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-1q.a Witelggs communication apparatus
for carrying out reception processing by performing frequency conversion
onamultibandOFDM multiband that switches frequencies over a wide
band. In particular, the invention relates to a wireless communication

apparatus for r@&@wg s%WW&%F&@Qnﬁ%Pang frequency

conversion on a received signal by direct conversion in a multiband
OFDM UWB communication scheme. BACKGROUND ART [00031
TECHNARIBEl stairbards concerning wireless networks include |IEEE (The
Iggéﬁtrte of Electrical and Electronics Engineers) -1 802.11, HiperLAN/2,
EEE802.15.3.

The present invention relates to a wireless communication
apparatus for carrying out reception processing by performing
freguency conversion on a wireless signal that hops among
frequencies. Inparticular, theinventiocnrelatestoawireless
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 frequencyconversiononamultibandOFDM UWBsignal
that switches frequencies over a wide band. 1In 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.

BACKGRGUND ART
[00G3]
Canonical standards concerning wireless networks include

IEEE (The Institute of Electrical and Electronics Engineers)



[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

s @ECe3S canirol-seheme for yitig-wideband cgmmunication. [0005] Itis
anticipated that WPAN (Wireless Personal Access Network) represented
[BHYyahé UWB as short-distance communication will be employed in various
kingggtfzggusehold electrical a?gpliances and CE (Consumer Electronics)

e

devices i the featdre” Al hotte nefr sk Eril Pio-P HaHehfisSnthe
v exeeedingitoR Mbpsheiwesadak idevicesareexpecied o hesachieved. If

the use of millimeter wave bands becomes widespread, it becomes
CHEEsIbIE Apiachieve shorcdistdnce wikelissdomimenication edldesdiag i
v :nGk%%% agd ficlgo anPHIéras-hisqrfhél%peed PAN (De.vicelArea Network) for
Short-distance communication meluding a storages Savica Bt 68661 R LY
cavirglesy netwer«ceRsiiueieding eemmforms asmultipath eovironmentife
which a receiver receives a combination of a direct wave and a plurality of

nqgﬂé&%gwﬁmﬁ@@@wﬁ@%w@ﬁmiﬁmquencybandwithoutusingcarriers.

It is expected to put the systeminto 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 inwhichareceiver receives a combinationof adirect

wave and a plurality of reflected/delayed waves. Multipath



-2 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)

e, Whl%h is atgglcgl ulticar riler ansm|SS|on scheme, con Qgres?

e era &5 nc
requency of each carrier 86 tlhal%t & ‘carriers become or?hogonal 8 each

t OBk 4R a=SyphrlPeFodh Buring-tormation tnsnaisgion fha seheme on
converts serially transmitted information into parallel information at every

cagyifboleyicie foWePtharh{Herifdifteifon transmission rate. The scheme
0%' tes a plurality of pieces of output data to carriers, modulates the
mplitude and the phase for each carrier, transforms the carriers into
sugnaha@mng:mmﬂmdamamm&@lemnmag the arthaganality of each
carrier along the frequency domain by performing an inverse FFT on the
mughltiié Thtferst 2T iran STt tRe W EnsfobfetrsigRalst Thel@ception

muQGGUE - I 10 TEVERSS, PLdarof thedEansMISRIgN. The.Sehemg pertrms

transmitted by dividing it inte a plurality of carriers having
different frequencies. Each carrier uses a narrow band and is
hardly subject to frequency-selective fading.

(G008}

For example, the OFDM (Orthogonal Frequency Division
Multiplexing) scheme, which is a typical multicarrier
transmission scheme, configures a freguency of each carrier so
that the carriers become orthogonal to each other in a symbol
pericod. 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 eachcarrier,
transforms the carriers into signals along the time domain while
maintainingtheorthogonalityofeachcarrieralongthe 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



an FFT to transform signals along the time domain into those along the
frequency domain and demodulates the carriers in .3 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 IEEE802.1la/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

acRe e MpulserUWR seheme: chihg, DS-UVYBrschems increages spread

speeds of DS information signals to the utmost limit. The impulse-UWB
pegdhame usessipulse sigiral sequeaces fraving vens siortepearicds of

. %everaLhundred. icosi onds to confi%ug-:‘ jnformatiog s%nals for
INLOrmation origlng ?8 tlgansnut el 11 S?rl? 618.
transmission andreception. For 'example, investigation is being made on

[ ogdtipand OFDM UWB modulation that performs frequency hopping (FH)
for a frequency band of 3.1 through 4.8 GHz into a plurality of
5280 HARID @ cstibbanbierariDsas IRETASP hawiris12 8«poidtess LAN

s<lfsguEncyPands (&8, S5e or patent document 2) 1901} iregs sprcad

Xa
requency hopping aré A spread spectium scheme

stpadaras raultiple agcess by aspighing as diffarent spread-codetn 8aehon
communication channel and uses a very wide communication bandwidth
scﬂﬂﬁqéﬁﬁﬁgRﬁmﬁﬁﬁﬁm@ﬁulationschemeinadditiontotheDS—UWB

.scheme and the impulse-UWB scheme. The DS~UWB scheme increases
spread speeds of DS information signals to the utmost Iimit.
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, investigatior} 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 anduses IFFT/FFThaving 128-point frequencybands {e.qg.,
see non-patent document 2).

[0010]

Direct spread (D35} and frequency hopping (FH) are a spread
spectrum scheme that performs multiple access by assigning a
different spread code to each comuunication 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 frequencyallocationstipulated inthemultiband



signals. The scheme performs primary modulation such as OFDM and
secondary modulation with the spread. [0011] FIG. 7 shows frequency
allocation stipulated in the multiband -4 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,

orbeSMHZ A0, 1629 MHz Lespagtively, aiqup 4 cgmpesed-pf hands #10 .

to #12 having center frequencies of 8184 MHz, 8712 MHz and 9240 MHz
grrespectivetyy, card gdup ncemposed dibards #43 and# ddchavingoenéer
frequencies of 9768 MHz and 10296 MHz respectively. It is mandatory to

o fetiployithe thte8 BERCY6f GGG HE SarErhesEguds: e offeFrosed
o 9¥0URSs and pangds aresesenved forfuture, expansion, IPQL2ls Rt 8 5545

exemplifies a block diagram of a receiver used in a multiband OFDM
Migysted {61, S8e nespaterntvadcument 6). Theocrgceiver showmimsHG. 8o
employs a direct canversion scheme for frequency conversion of a

9 bGvad SGREE THE QIFSRD CorverSidr? $8HETe whith HEs 1ot Halait2

rdfiRrmediatesfrequancy i stade. amplifias a stgnal jacelvedibyatnter
antenna and multiplies the amplified signal by a local frequency so as to

frperferm direct frétjuhdiconvetsionitn aabhds@Bdnd ¥ignaleFhectively,

andgroup 5 composed of bands #13 and #14 having center frequencies
of 9768 MHz and 10296 MHz respectively. It ismandatorytoemploy
the three bands of group #1 out of these groups. The cther groups
and bands are reserved for future expansion,.

[0012]

FIG. 8 exemplifies a block diagram cf a receiver used in
amultiband OFDM system (e.g., see non—patent decument 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
multipiies the amplified signal by & local frequency so as to
perform direct fregquency conversicn on a baseband signal. The
direct conversion scheme facilitates a wider band of a receiver
and therebyincreases thestructural flexibilitycfthe receiver,
f0013]

In the example of FIG. 8§, local (LO} signals cos{2nf.} and
sin(2nf.) of the same frequency as the center frequency of an

RF signal are used for frequency conversion of the received



direct conversion scheme facilitates a wider band of a receiver and
thereby increases the structural flexibilityof the receiver. [0013] In the
example of FIG. 8, local (LO) signals cos(2zcf,) and sin(2nfc) of the same
frequency as the center frequency of an RF signal are used for frequency
conversion of the received -5 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

s Mg domain signals.are.transformed inta the. frequency:domain signals,
ByFFT,and the carriers are demodulated for the reproduction of

confermation originally fransmittedds setiakformc Q1YY Thepass filters
direct-conversion receiver as shown in FIG. 8 requires three local

(If&duended Bt Bus Y 308D R add 1288 Wiz WHSER 4/t safl®
anfbquencies anthescenter fisauencies of RE %jggi“é?g for ea@grlmgﬂnfaﬁm.

case of using the bands of group 1 shown in FIG. 7. [0015] The adoption
Fugftthediredteoniveesionsehe me. facilitatesr @ widen Hanchafa iegeivendue
to no use of an IF filter and thereby increases the structural flexibilit

f
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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 identigal, there has been
a problem that a direct-current component, i.e., a DC offset
occursdue toalocal signal’sselfmixing {LOselfmixing) {e.qg.,
see non-patent document 3).

[00G16]

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



frequency and a local frequency are identical, there has been a problem
that a direct-current component, i.e., a DC offset
occursduetoalocalsignal'sselfmixing (LOselfmixing) (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 multiplied by the
local signal itself at amixer. Alternatively, there are cases where after part
of the local signal is emitted outside through the antenna, the reflected

mu\fz@!%ﬁeemcsgy@g@yq%aﬁgﬂgﬁ apd mixed with the '.PCallsag@ﬁ'aLQ%ﬂoy :

For example, assuming that'the amplitude of a local signal in FIG. 9is 0.
thé rthex totat gads oftke dowmeisepamplifiért HeNA)and theymixet is 30idBed
and the leakage of a local signal reflects on the antenna and returns to

OYSSInt'A IEGIPWiRE AR BEfenRatiohcof SAd B8 fifk 5E Vs Sk Gttt

1 tQ_gtgmg%r i§_r?d51ﬁ5!¥e9rh%0tbﬁé hand. since fhesignal level of a
desired wave is a minimum of about -74 dBm, the output of the mixer is

[0@7’dBm = 1.4 mVrms. As described, the DC offset is greater than the
signal level of a desired wave. %&8 The procgess of occurrence of a DC
g

offS&tisERPRE ey e 616 Yttt b e sYbidtion Gos tafnat

irdenetessaiacadl s v, the total gain of the low noise amplifier
{INA) 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 attenuaticn of -70 dB, the DC offset of the cutput 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.

{ool8]

The process of occurrence of a DC offset is expressed by
the followingegquation. Intheequation, cos(ot) denotesalocal
signal, and o and ¢ 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 understoced that the DC offset varies with
the amplitude and phase of the reflected wave.

{0019]

a-coslw -t +¢)-cos(w-t) = % - -{cos{p)+cos(@)-cos(2 - @-1)—sin(g)- sin(2- @ -1))



signal, and a and ~ 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] a
cos(w t+0).cos(w t)=2 a (cos()+ cos(O) cos(2 w t)-sin(o) sin(2 w
t)) -7 (1) [0020] Since frequency hopping (FH) is performed in a
multiband OFDM communication system as described above, the
lf equency 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

L GfefUlency of 3.2 MHz as an OFDM symbol rate, the DC offset changes

stepwise in.a cycle of I/3.2MHz=3 ns, as_shown in FIG. 10. [0021
S R L S s e A R TR
oFoMinsetiing Sceapaciterin-serias with the butpub oftdhetnixenthatiency of

multiplies a received signal by a local frequency. In this case, as shown in
2 giecal | thpagitorEaanE Birtidit TnpE8aMcd "R EOPRENUB P pifEry The

ré%ggﬁ%ﬁéJ”%%é@E?giéggaSQK%BQ antenna alsoc varies with a

frequency; therefore, the DC cffset caused by self-mixing also
changes with frequency hopping. Since frequency hopping cccurs
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 amethod for inserting a capacitor inseries with the output
of themixer thatmultipliesareceivedsignalbyalocal freguency.
Inthiscase, asshowninFIG. 11, capacitorCandcircuit impedance
R constitute a primary high-pass fiiter (HPF). The cutoff
frequency of a frequency response is 1/(Z2nCR), and the
convergence time of a step response is 2nCR.

{0022]

Since the subcarrier freguency of the multiband OFDM system
i24.125MHz, it isdesirable that thedirect-conversion receiver
passes frequencies down to 4.125 MHz. On the cther hand, it
is deslirable 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, i1f the cutoff frequency is 4.125 MHz, the



frequency of a frequency response is 1/(2atCR), and the convergence
time of a step response is 2nCR. [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 convergence
time of the step response becomes as long as 242 ns (=1/4.125MHz) as

eI EIG  12.Aseordiagly: theredspatruiblesome problem.that most,

of the OFDM symbol time is consumed for the step response. Lowering
nghécutdff Trgiidntyaprofdrgs: the rédpondd corkerpanidaitidie. there is

Conse uentl the DC of set doe ro within one symbol,
o e R L ST eoh 10075 IO Khee s e
fdpultiplexcwiseless-sysiem, ildapessiblero datest and-store 2D G pHseh s
during a period of time other than a time slot assigned to a receiver and

thSe R TS 6RSSCEIFRmatIGA Y subtPachTtetdisrethB Cdafiigahesloes
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syaffset during a preamble

[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 DRC during the
time slot assigned to the receiver.

[0024]

Inthecasecfafrequencydivisionmultiplexwireless 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 systemfor performing frequency hopping. Inthiscase,
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 switghing 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.



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. Inthiscase, 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
[O%tbqﬂ preamble time. 9 [0026] On the other hand, in the multiband OFDM
communication system, frequency hopping is performed at each symbol
andratfrequency hewiiching: time:ds ol less s 20ms) therefores ifds em,
necessary_that it is within such a short switching time that a DC offset is

L rgarched ahoRBiminatedP Robreve itdd Saremekidififc it o et apacy
svﬁl%mﬁgﬁ ae QQQ%W@& §%ﬁ §BQ{E ,SVWHJ]—}@QO%? J_-E@ 1’?&3&'@% sary

problemof a DC offset inperforming frequency conversion on a received
thsignat bysdivécirdonversionr ishparticedarhctemarkable intparfermihgffset
. frequency hopping in the multiband OFDM system. @OZ?] [Naon-patent
L fRtRTicLT MELEEIRONICE Kidr: 11; 2807 pFr6s66>bittg " £

roidehapdnRevoltionary Wireless JAChRRRIY such a short switching
time. Thatis, theproblemofalDCcoffset inperforming freguency
conversion on a received signal by direct conversion is
particularliy remarkable in performing frequency hopping in the
multiband OFDM systen.

[0027]

[Non-patent document 1] NIKKEI ELECTRONICS Mar, 11, 2002,
pp. 55-66 “Ultra Wideband: Reveclutionary Wireless Technology
is Born”

[Non-patent document 21 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] Anui 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, vel. 30, no. 12, pp. 1399-1410, 1995)

DISCLOSURE OF THE INVENTION

(0028}
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is Born" [Non-patent document 21 IEEE802.15.3a Tl Document <URL:
http://grouper.ieee.org/groups/802/15/pub/2003/May03 filename: .
03142r2P802-15 TI-CFP-Document.doc> [Non-patent document 31 Anuj

Batra,
"03267rIP802-15_TG3a-Multi-band-OFDM-CFP-Presentataion.ppt”, pp.

17, 3ubyn20Q3 dhonspatent-dacument 41 AsadiA LAbidi; Diregt-Conversion

Radio Transceivers for Digital Communications” (IEEE J. Solid-State
CCHRUS C961 30, 36312 5. 1399- 12010, 51995 DISGUOSURE OF THE

JANENTION 028, 10 Fxample embodiinents may provide, ap exgelient

wireless communication apparatus an suitably carfy out reception:
rprdcessidgbyEperiaming-freguiency-eonwersiomonrasymultiband OFDM

signal of Whicl;% enter frequency hops at predetermined band intervals.
00301 Elatisie

CERaRSIe EHbBotihents iiay provide an excellent wireless

[oc@mmunication apparatus that can suitably carry out reception proc_:essing
by performing frequency conversion on a multiband OFDM UWB signal

thatSRIEREs FEeReHRRES 6vBEH Wk iBandn (6880} LExXarmple Less
cEmpoadimentsmay provide anexcellentwieless . oue

receptlion processing by performing fregquency conversion on a
mualtiband OFDM UWE signal that switches freguencies over a wide
band.
[0C32C]

Example embodiments may 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]

According to an aspect of the present invention, there is
provided 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 freguency~hopping bands and
switches connections of capacitors in synchronization with

freguency hopping; and a

_11_



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] According to an aspect of the present invention, there is
provided a wireless communication apparatus for receiving a
r cOpmURicationrsignaldhahfreqaencyhops-amona-apiyrality, of frequency
bands, the wireless communication apparatus comprising: a frequency
PRGvETSith (it for RithdpIg g acreckived tohfmuRfaiinh Sigharsl aiscal
nh3igoakeamposed.,of, a:hopping frequency so as to perform frequency
conversion; a high-pass filter unit that includes parallel-arranged
L0gapacitors corresponding to frequency-hopping bands and switches
connections of capacitors in synchronization with frequency hopping; and
a -11 reception processing unit for performing reception processing on a
received signal that has passed through the high-pass filter unit. [0032]
-11a Example embodiments relate 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

-Llla-



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

offsE¥ et FHREE Gsmeal KPR te1 2 tsing & Fieho ERFTRsEPaRGR
aegm%gi%?aégrfygﬁrn\eﬂlttaum%gyéglﬁe&ﬂg)%ayéggmt muliplies g g

received signal by a local frequency. However, when a step voltage is
fappliedra capaeitor iscchiargedrane tisshargedat every fregueticynd

i thus producing a troublesome step response. [0035] A wireless
O?B&p% cu Bmcgtl % syem %ggte?ﬁ% aﬁﬁg n%%%ég%ﬁ%é’ﬁgvfgl*—” a

communication appar%ﬁ)us i examp
whighipass filfed thatris compesed fefiparaliebananged capasitors

corresponding to frequency-

conversion cn 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 te 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 freguency
switching time.
[0034]

The elimination of a DC offset is performed generally by

12—



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 jn accordance
R B Rohaing 1 116 Fnher (1 hardm b argng of o
teapacitor #1 ceases ancseachas arsteady! states Thatdsythe eligrinatien
processing of a DC offset is per formed independently at each hoppin

gl

DaAnF HhetEBGHrEGENtIRG " THETFanERFR phetictReiGh G %esteh féd
dhat-oeeursin somg. fieauencyiband.from affecting tﬁgeaﬁéwy%gltmg,

frequency band. [0037] In the past, lowering a cutoff frequency prolongs a
Yiegpapsedephvgrgernice time Conseqaently se OGoffset does not fall to
{-&@gFro within one symbol, thereby affecting the next symbol. On the
other hand, according to the invention, the cutoff frequency of the
high:passdiltes carchenset ta bedowasdhanithe subcagtap feequency.
[0038] If two or more capacitors are simultaneously connected in parallel

SHPREBRTE-Of SiitchiRng tHe Bormetion’sSst dapgdditorshat is composed

of parallel-arranged capacitors corresponding to fregquency-
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 hepping bands #1, #2, .... Capacitor #1 can store electric

charge just before frequency hopping from band #1 tec another
band #2, and can continue a step response after hopping to band
#1 again. After repeated switching operations of the capacitor
in accerdance with freguency 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
per formed independently at each hopping band, thereby preventing
the transient phencmenon of a step response that occurs in scome
frequency band from affecting the next hepped frequency band.
[0037]

In the past, lowering a cutoff freguency prolongs a response

convergence time. Consequently, a DC offset does not fall to

=13~



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

-Larliekaranged capaciiors, tnere, maybe 3 configuralion nwhicha
switc For connection switching'1s "provide atore end of each’

t paiatirkarmangsdcapaciton and thee athet e0dds AMBY St 6@ M uency
connection. In this case, there is apprehension that the end in common

© Edrieltigh TRRSE Iatge dnTaunP B dsithechpaendreriot HreseiRsnt Fer -

fy%i&l{ggggr], it is more preferable to have a parasitic-capacit_ance
elimination unit for eliminating parasitic capacitance at the time of

[ disonnecting each capacitor. -14 [0040] For example, the
parasitic-capacitance elimination unit can be composed of a switch for

disconhERtng the BotABts'6rE Tapaciforhat Riferselectarafgbed in
pawitehdor.greynding ong: endQfiihg disconngGied CARACIOE. . acitors,

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.

i0039]

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
. 1s apprehension that the end in common connection has a large
amount of parasiticcapacitanceof thecircuit. Forthisreason,
itismorepreferabletochave aparasitic-capacitanceelimination
unit for eliminating parasitic capacitance at the time of

disconnecting each capacitoer.
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[0041] In example embodiments, 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,
thg ?ssible to provide an excellent wireless communication apparatus
at can resolve a DC offset problem due to self-mixing in performing
frequency-eaBversion:0pa Jeceived5ignat by dinecl:cerVersionischeme
in a multiband OFDM UWB communication scheme. [0043] A wireless
beomERStiontapparattsin SarfipRESRBoaEntd a8 A priffiaty ©F @

Qigh-pass fillerthal is, compesed .af parallelarranged Gapaciors ng one

corresponding to frequency- hopping bands and switches the connections
epficapaditorsdns synokronization svith-frequency hopping, thereby
Hy'igating a DC offset contained in a received signal after frequency
conversion. Since the elimination processing of a DC offset is performed

indepenstentlylat eaeh dopping band, ibegtkefinfrequengyofthe an
high-pass filter can be set to be lower -15 than the subcarrier frequency.
emﬂﬁ%é‘é‘ ARUSSther AdVANtaGEs Of eXAABIREMbo MRS Wil tably

carry out reception processing by performing frequency
conversion cn a multiband OFDM_UWB signal that switches
frequencies over a wide band.

(00421

Further, 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
CFDM_UWB communication scheme.

[0043]

A wireless communicatlion apparatus in example
embodiments has a primary high-pass filter that is composed
of parallel-arranged capacitors corresponding to freguency-
hopping bands and switches the connections of capacitors in
synchronization with frequency hopping, thereby eliminating a
DC coffset contained in a received signal after frequency
cenversion. Since the slimination 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

] G



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

out u&xl/olta e of hand #f’L. FIG. 3 is_ an illustration showing a modification
of tﬁe cﬁcﬁ% con f:glui?zétioﬁe%lgv%yin FIG. 1. FIG. 4 is an illustration

Ediplifying the circuit configuration in which a parasitic-capacitance
elimination unit is added to the circuit shown in FIG. 1. FIG. 5 is a block

diadraft of A Muititsiid SEBI 35WB Pécsvracesriifigipans will
pembodiment of-the invention JFlG 6.8 adtiming chart exemplifying ., ¢
frequency hopping at the multi-band local oscillator by the frequency
PHEppiFtE €oritioiet et thecSwitehingopefsEtions ebcapacitersa#€d through
tgg:%alé!:%mg Cji%f?ln I%Jggg\ggrqg%emphfymg frequency allocation st!pulated
In a multiband OFDM UWB ‘communication scheme. -16 FIG. 8 is an
illustration exemplifying a block diagram of a direct-conversion receiver
used in a multiband OFDM system.
BERIEF DESCRIPTION OF THE DRAWINGS
[0045]

FIG. 1 is an 1llustration 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
configuraticn 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 JIWB receiver
according to an embodiment of the invention.

FIG. 6 is a timing chart exemplifying frequency hopping at
the multiband local oscillator by the freqguency hopping
controller and the switching operations of capacitors #CL through
C#3.

FIG. 7 is an illustration exemplifying frequency allocation

stipulated in a multiband OFDM UWR communication scheme.
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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 detai W{'.[th.referen e to the,
o b ia A gs  TOA P e FHCaa T Enton 8l g 3Fem of
a Wireless-compuiication appakatus fercan yingnoLt 1eceRli o Processing .
by performing frequency conversion on a received signal in a multiband
OHBM- UWBS coimmbicaticH-dystehs thateditcie Fegueneies sveigl’ s
Sevlvl@emggng_ gnd partlc_ularly for performlng frequency conversion ona
received s%nal by a direct conversion scheme. [0048] The adoption of
therdiect canversionischerae facilfates «3 Y A wider bayd of poeceivek ed
due to no use of an IF filter and
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 cuteff freguency
is 4.125 MHz in a direct-conversion receiver.

FIG. 13 isanillustration showing the structure of an access

code in Bluetooth communication.

BEST MODE FOR CARRYING OUT THE INVENTION
{00461

Embodiments of thepresent inventionwill be described below
in detail with reference to the accompanying drawings.
(0047}

The present invention relates to a wireless communication
apparatus for carrying cut reception processing by performing
frequency conversionona receivedsignal inamultiband OFDM_UWRB
communication systemthat switches frequencies over awide band,
and particularly for performing frequency conversion on a
received signal by a direct conversion scheme.

[oo48]

The adoption of the direct conversion scheme facilitates
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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

a filen {HRR), withethe output of theypuixer, that multiplies a regeived signal,
by a local frequency as shown in FIG. 11. However, when a step voﬁage
the npblietras showa inhElG £10ctheredpdcditoriib Charged fand«iseharges:- .
at every fre,(?guen%:a)r/1 hopping, thus producing a step response as shown in

IHIE G2, [B0BET Thé Presdntinventois consiaer thaiiFa bapator ea are

i lare @lectrimeharge jushbeforedreauensyhonpping fiom a.hand 41, 10|
another band #2 and can continue a step response after hopping to the

1 sand #1P4gaift sed chafying/diseharginglofthd ceipatitbf sceases anding.

p J?E‘fgei é‘rﬁt?ag s%gte.ghf% i% agg eIimingtion processing of a DC offset
is performed independently at eacﬁ KOBping BEHE 16853t SYd&ely

£ rachieYe SUTHPICessipE radrimRany high-RaSkbol, and it isdifficult

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
anddischargedeﬂ:everyfrequencyhopping,thusproducinge&step
response as shown in FIG. 12.

{00501

The present inventors consider that if a capacitor can store
electric charge just before frequency hopping from a band #1
toanotherbandiﬂ?andcancontinueeastepzesponseéfterhopping
to the band #1 again, the charging/discharging of the capacitor
ceases and reaches a steady state. That is, the elimination
processing of a BC offset is performed independently at each
hopping band.

[0051]

In order to achieve such processing, a primary high-pass

.18.



-18 filterinserted after afrequency 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

£ OReratons of capagitors, in synchropization gvit&%%%%ﬂ%ﬁ&{%m bies
capacitor #1 can store electric charge just before frequency opplngf rom
a hantb#¥4d anethel bapda#2,@nd can ¢eatinte astepsesponse after

hopping to band #1 again. After repeated switching operations of the
pac‘aﬁfz%c?t%?ﬁ?ﬁé&@r%‘én%%%iﬂ%%ﬁﬁeﬁ%ﬁmﬁ{&%ﬁg &arging/discharging

£ fanacon 81060565, a0d reachies.a.sieady state. Thatispthe ;s cnipg

elimination processing of a DC offset is performed independently at each

- cdrepping band, thereby: preventingn the ttansientehenomenoief.a stepthe
response that occurs in some frequency band from affecting the next

e

fredUEhty BafdP {60531 s $howf FIGPE, hands e PipEided for

e £ANSYRUtEroNp L Which, Is mandatogyin themyliband OFDM UWB
communication scheme. That is, frequency hopping is performed among

[Oseuid #1, band #2,

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
insynchronizationwith frequencyhopping, capacitor #1canstore
electric charge just before frequency hopping from band #1 to
ancther 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
performedindependentlyat eachhoppingband, therebypreventing
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.

i is switched among the following three states.
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and band #3. Accordingly, the high-pass filter shown in FIG. 1 is switched
among the following three states. -19 [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 sous 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

r dgkdipnship between the input voltage and the output voltage of band #1.
The horizontal axis indicates time with respect to the frequency hopping
peridd. Gapabitort #ds discharded heforehland, and:8W¢ #1ds tarnedon 2
for the first time at frequency hopping period t0. [0056] At the moment of

24Grilg'SWAET SR Ut VotRgeRis diré &ty bt d o Scif it b dancd

cdpasiteapaaitosG#1 were shorted. Instantly, negative charge flows into
the right electrode of capacitor C#l through circuit impedance R. Asa
resth} pdsitivee change inflirrewith#the iBut Yolizge acoamulatesroh e #1

left _electrode of capacijtor C#l, thus charging capacitor C#1 and
-ang SW #% are turged of% so as to gst blgsh 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.

[00561

At the moment of turning SW#1 on, aninput voltage is directly
applied to circuit impedance R as if capacitor C#l were shorted.
Instantly, negative charge flows into the right electrode of
capacitor C#l threoughcircuit impedance R. Asaresult, positive
charge in line with the input voltage accumulates on the left
electrode of capacitor C#1, thus charging ceapacitor C#1l and
decreasing the output voltage.

{00571
SW #1 is turned off at the next frequency hopping period

t1l. Therefore, charging is discontinued, and the electric
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decreasing the output voltage. [0057] SW #1 is turned off at the next
frequency hopping period tl. Therefore, charging is discontinued, and the
electric -20 charge on capacitor C#l 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#1, and the output voltage further decreases. [0059] The
charging operation is discontinued at the next hopping period t4. Then,

crehasgingrestasts at to-when hopping to.band. £ is performed. At the next
hopping period t7, the charging of capacitor C#1 is completed so that the

[ BUEPUt voltage reaches a steady state of zero and does not change
afterw rd.,[sOOGOL] A& described, transient (ipenomena continue and
W #1 i3 turn é)

e, & RE CEEH FRATERAPSF fifePand

diseontinue repea?edfill?ﬁ%earjé?ore, VeI

¢ high-passlilier isoselle be lower tham the sybcarier fiefpeneh sthesstepn,
response converges on a steady state after several frequency hopping
arperbas havel Ekpsdd: Thissplevents thanodearianidel efitivel protileny bf age

b ER"ERRONRS B everysayency, nopring (described above): .+ 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 cutput voltage reaches
a steady state of zero and does not change afterward.

00601

As described, transient phenomena continue and discontinue
repeatedly. Therefore, even if the cutoff freguency of the
high-pass filteris set tobe lower than the subcarrier frequency,
the step response converges on a steady state after several
frequency hopping periods have elapsed. This prevents the
occurrence cof the problem of a step response at every frequency
hopping (described abovej.

[GO61]

Further, it is possible to reverse the positicnal
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.
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[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 [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

[ 0@@Hnon connection has a large amount of parasitic capacitance of the
circuit. For this reason, it is more preferable to have a
pafasitictéapacitarce elimnatiorewinit fomdlingimating per asiticrcapadittbite

1 g}lgpeatime of qcl(s:gogggcgg% each capacitor. [0063] For example, the

BafasitictapaditanceCdlimMateR T AR hE A S8 B Rl fopne
endiscpnnesting:the1beth-ends.ata capacitordhat is;net selectedapdaq is

switch for grounding one end of the disconnected capacitor. [0064] FIG.

a Ly ayeniplifiesrthercireeineotHfigematiofrof eukily hapasss diltet e whidle the
-Raiasitc:eapasiiance elmination ynit e 2ded 0N, SeplE O G
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.
[D063]

For example, the parasitic-capacitance eliminationunit 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.
{00643

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#1l is in a connected
state in which SW #la and SW #lc are ON at the same time and
SW #1b is OFF. At the time of disconnecting capacitor C#1, SW
#la and SW #lc are turned off at the same time and SW #1b is
turned on. Thus, in either case of the capacitors C#l to C#3,

w

switches with the suffixes “a” and “c¢” and a switch with the
suffix “b” operate exclusively.
[0065]

FIG. 5 shows ablock diagram of amultiband OFDM UWB receiver
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state in which SW #la and SW #Ic are ON at the same time and SW #1b
is OFF. At the time of disconnecting capacitor C#1, SW #la and SW #1c
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 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

a @S2 fighypass filter.after; fegueneydawncopyersion. The receiver shawn
in FIG. 5 employs the direct conversion scheme for frequency conversion
shofyaceived Gignalst [R066]r total (@) signalsecsi2zefy) nd sini(2dfO)ref
the same frequency as the center frequency of an RF signal are used for
CARE ey CORGEROR B HieraCeRALPUBAAS G MERERA Ar 1 QRie:
£ QI RXAMNIR.IN DG waseifusingitbe-bands of gioR, 1 shown i EiGs 7, ¢

the multiband receiver requires three local frequencies of 3432 MHz,
tIB0B0MEz coTdv4488 Mz vdichiare the gsameyregquerncies a theeceritee d

.fre%tiencies of RF signals. [0067] A multiband local oscillator generates
SJtﬂgse'?fﬁultiple frequency signals. Since a channel switching width is large

i0066)

Local {LO) signals cos(2rf.) and sin(2nf.) of the same
frequency as the center freguency 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 iocai
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 leocal oscillator is preferably constructed so as
to accurately obtain the center frequency of each band in the
multiband system by using frequency division and freguency
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]
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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]

~23AFTRANRNEY N ABRING P BEQNSGaNIOIS JIRIUANCY-RORRING. PRESBHIN 4

in the multiband local oscillator. Further, a downconversion mixer
opsuitiplien therddeiven: Sighais of iedlaxis and the Q@-axisbytthedocal

signals outputted from the multiband local oscillator respectively so as to
SR Heer PEOR OS] I the doRndS Tty the the

FOHV? 3 nixer 11
perform freguency conversion:
1-direct conyersienschenena B offset ocsurmdus t8.alocal signalsiselfie
mixing. In this embodiment, the subsequent stage of the downconversion
mpikepdnglutiesahe respe Ve prinray igh-pass fitersontthepesds and

£ the Q-axis that are comrposed of parallel-arranged capacitors C#l to C#3
requenc 10

correspo dfnognﬁjef?gqueﬁcy-hopping bands #1 to #3 and SW #1 to SW #3
[ Jorswitching the connections of the capacitors. [0070]

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 insynchronizationwith frequency
hopping, i.e., the switching operations of local frequencies
at themultiband 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 ancther 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 hepping in this manner, the charging/discharging of
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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#l 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

Mt fregquency:hopping inthis.manner, thecharging/disgharging %—Itzﬁies
capacitor #1 ceases and reaches a steady state. The same applies to the

tothiee capaeitors G#2 and 232 That! IS #the elithination procesking ohaiba
offset is, performed_independently at each hopping band, thereby

PISETERING tTd traniert ptisHorhe nBR™dr° A e T855HEE fkt bectirs §7 °P

hS9PIe frequencyhand from affecting nthe-next-hoppad freaurogyhansh or
[0072] Further, capacitors C#l to C#3 may be provided with

& parasitiescapacitaned alimination gnits d5- showndy FIGUtwhich fdrecting

¢ oemittedtinhFlG. 5d [(%073 In the gece'ved signals that have been
k%reqnuee:":ncy-cccg)ﬁj\fzerte Fhd élucl:ﬁ/jecf_ie]n to the DC offset elimination in this

[ qanner, the

Further, capacitors C#l to C#3 may be provided with
parasitic-capacitance eliminationunits 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 cffset elimination in this manner, the
low frequencies are extracted by low pass filters and amplified
by variable gain amplifiers. The amplified signals are
converted fromanalogtodigital 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#1 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 fregquency hopping controlier has
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low frequencies are extracted by low pass filters and amplified by variable
gain amplifiers. 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 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#1 through C#3, electric
charge is allocated to each capacitor in accordance with each
a GaRACIANGE. I8.{his aase,:singe a D offsetaffed!s anather reguency ., s
band, there is a possibility of producing an insufficient effect of shortening
Ofst@m@%pmgé ﬁm@$@pm|§¢easmlthenr¢@qaféncwhoppmg toutrotemhas
-ch%gme dlffe[g{]é: aI the t| of SWIt hm% the 1(%ofnnectlons ?E
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apaators SO as no O SImU neous y connec

atpaalleh in syashrenizationswithifreqiency-hopping ithe multiband jegat
oscillator. FIG. 6 exemplifies frequency hopping at the multiband local

h%’é@lﬂ}&oﬁbytthé fRetierey Aoppirylcormedlick i tHayswitchifigequency

hoeRsrations aCItOI‘Sd Al throu h C#3 0075 The invention has
O%%en C‘([;Jlecsc():rrll ed medretari with reigerence "o’ th[D specﬁ‘c emB%dlmgnF prors
c#Howeretigh isgbvious that those skilled in the art can make modifications

and /or substitutions
[0075])

The invention has been described in detail with reference
to the specific embodiments. However, it is obvious that those
skiiled 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.
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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 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

crmuiiplying 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

1. Coresponding o fieguency.hopping bands and suitches connections of
capacitors in synchronization wi guency hopping;-and a'rééeption

copFAOessINg: Ritfoy peIforming feeaplion: \PIReEsSHILaY aredeived signals
that has passed through the high-pass filter unit 2. The wireless
L reSRPRGHICRRBOA Bppar&tus R dif gtoretdin 42 kereirrsatus
c Oﬁg@m}q@igqﬂon signal is an ultra-wideband signal obtained by carrying
transmission information over a wide frequency band.
a frequency conversicn 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 freguency-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
allocatingaplurality of pieces of data to carriers, modulating
amplitude and phase for each carrier, and transforming carriers

into signals along a time domain whilemaintaining orthogonality
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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 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
o of swdtching eonnegtions;of.canacitars Sp ag.ngtte simyltaneously
connect two or more capacitors in parallel in synchronization with
wHegtfiehcysopisingP5 1The wireless communicatien fppasatusraccording
déo(g: ul 1115:3/]\[/1herein the high-pass filter unit has a parasitic-capacitance
elimination Unit for eliminating parasitic capacitance at the time of
disconnecting each capacitor. -28 ABSTRACT The present invention
eliminates a DC offset problem due to self-mixing in performing frequency
4 .conVersidn oheg naribanel CREOMD YWB signas byca dirgtt gonversioim 1,
scheme, Capacitors #1, #2, and #3 are provided for each of the hoppin
e O S PA o R ERars S Coltehets oo REAGIT GhrEne

ands #
tiffRequencyneppings Fos examplecARACI SIS so as not to

simultaneously connect two or more capacitors in parallel in

synchronization with freguency 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.
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electric charge just before frequency hopping from band #1 to another
band #2, and continues a step response after hopping to band #1 again.
Soon, the charging/discharging of capacitor #1 ceases and reaches a
steady state.

ABSTRACT

The present invention eliminates a DC offset problem due
toself-mixing inperforming frequency conversiononamultiband
OFDM_UWR signal by a direct conversion scheme.

Capacitors #1, #2, and #3 are provided for each ¢f the hopping
bands #1, #2, and#3. Capacitorsareswitchedinsynchronization
with frequency hopping. For example, capaéitor #1 stores
electric charge just before frequency hopping from band #1 to
another band #2, and continues a step response after hopping
to band #1 again. Soon, the charging/discharging of capacitor

#1 ceases and reaches a steady state.
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