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57 ABSTRACT

A frequency conversion circuit of the present invention
includes: (i) a first mixer for mixing the radio frequency
signal having a frequency fry with a first oscillation signal
having a frequency f; o, so that the radio frequency signal is
downconverted into an intermediate frequency signal; and
(i) a second mixer for mixing the intermediate frequency
signal sent from the first mixer with two local oscillation
signals so that the intermediate frequency signal is down-
converted into two base-band signals having different
phases. The second local oscillation signals have phases of
0° and 270°, respectively. These frequencies satisfies:

{1 or=kxfrpk>1)

frop=frou/m, (m>1)

k=m/(m-1).
This arrangement ensures (i) a small frequency conversion
circuit that can be mounted on an integrated circuit, (ii) a
radio frequency receiver including the frequency conversion
circuit, and (iii) a radio frequency transceiver including the
radio frequency receiver.
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FREQUENCY CONVERSION CIRCUIT, RADIO
FREQUENCY WAVE RECEIVER, AND RADIO
FREQUENCY TRANSCEIVER

[0001] This Nonprovisional application claims priority
under 35 US.C. § 119(a) on Patent Application No. 2003/
372535 filed in Japan on Oct. 31, 2003, the entire contents
of which are hereby incorporated by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to a radio frequency
(RF) receiver and a radio frequency transceiver (i) that can
extract, with the use of a quadrature mixer, a signal encoded
based on an in-phase signal and a quadrature signal, and (ii)
that are applicable to a mobile communication system such
as a mobile phone, a PHS (Personal Handyphone System),
or the like, and are also applicable to a wireless data
communication system, which is compliant with the IEEE
802.11x standard, such as a wireless local area network
(LAN) communication system, and further relates to a
frequency conversion circuit for suitably use in the radio
frequency (RF) receiver and the radio frequency transceiver.

BACKGROUND OF THE INVENTION

[0003] FIG. 10 illustrates a typical conventional radio
frequency transceiver. The radio frequency transceiver
includes an antenna 1, a radio frequency pre-select filter
(band-pass filter (BPF)) 2, a duplex switch 3, a receiving
channel, and a transmitting channel. The antenna 1 is
connected to the channel for a receiving device 1004, or to
the channel for a transmitting device 1005, via the duplex
switch 3. The radio frequency transceiver is used to convert
a base-band (BB) data (signal) into a radio frequency signal.
Generally, in terms of a signal energy frequency, a base-band
signal has a frequency range of direct current to several tens
of MHz, whereas a radio frequency carrier wave has a
frequency region of GHz. More specifically, for example, a
wireless local area network (WLAN) transceiver is compli-
ant with the IEEE 802.11b standard. In such a WLAN
transceiver, a base-band signal has a frequency range of
direct current to 11 MHz, whereas a radio frequency carrier
wave varies depending on a selected channel, i.e., has a
frequency range of 2412 MHz to 2484 MHz.

[0004] Meanwhile, there are several methods for carrying
out a frequency conversion from a base-band signal to a
radio frequency signal in the transmitting channel, and a
frequency conversion from a radio frequency signal to a
base-band signal in the receiving channel. All of the methods
employ one or more mixers for upconversion or downcon-
version of frequency.

[0005] FIG. 11 illustrates a well-known heterodyne (or a
super-heterodyne) system in which a two-stage downcon-
version into a base-band signal is carried out with respect to
a radio frequency signal (i.e., a received signal superim-
posed on a radio frequency carrier wave) in a receiving
channel. Specifically, in the first stage downconversion, the
received signal, on the radio frequency carrier wave having
a frequency fiy, is amplified by a low noise amplifier (LNA)
4. The received signal thus amplified are mixed, by a first
mixer 5, with an output signal having a frequency f; 5 that
is sent from a first local oscillator (LO). The oscillator (LO)
is made up of a phase-locked loop (PLL) circuit PLL1 and
a voltage controlled oscillator (VCO) VCO1. The mixing

Jun. 2, 2005

allows a downconverted signal, which has been subject to
the first stage downconversion and has a frequency of f;
(f,=frp—-f1 o), to be outputted via an output terminal of the
first mixer 5. Generally, the radio frequency transceiver
includes a band-pass filter 6 or an L.C load so that an
interference signal or noise is removed from a frequency
band near the frequency f;. The L.C load is disclosed, for
example, in K. L Fong, C. D. Hull and R. G. Meyer, “A Class
AB Monolithic Mixer for 900-MHz Applications”, IEEE
Journal of Solid-State Circuits, vol.32, pp.1166-1172,
August 1997 (hereinafter, referred to as “non-patent docu-
ment 17). Note that, in the WLAN IEEE 802.11b transceiver,
the frequency f, is approximately 374 MHz.

[0006] Inthe second stage downconversion, a carrier wave
having the frequency f; is mixed, by a second mixer 7, with
an output signal, having a frequency f,, that is sent from a
second local oscillator made up of a phase-locked loop
circuit PLL2 and a voltage controlled oscillator VCO2. This
mixing allows generation of a base-band signal. Note that, in
this example, the output signal of the second local oscillator
has the frequency fiz of 374 MHz. The second mixer 7
outputs a base-band signal having a frequency fz5. There-
after, the base-band signal is filtered by a low-pass filter 8,
and then the signal thus filtered is amplified by an amplifier
9. The signal thus amplified is converted into a digital signal
by an analog/digital converter (ADC) 10. After that, a digital
processing is carried out with respect to the digital signal.

[0007] On the other hand, in a transmitting channel, a
digital base-band signal is converted into an analog base-
band signal by a digital/analog converter (DAC) 11. Then,
the analog base-band signal is filtered by a low-pass filter 12
so that interference is reduced, and so that bandwidth of the
analog base-band signal is controlled. The signal thus fil-
tered is mixed, by an intermediate frequency (IF) mixer 13,
with an output signal sent from the second local oscillator.
This allows upconversion of the signal from base band to the
frequency f,. The signal thus upconverted is filtered by a
band-pass filter 18. The signal thus filtered is mixed, by a
mixer 14, with an output signal of the first local oscillator so
as to be upconverted again. The signal thus upconverted is
amplified by a power amplifier (PA) 17 so as to obtain
sufficient electric power for driving the antenna 1. Note that
a band-pass filter 16 is provided between the mixer 14 and
the power amplifier 17.

[0008] FIG. 12 illustrates how a frequency spectrum
changes in accordance with the downconversion of the
heterodyne transceiver.

[0009] Here, there is a signal having a frequency which
keeps a frequency of a desired radio frequency signal away
from the frequency of the output signal of the first local
oscillator. During the mixing processing of the first mixer 5,
such a signal is downconverted into a signal having the
frequency f,, like the desired radio frequency signal.

[0010] This is the well-known weakness of the heterodyne
system. As shown in FIG. 12, when the desired frequency
fr of the radio frequency signal is higher than the frequency
f; o of the output signal of the first local oscillator (i.e.,
fre>fi o), there is an unwanted signal having a frequency fpy,
(frm<fi o). The unwanted signal having the frequency fi, is
called an “image signal” in technical term, and satisfies the
following relation:

JrrfLo~fLo~fim
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[0011] The image signal is downconverted into a signal
having the frequency f; like the desired radio frequency
signal. (The frequency fr,, of the image signal is called an
“image frequency”.) Specifically, in the WLAN IEEE
802.11b transceiver, if it is assumed that the frequency f; o
of the first local oscillator is 2038 MHz and the frequency
f . of the desired radio frequency signal is 2412MHz, then
the image frequency f,, is 1664 MHz.

[0012] In order to avoid interference of the image signal,
used is a direct conversion transceiver shown in FIG. 13
(also known as a homodyne transceiver). The direct con-
version transceiver carries out, in a single mixing step, a
frequency conversion from a radio frequency signal to a
base-band signal, and a frequency conversion from a base-
band signal to a radio frequency signal. For example, in a
receiving channel of the transceiver, a radio frequency signal
having the frequency frp is amplified, and the signal thus
amplified is mixed, by a mixer 21A and a mixer 21B, with
local oscillation signals each having the frequency f;o
(fi o=frp). This allows the radio frequency signal to be
downconverted into a signal having a base band component.

[0013] As such, the direct conversion transceiver can
prevent the problem of the image signal.

[0014] Meanwhile, as a substitution of the heterodyne
transceiver, disclosed in U.S. Pat. No. 6,351,502 B1 (pub-
lished on Feb. 26, 2002; hereinafter, referred to as “patent
document 17) is so-called a dual conversion transceiver.
FIG. 14 illustrates the dual conversion transceiver.

[0015] The dual conversion transceiver is one of the
heterodyne transceivers because two-stage conversion of a
radio frequency signal to a base-band signal is carried out by
a first mixer 106 and I/Q (I: in-phase, Q: quadrature) mixers
108A and 108B.

[0016] The dual conversion transceiver is also easily
affected by the image signal having the frequency fp,
(fip=21f; o—fxp)- In the dual conversion system of the patent
document 1, the frequency gz is 5.2 GHz, the frequency f; o
is 4.24 GHz, and the image frequency f},, is 3.28 GHz. This
allows the image frequency fp,, to be out of band of a low
noise amplifier 105. Accordingly, the image signal is greatly
attenuated.

[0017] Meanwhile, another dual conversion transceiver is
disclosed in A. Zolfaghani and B. Razavi, “A Low-Power
2.4-GHz Transmitter/Receiver CMOS IC, IEEE Journal of
Solid-State Circuits, vol.38, pp. 176-183, February 2003
(hereinafter, referred to as “non-patent document 27). FIG.
15 illustrates a structure of such another dual conversion
transceiver.

[0018] Further, a circuit (see FIG. 16) is disclosed as a
double conversion tuner in Japanese Laid-Open Patent
Application Tokukai 2000-299646 (published on Oct. 24,
2000; hereinafter, referred to as “patent document 27).

[0019] A first mixer 402 mixes a radio frequency signal
with a clock signal (local oscillation signal) having a fre-
quency fj o, that is sent from a voltage controlled oscillator
406. This allows the downconversion of the radio frequency
signal. Asecond mixer 404 mixes (i) the signal thus obtained
by downconverting the radio frequency signal by using the
frequency f; o; with (ii) a clock signal having a frequency
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f; o» that is received from a crystal-controlled oscillator
(XCO) 412. The two clock signals satisfy the following
relation:

JLo1=fLoox(NIM).
[0020] However, the conventional radio frequency trans-
ceivers have a problem in being fully mounted in an inte-
grated circuit (IC) or an IC chip as follows.

[0021] Specifically, the heterodyne radio frequency trans-
ceiver requires a bulky filter, provided outside the IC chip,
for restraining the image signal. This results in that the
heterodyne radio frequency transceiver cannot be fully
mounted in the IC chip (integrated circuit). Further, in order
to drive the surface acoustic wave filter provided outside the
IC chip, it is necessary to output, to the outside of the IC
chip, the radio frequency signal amplified by a low noise
amplifier. As such, it is necessary for the heterodyne radio
frequency transceiver to further include a buffer amplifier.
This causes an increase in power consumption of the IC chip
(integrated circuit).

[0022] As for the heterodyne radio frequency transceiver
shown in FIG. 11, the heterodyne radio frequency trans-
ceiver additionally includes a band-pass filter 15 so that the
image signal is attenuated. The band-pass filter 15 is made
up of bulky and discrete components so that an image signal
removing characteristic is obtained. The band-pass filter 15,
however, hinders the heterodyne radio frequency transceiver
from being mounted in an integrated circuit. This causes the
heterodyne radio frequency transceiver to be expensive, and
to have extra power consumption.

[0023] The patent document 2 relates to a double conver-
sion system that is applied to a tuner. Because the double
conversion system is basically one of the heterodyne sys-
tems, the double conversion system also has the foregoing
problems (i.e., the impossibility of the full mounting in an
integrated circuit, and the increase in the power consump-
tion of the integrated circuit).

[0024] According to the system disclosed in the patent
document 2, the frequency f; , of the second local oscilla-
tion signal used by the second mixer 404 is fixed. This
means that the frequency f; o, does not change according to
the frequency fj 5, of the first local oscillation signal used by
the first mixer 402. Therefore, when the frequency f; 5, of
the first local oscillation signal changes, a ratio of the
frequency f; o, of the first oscillation signal to the frequency
of the second oscillation signal deviates from an initial
setting value.

[0025] Further, according to the system of the patent
document 2 the following relation is satisfied:

JLo1fLo2=1.0101xfrE

[0026] This means that the downconversion in the patent
document 2 is not a downconversion to direct current, but a
downconversion to a second intermediate frequency (IF)
band (2.048 MHz). Therefore, the double conversion tuner
of the patent document 2 is not applicable to a transceiver for
carrying out a downconversion from a radio frequency
signal to a base-band signal.

[0027] Furthermore, when the intermediate frequency f
is 800 MHz, the double conversion system of the patent
document 2 requires a voltage controlled oscillator con-
trolled by the phase-locked loop circuit, instead of the
crystal-controlled oscillator.
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[0028] Although the direct conversion system solves the
problem of the image frequency, the direct conversion
system has deterioration in sensitivity. Further, the direct
conversion system has a dynamic direct current offset at an
output terminal of the mixer. This is because the signal of the
local oscillator leaks into a radio frequency port, and is
subject to self-mix. Generally, in the direct conversion
system, it is necessary for the low noise amplifier to have a
high gain. This causes a possible increase in power con-
sumption.

[0029] Meanwhile, also easily affected by the image signal
are the conventional dual conversion transceivers (see FIG.
14 and FIG. 15) disclosed in the patent document 1 and the
non-patent document 2, respectively. As such, normally, it is
necessary to include a kind of bulky filter for restraining the
interference of the image signal. Further, the lower the
frequency of the image signal becomes, the larger the filter
becomes. As such, as the frequency of the radio frequency
signal becomes lower (£=2.4 GHz), this kind of problem
goes worse (i.e., the filter occupies a much larger area).

[0030] According to the transceiver disclosed in the non-
patent document 2, it is necessary to remove the image
signal with the use of the filter on the IC chip. In the
transceiver disclosed in the non-patent document 2, the
following relations are satisfied by the frequency fiy of the
radio frequency signal, the frequency f; 5 of the local oscil-
lation signal used for the first stage downconversion, the
frequency f; of the intermediate signal obtained by the first
stage downconversion, and the frequency fi,, of the image
signal:

frr=2.4 GHz;
JLo=(2/3)fres
Jive=fLo—fir

[0031] Therefore, the frequency f;,, of the image signal is
800 MHz. Because the image signal has such a low fre-
quency f,, of 800 MHz, the filter on the IC chip normally
needs a larger area.

[0032] Further, the patent document 1 suggests that the
frequency f; 5, of the first local oscillation signal LO107
(ie., the signal LO107 supplied to the first mixer 106 in the
patent document 1) is changed into a higher frequency than
the frequency fry of the radio frequency signal. However,
because the transceiver disclosed in the patent document 1
uses local oscillation signals I and Q, having phases of 0°
and 90°, which are supplied to the I/Q mixers 108A and
108B, respectively, the transceiver does not appropriately
operate. Namely, if signals having phases of 0° and 90° are
used as the second local oscillation signals LO2 (I and Q),
respectively, under the condition of f; ,>fry, then the radio
frequency transceiver does not appropriately operate.

[0033] Here, this problem is explained in detail. Firstly
explained is a change in frequency spectrums when f _ <frp
is satisfied. The radio frequency signal has a certain fre-
quency component which is included in a side band (i.e., a
frequency component higher than the carrier wave). Such a
frequency component still stays higher than the carrier wave
even after the first stage downconversion. Under the cir-
cumstances, if the second stage downconversion is carried
out, by using the local oscillation signals having phases of
0° and 90°, with respect to the frequency component, then
an extracted base-band signal has a counterclockwise volt-
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age vector (i.e., a rotation direction which is headed from I
(0°) to Q (90°)). Therefore, modulation is properly accom-
plished.

[0034] Next, when f; ;> is kept satisfied, the first stage
downconversion causes the frequency component which is
included in the side band to be lower than the carrier wave.
Under the circumstances, if the second stage downconver-
sion is carried out, by using the local oscillation signals
having phases of 0° and 90°, with respect to the frequency
component, then an extracted base-band signal has a clock-
wise voltage vector (i.e., a rotation direction which is headed
from Q (90°) to I (0°)). Therefore, modulation cannot be
properly accomplished.

SUMMARY OF THE INVENTION

[0035] An object of the present invention is to provide (i)
a frequency conversion circuit that can be mounted in an
integration circuit, and that can be downsized, (ii) a radio
frequency receiver including the frequency conversion cir-
cuit, and (iii) a radio frequency transceiver including the
radio frequency receiver.

[0036] To achieve the object, a frequency conversion
circuit of the present invention, which downconverts a radio
frequency signal having a desired frequency to two base-
band signals having different phases, is characterized by
comprising: a first mixer for mixing the radio frequency
signal with a first oscillation signal so that the radio fre-
quency signal is downconverted into an intermediate fre-
quency signal; and a second mixer for mixing the interme-
diate frequency signal received from the first mixer with two
second local oscillation signals having different phases,
respectively, so that the intermediate frequency signal is
downconverted into the two base-band signals, the two
second local oscillation signals having phases of 0° and
270°, respectively, and fj 5 =kxfrp, fLO2=fL.O1/m, and
k=m/(m-1) being satisfied, where fRF indicates a frequency
of the radio frequency signal, fL.O1 indicates a frequency of
the first local oscillation signal, fL.O2 indicates frequencies
of the second local oscillation signals, k indicates an arbi-
trary number satisfying k>1, and m indicates an arbitrary
number satisfying m>1.

[0037] The relations can also described as follows:

JLor>frr>0, fLoz<fLo
Jroo=fLo1frE

[0038] Namely, the relations can be expressed like the
following (1) and (2): (1) the frequency f; o, of the first local
oscillation signal is higher than the frequency fry of the
radio frequency signal (this allows the frequency f; of the
intermediate signal to satisfy a relation of f,=f; 5 -f), and
(2) the frequency f; o, of the second local oscillation signal
is equal to the frequency f; of the intermediate signal (this
allows the frequency f; 5, of the second local oscillation
signals to be lower than the frequency fj o, of the first local
oscillation signal). Note that, in the frequency conversion
circuit having the arrangement, k generally falls within a
range specified by 1.125=k=1.35.

[0039] Further, it is preferable to arrange the frequency
conversion circuit so that m=2" are satisfied, where m is an
integer and n is a positive integer.

[0040] Tt is preferable to arrange so that the frequency
conversion circuit further includes an image signal removal
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filter for removing an image signal from an output signal of
the first mixer. It is preferable that the image signal removal
filter can reduce, by 10 dB or greater, the image signal for
the image frequency fy,, (=21} o, -frg) or for a frequency
higher than the image frequency fy,.

[0041] Tt is also preferable to arrange the frequency con-
version circuit so that an oscillator for generating the first
local oscillation signal, and a divider for dividing the fre-
quency of the first local oscillation signal into 1/m so as to
generate the second local oscillation signals having the
phases of 0° and 270°, respectively.

[0042] To achieve the object, a radio frequency receiver of
the present invention which receives a radio frequency
carrier wave having a desired frequency, is characterized by
including the frequency conversion circuit of the present
invention.

[0043] Tt is preferable that the radio frequency receiver is
arranged so as to further include: (i) a band-pass filter for
receiving radio frequency signal, and for causing radio
frequency signal within a band including the frequency of
the radio frequency carrier wave to pass through the band-
pass filter; and (ii) a low noise amplifier for amplifying the
radio frequency signal having passed through the band-pass
filter. It is preferable that the low noise amplifier attenuates
an image signal interfering with a band in use to such a
degree that the image signal substantially vanishes.

[0044] 1t is more preferable that the radio frequency
receiver further includes: (i) a low-pass filter for carrying out
a low-pass filtering with respect to the base-band signals
generated by the frequency conversion circuit, the base-band
signals having different phases each other; and (i) an
amplifier for amplifying the base-band signals.

[0045] To achieve the foregoing object, a radio frequency
transceiver of the present invention is characterized by
including: the radio frequency receiver of the present inven-
tion, and a radio frequency transmitter for transmitting a
carrier wave having a radio frequency.

[0046] 1t is preferable to arrange the radio frequency
transceiver so that the radio frequency transmitter includes
a quadrature modulator for upconverting the base-band
signals directly into a radio frequency signal having the
frequency fiy, the quadrature modulator including: a third
mixer for mixing an in-phase component of the base-band
signal with a clock signal having the frequency fr and a
phase of 0°; and a fourth mixer for mixing a quadrature
component of the base-band signal with a clock signal
having the frequency fzy and a phase of 90°.

[0047] Tt is preferable that the radio frequency transceiver
is arranged so as to further include: (i) an oscillator for
generating the first local oscillation signal; (ii) a divider for
dividing the frequency of the first local oscillation signal
into 1/m so as to generate the second local oscillation signals
having phases 0° and 270°, respectively; (iii) a fifth mixer
for mixing the first local oscillation signal generated by the
oscillator with the second local oscillation signal, having the
phase of 0°, generated by the divider so as to generate a
clock signal having the frequency fi . and a phase of 0°; and
(iv) a sixth mixer for mixing the first local oscillation signal
generated by the oscillator with the second local oscillation
signal, having the phase of 270°, generated by the divider so
as to generate a clock signal having the frequency i and a
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phase of 90°. It is preferable that the oscillator is a voltage
controlled oscillator which operates at the frequency f; o, of
the first local oscillation signal, and is controlled by a
phase-locked loop circuit, and is built in the phase-locked
loop circuit.

[0048] 1t is more preferable that the radio frequency
transceiver is arranged so that the radio frequency transmit-
ter further includes: (i) a low-pass filter for limiting band-
width of in-phase component and quadrature component of
base-band signals obtained by carrying out an analog con-
version with respect to a digital data that is to be transmitted;
and (ii) an amplifier for amplifying electric power of the
radio frequency signal obtained by the upconversion carried
out by the quadrature modulator.

[0049] 1t is more preferable that the radio frequency
transceiver further include: a signal generator for generating
the first local oscillation signal and the second local oscil-
lation signals, and for sending the first and the second local
oscillation signals to the frequency conversion circuit pro-
vided in the radio frequency receiver, wherein: the signal
generator generates clock signals (radio frequency signals
having the frequency f.) used for the upconversion in the
radio frequency transmitter, and sends the clock signals to
the radio frequency transmitter.

[0050] 1t is more preferable that the radio frequency
transceiver further includes: (i) an antenna for receiving the
radio frequency carrier wave, the antenna being so designed
as to operate efficiently at the desired frequency; and (ii)
switching means for switching between (a) a receiving mode
in which the switching means connects the antenna to the
radio frequency receiver and (b) a transmitting mode in
which the switching means connects the antenna to the radio
frequency transmitter, (iii) circuit components, for generat-
ing the clock signals, in the signal generator stopping
operating during the receiving mode. In the radio frequency
transceiver, it is preferable that, during the receiving mode,
(i) the circuit components, for generating the clock signals,
in the signal generator stop operating, and (ii) the transmitter
channel for transmitting the clock signals from the signal
generator to the radio frequency transmitter is cut off.

[0051] With the present invention, because the frequency
f; o, of the second local oscillation signals is equal to the
frequency f, of the intermediate signal, the second mixer can
convert the intermediate frequency signal to the direct
current base-band signals (DC). Further, with the frequency
conversion circuit of the present invention, because the
two-stage downconversion is carried out with respect to the
radio frequency signal, a high selectivity and a high sensi-
tivity can be achieved.

[0052] Further, according to the present invention,
because the frequency f; ., of the first local oscillation signal
is higher than the frequency frp of the radio frequency
signal, it is possible for the image signal which interferes
with a band in use to shift to a high frequency. As such, when
appropriately selecting the frequency f; 5, of the first local
oscillation signal, it is possible for the image signal to shift
toward a frequency (for example, 4 GHz) that is out of the
band in use. On this account, the image signal does not
interfere with the band in use. Accordingly, without provid-
ing a bulky filter outside an integrated circuit, it becomes
possible to prevent the image signal from interfering with
the band in use.



US 2005/0117664 Al

[0053] Further, according to the present invention,
because the relation f; o,=f; 5,/m (m is an arbitrary number
satisfying: m>1) is satisfied, the second local oscillation
signals can be generated by dividing the frequency of the
first local oscillation signal. As such, the generation of the
first local oscillation signal and the second oscillation sig-
nals can be carried out by only a single phase-locked loop
circuit. On this account, the frequency conversion circuit can
have a simple structure. Accordingly, the frequency conver-
sion circuit can be incorporated into an integrated circuit,
and can have a small size.

[0054] Further, in the present invention, the second stage
downconversion is carried out by using the second local
oscillation signals having the phases of 0° and 270°, respec-
tively, corresponding to the second local oscillation signals
having phases of 0° and 90° in which only a quadrature
signal is inverted. On this account, when extracting a
component, having a frequency higher than the frequency of
the radio frequency carrier wave which is included in a side
band, as a base-band signal, a counterclockwise voltage
vector (i.e., a rotation direction heading from I (0°) to Q
(270°)) is obtained. This allows normal modulation of the
component having such a frequency higher than the fre-
quency of the radio frequency carrier wave which is
included in the side band.

[0055] Further, according to the frequency conversion
circuit, when m=2" is satisfied where m is an integer and n
iS a positive integer, it is possible to generate the second
local oscillation signals more easily with the use of a digital
circuit which divides the frequency of the first local oscil-
lation signal.

[0056] Further, according to the frequency conversion
circuit of the present invention, when further including an
image signal removal filter for removing the image signal
from the output signal of the first mixer, it is possible that the
first mixer causes the image signal to shift toward a high
frequency. This allows the image signal removal filter to
remove the image signal with ease. Further, when using an
LC filter as the image signal removal filter, it is possible that,
in the LC filter, a coil has small inductance, and a capacitor
has small capacitance. Accordingly, the LC filter can have a
small size, and can be mounted in an integrated circuit.

[0057] Further, when the frequency conversion circuit of
the present invention further includes (i) an oscillator for
generating the first oscillation signal, and (ii) a divider for
dividing the frequency of the first local oscillation signal
into 1/m so that the divider generates the second local
oscillation signals having the phases of 0° and 270°, respec-
tively, a local oscillation signal generation section can be
incorporated in the integrated circuit. With the arrangement,
it is possible that the arrangement is realized by a digital
circuit. Specifically, the divider can be realized by a digital
dividing circuit for dividing the frequency f; o, of the first
local oscillation signal by m so that the second local oscil-
lation signals having the frequency f; o, is generated.

[0058] Further, when the radio frequency transceiver of
the present invention further includes: (i) an oscillator for
generating the first local oscillation signal; (ii) a divider for
dividing the frequency of the first local oscillation signal
into 1/m so as to generate the second local oscillation signals
having phases 0° and 270°, respectively; (iii) a fifth mixer
for mixing the first local oscillation signal generated by the
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oscillator with the second local oscillation signal, having the
phase of 0°, generated by the divider so as to generate a
clock signal having the frequency fx and a phase of 0°; and
(iv) a sixth mixer for mixing the first local oscillation signal
generated by the oscillator with the second local oscillation
signal, having the phase of 270°, generated by the divider so
as to generate a clock signal having the frequency fi and a
phase of 90°, it is possible for a single oscillator to generate
both two kinds of local oscillation signals for downconver-
sion, and clock signals for upconversion. This allows inte-
gration and downsizing of the constituent circuits to be
realized.

[0059] Further, when the radio frequency transceiver of
the present invention further includes: a signal generator for
generating the first local oscillation signal and the second
local oscillation signals, and for sending the first and the
second local oscillation signals to the frequency conversion
circuit provided in the radio frequency receiver, wherein: the
signal generator generates clock signals (radio frequency
signals having the frequency fg) used for the upconversion
in the radio frequency transmitter, and sends the clock
signals to the radio frequency transmitter, it is possible to
realize, by a single circuit, a circuit for generating the clock
signals (local oscillation signals) for downconversion and a
circuit for generating the clock signals for upconversion.
This allows further integration and downsizing of the con-
stituent circuits to be realized.

[0060] When the radio frequency transceiver of the
present invention further includes: (i) an antenna for receiv-
ing the radio frequency carrier wave, the antenna being so
designed as to operate efficiently at the desired frequency;
and (ii) switching means for switching between (a) a receiv-
ing mode in which the switching means connects the
antenna to the radio frequency receiver and (b) a transmit-
ting mode in which the switching means connects the
antenna to the radio frequency transmitter, circuit compo-
nents, for generating the clock signals, in the signal genera-
tor stopping operating during the receiving mode, it is
possible to reduce the power consumption and the occur-
rence of noise. This is because the circuit components, for
generating the clock signals, in the signal generator stop
operating during the receiving mode.

[0061] Note that so called antenna switches per se, which
are disclosed in the patent document 1 (indicated by a
reference numeral “102”) and the non-patent document 2,
for switching between the receiving mode and the transmit-
ting mode do not reduce the power consumption.

[0062] Additional objects, features, and strengths of the
present invention will be made clear by the description
below. Further, the advantages of the present invention will
be evident from the following explanation in reference to the
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0063] FIG. 1is ablock diagram illustrating a structure of
a transceiver of an embodiment in accordance with the
present invention.

[0064] FIG. 2 is a block diagram illustrating a structure of
a clock synthesizing circuit in the transceiver.

[0065] FIG. 3(a) is a graph illustrating a change in signal
frequency spectrums caused by a downconversion in a
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receiving channel of the transceiver, and FIG. 3(b) is a graph
illustrating a change in signal frequency spectrums caused
by an upconversion in a transmitting channel of the trans-
ceiver.

[0066] FIG. 4 is a circuit diagram showing examples of a
low noise amplifier and a first mixer of the transceiver.

[0067] FIG. 5 is a circuit diagram showing examples of a
Q and an I mixers of the transceiver.

[0068] FIG. 6 is a circuit diagram showing an example of
I/Q mixers for transmitting-use in the transceiver.

[0069] FIG. 7 is a circuit diagram showing an example of
a power amplifier of the transceiver.

[0070] FIG. 8 is a circuit diagram showing another
examples of the low noise amplifier and the first mixer.

[0071] FIG. 9(a) and FIG. 9(b) are graphs illustrating a
frequency dependency of gain of the low noise amplifier of
FIG. 8. Specifically, FIG. 9(a) shows a case (comparative
example) of using a local oscillation signal having a fre-
quency lower than that of a radio frequency carrier wave,
and FIG. 9(b) shows a case of using a local oscillation signal
having a frequency higher than that of a radio frequency
carrier wave.

[0072] FIG. 10 is a block diagram illustrating a structure
of a conventional and typical radio frequency receiver.

[0073] FIG. 11 is a block diagram illustrating a structure
of a heterodyne (or super heterodyne) transceiver.

[0074] FIG. 12 is a graph illustrating a change in fre-
quency spectrums caused by a downconversion in the het-
erodyne transceiver.

[0075] FIG. 13 is a block diagram illustrating a structure
of a direct conversion transceiver.

[0076] FIG. 14 is a block diagram illustrating a structure
of a dual conversion transceiver disclosed in the patent
document 1.

[0077] FIG. 15 is a block diagram illustrating a structure
of a dual conversion transceiver disclosed in the non-patent
document 2.

[0078] FIG. 16 is a block diagram illustrating a structure
of a double conversion tuner disclosed in the patent docu-
ment 2.

DESCRIPTION OF THE EMBODIMENTS

[0079] The present invention relates to an analog signal
processing section of an IC-chipped transceiver (radio fre-
quency transceiver) that is used in a wireless communication
system using a radio frequency of 1 GHz or greater. The
wireless communication system is applicable to (i) a mobile
communication system such as a mobile phone or a PHS
(personal handyphone system), (i) a wireless LAN (local
area network) which is compliant with the IEEE 802.11
standard, or the like.

[0080] In a transceiver of the best mode for carrying out
the present invention, radio frequency modulation (trans-
mitting) and radio frequency demodulation (receiving) are
carried out with respect to a base-band signal. The feature of
the present transceiver resides in how the radio frequency
modulation and radio frequency demodulation are carried
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out. An object of the present invention is to downsize the
transceiver so that the function of the transceiver is incor-
porated in an IC chip, and the IC chip is mounted in a mobile
phone.

[0081] In a receiving section of the transceiver in accor-
dance with the best mode, two-stage frequency conversion
is carried out. Specifically, an antenna of the transceiver
receives a radio frequency signal, and then the radio fre-
quency signal is amplified. The radio frequency signal thus
amplified is mixed, by a first mixer, with a first local
oscillation signal. The signal thus mixed is sent to a second
mixer, and is mixed, by the second mixer, with two kinds of
quadrature signals (second local oscillation signals) having
different phases, respectively. On this account, obtained are
two quadrature signals having different frequencies. Analog/
digital conversions are carried out with respect to the two
quadrature signals. The two quadrature signals thus con-
verted are transmitted to a digital processing section.

[0082] Further, for the purpose of downsizing, the trans-
ceiver of the best mode proceeds as follows. More specifi-
cally, the first local oscillation signal is generated by carry-
ing out a local oscillation at a frequency higher than the
frequency of the radio frequency signal with the use of a
phase-locked loop circuit. The first local oscillation signal is
divided into two first quadrature signals (second oscillation
signals) having different phases of 0° and 270°, respectively.

[0083] Meanwhile, in a transmitting section of the best
mode, a first stage frequency conversion (direct conversion)
is carried out. Specifically, a digital/analog conversion is
carried out with respect to a digital signal outputted from the
digital processing section so as to obtain two quadrature
signals. The two quadrature signals thus obtained are mixed,
by mixers, with two second quadrature signals having fre-
quencies different from those of the first quadrature signals,
respectively. The signals thus mixed are combined into a
signal, and the signal is amplified and transmitted via the
antenna. Note that the two second quadrature signals, having
frequencies different from those of the first quadrature
signals, respectively, are generated by mixing each of the
two first quadrature signals, which is obtained by the divi-
sion, with the first local oscillation signal.

[0084] As described above, the feature of the transceiver
of the best mode resides in the circuit structure, (i) which is
designed with the integration and the downsizing in mind,
and (i) which is different from the conventional transceiv-
ers. Specifically, the integration and downsizing is an object
of the transceiver of the best mode, and a feature of
transceiver resides in that (i) the frequency of the first local
oscillation signal, which is used by the first mixer of the
receiving section, is divided so as to obtain the two signals
having different phases, and the two signals are used by the
second mixer of the receiving section, and (ii) each of the
two signals is mixed with the first oscillation signal so that
two quadrature signals having frequencies different from
those of the two signals are obtained, and the two quadrature
signals are used by the mixer of the transmitting section.

[0085] The integration and the downsizing is an object of
the transceiver of the best mode, and another feature of
transceiver resides in that the frequency of the local oscil-
lation signal is so set that the mixing of the local oscillation
signal with an image signal (false signal) allows the image
signal to have a frequency higher than the local oscillation
signal.
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[0086] Generally, in a transceiver, a local oscillation signal
and a radio frequency signal are mixed so as to carry out
frequency conversion. However, the mixing inevitably
causes generation of both a signal having a target frequency,
and a signal (image signal) having a false frequency (image
frequency).

[0087] In the present invention, the frequency of the local
oscillation signal is set higher than the frequency of the radio
frequency signal (target signal). This causes the image signal
to have a very high frequency. On this account, the image
signal can be easily reduced by frequency characteristics
that circuit components such as a transistor intrinsically
have. Therefore, the transceiver can be realized in the form
of an IC chip. Further, even if the transceiver IC chip further
includes a filter, in addition to the circuit components such
as a transistor, so as to remove the image signal, the filter can
have smaller number of components such as a coil, a
capacitor, and the like. As such, it is possible to downsize the
filter. This causes the filter to occupy a smaller area in the
transceiver IC chip, thereby allowing the size of the entire
transceiver IC chip to be reduced.

[0088] The present invention is to provide a new trans-
ceiver that can be easily mounted into an integrated circuit,
and that is applicable to a half-duplex transceiver. The
following description deals with a transceiver of the best
mode for carrying out the present invention with reference
to drawings. FIG. 1 is a block diagram illustrating the
transceiver of the best mode.

[0089] The transceiver of the present best mode has the
following main features (a) through (¢):

[0090] (a) For a downconversion of receiving-use,
adopted is a dual conversion system in which a first
mixer 204 uses a local oscillation signal, having a
frequency f; o, that is higher than a frequency f; of
a radio frequency carrier wave. The use of the local
oscillation signal, having a frequency higher than a
radio frequency signal, causes a frequency fy,, of an
image signal to shift toward a high frequency. When
the frequency fj o, of the local oscillation signal is
higher than the frequency fiy of the radio frequency
carrier wave (i.e., f; o,>fxp), the frequency f},, of the
image signal satisfies the following relations: fi,,=
2f; 51—frp and fi;>frg. Therefore, by adequately
selecting the frequency f; o, of the local oscillation
signal, it is possible to shift the frequency fi,, of the
image signal outside a bandwidth of a receiver in a
frequency spectral region. The image signal thus
shifted has energy that does not affect adversely an
operation of the transceiver;

[0091] (b) The shift of the frequency fi, of the image
signal to the higher frequency than the frequency
of the radio frequency carrier wave ensures a very
easy removal of the image signal by filtering the
image signal with the use of a small filter in the
integration circuit; and

[0092] (c) A clock synthesizing circuit 210, which is
used in a receiving channel, is also used to upconvert
a frequency of a transmitter signal into a frequency
of the radio frequency carrier wave, based on the
direct conversion system.

[0093] The following description explains main blocks of
the present transceiver, and operations of the present trans-
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ceiver with reference to FIG. 1. Specifically, described here
is the case where the present invention is applied to a
half-duplex transceiver which is compliant with the WLAN
IEEE 802.11b standard.

[0094] The present transceiver (radio frequency trans-
ceiver) includes (i) an antenna 200 for receiving and trans-
mitting a radio frequency carrier wave, (ii) a radio frequency
band pass filter 201, (iii) a receiving channel (radio fre-
quency receiver) for receiving a radio frequency signal from
the antenna 200, (iv) a transmitting channel (radio frequency
transmitter) for transmitting a radio frequency signal to the
antenna 200, and (v) a switch 202.

[0095] The antenna 200 receives a radio frequency carrier
wave having a frequency range of 2412 MHz to 2484 MHz.
Such a frequency varies depending on which channel is
selected. The antenna 200 is so designed that the antenna
200 efficiently operates at a frequency of a desired radio
frequency carrier wave. The radio frequency band-pass filter
201 limits a bandwidth of a radio frequency signal that is
sent from the antenna 200 toward the receiving channel, or
that is sent from the transmitting channel toward the antenna
200. Specifically, when the radio frequency band-pass filter
201 receives the radio frequency signal, it allows a band,
including the frequency of the radio frequency carrier wave
which is to be extracted, to pass through. The switch 202
selects which channel (the receiving channel via a low noise
amplifier (LNA) 203, or the transmitting channel via a
power amplifier (PA) 226) is to be connected to the antenna
200. Namely, the switch 202 functions as switching means
for switching between a receiving mode and a transmitting
mode. In the receiving mode, the switch 202 connects the
antenna 200 to the receiving channel, whereas in the trans-
mitting mode, the switch 202 connects the antenna 200 to
the transmitting channel. The arrangement is similar to the
conventional transceivers.

[0096] The present transceiver further includes a clock
synthesizing circuit (signal generator) 210 for (i) generating
clock signals (local oscillation signal) for frequency con-
versions in the receiving channel and the transmitting chan-
nel, respectively, and for (ii) supplying the clock signals to
the receiving channel and the transmitting channel, respec-
tively. The clock synthesizing circuit 210 generates two
clock signals 224, having a frequency frp of the radio
frequency carrier wave, for frequency conversion in the
transmitting channel. The two clock signals 224 have the
same frequency and the same amplitude, whereas have
different phases with a phase difference of 90°.

[0097] In the receiving channel, a two-stage downconver-
sion is carried out with respect to a radio frequency signal
having a desired frequency. The receiving channel includes
(1) the low noise amplifier 203, (ii) a first mixer 204 for
carrying out the first stage downconversion, (iii) a capacitor
206, (iv) a Q mixer 207A and an I mixer 207B (each serving
as a second mixer) for carrying out the second stage down-
conversion with the use of two second local oscillation
signals 208, (v) low-pass filters 211, and (vi) amplifiers 212.
Of these circuit components, the first mixer 204, the capaci-
tor 206, the Q mixer 207A, and the I mixer 207B constitute
a frequency conversion circuit.

[0098] The low noise amplifier 203 amplifies the radio
frequency signal which has passed through the radio fre-
quency band-pass filter 201, and attenuates the image signal



US 2005/0117664 Al

interfering with the band of the radio frequency signal to
such a degree that the image signal substantially vanishes.
The first mixer 204 mixes the radio frequency signal with the
first local oscillation signal so that the radio frequency signal
is downconverted into an intermediate frequency signal
having a frequency lower than the radio frequency signal.
The low noise amplifier 203 may include an image signal
removal filter for removing the image signal from an output
signal of the first mixer 204. It is preferable that the image
signal removal filter reduces, by 10 dB or greater, the image
signal for the frequency fi,, (f;,=2f; o;—fxp) and for a
frequency higher than the frequency f,,. The image signal
removal filter can be realized by an LC filter in an IC chip
having a small size. Note that image signal removal filters
may be provided between the first mixer 204 and the Q
mixer 207A, and between the first mixer 204 and the I mixer
207B, respectively.

[0099] The Q mixer 207A and the I mixer 207B down-
convert the intermediate signal into base-band signals 209A
and 209B that have frequencies lower than the frequency of
the intermediate signal, and that have different phases,
respectively. Note that the intermediate signal is sent from
the first mixer 204, via the capacitor 206, to the Q mixer
207A and the I mixer 207B, respectively. Specifically, the Q
mixer 207A mixes the intermediate signal with the second
local oscillation signal 208 having a phase of 270° so that the
intermediate signal is downconverted into the base-band
signal 209A (Q signal) having a phase of 90°. The I mixer
207B mixes the intermediate signal with the second local
oscillation signal 208 having a phase of 0° so that the
intermediate signal is downconverted into the base-band
signal 209B (I signal) having a phase of 0°.

[0100] The low-pass filters 211 carries out low-pass fil-
tering with respect to the base-band signals 209A and 209B
(i.e., in-phase signal and quadrature signal of base band) that
have different phases, and that have been generated by the
Q mixer 207A and the I mixer 207B, respectively. The
amplifiers 212 amplify the base-band signals filtered by the
low-pass filter 211.

[0101] Meanwhile, the transmitting channel receives an
in-phase component (I) 220A and a quadrature component
(Q) 220B of base-band signals which are obtained by an
analog conversion with respect to a digital signal that is to
be transmitted. The transmitting channel includes low-pass
filters 221, a quadrature modulator, and a power amplifier
226. The low-pass filters 221 limit bandwidths of the in-
phase component and the quadrature component of the
base-band signals, respectively. The quadrature modulator
directly upconverts in-phase component (I signal) 222A and
a quadrature component (Q signal) 222B of base-band
signals into a radio frequency signal having the frequency
fre- The power amplifier 226 amplifies electric power of the
radio frequency signal which is obtained via the upconver-
sion carried out by the quadrature modulator. The quadrature
modulator includes (i) an I/Q mixer 223A (third mixer) for
mixing the in-phase component 222A of the base-band
signal with the clock signal 224 having the frequency fg,
and having a phase of 0°% (ii) an I/Q mixer 223B (fourth
mixer) for mixing the quadrature component 222B of the
base-band signal with the clock signal 224 having the
frequency fip, and having a phase of 90°; and (iii) an adder
225 for adding an output signal of the I/Q mixer 223A and
an output signal of the I/Q mixer 223B.
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[0102] Incidentally, the frequency f; o, of the first local
oscillation signal (clock signal) 205 used by the first mixer
204 has such a relation with the frequency fzp of the radio
frequency carrier wave as to satisfy f; o, =kxfzy (k>1), the
first local oscillation signal 205 being sent from the local
oscillator in the clock synthesizing circuit 210. k is typically
in a range of 1.125 to 1.35. The two second local oscillation
signals 208 which are used by the Q mixer 207A and the |
mixer 207B, respectively, have the frequency f; ,, and have
different phases of 0° and 270°, respectively. The frequency
f] o, has such a relation with the frequency f; ; as to satisfy:

JLox=fLor/m

[0103] where m is larger than 1 (preferably, is an integer
of 2 or more). k and m satisfy the following relation:

k=m/(m-1), m>1.

[0104] Note that the frequency f; o, changes according to
the frequency f; ;.

[0105] Because of the following advantages (1) and (2),
the first local oscillation signal, having the frequency f; o,
higher than the frequency fzy of the radio frequency carrier
wave, is used in the first mixer 204.

[0106] (1) In cases where the image signal has a high
frequency of, for example, approximately 4 GHz, the image
signal having such a high frequency does not interfere with
a WLAN system in an ordinary use. A wireless communi-
cation system which is not free from the interference from
the image signal is a point-to-point microwave connection
system, or a radio-locator system, but not with a WLAN
system.

[0107] (2) The image signal can be removed by filtering
the output signal of the first mixer 204 at a high frequency
(cut-off frequency) with the use of the small LC filter that is
provided on the IC chip.

[0108] The following description deals with an operation
of the transceiver.

[0109] Firstly, a receiving operation is explained. A radio
frequency signal having the frequency f; . is supplied to the
receiving channel from the antenna 200, via the switch 202.
The radio frequency signal is amplified by the low noise
amplifier 203. The signal thus amplified is downconverted,
by the first mixer 204, into a signal (intermediate signal)
having the frequency f; (f;=f; 5,-fxp), and the intermediate
signal is outputted from the first mixer 204.

[0110] The intermediate signal thus outputted from the
first mixer 204 is mixed, by the Q mixer 207A, with the
clock signal (quadrature signal Q) 208 having the frequency
f; 2, and having the phase of 270°. Also, the intermediate
signal outputted from the first mixer 204 is mixed, by the I
mixer 207B, with the clock signal (signal I) 208 having the
phase of 0°. The frequency f; o, of the clock signals 208 is
equal to the center frequency f; of the intermediate fre-
quency signal. This allows the output signals of the Q mixer
207A and the I mixers 207B to have base-band signal
components, respectively.

[0111] The base-band signal 209A (VQP and VQN) of the
Q mixer 207A, and the base-band signal 209B (VIP and
VIN) of the I mixer 207B are sent to the low-pass filters 211,
respectively. The base-band signals thus filtered are ampli-
fied by the amplifiers 212, respectively. If an analog/digital
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conversion is carried out with respect to the base-band
signals, then the received signal is ready to complete a
reproduction.

[0112] Next, a transmitting operation of the transceiver is
explained.

[0113] During the transmitting mode, operation of the
circuits in the receiving channel is stopped to save the power
consumption. The base-band signals that have been con-
verted into analog signals of composite I/Q type, i.c., the
in-phase component 220A and the quadrature component
220B of the base-band signals are sent to the low-pass filters
221, respectively. This allows the band width of the trans-
mitter signal to be limited in accordance with a rule estab-
lished by a transmission standard. The in-phase component
222A and the quadrature component 222B thus filtered are
sent to the I/Q mixers 223A and 223B, respectively, so as to
be mixed with the clock signals having the frequency fiz of
the radio frequency signal, respectively. Then, output signals
of the I/Q mixers 223A and 223B are added by the adder
225. The signal thus added is amplified by the power
amplifier 226, and the signal thus amplified is transmitted
via the antenna 200.

[0114] Here, it is preferable that m is an integer which
satisfies the relation: m=2" (n is a positive integer). Table 1
shows (i) four possible combinations of m and k (i.e., m=21,
22,23, and 24), and (ii) frequency f; o, and frequency f; o,
used in each of the combinations, when the frequency fy of
the radio frequency carrier wave is 2400 MHz, (iii) possible
frequency f,, of the image signal in each of the combina-
tions, and (iv) difference AIM between the frequency fip of
the radio frequency carrier wave and the frequency f;,; of the
image signal.

TABLE 1
fro1 fron frm AIM = frg - Iy
m k [MHz] [MHz] [MHz] [MHz]
2 2.000 4800.00 2400.00 7200.00 4800.00
4 1.333 3200.00 800.00 4000.00 1600.00
8 1.143 2742.86 342.86 3085.71 685.71
16 1.067 2560.00 160.00 2720.00 320.00

[0115] As shown in Table 1, for example, in the case
where m is 4, k is 4/3, and the frequency f; ; is 3200 MHz,
the image signal has a frequency fi,; of 4000 MHz. Thus, the
frequency f,,; of the image signal is 1600 MHz away from
the frequency fiy of the radio frequency signal.

[0116] FIG. 3(a) illustrates a change in signal frequency
spectrums caused by the downconversion in the receiving
channel of the present transistor when satisfying m=4,
k=4/3, and f; ,=3200 MHz. FIG. 3()) illustrates a change
in signal frequency spectrums caused by the upconversion in
the transmitting channel of the present transistor when
satisfying m=4, k=4/3, and f; ,=3200 MHz.

[0117] FIG. 2 illustrates a circuitry of the clock synthe-
sizing circuit 210 of the transceiver shown in FIG. 1.

[0118] As shown in FIG. 2, the clock synthesizing circuit
210 includes a voltage controlled oscillator (VCO) 301, and
a phase-locked loop (PLL) circuit 300. The voltage con-
trolled oscillator 301 oscillates at the frequency f; o, (f; 1=
kxfry) s0 as to generate an output signal having the fre-
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quency f; ;. The phase-locked loop circuit 300 stabilizes
and controls the frequency of the output signal of the voltage
controlled oscillator 301. The output signal of the voltage
controlled oscillator 301 is supplied, as the first local oscil-
lation signal 205, to the first mixer 204. The output signal of
the voltage controlled oscillator 301 is also supplied to a
later described mixer 303A (fifth mixer), and a later
described mixer 303B (sixth mixer). The frequency of the
output signal of the voltage controlled oscillator 301 is
divided into 1/m by a divider circuit (divider) 302. The
divider circuit 302 simultancously generates (i) a signal
305A having the frequency f; o, and a phase of 0°, and (ii)
a signal 305B having the frequency f;,, and a phase of
270°. The signals 305A and 305B are supplied to the Q
mixer 207A and the I mixer 207B, as the second local
oscillation signals 208, respectively. The signals 305A and
305B are also supplied to the mixers 303A and 303B,
respectively.

[0119] The mixer (the fifth mixer) 303A mixes (i) the
output signal (having the frequency f; o) of the voltage
controlled oscillator 301 with (ii) the signal 305A having the
frequency f; ,, and having a phase of 0°. This allows the
mixer 303A to generate and output a radio frequency signal
304A having the frequency fzp and a phase of 0° to the I/Q
mixer 223A, as the clock signal 224. The mixer (the sixth
mixer) 303B mixes (i) the output signal (having the fre-
quency f; ;) of the voltage controlled oscillator 301 with
(ii) the signal 305B having the frequency f; ,, and having
a phase of 270°. This allows the mixer 303B to generate and
output a radio frequency signal 304B having the frequency
frr and a phase of 90° to the I/Q mixer 223B, as the clock
signal 224.

[0120] In order to save the power consumption and to
reduce a noise caused by a switching device, while receiving
(i.e., while the switch 202 causes the transceiver to be in the
receiving mode), each operation of the mixers 303A and the
303B (circuit components for generating the radio frequency
signals 304A and 304B) is suspended, and (i) a channel, for
transmitting the radio frequency signal 304A, connecting
from the mixer 303A to the I/Q mixer 223A, and (ii) a
channel, for transmitting the radio frequency signal 304B,
connecting from the mixer 303B to the I/Q mixer 223B are
cut off.

[0121] FIG. 4 through FIG. 7 show examples of circuits
of the present transceiver (front-end radio frequency trans-
ceiver).

[0122] The present invention realizes a transceiver system
for a wireless communication. The transceiver system is
intended to be realized by a standard integration circuit (IC)
process using the CMOS (complementary metal oxide semi-
conductor) process technique, or the BICMOS process tech-
nique.

[0123] The transceiver of the present invention can be
realized by an integrated circuit process using a standard
circuit technique. The present transceiver is realized by the
CMOS (complementary metal oxide semiconductor) inte-
grated circuit. However, the present transceiver may be
realized by other integrated circuit such as a bipolar BiC-
MOS. Further, it is preferable in view of the efficiency in
high-frequency operation (GHz level) that the transceiver is
realized based on a process for a high-speed transistor-use
which can realize (i) a capacitor having high area efficiency
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such as metal-insulator-metal (MIM), and/or (ii) a thick
metal layer for a heating inductor on a chip. Note that the
present transceiver is not limited to a specific one realized by
an integrated circuit, but may be realized by a group of
individual circuit components.

[0124] FIG. 4 shows an example of circuitry of the low
noise amplifier 203 and the first mixer 204.

[0125] The low noise amplifier (LNA) 203 receives a
signal which is supplied from the antenna 200 and the switch
202, via a pin Vin (input terminal). As shown in FIG. 4,
transistors M1 through M4 constitute the low noise amplifier
203, which is loaded by a coil Ld (loading coil). The coil Ld,
a capacitor Ccl, and an input impedance of next stage are
adjusted so that the signal supplied via the pin Vin has a
radio frequency of the carrier wave. A DC blocking capaci-
tor, and inductors Lg and Le are used so that the input
impedance is adjusted to 50€2, and so that the noise factor in
the low noise amplifier 203 is reduced.

[0126] As shown in FIG. 4, the first mixer 204 is a
double-balanced Gilbert mixer which is well known to the
person skilled in the art. As shown in FIG. 4, the first mixer
204 can be realized by differential transistors M5 and M6,
switching quad transistors M8 through M11, and a current
source transistor M7. The differential transistors M5 and M6
amplify the radio frequency signal sent from the low noise
amplifier 203. The switching quad transistors M8 through
M11 operate in synchronization with clock signals of the
first local oscillation signal 205 having a clock of the
frequency f; . The first mixer 204 is loaded by an imped-
ance element Zf, and is capacity-coupled with the next stage.

[0127] The signal mixing processing of the first mixer 204
causes another generation of a radio frequency signal having
a frequency £, (,=fxp+f; 015 D> £>6; o1). However, the
radio frequency signal having the frequency f, is affected by
a frequency characteristic of the impedance element Zf. On
this account, actually, only a differential signal having the
frequency f, (f;=f; 5,—fxp) is sent from the first mixer 204 to
the Q mixer 207A and the I mixer 207B. Note that, when the
frequency fj o, of the first local oscillation signal 205 is 3200
MHz, the frequency f1 of the differential signal is 800 MHz.

[0128] FIG. 5 illustrates an example of circuitry of the
differential I/Q mixers, i.e., the Q mixer 207A and the I
mixer 207b.

[0129] The Q mixer 207A includes transistors (input dif-
ferential transistor pair) M14 and M15; transistors (switch-
ing quad transistors) M18 through M21; and loads M26 and
M27. The I mixer 207B includes transistors (input differen-
tial transistor pair) M16 and M17; transistors (switching
quad transistors) M22 through M25; and loads M28 and
M29. The input differential transistor pair M14 and M185,
and the input differential transistor pair M16 and M17
receive the signals having the frequency f;, i.e., a voltage
Vop and a voltage Von, which are obtained by the down-
conversion and outputted from the first mixer 204.

[0130] Clocking is carried out with respect to the switch-
ing quad transistors M18 through M21 in response to
quadrature signals Q (QN and QP; QP=-QN) having the
frequency f; o, and a phase of 270°. Note that, in the present
example, the frequency f; o, satisfies the relation: f; .=
f; o1/4. Similarly, clocking is carried out with respect to the
switching quad transistors M22 through M25 in response to
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signals I (IN and IP; IP=-IN) having the frequency f; o, and
a phase of 0°. The frequency fj o, is equal to the center
frequency f; of the intermediate frequency signal that is sent
to the Q mixer 207A and the I mixer 207B, respectively. This
causes the output signals of the Q mixer 207A and the I
mixer 207B to have base-band signal components, respec-
tively.

[0131] FIG. 6 illustrates circuitry of the I/Q mixers 223A
and 223B for transmitting-use.

[0132] A Gilbert mixer is used as each of the I/Q mixers
223A and 223B. I signal 222A and Q signal 222B of the
low-pass filters 221 are referred to as signals TxI (TxIP and
TxIN) and TxQ (TxQP and TxQN), respectively. The signals
TxI and TxQ are amplified by a differential transistor pair
M30 and M31 and by a differential transistor pair M33 and
M34 so as to be mixed by the quad transistors M36 through
M39 and by the quad transistors M40 through M43, respec-
tively. Output signals of the I/Q mixer 223A and 223B are
combined (added) by the impedance element Zh (adder
225), and the signal thus combined is sent to the power
amplifier 226.

[0133] FIG. 7 illustrates an example of circuitry of the
power amplifier 226.

[0134] In the example, the power amplifier 226 is realized
by a cascade two-stage amplifier including first and second
stage amplifiers. Differential signals VIN and VTP of the
I/Q mixers 223A and 223B are amplified by transistors M44
through M48 of the first stage amplifier, and output signals
of the first stage amplifier are amplified by transistors M49
through M 53 of the second stage amplifier. The second stage
amplifier further includes a balun load for converting the
signals into a single-end signal, which drives the antenna
200.

[0135] FIG. 8, FIG. 9(a), and FIG. 9(b) show an inte-
gration efficiency when using a local oscillation signal
having the frequency f; o, higher than the frequency fiy of
the radio frequency carrier wave (i.e., f; o,>fp).

[0136] FIG. 8 illustrates another example of circuitry of a
low noise amplifier 203 and the first mixer 204. Such a low
noise amplifier 203 further includes an image trap filter
(image signal removal filter) in addition to the low noise
amplifier 203 shown in FIG. 4. Specifically, the image trap
filter (notch filter) is provided between cathode nodes of the
low noise amplifier 203 so as to reduce adverse effect of the
image signal having the frequency fy,,. The image trap filter
has very low impedance for the frequency fi,,. On this
account, the image trap filter reduces that gain S21 of the
low noise amplifier 203 at the image frequency f;,,. The
image trap filter is realized by a resonance circuit made up
of a coil Lr having inductance Lr, a capacitor Cr having
capacitance Cr, a capacitor Cs having capacitance Cr. In the
resonance circuit, the following relation is satisfied:

F=1{2(LrCr)Y}
[0137] Note that the low noise amplifier 203 of FIG. 8 is
so adjusted as to operate at the frequency fz of 2.4 GHz.

[0138] FIG. 9(a) and FIG. 9(b) are graphs illustrating two
different frequency dependency of gain in the low noise
amplifier 203 shown in FIG. 8. Specifically, FIG. 9(a)
illustrates a case (comparative example) of satisfying fi,,=
1.5 GHz while using the local oscillation signal having the
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frequency f; 5, lower than the frequency frp of the radio
frequency carrier wave (i.e., f; o;<frr). FIG. 9(b) illustrates
a case of satisfying f;,,=4 GHz while using the local
oscillation signal having the frequency f; , higher than the
frequency fry of the radio frequency carrier wave (i.e.,

{1 01>Txe)-

[0139] The image trap filter reduces, by 20 dB or more, the
image signal in the radio frequency signal having the desired
frequency fzp.

[0140] As shown in FIG. 9(a), in the case of using the
local oscillation signal having the frequency f; 5, lower than
the frequency fiy of the radio frequency carrier wave, the
inductance Lr, and the respective capacitance Cr and Cs
satisfy: Lr=4.5 nH, Cr=2 pF, Cs=0.5 pF. In contrast, as
shown in FIG. 9(b), in the case of using the local oscillation
signal having the frequency f; o, higher than the frequency
frg of the radio frequency carrier wave, the inductance L,
and the respective capacitance Cr and Cs satisfy: Lr=1.5 nH,
Cr=1 pF, Cs=0.1 pF. Namely, the inductance Lr of FIG. 9(b)
is one-third of that of FIG. 9(a), and the capacitance Cr of
FIG. 9(b) is one-half of that of FIG. 9(a). This allows the
image trap filter to be integrated in a smaller circuit.

[0141] As described above, the present invention is for
providing a transceiver that can increase integration level in
a semiconductor substrate, and that can be applied to a
half-duplex transceiver, with the use of the integrated circuit
technique.

[0142]
possible:

[0143] (1) The integration of all the filters allows
reductions of the power consumption, the number of
components provided outside an IC chip, and the
cost.

In the present transceiver, the followings become

[0144] (2) The two-stage downconversion in the
receiving channel allows an achievement of high
selectivity.

[0145] (3) Because the first mixer carrying out the
first stage downconversion uses the local oscillation
signal having a frequency higher than the frequency
of the radio frequency carrier wave, the image signal
can be suppressed with ease. Further, because the
frequency of the image signal is higher than the
frequency of the radio frequency carrier wave, it is
possible to downsize the image removal filter,
thereby allowing the image removal filter to be
incorporated in the integration circuit.

[0146] (4) It is possible to reduce the power con-
sumption, because a single voltage controlled oscil-
lator and a phase-locked loop circuit are used to
generate all the clock signals (local oscillation sig-
nals) required for the receiving section.

[0147] (5) A pulling effect of a frequency is elimi-
nated, because the voltage controlled oscillator oper-
ates at a frequency different from the frequency of
the radio frequency carrier wave.

[0148] A radio frequency transceiver of the present inven-
tion may be a front-end transceiver including: (i) an antenna
designed to efficiently operate at a radio frequency (RF)
carrier wave having a frequency fry; (ii) a band-pass filter
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having a pass band including the frequency fry of the radio
frequency carrier wave; (iii) a switch for switching between
a signal channel (transmitting channel) for a transmitting
mode and a signal channel (receiving channel) for a receiv-
ing mode, wherein: the receiving channel includes (a) a low
noise amplifier (LNA) for amplifying a received signal
having the frequency fzg, and for attenuating a band inter-
ference signal to such a degree that the band interference
signal substantially vanishes, (b) a first mixer, and (c) a
quadrature mixer, the first mixer mixing the radio frequency
signal with an output signal of a first local oscillator (LO1)
having a frequency f; o, higher than the frequency fz5 of the
radio frequency carrier wave so as to downconvert the
received signal into a signal having a lower frequency f;
(f,=f; 51—frr), the frequency f; o, having a relation with the
frequency fip: f; o=kxfrp (k>1), k generally falling within
a range of 1.125 to 1.35, the quadrature mixer mixing an
output signal of the first mixer having the frequency f; with
an output signal of a second local oscillator (LO2) having a
frequency f; o, equal to the frequency f; and a phase of 0°,
and with an output signal of the second local oscillator
having the frequency f; o, and a phase of 270°, respectively,
so as to downconvert the output signal into base-band
signals, the frequency f; o, and the frequency f; o, satisfying
arelation of f; ,=f; 5,/m, the coefficients k and m satisfying
a relation of k=m/(m-1), m>1, low-pass filtering and ampli-
fying being carried out with respect to each of an in-phase
(I) signal and a quadrature (Q) signal of the base-band
signals generated by the quadrature mixer, the transmitting
channel including: (a) a low-pass filter for limiting each
bandwidth of an in-phase component and a quadrature
component of an analog signal to which a transmitter signal
(signal to be transmitted) is converted; (b) a quadrature
modulator made up of (1) a first mixer for mixing the
in-phase component of the base-band signals with a radio
frequency carrier wave having the frequency fip, and (2) a
second mixer for mixing the quadrature component of the
base-band signals with the radio frequency carrier wave
having the frequency fig, so as to upconvert the base-band
signals directly into a radio frequency signal; and (¢) an
amplifier for substantially amplifying electric power of the
signal thus upconverted so as to drive the antenna.

[0149] The radio frequency front-end transceiver may be
arranged so that the frequency fi; of the radio frequency
carrier wave has a following relation with the frequency f; o,
of the first local oscillator signal, and with the frequency
f ., of the second local oscillator signal:

Jrr=fLo1~fLo2s and
Jrrfrox(m=1)/m

[0150] Alternatively, the radio frequency front-end trans-
ceiver may be arranged so that the first local oscillator signal
and the second local oscillator signals are so generated that
m is power of 2, i.e., m satisfies a relation of m=2" (n=1, 2,

D).

[0151] Alternatively, the radio frequency front-end trans-
ceiver may be arranged so that the transmitting channel and
a clock generating circuit for transmitting the radio fre-
quency carrier wave having the frequency fy are suspended
during the receiving mode.

[0152] Alternatively, the radio frequency front-end trans-
ceiver is arranged so that the receiving channel includes a
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filter circuit for reducing 10 dB or greater for a frequency fi,,
(fr=2f; o1—frp) Or a frequency greater than the frequency

fiom-

[0153] The radio frequency front-end transceiver may be
arranged so that a voltage controlled oscillator (VCO), a
dividing circuit, a first mixer, and a second mixer cause
generations of the first local oscillator signal, the second
local oscillator signals, and the clock signals having the
radio frequency f. (a) The voltage controlled oscillator
(VCO) operates at the frequency f;o; of the first local
oscillator signal, is controlled by a phase-locked loop circuit,
and is incorporated (built) in the phase-locked loop circuit.
(b) The dividing circuit generates the second local oscilla-
tion signals having the frequency f; o, by dividing by m the
frequency f; o, of the first local oscillator signal. (c) The first
mixer mixes the first local oscillator signal with the second
local oscillator signal having the frequency f; o, and a phase
of 0° so as to generate the clock signal having the frequency
frr and a phase of 0°. (d) The second mixer mixes the first
local oscillator signal with the second local oscillator signal
having the frequency f; o, and a phase of 270° so as to
generate the clock signal having the frequency fr and a
phase of 90°.

[0154] Each of the frequency conversion circuit, the radio
frequency receiver, and the radio frequency transceiver of
the present invention can be applied to a mobile communi-
cation system such as a mobile phone or a PHS (Personal
Handyphone System), a wireless data communication sys-
tem such as a wireless local area network (LAN) commu-
nication system, which is compliant with IEEE 802.11x
standard. Further, because the present invention has a small
size structure, the present invention is useful as an arrange-
ment to be incorporated in a mobile apparatus.

[0155] The embodiments and concrete examples of imple-
mentation discussed in the foregoing detailed explanation
serve solely to illustrate the technical details of the present
invention, which should not be narrowly interpreted within
the limits of such embodiments and concrete examples, but
rather may be applied in many variations within the spirit of
the present invention, provided such variations do not
exceed the scope of the patent claims set forth below.

What is claimed is:

1. A frequency conversion circuit for downconverting a
radio frequency signal having a desired frequency into two
base-band signals having different phases, comprising:

a first mixer for mixing the radio frequency signal with a
first oscillation signal so that the radio frequency signal
is downconverted into an intermediate frequency sig-
nal; and

a second mixer for mixing the intermediate frequency
signal received from the first mixer with two second
local oscillation signals having different phases, respec-
tively, so that the intermediate frequency signal is
downconverted into the two base-band signals,

the two second local oscillation signals having phases of
0° and 270°, respectively, and

f; o1=kxfrp, fioo=fio1/m, and k=m/(m-1) being satis-
fied, where fy; indicates a frequency of the radio
frequency signal, f; o, indicates a frequency of the first
local oscillation signal, f;, indicates frequencies of
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the second local oscillation signals, k indicates an
arbitrary number satisfying k>1, and m indicates an
arbitrary number satisfying m>1.
2. The frequency conversion circuit as set forth in claim
1, wherein:

m is an integer satisfying m=2", where n is a positive
integer.
3. The frequency conversion circuit as set forth in claim
1, further comprising:

an image signal removal filter for removing an image
signal from an output signal of the first mixer.
4. The frequency conversion circuit as set forth in claim
1, further comprising:

an oscillator for generating the first local oscillation
signal; and

a divider for dividing the frequency of the first local
oscillation signal into 1/m so as to generate the second
local oscillation signals having the phases of 0° and
270°, respectively.

5. A radio frequency receiver for receiving a radio fre-

quency carrier wave having a desired frequency, compris-
ing:

a frequency conversion circuit for downconverting a radio
frequency signal having a desired frequency into two
base-band signals having different phases,

said frequency conversion circuit, including:

a first mixer for mixing the radio frequency signal with a
first oscillation signal so that the radio frequency signal
is downconverted into an intermediate frequency sig-
nal; and

a second mixer for mixing the intermediate frequency
signal received from the first mixer with two second
local oscillation signals having different phases, respec-
tively, so that the intermediate frequency signal is
downconverted into the two base-band signals,

the two second local oscillation signals having phases of
0° and 270°, respectively, and

f; o1=kxfrp, f1 o=l 01/m, and k=m/(m-1) being satis-
fied, where f;p indicates a frequency of the radio
frequency signal, f; o, indicates a frequency of the first
local oscillation signal, f; o, indicates a frequency of
the second local oscillation signal, k indicates an arbi-
trary number satisfying k>1, and m indicates an arbi-
trary number satisfying m>1.

6. The radio frequency receiver as set forth in claim 5,

further comprising:

a band-pass filter for receiving radio frequency signal, and
for causing radio frequency signal within a band
including the frequency of the radio frequency carrier
wave to pass through the band-pass filter; and

a low noise amplifier for amplifying the radio frequency
signal having passed through the band-pass filter.
7. The radio frequency receiver as set forth in claim 5,
further comprising:

a low-pass filter for carrying out a low-pass filtering with
respect to the base-band signals generated by the fre-
quency conversion circuit, the base-band signals hav-
ing different phases; and
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an amplifier for amplifying the base-band signals.
8. A radio frequency transceiver, comprising:

a radio frequency receiver for receiving a radio frequency
carrier wave having a desired frequency; and

a radio frequency transmitter for transmitting a carrier
wave having a radio frequency,

said radio frequency receiver, including:

a frequency conversion circuit for downconverting a radio
frequency signal having a desired frequency into two
base-band signals having different phases,

said frequency conversion circuit, including:

a first mixer for mixing the radio frequency signal with a
first oscillation signal so that the radio frequency signal
is downconverted into an intermediate frequency sig-
nal; and

a second mixer for mixing the intermediate frequency
signal received from the first mixer with two second
local oscillation signals having different phases, respec-
tively, so that the intermediate frequency signal is
downconverted into the two base-band signals,

the two second local oscillation signals having phases of
0° and 270°, respectively, and

£} o1=kxfrp, fioo=f10/m, and k=m/(m-1) being satis-
fied, where fy; indicates a frequency of the radio
frequency signal, f; , indicates a frequency of the first
local oscillation signal, f; o, indicates a frequency of
the second local oscillation signal, k indicates an arbi-
trary number satisfying k>1, and m indicates an arbi-
trary number satisfying m>1.

9. The radio frequency transceiver as set forth in claim 8,

wherein:

the radio frequency transmitter includes a quadrature
modulator for upconverting the base-band signals
directly into a radio frequency signal having the fre-
quency fgg,

the quadrature modulator, including:

a third mixer for mixing an in-phase component of the
base-band signal with a clock signal having the fre-
quency frp and a phase of 0°; and

a fourth mixer for mixing a quadrature component of the
base-band signal with a clock signal having the fre-
quency fr and a phase of 90°.

10. The radio frequency transceiver as set forth in claim

9, further comprising:

an oscillator for generating the first local oscillation
signal;

a divider for dividing the frequency of the first local
oscillation signal into 1/m so as to generate the second
local oscillation signals having phases 0° and 270°,
respectively;

13
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a fifth mixer for mixing the first local oscillation signal
generated by the oscillator with the second local oscil-
lation signal, having the phase of 0°, generated by the
divider so as to generate the clock signal having the
frequency frg and a phase of 0°; and

a sixth mixer for mixing the first local oscillation signal
generated by the oscillator with the second local oscil-
lation signal, having the phase of 270°, generated by
the divider so as to generate the clock signal having the
frequency fr and a phase of 90°.

11. The radio frequency transceiver as set forth in claim
9, wherein:

the radio frequency transmitter further includes:

a low-pass filter for limiting bandwidth of in-phase com-
ponent and quadrature component of base-band signals
obtained by carrying out analog conversion with
respect to a digital data that is to be transmitted; and

an amplifier for amplifying electric power of the radio
frequency signal upconverted by the quadrature modu-
lator.
12. The radio frequency transceiver as set forth in claim
9, further comprising:

a signal generator for generating the first local oscillation
signal and the second local oscillation signals, and for
sending the first and second local oscillation signals to
the frequency conversion circuit provided in the radio
frequency receiver,

wherein:

the signal generator generates clock signals used for the
upconversion in the radio frequency transmitter, and
sends the clock signals to the radio frequency trans-
mitter.

13. The radio frequency transceiver as set forth in claim
12, further comprising:

an antenna for receiving the radio frequency carrier wave,
the antenna being so designed as to operate efficiently
at the desired frequency; and

switching means for switching between (i) a receiving
mode in which the switching means connects the
antenna to the radio frequency receiver and (ii) a
transmitting mode in which the switching means con-
nects the antenna to the radio frequency transmitter,

circuit components, for generating the clock signals, in
the signal generator stopping operating during the
receiving mode.



