of the direct
conversion system shown in FIG. 4, the LNA 20 required to
achieve the low noise operation and the PLL 130 requiring
a clock signal are disposed in a mixed manner on one small
semiconductor chip.

[0018] It is assumed that the clock signal is a rectangular
wave with a frequency of f [Hz], the maximum amplitude of
A [V], the maximum amplitude period of 1/(2f) [sec], the
minimum amplitude 0 [V], and the minimum amplitude
period of 1/(2f) [sec]. The rectangular wave can be
expressed by infinite series as a function f(t) of a time t as
follows.
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A 2¢. 1. 1. [Equation 1]
flo= ) + —(51n27rft+ 551n67rft+ 551n107rft+ ]
Fd

[0019] This equation indicates that the clock signal can be
expressed by a sum signal of signals having frequency
components of odd-number times the frequency f of the
clock signal. That is, when a frequency band of a receive
signal to be processed in the radio signal processing circuit
falls in a frequency band of the odd-number times the
frequency of the clock signal, higher harmonic waves mul-
tiplied by the odd-number times enter an input line of the
LNA, which degrades the receiving characteristics. In fact,
since the waveform of the clock signal is not the ideal
rectangular waveform, not only the higher harmonic waves
multiplied by the odd-number times but also higher har-
monic waves multiplied by even-number times are present,
and these higher harmonic waves enter the input line of the
LNA, which degrades the receiving characteristics.

[0020] Recently, a wireless LAN function and a digital
terrestrial broadcasting receiving function have been gradu-
ally incorporated in more mobile terminals such as a cellular
phone using a receiving circuit with a direct conversion
system. FIG. 5 is a block diagram showing a mobile terminal
in which the receiving circuit of the direct conversion
system shown in FIG. 4 is used and the wireless LAN
function and the digital terrestrial broadcasting receiving
function are incorporated. The semiconductor chip 1000,
terminals 10, 60, 61, 160, and the like are the same as those
shown in FIG. 4. In FIG. 5, reference numeral 2000 denotes
an antenna for a main radio communication function of the
mobile terminal, 2001 denotes a DPX (branching filter)
which feeds a signal from a transmitting unit (not shown) in
the mobile terminal to the antenna and feeds a signal from
the antenna to an LNA in the semiconductor chip, 2002
denotes a baseband signal processing unit for processing a
signal obtained from an output terminal of the semiconduc-
tor chip 1000, 2003 denotes a wireless LAN unit for
realizing a wireless LAN function, 2004 denotes an antenna
for the wireless LAN, 2005 denotes a digital terrestrial
broadcasting receiving unit for realizing a digital terrestrial
broadcasting receiving function, 2006 denotes an antenna
for digital terrestrial broadcasting receiving function, and
2007 denotes a mobile terminal control unit for controlling
respective units.

[0021] When a plurality of wireless functions are incor-
porated on the mobile terminal as shown in the configuration
in FIG. 5, the higher harmonic waves enter the LNA not only
from the above-described clock signal but also from the
wireless LAN unit and the digital terrestrial broadcasting
receiving unit, and influence of the entrance becomes com-
plicated particularly when the mobile terminal is assembled
as a product.

[0022] The case where a clock signal enters an LNA will
be explained below. For example, it is assumed that a clock
signal is supplied as a rectangular wave of 26 MHz and 0
dBm. It is assumed that isolation between a clock signal
input terminal to the semiconductor chip 1000 and an input
terminal into the LNA 20 is 50 dB. When a receiving band
in the LNA is Band 1 (2110 to 2170 MHz) in WCDMA, a
higher harmonic wave of 83 times 26 MHz, namely,
26x83=2158 MHz enters the receiving band.
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[0023] Since the 83-times higher harmonic wave becomes
V43 of a basic wave level according to the above Equation 1,
[clock level of clock signal input terminal to semiconductor
chip 1000]-20xlog(83)-[isolation between clock signal
input terminal to semiconductor chip 1000 and input termi-
nal to LNA 20]=0-20xlog(83)-50=-88.4 dBm is obtained.
Since it is established in Standards in WCDMA (see 3GPP
TS 25.101 (Non-Patent Literature 1)) that a signal smaller
than -100 dBm has to be received, practical application
cannot be achieved as far as higher harmonic waves of clock
signal up to —-88.4 dBm are present.

[0024] Since expansion of the isolation between the clock
signal input terminal to the semiconductor chip 1000 and the
input terminal to the LNA 20 is equivalent to enlargement of
the semiconductor chip or the package size, it is not desir-
able because not only a mounting area but also a manufac-
turing cost is increased.

[0025] A proposal that the LNA 20 is disposed on a chip
other than the semiconductor chip 1000 increases not only
the mounting area but also the manufacturing cost. A pro-
posal that the LNA 20 is configured to be of a differential
type so as to cancel higher harmonic waves of clock signal
causes increase in the number of pins and increase in
consumption current, which is not desirable.

[0026] In view of these circumstances, an object of the
present invention is to provide a technology for a semicon-
ductor integrated circuit capable of securing desired signal
receiving characteristics even if a circuit block requiring a
clock signal and a circuit block requiring low-noise receiv-
ing characteristics are disposed in one chip so as to solve the
problems described above.

[0027] The above and other objects and novel character-
istics of the present invention will be apparent from the
description of this specification and the accompanying draw-
ings.

[0028] The typical ones of the inventions disclosed in this
application will be briefly described as follows.

[0029] The present invention is applied to a semiconductor
integrated circuit, and the semiconductor integrated circuit
comprises: a first circuit where N sets of a switch and a
capacitor connected in series are inserted in parallel between
a power source voltage line and a ground line; a second
circuit where N sets of a switch and a capacitor connected
in series are inserted in parallel between a signal line and the
ground line or the power source voltage line; and a 2N-bit
register which arbitrarily turns ON or OFF the N switches in
the first circuit and the N switches in the second circuit.
[0030] Also, the present invention can be applied to a
semiconductor integrated circuit for radio communication,
and the semiconductor integrated circuit for radio commu-
nication comprises: an LNA which amplifies a signal from
an input terminal to output the same; a VCO which changes
an oscillation frequency according a voltage value of an
input voltage; a control circuit which feeds a control signal
from a control signal input terminal to the VCO and the
LNA; a PLL which receives the control signal from the
control circuit and compares an output from a clock signal
oscillator and an oscillation frequency of the VCO with each
other to perform control so that the oscillation frequency of
the VCO becomes a function of the control signal and a
clock signal frequency; a 90-degree phase shift circuit which
shifts a phase of an oscillation signal of the VCO by 90
degrees; and a mixer circuit which multiplies an output
signal from the 90-degree phase shift circuit or the oscilla-
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tion signal of the VCO and an output signal from a filter by
each other to output a sum frequency component of an
output signal frequency of the 90-degree phase shift circuit
or an oscillation signal frequency of the VCO and an output
signal frequency of the filter or a difference frequency
component therebetween, wherein a variable coupling line
which can change a coupling degree of an input terminal of
the LNA to a ground terminal of the LNA is provided at an
input stage of the PLL. By this means, even if a circuit block
requiring a clock signal and a circuit block requiring low-
noise receiving characteristics are disposed in one chip,
desired signal receiving characteristics can be secured.

[0031] More specifically, the semiconductor integrated
circuit for radio communication according to the present
invention comprises: an LNA which amplifies a signal from
an input terminal at low noise and low distortion character-
istic and with a desired gain and outputs the amplified signal;
a VCO which changes an oscillation frequency according a
voltage value of an input voltage; a first variable gain
amplifier which amplifies an input signal with a desired gain
and outputs the same; a second variable gain amplifier which
is equal to the first variable gain amplifier; a control signal
input terminal to which a first control signal for setting an
oscillation frequency of the VCO, a second control signal for
setting a gain value of the LNA, and a third control signal
for setting gain values of the first and second variable gain
amplifiers are inputted; a control circuit which feeds the first,
second, and third control signals from the control signal
input terminal to the VCO, the LNA, and the first and second
variable gain amplifiers, respectively; a first clock signal
buffer which amplifies an output from a clock signal oscil-
lator; a second clock signal buffer which amplifies an output
from the first clock signal buffer; a PLL which receives a
first control signal from the control circuit and compares an
output from the second clock signal buffer and an oscillation
frequency of the VCO with each other to perform control so
that the oscillation frequency of the VCO becomes a func-
tion of the first control signal and a clock signal frequency;
a first mixer which multiplies an oscillation signal of the
VCO and an output signal from the filter by each other and
outputs a sum frequency component of an oscillation signal
frequency of the VCO and an output signal frequency of the
filter or a difference frequency component therebetween; a
90-degree phase shift circuit which shifts a phase of an
oscillation signal of the VCO by 90 degrees; a second mixer
which multiplies an output signal from the 90-degree phase
shift circuit and an output signal from the filter by each other
and outputs a sum frequency component of an output signal
frequency of the 90-degree phase shift circuit and an output
signal frequency of the filter or a difference frequency
component therebetween; a first filter which suppresses a
signal component present in bands other than a desired band
from a signal obtained by amplifying an output from the first
mixer to a desired gain in the first variable gain amplifier and
then outputted from the first variable gain amplifier; and a
second filter which suppresses a signal component present in
bands other than a desired band from a signal obtained by
amplifying an output from the second mixer to a desired gain
in the second variable gain amplifier and then outputted
from the second variable gain amplifier, wherein a variable
coupling line which can change a coupling degree of an
input terminal of the LNA to a ground terminal of the LNA
is provided between the first clock signal buffer and the
second clock signal buffer.
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[0032] Furthermore, in the semiconductor integrated cir-
cuit for radio communication according to the present inven-
tion, the variable coupling line comprises: a first circuit
where N sets of a switch and a capacitor connected in series
are inserted in parallel between a power source voltage line
and a ground line; a second circuit where N sets of a switch
and a capacitor connected in series are inserted in parallel
between a signal line and the ground line or the power
source voltage line; and a 2N-bit register which arbitrarily
turns ON or OFF the N switches in the first circuit and the
N switches in the second circuit.

[0033] The effects obtained by typical aspects of the
present invention will be briefly described below.

[0034] According to the present invention, even if a circuit
block requiring a clock signal and a circuit block requiring
low-noise receiving characteristics are disposed in one chip,
desired signal receiving characteristics can be secured.

BRIEF DESCRIPTIONS OF THE DRAWINGS

[0035] FIG. 1 is a block diagram showing a signal receiv-
ing circuit of a direct conversion type according to an
embodiment to which a semiconductor integrated circuit for
radio communication of the present invention has been
applied;

[0036] FIG. 2 is a diagram showing one example of a
variable coupling line in the signal receiving circuit of a
direct conversion system according to the embodiment to
which the semiconductor integrated circuit for radio com-
munication of the present invention has been applied;
[0037] FIG. 3 is a flowchart showing a procedure for
adjusting signal reception interference due to higher har-
monic waves of a clock in the signal receiving circuit of a
direct conversion system according to the embodiment to
which the semiconductor integrated circuit for radio com-
munication of the present invention has been applied;
[0038] FIG. 4 is a block diagram showing a signal receiv-
ing circuit of a direct conversion system that has been
examined as background of the present invention; and
[0039] FIG. 5 is a block diagram showing a mobile
terminal using the signal receiving circuit of a direct con-
version system that has been examined as background of the
present invention.

DESCRIPTIONS OF THE PREFERRED
EMBODIMENTS

[0040] Hereinafter, embodiments of the present invention
will be described in detail.

[0041] FIG. 1 is a block diagram showing a signal receiv-
ing circuit of a direct conversion system according to an
embodiment to which a semiconductor integrated circuit for
radio communication of the present invention has been
applied.

[0042] In FIG. 1, reference numeral 10 denotes an LNA
input terminal, 20 denotes an LNA, 30 denotes a filter, 40
denotes an orthogonal filter, 41 and 42 denote mixers, 50
denotes a low frequency signal processing unit, 51 and 52
denote variable gain amplifiers, 53 and 54 denote filters, 60
and 61 denote output terminals, 100 denotes a clock signal
oscillator, 110 and 120 denote clock signal buffers, 130
denotes a PLL, 140 denotes a VCO, 150 denotes a 90-degree
phase shift circuit, 160 denotes a control signal input ter-
minal, 170 denotes a control circuit, 180 denotes a variable
coupling line, 1000 denotes a semiconductor chip, VCC
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denotes a power source, GND denotes a ground, CE1 and
CE2 denote capacitors, LE1 to LE4 denote transmission
lines.

[0043] The signal receiving circuit of a direct conversion
system according to this embodiment comprises the LNA
20, the VCO 140, the first variable gain amplifier 51, the
second variable gain amplifier 52, the control signal input
terminal 160, the control circuit 170, the first clock signal
buffer 110, the second clock signal buffer 120, the PLL 130,
the first mixer 41, the 90-degree phase shift circuit 150, the
second mixer 42, the first filter 53, the second filter 54, the
variable coupling line 180, and the like, and these function
blocks are disposed in one semiconductor chip 1000. These
function blocks include functions described below.

[0044] The LNA 20 amplifies a signal from the LNA input
terminal 10 at low noise and low distortion characteristic
and with a desired gain and then outputs the amplified
signal. The VCO 140 changes an oscillation frequency
according to a voltage value of an input voltage from the
PLL 130.

[0045] The variable gain amplifier 51 amplifies an input
signal from the mixer 41 with a more desirable gain and then
outputs the amplified signal. The variable gain amplifier 52
amplifies an input signal from the mixer 42 with a more
desirable gain and then outputs the amplified signal like the
variable gain amplifier 51.

[0046] A first control signal for setting an oscillation
frequency of the VCO 140, a second control signal for
setting a gain value of the LNA 20, and a third control signal
for setting gain values of the variable gain amplifiers 51 and
52 are inputted to the control signal input terminal 160.
[0047] The control circuit 170 sends the first, second, and
third control signals from the control signal input terminal
160 to the VCO 140, the LNA 20, and the variable gain
amplifiers 51 and 52, respectively.

[0048] The clock signal buffer 110 amplifies an output
from the clock signal oscillator 100. The clock signal buffer
120 amplifies an output from the clock signal buffer 110.
[0049] The PLL 130 receives the first control signal from
the control circuit 170 and compares an output from the
clock signal buffer 120 and an oscillation frequency of the
VCO 140 to perform the control so that the oscillation
frequency of the VCO becomes a function of the first control
signal and the clock signal frequency. The 90-degree phase
shift circuit 150 shifts a phase of an oscillation signal from
the VCO 140 by 90 degrees.

[0050] The mixer 41 multiplies an oscillation signal from
the VCO 140 and an output signal from the filter 30 by each
other and outputs a sum frequency component or a differ-
ence frequency component between the oscillation signal
frequency of the VCO 140 and the output signal frequency
of the filter 30. The mixer 42 multiplies an output signal
from the 90-degree phase shift circuit 150 and the output
signal from the filter 30 by each other and outputs a sum
frequency component or a difference frequency component
between the output signal frequency of the 90-degree phase
shift circuit 150 and the output signal frequency of the filter
30.

[0051] The filter 53 suppresses signal components present
in bands other than a desired band from the signal obtained
by amplifying an output signal from the mixer 41 to a
desired gain in the variable gain amplifier 51 and then
outputted from the variable gain amplifier 51. The filter 54
suppresses signal components present in bands other than a
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desired band from the signal obtained by amplifying an
output signal from the mixer 42 to a desired gain in the
variable gain amplifier 52 and outputted from the variable
gain amplifier 52.

[0052] The variable coupling line 180 is disposed between
the clock signal buffer 110 and the clock signal buffer 120
to vary a coupling degree to an input terminal of the LNA 20
and a ground terminal of the LNA 20.

[0053] Next, an operation of the signal receiving circuit of
a direct conversion system according to this embodiment
will be described with reference to FIG. 1.

[0054] A radio signal inputted from the antenna (not
shown) is inputted into the LNA input terminals 10. The
LNA 20 amplifies the radio signal at low noise and low
distortion characteristic and then outputs the amplified sig-
nal. It is advantageous for low noise characteristic in the
system of the signal receiving circuit that the gain of the
LNA 20 is set to be as high as possible within a range where
distortion characteristic of the whole system of the signal
receiving circuit is satisfied. An output signal from the LNA
20 is inputted into the filter 30. An output from the filter 30
is inputted into the semiconductor chip 1000 again.

[0055] In order to realize a radio signal processing circuit
at a low cost, it is necessary to incorporate more function
blocks configuring the radio signal processing circuit into
one semiconductor chip. In general, a SAW filter, a dielectric
filter, or the like is used as the filter 30. Though signal
components present in bands other than a desired band are
suppressed by the filter 30, the SAW filter or the dielectric
filter cannot be incorporated into the semiconductor chip.
Accordingly, the filter 30 is disposed outside the semicon-
ductor chip 1000.

[0056] A clock signal generated from the clock signal
oscillator 100 is inputted into the semiconductor chip 1000
and amplified in the clock signal buffers 110 and 120, and
then supplied to the PLL 130 and the control circuit 170.

[0057] The circuit shown in FIG. 1 is different from the
circuit shown in FIG. 4 in that a variable coupling line 180
is provided between the clock signal buffer 110 and the clock
signal buffer 120. The variable coupling line 180 is inserted
for equalizing the coupling of the clock signal and the input
terminal of the LNA 20 and the coupling of the clock signal
and the GND terminal. When the input terminal and the
GND terminal of the LNA 20 are excited at the same phase,
no output occurs at the output terminal of the LNA 20. That
is, when the coupling degree is made variable so that higher
harmonic waves of a clock excite the input terminal and the
GND terminal of the LNA 20 at the same phase, an output
signal from the LNA 20 regarding higher harmonic waves of
a clock is cancelled.

[0058] One example of the variable coupling line 180 is
shown in FIG. 2. In FIG. 2, C11, C12, C21,C22, ..., CNIl,
and CN2 denote capacitors, SW11, SW12, SW21, SW22, .
.., SWN1, and SWN2 denote switches, LVCC1, LVCC2, .
.., and LVCCN denote transmission lines, LGND1, LGND2
., and LGNDN denote transmission lines, LCLKI1,
LCLK2, .. ., and LCLKN denote transmission lines, and
reference numeral 500 denotes a 2N-bit register.
[0059] The variable coupling line 180 includes three lines.
There are a VCC line (VCCin to VCCout) that is a power
source voltage line, a CLK line (CLKin to CLKout) that is
a signal line through which a clock signal passes, and a GND
line (GNDin to GNDout) that is a ground line.
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[0060] A switch SWnl and a capacitor Cnl (n=1, 2, . . .,
and N) connected in series are inserted in each of the lines
between the VCC line and the GND line. A switch SWn2
and a capacitor Cn2 (n=1, 2, . . ., and N) connected in series
are inserted in each of the lines between the CLK line and
the GND line.

[0061] Incidentally, the switch and the capacitor are con-
nected between the CLK line and the GND line in the
example shown in FIG. 2, but they may be connected
between the CLK line and the VCC line according to
necessity such as situation of entrance of a clock signal.
Adjacent sets of a switch and a capacitor may be disposed
on the semiconductor chip at equal intervals or at a various
intervals. However, since entrance situation cannot be
grasped in advance in many cases, it is preferable in many
cases that the adjacent sets are arranged at equal intervals.
Also, it is important to separately dispose the sets of a switch
and a capacitor on a route from the vicinity of the input
terminal for a clock signal to the vicinity of the clock signal
buffer 120 that is an inlet to a logic unit that is frequently
disposed at a central portion of the semiconductor chip.
Even if the sets are collectively disposed at a specific portion
on the route, an expected effect cannot be achieved. Further,
a method for configuring the capacitors C is not particularly
limited, but MOS (metal oxide semiconductor) capacitors,
MIM (metal-insulator-metal) capacitor, or the like may be
used.

[0062] On the VCC line, transmission lines LVCCb are
inserted between each switch SWal (a=1, 2, . . ., and N-1)
and each switch SWb1 (b=a+1) in addition to the transmis-
sion line LVCC1. On the GND line, transmission lines
LGNDb are inserted between each capacitor Cal (a=1, 2, .
.. sand N-1) and each capacitor Cb1 (b=a+1) in addition to
the transmission line LGND1. On the CLK line, transmis-
sion lines LCLKDb are inserted between each switch SWa2
(a=1, 2, ..., and N-1) and each switch SWb2 (b=a+1) in
addition to the transmission line LCLK1.

[0063] N switches SWn1 positioned between the VCC line
and the GND line and N switches SWn2 positioned between
the CLK line and the GND line are arbitrarily turned ON and
OFF by the 2N-bit register 500. When the switches SWnl
are turned ON, the VCC line is short-circuited to the
capacitors Cnl, and when they are turned OFF, it is opened.
[0064] An inductance of a line is generally expressed by a
function of a length of the line. Accordingly, the inductance
of'the line can be varied by turning ON or OFF the switches
SWnl and SWn2. When the inductance of the line is
changed, a coupling degree from the line to the input
terminal of the LNA 20 and a coupling degree from the line
to the GND terminal of the LNA 20 are changed so that both
the coupling degrees can be made equal to each other.
[0065] However, it is difficult to make a design taking into
account the occurrence of higher harmonic waves in
advance through simulation or the like due to a relative
position relationship between the clock signal buffers 110
and 120 or their VCC, GND, and CLK lines and the LNA 20
on the chip. Accordingly, the semiconductor chip 1000 is
mounted on a finished board and a register value in the
2N-bit register 500 is swept, and then an optimal register
value is experimentally determined for each higher har-
monic wave.

[0066] When a plurality of metals are present, they have
mutual inductances among them. The problem posed here
regarding the mutual inductance is the three lines in the
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variable coupling line 180, and the line for the input terminal
of'the LNA 20 and the line for the GND terminal of the LNA
20. Since capacitors are intentionally inserted between the
VCC line and the GND line of the three lines in the variable
coupling line 180 in any case, it is considered that the VCC
line and the GND line are put in a substantially short-
circuited state regarding high frequency signals such as
higher harmonic waves of a clock signal. Therefore, they can
be regarded as one member integrally made from the same
metal.

[0067] Accordingly, in the variable coupling line 180, a
mutual inductance between a pair of the VCC line and the
GND line in the variable coupling line 180 and a line of the
input terminal of the LNA 20, a mutual inductance between
a pair of the VCC line and the GND line in the variable
coupling line 180 and a line of the GND terminal of the LNA
20, a mutual inductance between the CLK line in the
variable coupling lien 180 and the line of the input terminal
of the LNA 20, and a mutual inductance between the CLK
line in the variable coupling line 180 and the line of the GND
terminal of the LNA 20 are changed by sweeping the register
value of the 2N-bit register 500. By this means, an optimal
register value is experimentally obtained for each higher
harmonic wave so that the higher harmonic wave of a clock
excites the input terminal and the GND terminal of the LNA
20 at the same phase, thereby suppressing the higher har-
monic wave components in a clock signal within a prede-
termined band.

[0068] With reference to FIG. 1 again, the operation of the
signal receiving circuit of a direct conversion system will be
further described.

[0069] The control circuit 170 performs such a processing
as gain switching in the LNA 20 and the variable gain
amplifiers 51 and 52 and setting of the frequency dividing
ratio of the PLL 130 according to a control signal inputted
from the control signal input terminal 160.

[0070] The gain switching in the LNA 20 to a lower gain
occurs when a signal level of a radio signal inputted from the
antenna (not shown) into the LNA input terminal 10 is high
enough to deteriorate the distortion characteristics in the
system of the signal receiving circuit positioned at a down-
stream side of the filter 30. On the contrary, the gain
switching in the LNA 20 to a higher gain occurs when a
signal level of a radio signal inputted from the antenna (not
shown) into the LNA input terminal 10 is not high enough
to influence the distortion characteristics in the system of the
signal receiving circuit positioned at a downstream side of
the filter 30. In this manner, the noise characteristics and the
distortion characteristics in the system of the receiving
circuit become optimal.

[0071] The gain switching in the variable gain amplifiers
51 and 52 is performed so that levels of signals outputted
from the output terminals 60 and 61 fall in a signal level
range set by a demodulating circuit (not shown) disposed at
downstream sides of the output terminals 60 and 61.
[0072] The PLL 130 compares a frequency of a signal
obtained by dividing an oscillation frequency of the VCO
140 by a frequency dividing ratio set according to a control
signal from the control circuit 170 and a frequency of a
signal obtained by dividing a frequency of a clock signal
from the clock signal buffer 120 by a frequency dividing
ratio set according to a control signal from the control circuit
170 with each other and performs the control so that a
difference therebetween becomes a desired level or less. By
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this means, an output voltage which determines the oscilla-
tion frequency of the VCO 140 is outputted to the VCO 140.
[0073] Forexample, when the clock signal frequency from
the clock signal buffer 120 is represented as fR, the fre-
quency dividing ratio set according to a control signal from
the control circuit 170 for the clock signal frequency from
the clock signal buffer 120 is represented as R, and the
frequency dividing ratio set according to a control signal
from the control circuit 170 for the oscillation frequency
from the VCO 140 is represented as N, an oscillation
frequency fVCO of the VCO 140 is expressed by the
following equation.

JVCO=fRxN/R

[0074] By this means, the VCO 140 is controlled to
oscillate at different frequencies according to respective
receiving channels. Since the signal receiving circuit shown
in FIG. 1 is of the direct conversion system like that shown
in FIG. 4, the center frequency of a receiving channel and a
frequency of an oscillation signal provided to the mixers 41
and 42 are controlled to be equal to each other.

[0075] The oscillation signals from the VCO 140 are
inputted to the mixer 41 and the mixer 42. In this case, the
oscillation signal inputted into the mixer 41 has the same
phase as the original oscillation signal and the oscillation
signal inputted into the mixer 42 is converted by the 90-de-
gree phase shift circuit 150 so as to have a phase different
from that of the signal inputted into the mixer 41 by 90
degrees. An output signal from the mixer 41 is amplified to
a desired level by the variable gain amplifier 51, and after
signal components of the amplified output signal in bands
other than a desired channel band are suppressed by the filter
53, the signal is outputted from the output terminal 60. An
output signal from the mixer 42 is amplified to a desired
level by the variable gain amplifier 52, and after signal
components in the amplified output signal in bands other
than a desired channel band are suppressed by the filter 54,
the signal is outputted from the output terminal 61.

[0076] The mixers 41 and 42 are collectively called
“orthogonal mixer” and they are shown as an orthogonal
mixer 40 in FIG. 1. The variable gain amplifiers 51 and 52
and the filters 53 and 54 perform processing of a low
frequency signal in a desired channel band obtained by the
frequency conversion by the orthogonal mixer 40 and they
are shown as a low frequency signal processing unit 50 in
FIG. 1.

[0077] The power source VCC is a power source which
supplies power to the semiconductor chip 1000. The power
is inputted into the semiconductor chip 1000 via the trans-
mission lines LE1 to LE4. The capacitor CE2 is inserted
between the LNA 20 and the power source and the capacitor
CE1 is inserted between the clock signal buffers 110 and 120
and the power source, so that characteristic degradation and
malfunction due to noise or the like can be suppressed by
short-circuiting the impedance of the power source VCC
which rises due to the influence of the transmission lines
LE1 to LE4 in an AC manner.

[0078] FIG. 3 is a flowchart showing a procedure for
adjusting signal reception interference due to higher har-
monic waves in a clock signal in the signal receiving circuit
of a direct conversion system according this embodiment.

[0079] First, when adjustment for signal reception inter-
ference due to higher harmonic waves of a clock starts (step
1100), the LNA input terminal 10 terminates at a predeter-
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mined impedance at step 1110, and a control signal is
inputted from the control signal input terminal 160 so that a
channel where signal reception interference due to higher
harmonic waves of a clock is anticipated (channel where
higher harmonic waves with frequencies of integer number
times a clock frequency are present in a receiving channel)
is put in a signal receiving state at step 1120.

[0080] Next, a register value in the 2N-bit register 500 is
set to 0 at step 1130. Then, as shown in FIG. 1140, a signal
obtained by down-converting a higher harmonic wave of a
clock in the orthogonal mixer 40 is measured by the output
terminals 60 and 61 in the signal receiving circuit of a direct
conversion system shown in FIG. 1. Determination about the
measurement result is made at step 1150. When the signal is
less than a desired level (YES), since there is no problem in
the signal, the control proceeds to the adjustment for another
unmeasured and unadjusted channel where signal reception
interference due to a higher harmonic wave of a clock is
anticipated (steps 1160 and 1170). Meanwhile, when the
signal is equal to or more than the desired level (NO), the
register value in the 2N-bit register 500 is incremented by 1
(step 1200).

[0081] After the register value in the 2N-bit register 500 is
incremented, it is determined whether or not the value in the
2N-bit register 500 exceeds (2>"'-1) at step 1180. When the
value does not exceed (22¥-1) (NO), level measurement of
the output terminals 60 and 61 is repeated (step 1140).

[0082] When the value in the 2N-bit register 500 exceeds
(2*V-1) at step 1180 (YES), the channel cannot be addressed
by the variable coupling line 180 incorporated in the semi-
conductor chip 1000. Therefore, the channel is addressed by
a mounting board of the semiconductor chip 1000 or the
semiconductor chip 1000 must be modified (step 1190).

[0083] Then, a control signal is inputted from the control
signal input terminal 160 so that a channel where signal
reception interference due to higher harmonic waves of a
clock is anticipated is put in a signal receiving state at step
1170. When adjustment of all unadjusted channels where
signal reception interference due to a higher harmonic wave
of'a clock is anticipated is finished at step 1160 (NO) and an
optimal value of the 2N-bit register 500 to each channel is
determined, the procedure for addressing the signal recep-
tion interference due to a higher harmonic wave of a clock
is terminated in the signal receiving circuit of a direct
conversion system shown in FIG. 1 (step 1210).

[0084] According to the embodiment described above, the
variable coupling line 180 is provided between the clock
signal buffer 110 and the clock signal buffer 120 so that
coupling of the variable coupling line 180 and the input
terminal of the LNA 20 and coupling of the variable cou-
pling line 180 and the GND terminal of the LNA 20 at
frequencies of higher harmonic waves of a clock signal are
made equal to each other. By this means, even if a circuit
block requiring a clock signal such as the PLL 130 and a
circuit block requiring low-noise receiving characteristics
such as the LNA 20 are disposed in one semiconductor chip
1000, desired signal receiving characteristics can be secured.
[0085] In the foregoing, the invention made by the inven-
tors of the present invention has been concretely described
based on the embodiments. However, it is needless to say
that the present invention is not limited to the foregoing
embodiments and various modifications and alterations can
be made within the scope of the present invention.
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[0086] In the embodiment above, for example, the case
where the present invention has been applied to the signal
receiving circuit of a direct conversion system has been
described. However, since the present invention is intended
to solve the problem of the influence of a clock signal on the
LNA, it can be applied to another signal receiving system
regardless of the signal receiving circuit of a direct conver-
sion system or others.

[0087] The present invention can be applied to not only
the semiconductor integrated circuit for radio communica-
tion but also other semiconductor integrated circuits. In such
a case, a coupling degree between any semiconductor inte-
grated circuits can be made variable.

[0088] When the present invention is applied to semicon-
ductor integrated circuits for radio communication, in par-
ticular, to a cellular phone adopting a WCDMA (Wideband
Code Division Multiple Access) system, since signal trans-
mission and signal reception are simultaneously performed,
it is necessary to provide filters between the LNA and the
orthogonal mixer as described above. Accordingly, since the
number of terminals in a semiconductor chip increases when
differential input and differential output are adopted in the
LNA, a single configuration is more desired than the dif-
ferential configuration. In this case, since influence of a
clock signal on the LNA becomes larger than that in the
differential configuration, the present invention is especially
effective.

[0089] The present invention relates to a technology for a
semiconductor integrated circuit. More particularly, it is
effectively applied to a semiconductor integrated circuit for
radio communication in which a circuit block requiring a
clock signal and a circuit block requiring low-noise receiv-
ing characteristics are disposed in one chip.

What is claimed is:

1. A semiconductor integrated circuit comprising:

a first circuit where N sets of a switch and a capacitor
connected in series are inserted in parallel between a
power source voltage line and a ground line;

a second circuit where N sets of a switch and a capacitor
connected in series are inserted in parallel between a
signal line and the ground line or the power source
voltage line; and

a 2N-bit register which arbitrarily turns ON or OFF said
N switches in the first circuit and said N switches in the
second circuit.

2. A semiconductor integrated circuit for radio commu-

nication comprising:

an LNA which amplifies a signal from an input terminal
to output the same;

a VCO which changes an oscillation frequency according
a voltage value of an input voltage;

a control circuit which feeds a control signal from a
control signal input terminal to said VCO and said
LNA;

a PLL which receives the control signal from said control
circuit and compares an output from a clock signal
oscillator and an oscillation frequency of said VCO
with each other to perform control so that the oscilla-
tion frequency of the VCO becomes a function of the
control signal and a clock signal frequency;

a 90-degree phase shift circuit which shifts a phase of an
oscillation signal of said VCO by 90 degrees; and

a mixer circuit which multiplies an output signal from
said 90-degree phase shift circuit or the oscillation
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signal of said VCO and an output signal from a filter by
each other to output a sum frequency component of an
output signal frequency of said 90-degree phase shift
circuit or an oscillation signal frequency of said VCO
and an output signal frequency of said filter or a
difference frequency component therebetween,

wherein a variable coupling line which can change a
coupling degree of an input terminal of said LNA to a
ground terminal of said LNA is provided at an input
stage of said PLL.

3. The semiconductor integrated circuit for radio commu-

nication according to claim 2,

wherein said variable coupling line comprises:

a first circuit where N sets of a switch and a capacitor
connected in series are inserted in parallel between a
power source voltage line and a ground line;

a second circuit where N sets of a switch and a capacitor
connected in series are inserted in parallel between a
signal line and the ground line or the power source
voltage line; and

a 2N-bit register which arbitrarily turns ON or OFF said
N switches in the first circuit and said N switches in the
second circuit.

4. A semiconductor integrated circuit for radio commu-

nication comprising:

an LNA which amplifies a signal from an input terminal
at low noise and low distortion characteristic and with
a desired gain and outputs the amplified signal;

a VCO which changes an oscillation frequency according
a voltage value of an input voltage;

a first variable gain amplifier which amplifies an input
signal with a desired gain and outputs the same;

a second variable gain amplifier which is equal to said first
variable gain amplifier;

a control signal input terminal to which a first control
signal for setting an oscillation frequency of said VCO,
a second control signal for setting a gain value of said
LNA, and a third control signal for setting gain values
of said first and second variable gain amplifiers are
inputted;

a control circuit which feeds the first, second, and third
control signals from said control signal input terminal
to said VCO, said LNA, and said first and second
variable gain amplifiers, respectively;

a first clock signal buffer which amplifies an output from
a clock signal oscillator;

a second clock signal buffer which amplifies an output
from said first clock signal buffer;

a PLL which receives a first control signal from said
control circuit and compares an output from said sec-
ond clock signal buffer and an oscillation frequency of
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said VCO with each other to perform control so that the
oscillation frequency of the VCO becomes a function
of the first control signal and a clock signal frequency;

a first mixer which multiplies an oscillation signal of said
VCO and an output signal from the filter by each other
and outputs a sum frequency component of an oscilla-
tion signal frequency of said VCO and an output signal
frequency of said filter or a difference frequency com-
ponent therebetween;

a 90-degree phase shift circuit which shifts a phase of an
oscillation signal of said VCO by 90 degrees;

a second mixer which multiplies an output signal from
said 90-degree phase shift circuit and an output signal
from said filter by each other and outputs a sum
frequency component of an output signal frequency of
said 90-degree phase shift circuit and an output signal
frequency of said filter or a difference frequency com-
ponent therebetween;

a first filter which suppresses a signal component present
in bands other than a desired band from a signal
obtained by amplifying an output from said first mixer
to a desired gain in said first variable gain amplifier and
then outputted from said first variable gain amplifier;
and

a second filter which suppresses a signal component
present in bands other than a desired band from a signal
obtained by amplifying an output from said second
mixer to a desired gain in said second variable gain
amplifier and then outputted from said second variable
gain amplifier,

wherein a variable coupling line which can change a
coupling degree of an input terminal of said LNA to a
ground terminal of said LNA is provided between said
first clock signal buffer and said second clock signal
buffer.

5. The semiconductor integrated circuit for radio commu-

nication according to claim 4,

wherein said variable coupling line comprises:

a first circuit where N sets of a switch and a capacitor
connected in series are inserted in parallel between a
power source voltage line and a ground line;

a second circuit where N sets of a switch and a capacitor
connected in series are inserted in parallel between a
signal line and the ground line or the power source
voltage line; and

a 2N-bit register which arbitrarily turns ON or OFF said
N switches in the first circuit and said N switches in the
second circuit.



