
S06P0068  SPECIFICATION WIRELESS COMMUNICATION
APPARATUS  TECHNICAL FIELD [0001]  The present
invention relates to a wireless communication
apparatus for carrying out reception processing by
performing  frequency conversion on a wireless signal
that hops among  frequencies. In particular, the
invention relates to a wireless  communication
apparatus for carrying out reception processing  by
performing frequency conversion on a multiband OFDM
signal  of which center frequency hops at
predetermined band intervals.  [0002] More
specifically, the invention relates to a wireless
communication apparatus for carrying out reception
processing  byperforming frequency conversion on
amultiband OFDM_UWB signal  that switches frequencies
over a wide band. In particular, the  invention
relates to a wireless communication apparatus for
resolving a self-mixing problem in performing
frequency  conversion on a received signal by direct
conversion in a  multiband OFDM_UWB communication
scheme. BACKGROUND ART  [0003] Canonical standards
concerning wireless networks include  IEEE (The
Institute of Electrical and Electronics Engineers)  -1
S06P0068  802.11, HiperLAN/2, and IEEE802.15.3. 



[0004]  Further, in recent years, attention is focused
on the  "ultra-wideband (UWB) communication" as a
wireless  communication system capable of
short-distance, ultrafast  transmission. The system
performs wireless communication by  carrying
information on ultrashort pulse waves less than one
nanosecond over a very wide frequency band without
using carriers.  It is expected to put the system into
practical use. At present,  in IEEE802.15.3 and the
like, a data transmission scheme having  a packet
structure including a preamble is being developed as
an access control scheme for ultra-wideband
communication.  [0005] It is anticipated that WPAN
(Wireless Personal Access  Network) represented by the
UWB as short-distance communication  will be employed
in various kinds of household electrical  appliances
and CE (Consumer Electronics) devices in the feature,
and home networks and P-to-P transmission exceeding
100 Mbps  between CE devices are expected to be
achieved. If the use of  millimeter wave bands becomes
widespread, it becomes possible  to achieve
short-distance wireless communication exceeding 1
Gbps and also an ultra-high-speed DAN (Device Area
Network) for  short-distance communication including a
storage device etc.  [0006] A wireless network
constructed in a room forms a multipath  environment
in which a receiver receives a combination of a direct
wave and a plurality of reflected/delayed waves.
Multipath  -2 S06P0068  



generates a delay distortion (or frequency-selective
fading)  to cause a communication error. Further, a
delay distortion  causes intersymbol interference.
[0007]  A major countermeasure against delay
distortion can be a  multicarrier transmission scheme.
According to the  multicarrier transmission scheme,
transmission data is  transmitted by dividing it into
a plurality of carriers having  different frequencies.
Each carrier uses a narrow band and is  hardly subject
to frequency-selective fading. [0008]  For example,
the OFDM (Orthogonal Frequency Division  Multiplexing)
scheme, which is a typical multicarrier  transmission
scheme, configures a frequency of each carrier so
that the carriers become orthogonal to each other in a
symbol  period. During information transmission, the
scheme converts  serially transmitted information into
parallel information at  every symbol cycle lower than
the information transmission rate.  The scheme
allocates a plurality of pieces of output data to
carriers, modulates the amplitude and the phase for
each carrier,  transforms the carriers into signals
along the time domain while  maintaining the
orthogonality of each carrier along the frequency
domain by performing an inverse FFT on the multiple
carriers,  and transmits the transformed signals. The
reception occurs  in the reverse order of the
transmission. The scheme performs  an FFT to transform
signals along the time domain into those  along the
frequency domain and demodulates the carriers in -3 



S06P0068  accordance with the modulation of each
carrier. The scheme  performs parallel-serial
conversion to reproduce the information originally
transmitted in serial form.  [0009] The OFDM
modulation scheme is adopted as a wireless LAN
standard in the IEEE802.11a/g, for example. The
IEEE802.15.3  standardization is also in progress for
the UWB communication  scheme using the OFDM
modulation scheme in addition to the DS-UWB  scheme
and the impulse-UWB scheme. The DS-UWB scheme
increases  spread speeds of DS information signals to
the utmost limit.  The impulse-UWB scheme uses impulse
signal sequences having very  short periods of several
hundred picoseconds to configure  information signals
for transmission and reception. For  example,
investigation is being made on multiband OFDM_UWB
modulation that performs frequency hopping (FH) for a
frequency  band of 3.1 through 4.8 GHz into a
plurality of 528-MHz-wide  subbands and uses I FFT/FFT
having 12 8 -point frequency bands (e.g.,  see
non-patent document 2). [0010]  Direct spread (DS) and
frequency hopping (FH) are a spread  spectrum scheme
that performs multiple access by assigning a
different spread code to each communication channel
and uses  a very wide communication bandwidth with
respect to information  signals. The scheme performs
primary modulation such as OFDM  and secondary
modulation with the spread. [0011]  FIG. 7 shows f
requency allocation stipulated in the multiband  



-4 S06P0068  OFDM_UWB communication scheme. As shown
in FIG. 7, there are  group 1 composed of bands #1 to
#3 having center frequencies  of 3432 MHz, 3960 MHz
and 4488 MHz respectively, group 2 composed  of bands
#4 to #6 having center frequencies of 5016 MHz, 5548
MHz and 6072 MHz respectively, group 3 composed of
bands #7 to  #9 having center frequencies of 6600 MHz,
7128 MHz and 7656 MHz  respectively, group 4 composed
of bands #10 to #12 having center  frequencies of 8184
MHz, 8712 MHz and 9240 MHz respectively,  and group 5
composed of bands #13 and #14 having center
frequencies  of 9768 MHz and l0296 MHz respectively.
It is mandatory to employ  the three bands of group #1
out of these groups. The other groups  and bands are
reserved for future expansion. [0012]  FIG. 8
exemplifies a block diagram of a receiver used in  a
multiband OFDM system (e.g., see non-patent document
6) . The  receiver shown in FIG. 8 employs a direct
conversion scheme for  frequency conversion of a
received signal. The direct  conversion scheme which
does not have an intermediate-frequency  (IF) stage,
amplifies a signal received by an antenna and
multiplies the amplified signal by a local frequency
so as to  perform direct frequency conversion on a
baseband signal. The  direct conversion scheme
facilitates a wider band of a receiver  and thereby
increases the structural flexibility of the receiver.
[0013] In the example of FIG. 8, local (LO) signals
cos(2(err)fc.) and  sin(2(err)fc.) of the same
frequency as the center frequency of an  



RF signal are used for frequency conversion of the
received  .5. S06P0068  signals of the I-axis and the
Q-axis. After the frequency  conversion, the low
frequencies are extracted by low pass filters  (LPF)
and amplified by variable gain amplifiers (VGA) The
amplified signals are converted from analog to digital
form.  Further, the time-domain signals are
transformed into the  frequency-domain signals by FFT,
and the carriers are demodulated  for the reproduction
of information originally transmitted in  serial form.
[0014]  The direct-conversion receiver as shown in
FIG. 8 requires  three local frequencies of 3432 MHz,
3960 MHz and 4488 MHz which  are the same frequencies
as the center frequencies of RF signals,  for example
in the case of using the bands of group 1 shown in
FIG. 7. [0015]  The adoption of the direct conversion
scheme facilitates  a wider band of a receiver due to
no use of an IF filter and  thereby increases the
structural flexibility of the receiver.  However, in
the direct conversion scheme, since a received
frequency and a local frequency are identical, there
has been  a problem that a direct-current component,
i.e., a DC offset  occurs due to a local signal's self
mixing (LO self mixing) (e. g. ,  see non-patent
document 3). [0016]  As shown in FIG. 9, LO
self-mixing occurs when part of the  



local signal leaks toward the antenna from the
receiver proper,  reflects on the antenna, returns to
the receiver, and is -6 S06P0068  multiplied by the
local signal itself at a mixer. Alternatively,  there
are cases where after part of the local signal is
emitted  outside through the antenna, the reflected
wave is received by  the antenna and mixed with the
local signal. [0017]  For example, assuming that the
amplitude of a local signal  in FIG. 9 is 0.5 V, the
total gain of the low noise amplifier  (LNA) and the
mixer is 30 dB, and the leakage of a local signal
reflects on the antenna and returns to point A in FIG.
9 with  an attenuation of -70 dB, the DC offset of the
output of the  mixer is 2.5 mV. On the other hand,
since the signal level of  a desired wave is a minimum
of about -74 dBm, the output of the  mixer is -44 dBm
= 1.4 mVrms. As described, the DC offset is  greater
than the signal level of a desired wave. [0018]  The
process of occurrence of a DC offset is expressed by
the following equation. In the equation, cos (cot)
denotes a local  signal, and a and 4 denote the
amplitude and phase of a reflected  wave that returns
to the mixer, respectively. The first term  on the
right-hand side of the equation indicates a DC offset,
and the second and third terms indicate
double-frequency  components. It is understood that
the DC offset varies with  the amplitude and phase of
the reflected wave. [0019]  



(err)-cos((err)t+(err))cos(wt)=(err)(err)(cos((err))+c
os((err)) cos(2(err)t)-sin((err))-sin(2(err) t))  -7
S06P0068  (1) [0020]  Since frequency hopping (FH) is
performed in a multiband  OFDM communication system as
described above, the frequency of  a local signal
changes with every frequency hopping. The  reflection
coefficient of the antenna also varies with a
frequency; therefore, the DC offset caused by
self-mixing also  changes with frequency hopping.
Since frequency hopping occurs  at the same frequency
of 3.2 MHz as an OFDM symbol rate, the  DC offset
changes stepwise in a cycle of 1/3.2MHz=312.5ns, as
shown in FIG. 10. [0021]  The elimination of the DC
offset is performed generally by  using a method for
inserting a capacitor in series with the output  of
the mixer that multiplies a received signal by a local
frequency.  In this case, as shown in FIG. 11,
capacitor C and circuit impedance  R constitute a
primary high-pass filter (HPF) . The cutoff  frequency
of a frequency response is 1/(2(err)CR), and the
convergence time of a step response is 2(err)CR.
[0022]  Since the subcarrier frequency of the
multiband OFDM system  is 4. 125 MHz, it is desirable
that the direct-conversion receiver  passes
frequencies down to 4.125 MHz. On the other hand, it
is desirable to reduce the convergence time of the
step response  of a DC offset to about 1/10 of the
OFDM symbol rate (about 30  



ns). However, if the cutoff frequency is 4.125 MHz,
the -8 k S06P0068  convergence time of the step
response becomes as long as 242  ns (=1/4.125MHz) as
shown in FIG. 12. Accordingly, there is  a troublesome
problem that most of the OFDM symbol time is consumed
for the step response. Lowering the cutoff frequency
prolongs  the response convergence time. Consequently,
the DC offset does  not fall to zero within one
symbol, thereby affecting the next  symbol. [0023]  In
the case of a time division multiplex wireless system,
it is possible to detect and store a DC offset during
a period  of time other than a time slot assigned to a
receiver and perform  DC offset elimination by
subtracting the stored DC during the  time slot
assigned to the receiver. [0024]  In the case of a
frequency division multiplex wireless system,  it is
possible to detect and store a DC offset during a
preamble  period of a received frame and perform DC
offset elimination  by subtracting the stored DC
during the other periods.  [0025] Conventionally,
Bluetooth communication is known as a  wireless system
for performing frequency hopping. In this case,  there
is a 72-bit access code before a payload, and the head
portion thereof has a 4-bit preamble for detecting a
DC offset  (see FIG. 13) Therefore, by switching a
time constant with  



an additional circuit for reducing the charge and
discharge time  of a capacitor, it is possible to
eliminate a DC offset by using  the relatively short
preamble time. -9 506P0068  [0026] On the other hand,
in the multiband OFDM communication system,  frequency
hopping is performed at each symbol and a frequency
switching time is only less than 10 ns; therefore, it
is necessary  that it is within such a short switching
time that a DC offset  is detected and eliminated.
However, it is extremely difficult  to detect and
eliminate a DC offset within such a short switching
time. That is, the problem of a DC offset in
performing frequency  conversion on a received signal
by direct conversion is  particularly remarkable in
performing frequency hopping in the  multiband OFDM
system. [0027]  [Non-patent document 1] NIKKEI
ELECTRONICS Mar. 11, 2002,  pp. 55-66 "Ultra Wideband:
Revolutionary Wireless Technology  is Born"
[Non-patent document 2] IEEE802.15.3a TI Document
<URL:
http://grouper.ieee.org/groups/802/15/pub/2003/May03
filename: 03142r2P802-15_TI-CFP-Document.doc>
[Non-patent document 3] Anuj Batra,
"03267rIP802-15_TG3a-Multi-band-OFDM-CFP-Presentataion
.ppt",  pp. 17, July 2003. [Non-patent document 4]
Asad A. Abidi, "Direct-Conversion  Radio Transceivers
for Digital Communications" (IEEE J.  



Solid-State Circuits, vol. 30, no. 12, pp. 1399-1410,
1995)  DISCLOSURE OF THE INVENTION [0028] -10 S06P0068
It is an object of the present invention to provide an
excellent wireless communication apparatus that can
suitably  carry out reception processing by performing
frequency  conversion on a multiband OFDM signal of
which center frequency  hops at predetermined band
intervals. [0029]  It is another object of the
invention to provide an excellent  wireless
communication apparatus that can suitably carry out
reception processing by performing frequency
conversion on a  multiband OFDM_UWB signal that
switches frequencies over a wide  band. [0030]  It is
another object of the invention to provide an
excellent  wireless communication apparatus that can
resolve a DC offset  problem due to self-mixing in
performing frequency conversion  on a received signal
by a direct conversion scheme in a multiband  OFDM_UWB
communication scheme. [0031]  The present invention
has been made in view of the foregoing  and provides a
wireless communication apparatus for receiving  a
communication signal that frequency-hops among a
plurality  of frequency bands. The wireless
communication apparatus  includes a frequency
conversion unit for multiplying a received  



communication signal by a local signal composed of a
hopping  frequency so as to perform frequency
conversion, a high-pass  filter unit that includes
parallel-arranged capacitors  corresponding to
frequency-hopping bands and switches -11 S06P0068
connections of capacitors in synchronization with
frequency  hopping and eliminates a DC offset
contained in a received signal  after frequency
conversion, and a reception processing unit for
performing reception  processing such as low pass,
amplification, digital conversion,  and demodulation
on a received signal after DC offset  elimination.
[0032]  The invention relates to a wireless
communication apparatus  for carrying out reception
processing by performing frequency  conversion on a
received signal in a multiband OFDM_UWB  communication
system that switches frequencies over a wide band,
and particularly for performing frequency conversion
on a  received signal by a direct conversion scheme.
[0033]  The direct conversion scheme facilitates a
wider band of  a receiver due to no use of an IF
filter and thereby increases  the structural
flexibility of the receiver. However, since a
received frequency and a local frequency are
identical, there  is a problem that a direct-current
component, i.e., a DC offset  occurs due to a local
signal's self mixing. Particularly in  the multiband
OFDM communication system, frequency hopping is  



performed at each symbol, and it is difficult to
detect and  eliminate a DC offset within an extremely
short frequency  switching time. [0034]  The
elimination of a DC offset is performed generally by
-12 S06P0068  using a method for inserting a primary
high-pass filter with  the output of the mixer that
multiplies a received signal by  a local frequency.
However, when a step voltage is applied,  a capacitor
is charged and discharged at every frequency hopping,
thus producing a troublesome step response. [0035]  A
wireless communication apparatus according to the
invention has a primary high-pass filter that is
composed of  parallel-arranged capacitors
corresponding to  frequency-hopping bands, and
eliminates a DC offset contained  in a received signal
after frequency conversion, while switching
capacitors in synchronization with frequency hopping.
[0036] For example, capacitors #1, #2, are provided
for each  of the hopping bands #1, #2, .... Capacitor
#1 can store electric  charge just before frequency
hopping from band #1 to another  band #2, and can
continue a step response after hopping to band  #1
again. After repeated switching operations of the
capacitor  in accordance with frequency hopping in
this manner, the  charging/discharging of capacitor #1
ceases and reaches a steady  state. That is, the
elimination processing of a DC offset is  



performed independently at each hopping band, thereby
preventing  the transient phenomenon of a step
response that occurs in some  frequency band from
affecting the next hopped frequency band.  [0037] In
the past, lowering a cutoff frequency prolongs a
response  convergence time. Consequently, a DC offset
does not fall to  -13 S06P0068  zero within one
symbol, thereby affecting the next symbol. On  the
other hand, according to the invention, the cutoff
frequency  of the high-pass filter can be set to be
lower than the subcarrier  frequency. [0038]  If two
or more capacitors are simultaneously connected in
parallel at the time of switching the connections of
capacitors,  electric charge is allocated to each
capacitor in accordance  with each capacitance. In
this case, since a DC offset affects  another
frequency band, there is a possibility of producing an
insufficient effect of shortening step response time.
For this  reason, it is more preferable that the
high-pass filter unit  has a time difference at the
time of switching the connections  of capacitors so as
not to simultaneously connect two or more  capacitors
in parallel in synchronization with frequency
hopping. [0039]  In the case of performing the
alternative connection  switching of parallel-arranged
capacitors, there may be a  configuration in which a
switch for connection switching is  



provided at one end of each parallel-arranged
capacitor and the  other end is always in common
connection. In this case, there  is apprehension that
the end in common connection has a large  amount of
parasitic capacitance of the circuit. For this reason,
it is more preferable to have a parasitic-capacitance
elimination  unit for eliminating parasitic
capacitance at the time of  disconnecting each
capacitor. -14 S06P0068  [0040] For example, the
parasitic-capacitance elimination unit can  be
composed of a switch for disconnecting the both ends
of a  capacitor that is not selected and a switch for
grounding one  end of the disconnected capacitor.
[0041]  According to the invention, it is possible to
provide an  excellent wireless communication apparatus
that can suitably  carry out reception processing by
performing frequency  conversion on a multiband OFDM
UWB signal that switches  frequencies over a wide
band. [0042]  Further, according to the invention, it
is possible to provide  an excellent wireless
communication apparatus that can resolve  a DC offset
problem due to self-mixing in performing frequency
conversion on a received signal by a direct conversion
scheme  in a multiband OFDM_UWB communication scheme.
[0043]  A wireless communication apparatus according
to the  



invention has a primary high-pass filter that is
composed of  parallel-arranged capacitors
corresponding to  frequency-hopping bands and switches
the connections of  capacitors in synchronization with
frequency hopping, thereby  eliminating a DC offset
contained in a received signal after  frequency
conversion. Since the elimination processing of a  DC
offset is performed independently at each hopping
band, the  cutoff frequency of the high-pass filter
can be set to be lower 15 506P0068  than the
subcarrier frequency. [0044]  These and other objects,
features and advantages of the  invention will be
apparent from the following more particular
description of preferred embodiments of the invention,
as  illustrated in the accompanying drawings. BRIEF
DESCRIPTION OF THE DRAWINGS  [0045] FIG. 1 is an
illustration showing a high-pass filter composed  of
parallel-arranged capacitors in accordance with
frequency-hopping bands. FIG. 2 is an illustration
showing the relationship between  the input voltage
and the output voltage of band #1. FIG. 3 is an
illustration showing a modification of the  circuit
configuration shown in FIG. 1. FIG. 4 is an
illustration exemplifying the circuit  configuration
in which a parasitic-capacitance elimination unit  is
added to the circuit shown in FIG. 1. 



FIG. 5 is a block diagram of a multiband OFDM_UWB
receiver  according to an embodiment of the invention.
FIG. 6 is a timing chart exemplifying frequency
hopping at  the multiband local oscillator by the
frequency hopping  controller and the switching
operations of capacitors #C1 through  C#3. FIG. 7 is
an illustration exemplifying frequency allocation
stipulated in a multiband OFDM UWB communication
scheme.  -16 S06P0068  FIG. 8 is an illustration
exemplifying a block diagram of a direct-conversion
receiver used in a multiband OFDM system.  FIG. 9 is
an illustration for explaining a local signal's  self
mixing. FIG. 10 is an illustration for explaining a DC
offset caused  by self-mixing. FIG. 11 is an
illustration exemplifying the configuration  of a
primary high-pass filter. FIG. 12 is an illustration
for explaining the convergence  time of the step
response of a DC offset if a cutoff frequency  is
4.125 MHz in a direct-conversion receiver. FIG. 13 is
an illustration showing the structure of an access
code in Bluetooth communication. BEST MODE FOR
CARRYING OUT THE INVENTION  [0046] Embodiments of the
present invention will be described below  in detail
with reference to the accompanying drawings.  [0047] 



The present invention relates to a wireless
communication  apparatus for carrying out reception
processing by performing  frequency conversion on a
received signal in a multiband OFDM_UWB  communication
system that switches frequencies over a wide band,
and particularly for performing frequency conversion
on a  received signal by a direct conversion scheme.
[0048]  The adoption of the direct conversion scheme
facilitates  -17 S06P0068  a wider band of a receiver
due to no use of an IF filter and  thereby increases
the structural flexibility of the receiver.  However,
since a received frequency and a local frequency are
identical, there is a problem that a direct-current
component,  i.e., a DC offset occurs due to a local
signal's self mixing.  Particularly in the multiband
OFDM communication system,  frequency hopping is
performed at each symbol, and it is difficult  to
detect and eliminate a DC offset within an extremely
short  frequency switching time. [0049]  The
elimination of a DC offset is performed generally by
using a method for inserting a primary high-pass
filter (HPF)  with the output of the mixer that
multiplies a received signal  by a local frequency as
shown in FIG. 11. However, when a step  voltage is
applied as shown in FIG. 10, the capacitor is charged
and discharged at every frequency hopping, thus
producing a step  response as shown in FIG. 12. [0050]



The present inventors consider that if a capacitor can
store  electric charge just before frequency hopping
from a band #1  to another band #2 and can continue a
step response after hopping  to the band #1 again, the
charging/discharging of the capacitor  ceases and
reaches a steady state. That is, the elimination
processing of a DC offset is performed independently
at each  hopping band. [0051]  In order to achieve
such processing, a primary high-pass  -18 S06P0068
filter inserted after a frequency conversion unit that
multiplies  a received signal by a local signal is
composed of parallel-arranged capacitors corresponding
to  frequency-hopping bands as shown in FIG. 1,
thereby switching  capacitors in synchronization with
frequency hopping. In the  example of FIG. 1,
capacitors #1, #2, and #3 are provided for  each of
the hopping bands #1, #2, and #3. [0052]  Each
individual capacitor is charged and discharged
repeatedly at every frequency hopping, thus producing
each step  response. At the time of the switching
operations of capacitors  in synchronization with
frequency hopping, capacitor #1 can store  electric
charge just before frequency hopping from band #1 to
another band #2, and can continue a step response
after hopping  to band #1 again. After repeated
switching operations of the  capacitor in accordance
with frequency hopping, the  charging/discharging of
capacitor #1 ceases and reaches a steady  



state. That is, the elimination processing of a DC
offset is  performed independently at each hopping
band, thereby preventing  the transient phenomenon of
a step response that occurs in some  frequency band
from affecting the next hopped frequency band.  [0053]
As shown FIG. 7, bands #1 to #3 constitute group 1
which  is mandatory in the multiband OFDM UWB
communication scheme.  That is, frequency hopping is
performed among band #1, band #2,  and band #3.
Accordingly, the high-pass filter shown in FIG.  1 is
switched among the following three states. -19
S06P0068  [0054] (1) At the time of band #1, SW #1 is
turned on and SW #2  and SW #3 are turned off so as to
establish the connection of  capacitor #1 only. (2) At
the time of band #2, SW #2 is turned on and SW #1  and
SW #3 are turned off so as to establish the connection
of  capacitor #2 only. (3) At the time of band #3, SW
#3 is turned on and SW #1  and SW #2 are turned off so
as to establish the connection of  capacitor #3 only.
[0055]  FIG. 2 shows the relationship between the
input voltage and  the output voltage of band #1. The
horizontal axis indicates  time with respect to the
frequency hopping period. Capacitor  #1 is discharged
beforehand, and SW #1 is turned on for the first  time
at frequency hopping period t0. 



[0056]  At the moment of turning SW #1 on, an input
voltage is directly  applied to circuit impedance R as
if capacitor C#1 were shorted.  Instantly, negative
charge flows into the right electrode of  capacitorC#l
through circuit impedance R. Asa result, positive
charge in line with the input voltage accumulates on
the left  electrode of capacitor C#1, thus charging
capacitor C#1 and  decreasing the output voltage.
[0057]  SW #1 is turned off at the next frequency
hopping period  t1. Therefore, charging is
discontinued, and the electric -20 S06P0068  charge on
capacitor C#1 cannot move and is stored. [0058]  SW #1
is turned on again in accordance with hopping to band
#1 at hopping period t3. Accordingly, charging
restarts with  an output voltage that is lower than
the initial output voltage  by the charged potential
of capacitor C#l, and the output voltage  further
decreases. [0059]  The charging operation is
discontinued at the next hopping  period t4. Then,
charging restarts at t6 when hopping to band  #1 is
performed. At the next hopping period t7, the charging
of capacitor C#l is completed so that the output
voltage reaches  a steady state of zero and does not
change afterward. [0060]  As described, transient
phenomena continue and discontinue  



repeatedly. Therefore, even if the cutoff frequency of
the  high-pass filter is set to be lower than the
subcarrier frequency,  the step response converges on
a steady state after several  frequency hopping
periods have elapsed. This prevents the  occurrence of
the problem of a step response at every frequency
hopping (described above). [0061]  Further, it is
possible to reverse the positional  relationship
between the parallel-arranged capacitors and the
switches for switching the respective connections in
the  configuration of the high-pass filter shown in
FIG. 1. FIG.  3 exemplifies the circuit configuration
in this case. -21 S06P0068  [0062] In either case of
the circuit configurations shown in FIGS.  1 and 3, a
switch for connection switching is provided at one
end of each parallel-arranged capacitor, and the other
end is  always in common connection. In such a case,
there is apprehension that the end in common
connection has a large amount  of parasitic
capacitance of the circuit. For this reason, it  is
more preferable to have a parasitic-capacitance
elimination  unit for eliminating parasitic
capacitance at the time of  disconnecting each
capacitor. [0063]  For example, the
parasitic-capacitance elimination unit can  be
composed of a switch for disconnecting the both ends
of a  capacitor that is not selected and a switch for
grounding one  



end of the disconnected capacitor. [0064]  FIG. 4
exemplifies the circuit configuration of a high-pass
filter to which the parasitic-capacitance elimination
unit is  added. In the example of FIG. 4, capacitor
C#1 is in a connected  state in which SW #la and SW
#lc are ON at the same time and  SW #lb is OFF. At the
time of disconnecting capacitor C#1, SW  #1a and SW
#lc are turned off at the same time and SW #lb is
turned on. Thus, in either case of the capacitors C#1
to C#3,  switches with the suffixes "a" and "c" and a
switch with the  suffix "b" operate exclusively.
[0065]  FIG. 5 shows a block diagram of a multiband
OFDM_UWB receiver  -22 S06P0068  according to an
embodiment of the invention. In the receiver  shown in
FIG. 5, the circuit with the mechanism for switching
capacitors shown in FIG. 1 is adopted as a high-pass
filter after  frequency downconversion. The receiver
shown in FIG. 5 employs  the direct conversion scheme
for frequency conversion of received  signals. [0066]
Local (LO) signals cos(2(err)fc.) and sin(2(err)fc) of
the same  frequency as the center frequency of an RF
signal are used for  frequency conversion of the
received signals of the I-axis and  the Q-axis. For
example, in the case of using the bands of group  1
shown in FIG. 7, the multiband receiver requires three
local  frequencies of 3432 MHz, 3960 MHz and 4488 MHz
which are the  



same frequencies as the center frequencies of RF
signals.  [0067] A multiband local oscillator
generates these multiple  frequency signals. Since a
channel switching width is large  in the multiband
OFDM_UWB system, a single PLL cannot perform  wideband
frequency switching. Therefore, it is considered that
the multiband local oscillator is preferably
constructed so as  to accurately obtain the center
frequency of each band in the  multiband system by
using frequency division and frequency  calculation
based on a single reference frequency. Such a
frequency synthesizer is disclosed, for example, in
the  specification of Japanese Patent Application JP
2004-251006  which is already assigned to the present
applicant. [0068] -23 S06P0068  A frequency hopping
controller controls frequency hopping operation in the
multiband local oscillator. Further, a  downconversion
mixer multiplies the received signals of the  I-axis
and the Q-axis by the local signals outputted from the
multiband local oscillator respectively so as to
perform  frequency conversion. [0069]  In the
downconversion by the direct conversion scheme, a  DC
offset occurs due to a local signal's self mixing. In
this  embodiment, the subsequent stage of the
downconversion mixer  includes the respective primary
high-pass filters on the I-axis  and the Q-axis that
are composed of parallel-arranged capacitors  



C#1 to C#3 corresponding to frequency-hopping bands #1
to #3  and SW #1 to SW #3 for switching the
connections of the capacitors.  [0070] The frequency
hopping controller performs the switching  operations
of SW #1 through SW3 in synchronization with frequency
hopping, i.e., the switching operations of local
frequencies  at the multiband local oscillator, thus
performing the alternate  connections of capacitors
C#1 through C#3 in synchronization  with frequency
hopping. [0071]  Capacitor #1 can store electric
charge just before frequency  hopping from band #1 to
another band #2, and can continue a step  response
after hopping to band #1 again. After repeated
switching operations of the capacitor in accordance
with  frequency hopping in this manner, the
charging/discharging of -24 S06P0068  capacitor #1
ceases and reaches a steady state. The same applies
to the other capacitors C#2 and C#3. That is, the
elimination  processing of a DC offset is performed
independently at each  hopping band, thereby
preventing the transient phenomenon of  a step
response that occurs in some frequency band from
affecting  the next hopped frequency band. [0072]
Further, capacitors C#l to C#3 may be provided with
parasitic-capacitance elimination units as shown in
FIG. 4 which  are omitted in FIG. 5. [0073]  



In the received signals that have been
frequency-converted  and subjected to the DC offset
elimination in this manner, the  low frequencies are
extracted by low pass filters and amplified  by
variable gain amplifiers. The amplified signals are
converted f rom analog to digital form. Further, the
time-domain  signals are transformed into the
frequency-domain signals by  FFT, and each carrier is
demodulated for the reproduction of  information
originally transmitted in serial form. [0074]  If two
or more capacitors are simultaneously connected in
parallel at the time of switching the connections of
capacitors  C#l through C#3, electric charge is
allocated to each capacitor  in accordance with each
capacitance. In this case, since a DC  offset affects
another frequency band, there is a possibility  of
producing an insufficient effect of shortening step
response  time. For this reason, the frequency hopping
controller has  -25 506P0068  a time difference At at
the time of switching the connections  of capacitors
so as not to simultaneously connect two or more
capacitors in parallel in synchronization with
frequency hopping  at the multiband local oscillator.
FIG. 6 exemplifies frequency  hopping at the multiband
local oscillator by the frequency  hopping controller
and the switching operations of capacitors  C#l
through C#3. [0075]  The invention has been described
in detail with reference  to the specific embodiments.
However, it is obvious that those  



skilled in the art can make modifications and /or
substitutions  of the embodiments without departing
from the scope and sprit  of the invention. That is,
the embodiments have been described  for illustrative
purpose only, and the contents of the  specification
should not be interpreted restrictively. To
understand the scope of the invention, the appended
claims should  be taken into consideration. -26
S06P0068  CLAIMS 1. A wireless communication apparatus
for receiving a  communication signal that
frequency-hops among a plurality of  frequency bands,
the wireless communication apparatus  comprising: a
frequency conversion unit for multiplying a received
communication signal by a local signal composed of a
hopping  frequency so as to perform frequency
conversion; a high-pass filter unit that includes
parallel-arranged  capacitors corresponding to
frequency-hopping bands and  switches connections of
capacitors in synchronization with  frequency hopping;
and a reception processing unit for performing
reception  processing on a received signal that has
passed through the  high-pass filter unit 2. The
wireless communication apparatus according to claim 1,
wherein the communication signal is an ultra-wideband
signal  obtained by carrying transmission information
over a wide  frequency band. 



3. The wireless communication apparatus according to
claim 1,  wherein the communication signal is an OFDM
signal obtained by  allocating a plurality of pieces
of data to carriers, modulating  amplitude and phase
for each carrier, and transforming carriers  into
signals along a time domain while maintaining
orthogonality  -27 S06P0068  of each carrier along a
frequency domain, and wherein the reception processing
unit performs OFDM  demodulation. 4. The wireless
communication apparatus according to claim 1,  wherein
the high-pass filter unit has a time difference at the
time of switching connections of capacitors so as not
to  simultaneously connect two or more capacitors in
parallel in  synchronization with frequency hopping.
5. The wireless communication apparatus according to
claim 1,  wherein the high-pass filter unit has a
parasitic-capacitance  elimination unit for
eliminating parasitic capacitance at the  time of
disconnecting each capacitor. -28 


