S06P0068 SPECI FI CATI ON W RELESS COMMUNI CATI ON
APPARATUS TECHNI CAL FI ELD [0001] The present
invention relates to a wireless comuni cation

apparatus for carrying out reception processing by
performng frequency conversion on a wWreless ss@gmioes
t hat hops anong frequencies. In particular, the
invention relates to a wireless comrunication
apparatus for carrying out reception processing by
perform ng frequency conversion on a nultiband OFDM

signal of which centéPEFFgaﬁ%ﬁE?qhops at

predet erm ned band intervals. [0002] Mre
specifically, the invention relates to a wreless

comuni cat i Oy TARPAEAt MSMMUNTCGabN AfpAtTyeCepti on
processing byperform ng frequency conversion on

amul ti band OFDM UWB signal that swi tches frequencies
over a wide band. In particular, the invention
TESIEAIE8 Lt BIRALIM r el ess conmuni cati on apparatus for
resolving a self-m xing problemin perform ng
&W%Hﬂency conversion on a received signal by direct

conygersion in a nqytib%ng OFD¥%§MB.%pgg%nicationcation
schéh PHEACR FOU0S] CafldHi"CArR 8t SHURFHS
SRS L oesy SSLBLASIE U d SRl ongormigs
226120068 céﬂﬁhﬁgiongﬁeéLﬁ®¥é1e§H“$ibﬁgﬁsaﬁaﬂ5h&bs among
frequencies. Inparticular, the inventionrelatestoawireless
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 frequencyconversiononamultiband OFDM UWBsignal
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 freguency

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)




[0004] Further, in recent years, attention is focused
on the "ultra-w deband (UWB) conmmruni cation” as a
wi rel ess communi cation system capabl e of
short-di stance, ultrafast transm ssion. The system
perfornms wrel ess conmunication by carrying SO06P0068
informati on on ultrashort pul se waves | ess than one
nanosecond over a very w de frequency band w t hout
using carriers. It is expected to put the systeminto
$ract|cal use. At present, in |IEEE802.15.3 and the
Q%«ilraHéE?ﬁLﬁNé%eﬁ¥§%ﬁ§ﬁE§@%eh%5%aV|ng a packet
@ﬁﬂ@ture including a preanble is being devel oped as
cess control schenme for ultra-w deband
COrPUPLESL L O -dA0OLodts ] S AR aLRAL S Al RN
W r el éss ‘Per sonal ess represented by the
Lﬁd&rﬂﬁ»w&ﬁ@ﬁ&n&“ atm%o&mwea@ﬁﬂ'oras W ki rbeeggpl oyed
in various kinds of household electrical appliances
ancd@E c6Chos uses t il eclprbiecsy dewitceld sitanthe fbatafast
and honme networks and P-to-P transm ssion exceedi ng
qpmsyBesiopet \%@nSEEt%F@\HQ,fé@rﬁlﬁeWé%]éﬁse@OF@uBécatlon by
achieved, |f the use of. mllineter wave ba

econe

%r&é@*ﬁﬁe’a«’ﬁif"?‘?a‘t&é’@oﬁﬁs posaingre pPi'JS%c“FﬁVe%Feqess fhian one
r%ﬁorstecgha AAGS WLE) éesﬁ ﬂ]%@gﬁ%dﬁoﬁ %ec‘%%ﬂ%réarriers.

al'so an ultra -S Vi ce
i\iew@&tséc{@a towrﬁhedg%g@éhc@n@&gﬁyew@éi Q8e | NQlUsh NGt ,
storage device etc 006] A wreless network
AODPBEE T &b .inamd tﬁ@mek@r n% dataddanpatib s i envidchersgidving
in which a receiver receives a conbination of a direct
avweckandstrydtwrgl irglwiinoeh| eetadyidel aylealvadegeloped as
Mul tipath -2 SO06PQ068 ) . .
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 inwhichareceiverreceivesacombinationofadirect

wave and a plurality of reflected/delayed waves. Multipath




generates a delay distortion (or frequency-selective
fading) to cause a comunication error. Further, a
del ay distortion causes intersynbol interference.
[0007] A mmjor counterneasure agai nst del ay

distortion can be a nulticarrier transm ssion s€hem®es
According to the nulticarrier transm ssion schene,
transmi ssion data is transmitted by dividing it into

a plurality of carriers having different frequencies.
Each carrier uses a narrow band and is hardly subject
I FrdGFencse ol daprortien 9y fF@@EﬁﬂCY1ﬁﬂ1e§%aﬁﬁl%ﬁdlng}
t he OFDM (Ort hogonal, Frequency _Di vj si on N& exi ng)
{E e G eI 9P St Sl FRERPST ort Er aHent S on

ﬁ[ggg% gg fr pgy of each carrier so
? at ﬁgﬁgar ers%bgggﬁggggt%ogonal to each other in a

perlod During information transm ssion, the
schene converts serially transmtted |nfornat|on into
par al hefor faaumretrmeasate auamgtsyabel diatoethonetadt Han a
the information transm ssion rate. The schene
el ltdeatraden prapaiiissyopf spheges dfccoudpuy dattdet o
carriers, nodul ates the anplitude and the phase for
%%&FFP&U%WW@ BRS c o T SPAPE 43 ighal %

al O%%J_tt f:l k%)g% l\élhllllto a *L?Eaal q:ﬁngfr Ié%rlers having

0 ona eac carrier quency

ﬂ%@r‘%n’éﬁi@ﬁe@ﬁ:‘%@g %dh%&ﬁ?efﬁ&@% bQ%rHﬂa"}:Ia'nB' §nd is
carriers, and transmts the transformed signals.

HRGRRt QP eEtUES frayukheyr eybsselwy dridiaf .t he
transm ssion. The schene performs an FFT to transform

Hi0$¥dl s al ong the time domain into those along the

freguency domai n_and denodul ates the carriers in -3
or ekample, 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 6ther in a symbol
pericd. During infeormation 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 foreachcarrier,
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 demcdulates the carxiers in




SO06P0068 accordance with the nodul ati on of each
carrier. The schene perforns parallel-seria

conversion to reproduce the information originally
transmtted in serial form [0009] The OFDM

nodul ati on schenme is adopted as a wirel ess LAN s06pP0068
standard in the | EEE802. 11a/g, for exanple. The

| EEE802. 15.3 standardi zation is also in progress for
the UWB conmuni cati on schene using the OFDM
nodul ati on schenme in addition to the DS-UWB schene

HRPIRECPNPLFR =RVt efr2 o ThE T9ShURBLEdRENe The sScheme
i ncreases s d speeds of DS, information signhals to

R HROSE R L1 1o “HRd. FABUF 5oL e % GREFEHERS Thpul se
'gﬁ%{ u - j g rLed severa

ﬁ%n rg§§g?c§€%§§ﬁg?${§Qg§§?¥aﬁégqu¥ﬁ%%ﬁﬁgt?8g$éignals

faoodjr ansm ssion and reception. For exanple,

i nvestigation is being made on nul ti band OFDM_UVB
nodThat 9o trvatn lpeibor sshéme e pcypphoppanoe (WHhjelleos aAN

frequency band of 3.1 through 4.8 GHz into a
Prandalrdt yn GhesPRERREZ Wiled 9, st arasrind ToesIFERGO AT 3

havi ng .12 8. -pai nt _frequency bands (e.g. see .
HOFAEE AR Db hToRE *2)L POBIBT® BrFette YiPeaampHr)cafian
{t{]hee&lé%gifyng] %%Pé%ﬁ%g {nE{iDJlQ{;’?or@s &gén?eaﬁn 23REEI LY ILSERT R yws
hat performs nultiple access by assigning a
el &1 + 891 BBH1 50001E QcRERE. CORBWHY-GRbI Dh&laWBleases
and uses a very w de comuni cation bandwi dth with
dpaspecEpéadd nffoDgat h 6ermst igmalkigndhe SCheeeupessorinBlit.
primary nodul ation such as OFDM and secondary
Thedimatliser VB tsichiehe uwersalabulseGlibnalFe@uehcshday ihg very
requency  al | ocati on stigulated in the nultiband
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 anduses IFFT/FFThaving 128-point frequencybands (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. 7shows frequencyallocationstipulatedinthe multiband




-4 S06P0068 OFDM UVWB communi cation schene. As shown
in FIG 7, there are group 1 conposed of bands #1 to
#3 having center frequencies of 3432 MHz, 3960 Mz
and 4488 MHz respectively, group 2 conposed of bands
#4 to #6 having center frequencies of 5016 MHz, 55&fhoes
WMHz and 6072 MHz respectively, group 3 conposed of
bands #7 to #9 having center frequencies of 6600 Mz,
7128 MHz and 7656 MHz respectively, group 4 conposed
of bands #10 to #12 having center frequencies of 8184
W_@?lzomma%twecwe f eSpeTh oWy, FI%nc? 1gEBEPS Zre
ed of banpds_ #13 an #14 avi ng cente
anCPaRoSST 7 B ALt hiidh HOoBBVARS TR ErYRIgcies

éE 3h§¥ EE%% ho AR MitLa 4% E'}ees;p%rc%‘?ﬁv@‘i‘ghggr%ﬁ%;g&r?pd#s]ed

€ 'groups rou are

w%@mgd#é% fugt Hé\elr?ra@ﬂ%@rhsm[cﬂ%%]les%ﬁsoaa Mz, 5548
exenplifies a block diagramof a receiver used in

MHY thbadal 0MBY syssieanifely, ,g3es BOoforiaisedt oﬂo:calmmenﬂ to
q% . The receiver shown in FIG 8 enploys a direct
toReELRY GIenehehrequsmcitpefuéhly Migny €2 M zoind 7 656 MHz
received signal. The direct _conversion schene whic

HoEE Shat eﬁéiv SR hERFRRIAGPE blalnéa dehfcyo #ie li)a"&tngg@nter
iq:r%(atuegll ?ﬁlé}fﬁl Eieceé”yleéj MQI% daﬁgfd’]rﬂﬁl] Fes ectively,
I es OCa

f1ed si gnal y a requency

g%‘odp% c@f%cﬁﬁd@@ﬁé&g #f.f %Q&'Ff@){a{;%35§f:@f]f9@q®nc1es

baseband signal. The direct conversion schene
dB@1d9 Wt eRda0pbdemzhargecotite ILCeTVEls maitth tbRereimploy

i ncreases the structural flexibility of the receiver.
{ieoU8jed andeoExanpbd lofutFd Grh8se booaps ( L Dhegitreal gsroups
cos (err)fc.) and sin(2(err)fc.) of the sane

S?@é‘ﬁéya%i% FeeeEst et %@a%c%ﬂwmsaﬁn
[0012]

FIG. 8 exemplifies a block diagram of a receiver used in
amultiband OFDM system (e.g., see non-patent document 6). The
receiver shown in FIG. 8 employs a direct conversion scheme for
frequency conversicon 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 freguency so as to
perform direct fregquency conversion on a baseband signal. The
direct conversion scheme facilitates a wider band of a receiver
andtherebyincreasesthestructural flexibilityof the receiver,
[0013]

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




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 | ow
frequencies are extracted by |ow pass filters (LPF)
and anplified by variable gain anplifiers (VGA) dlderooes
anplified signals are converted fromanal og to digital
form Further, the tinme-domain signals are
transfornmed into the frequency-domain signals by FFT,
and the carriers are denodul ated for the reproduction
vfgneAPoPiaEPON GG AAFI fherandmat elifter e ifAPIERAY

001%]. The direct-conversion receiver as _shown i

"EeTg PRy PRV WS“F&S%F‘rFreé‘&&éﬁE?%gy&owﬁf J‘%ﬁzt,ers
G0 Mg 1f‘¢18e% v\A’Qh&B%e o} NG i@@‘?e{;é COHEHNC! SFhe
as the center frequéncres o S|gn§13, or exanpl e

drip 18 c8a5E510f1 18irBdcd e BanNd S roh SROY LoSAOMEAN form.
FIG 7. [0015] The adoption of the direct conversion

. Bohewre, f abe | tisd-eomadanws tlena bandreoft rans€ceny@rimue the
no use of an IF filter and thereby increases the
raayengy aflond Exs 14 ks wfFT hend eeefgerierpnpdarcdylpted
t he direct conversion, scheme, K since a received )
fare R FQPTRAHCEI PR TRF RIS, SFeITRhtY CAPISPHErR 1n
§¥¥§a99%8 a problemthat a direct-current conponent,
e, a B offset occurs due to a I ocal signal's self
449 (LO self mixing) (e. g. , see non-patent
docunent 3). [0016] As shown in FIG 9, LO

sel Thaiasiregtocstvsraffenrpasivef akhghown 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
FiGg. 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 leocal frequency are identical, there has been
a problem that a direct-current component, i.e., a DC offset
occurs due toa local signal’ s selfmixing (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 1is




| ocal signal |eaks toward the antenna fromthe

recei ver proper, reflects on the antenna, returns to

the receiver, and is -6 S06P0068 nultiplied by the

| ocal signal itself at a mxer. Alternatively, there

are cases where after part of the local signal is06pP0068

emtted outside through the antenna, the reflected

wave is received by the antenna and m xed with the

| ocal signal. [0017] For exanple, assuning that the
anplitude of a |local signal in FIG 9 is 5V, the

Iﬁlbk%?lgﬁﬁmdﬂrhethlowwlsﬂet%ﬁtﬁ @%Xe{ Lr\b&}taﬁlaawéelyr
xer is 30 dB, and e | eaka cal si

PigLarE 3Ref ik ahhar 23d et GPRs AT oot 9 A LA e

Shetlilds e bt AUl gﬂeorg%q&@ﬁe%vgf{é%c@&vw%y

output o m xer 2. ot her hand

ﬁim%tbhﬁasamahlﬂe&wht@f thd Uesdr edgaave is a mninum
of about -74 dBm the output of the mxer is -44 dBm

FOOL74 mvrns. As described, the DC offset is greater
than the signal level of a desired wave. [0018] The
pr oE8E £GP @uﬁ%%ﬁ@élgoﬁh@t DEeormkityde ekpr egsel pypnal

t he fol | owi ng_equat i on. the e i cos
eNdCes® 29 Jeal rsﬁfgenﬁpta AP SdChe Ao Pelphemnd1 i fier

@ﬁﬁ&lt)l glliltg%h%nrgl}pgtai% \;ﬁﬁ rglflér%%teefiea Lok haatloE:??ibgiQﬁlal

he m xer, respec he firs erm on

Fdahicrhags i sneénﬁ!ﬂ erRAvathens iviveatess arDe1ef f$elith
and the second and third terns indicate

doullentiseprendy -700appned DC bEfist Witlemst eadphbadf the
the DC offset varies with the anplitude and phase of
e rr 08 108 BH. wdre thp0Oigir hand, since the signal level of

a desired wave is a minimum of about -~74 dBm, the cutput 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 followingequation. Intheequation, cos{mt) 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
éomponents. It is understood that the DC offset varies with
the amplitude and phase of the reflected wave.

[C019]

o -cos(w-t +4)-cos(w-1) = % -t -(cos(p}+ cos(p) cos(2 - @ - £) —sin{g)-sin(2 - @ - t)




(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 conmuni cation system as
descri bed above, the frequency of a |ocal signasoero06s
changes with every frequency hopping. The reflection
coefficient of the antenna also varies with a
frequency; therefore, the DC offset caused by
self-mxing also changes wth frequency hoppi ng.
Si'nce frequency hopping occurs at the same frequency
of 3.2 MHz as an OFDM synbol rate, the DC offset
changes stepwi se in a cycle of 1/3.2MHz=312. 5ns, as

in FIG 10. [0021] The elimnation of the DC
offset is perforned generally by using a nmethod for

| NSEEHEQTE P ARARAG h@ﬁﬁ)irﬂg s@fH)es sWob Ped e PUhPHtmuBfiband
the m xer that nultiplies a received signal by a |ocal

dﬁmuencgmlcdmmhsssww descshivwn above,Ghd frequency of
capacitor C and circuit inpedance R constitute a
Ppriavady Shpgal p@t@qqa weEh( pPRyY  frRmieagrohprPiReqUEREY
of__a freﬂuenc ons |s 1

%@Fé@ 08°?¥ﬁb ta%st & %%%Lag)%g?%g’éﬁ?wlth @
TAEEBSHG CEOM'SySt é‘-?n“:af)&' LR

dhalgekhe +di £ RRMEIHi9] . I eCEl AL re
fregﬁenm es ]g%é\/\% tg 417?2l Ejl\/Hz On t?ﬁecﬂ%?%g% hgr?éllgoccurs

dts ttessamdl Erdguaneguce 3 e MHendver genuEpd isebof tdie:, the
step response of a DC offset to about 1/10 of the
IOFDIVE 8§ prisdlanagtses (eoie 30 a cycle of 1/3.2MHz=312.5ns, as

shown in FIG. 10.
f0021]

The elimination of the DC offset is performed generally by
using amethod for inserting a capacitorin serieswith the output
of themixer thatmultipliesareceivedsignalbyalocal frequency.
Inthiscase, asshowninFIG. 11, capacitorCandcircuit impedance
R constitute a primary high-pass filter (HPF). The cutoff
frequency of a frequency response is 1/{(2nCR), and the
convergence time of a step response is 2nCR.

[0022]

Since the subcarrier frequency of the multiband OFDM system
igd4,125MHz, it isdesirable that the direct-conversionreceiver
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




ns). However, if the cutoff frequency is 4.125 Mz,

the -8 k S06P0068 convergence tine of the step
response becones as long as 242 ns (=1/4.125M4z) as
shown in FIG 12. Accordingly, there is a troublesone
probl em that nost of the OFDM synbol tine is consasmibes
for the step response. Lowering the cutoff frequency
prol ongs the response convergence tine. Consequently,
the DC offset does not fall to zero within one

synbol, thereby affecting the next synbol. [0023] In
TR SEISBCBf LMY e tHPVE SFR FSRACDE I BXC MG PEs$ORY st A2

it Lbl e to detect, t DC of.fset duri .
4 300k, Lo deteet et o o LG ollaek it
d @f@dﬁ’l%rs_o%q)r%%ﬁ_teﬁrt%t %sgfoffsﬁ{e C%.J‘ﬂl\ffg M&l%n%% s consumed

subtracting'the stored DC during the tine s

BsStgeed cporddppnRGel ¥Neher [P2AE cukb rther LaSecofpi@longs
frequency division nultiplex wireless system it is
tPosséddmstecasteegenand istor £ansBGueht et thaDCrf fget does
preanble period of a received frame and perform DC
57 $atl 19 R Rariidhinpyns gbtPact i theachy aflordd nocthe next
during the other periods. [0025] Conventionally,
B&toot h comunication is known as a wirel ess system
Edﬁé3qerforning frequency hopping. In this case, there
is a72-bit access code before a payl oad, and the head

por thoihd Reseods f&aﬁiﬁeddﬂ'}itsi%fneﬁﬁb{f?%f&{ wdebeshs NGy em,
DC offset (see FIG 13) Therefore, by switching a

itH e monsitdrt taMddrect and store a DC offset during a period
of time other than a time slof assigned to a receiver and perform
DC offset elimination by subtracting the stored DC during the
time slot assigned to the receiver.

[0024]

Inthecaseofafrequencydivisionmultiplexwirelesssystem,
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, Bluetocoth communication is known as a
wireless systemforperforming 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 i1s possible to eliminate a DC offset by using

the relatively short preamble time.




an additional circuit for reducing the charge and
di scharge tine of a capacitor, it is possible to
elimnate a DC offset by using the relatively short
preanble tine. -9 506P0068 [0026] On the other hand,
in the nulti band OFDM conmuni cati on system fr eguenaes
hopping is perfornmed at each synbol and a frequency
switching tine is only less than 10 ns; therefore, it
IS necessary that it is within such a short sw tching
time that a DC offset is detected and el i m nated.

is extrenely difficult to detect and

AE TR XA p%gﬁge%%ﬁ%bnf#éfws@swm
wcfu%%%ggﬁfbugec%ex@%%{ ko Sf% Qﬂ ncy

by direct conversio particu renar

saﬁrtfc@ﬁﬁgrtgmferl%q@wye@@%aﬂqOIn@ tmrerf@&bl k_a_&rms @:@Asary
system [0027] [ Non-patent docunent 1] NI KKE

HHAECTROM @StMan.sukh a2802rt spptchbnd @it that W debaiibet
Revolutionar% Wrel ess Technology 1is Born"
6

i[ﬁNé%t?Féieé’n@n eifrenite] - | BEEBDL 15538 Prtmordyedtfficult

Wt ‘?%te?‘?tg?‘b%ﬁéﬁm%%%%e 85 B GRS BYDI SR ER B/ FeH Ve 5HLng
%%%en at glégéégggg%%gféﬂ %éQFfW$Q£fé¥§ingfrequency

‘docu

CQI%’%@ZE_J)E&Q@ alaze@@ewulsﬁbn@@% HRM-EFB Ry esendatial on
.ppt", pp. 17, July 2003. [ Non-patent document 4]

. pléecachlaAby ohema rRabee tinGoawR3iion £ Ragdiehcll ahgtigiogven She
for Digital Communications" (I|EEE J.

multiband OFDM system.

[00627]

[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 <URIL:
http://grouper.ieee.org/groups/802/15/pub/2003/May03
filename: 03142r2P802-15 TI-CFP-Document.doc>

.[Non—patent document 3] Anu]j 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]
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Solid-State Crcuits, vol. 30, no. 12, pp. 1399-1410,
1995) DI SCLOSURE OF THE | NVENTI ON [ 0028] -10 S06P0068
It is an object of the present invention to provide an
excel l ent wireless conmuni cation apparatus that can
suitably ~carry out reception processing by perfsrspouEs
frequency conversion on a nultiband OFDM si gnal of

whi ch center frequency hops at predeterm ned band
intervals. [0029] It is another object of the
invention to provide an excellent wreless

confint & a?® AP I5Tarat ble tPERs T yrphbry tamspvdde an

ti [ by. f ' f .
RO RR e YRR LR LY e s covty
SWitches Eg@g}?@g%& ep%o%_\éggiﬁ?%pepemi_nggeg%&uedéy i's

anot'her obj ec the invention to provi

@xsRlrseBh oWk mRl18SHasQMM £8dr 0N o aARPACAL dkh tehtat réfifency
resolve a DC offset problemdue to self-mxing in
tparst etnpmgdétequiercy beodvénseovalson a recei ved signa
- by a direct conversion schene in a nmultiband OFDM UVB
ni cati on schene. [0031] The present invention

h in Vi f the f i i d
w1 EF SRR Ao BparAPhE. POF SREcaRyF g Sk i1cht

d#ygféggc@5$%#h§%%§¥%én%€5%éé%ﬁ§q%$E%yégﬁ fygBT9 é%rry out

plurality r € W reless

EQIEFEAbE b T &Fe SRR Bl USe r 18] iMdE S raqh&iRgHRBEYersion on a
conversion unit for multiplying a received

multiband OFDM UWB signal that switches frequencies over a wide
band.

[3030]

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
<x1areceivedsignalknradirectconversionschemejj1anmltiband
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
Iof 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.




conmuni cation signal by a |ocal signal conposed of a
hoppi ng frequency so as to performfrequency
conversion, a high-pass filter unit that includes

paral | el -arranged capacitors corresponding to
frequency- hoppi ng bands and swi tches -11 SO6P006806rP0068
connections of capacitors in synchronization with
frequency hopping and elinmnates a DC of f set

contained in a received signal after frequency
conversion, and a reception processing unit for

TATBTHORG PECEIRI DT O d8eS¥NARr PUARTEST| Hhipabrequency

ampl.ification,. digital _cqnversion, . and denodul atj on
SRR o 2lutnta £ e el B Pt adn S ap A e i SLonal
4 0032]¢rINERLPVESMI L 310l atgg to a wireless .

conmuni cati on appar at us for carryi ng out receptl on

progesstag tyh PRIGLAERLAY il SHURNICYer§ORMER S Pt idn
received signal in a nmultiband OFDM UWB communi cati on

Eysteminhatuchva d thepabsequeidifésatier, digitdel bandersion,
andéParticuIarIy for perform ng frequency conversion
Bifl emodgépbeeh Styrfalragpiaedi fegrak orfifers PenoSEsrte.

%fﬂ&B .The direct conversion schene facilitates a

'%ﬂ%ﬁaﬁéﬁa'of a receiver due to no use of an IF

¢4d§ r and thereby increases the structura
exi'bility of the receiver. However, since a

receh¥QevbheaseneY 8848 t3 4 Q¢ab14L£AURMEYi &8 on apparatus:
identical, there is a problemthat a direct-current

tonpenenting ioue. re@dIG caf psetesDiacUbg whiefdrtiagl beeduency
signal's self mxing. Particularly in the nultiband
CRFDMreaanuah catiane igyst edpnét ebuenap litopphdgOFeM _UWB
communication systemthat switches frequencies over a wide band,
and particuiarly 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 signalfs self mixing. Particularly in
the multiband OFDM communication system, freguency 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
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performed at each synbol, and it is difficult to

detect and elimnate a DC offset wthin an extrenely
short frequency switching tinme. [0034] The
elimnation of a DC offset is perforned generally by
-12 SO06P0068 wusing a nethod for inserting a priggsyooss
hi gh-pass filter with the output of the m xer that
multiplies a received signal by a local frequency.
However, when a step voltage is applied, a capacitor

I s, charged and_di scharged at every frequency hopping,,
ThY Br BEERPRESF tin6EBFERS e Pétl@arwe%bﬁh—éésq éeggjer with

i rel ess. _co ni cation aratys.,according to the
T GHEPSR RBsCHE GRTiRar AT QRL B IPP| ¢ o THaed) §lonal by
e al = a a Lt - :
o onaraeiRy™ B RtE AMARE BREG) Rifrace o applicd,
£bhpi el Bsi achiredd 5684 d@@@ﬁ@t’v\%\ﬁﬂat bheBy FeEQh¥EE; Bbghaly,
after frequency conversion, ile switching
dapagircdusing syrmodutdrispati ehepd tdsgdaresguency hoppi ng.
£0036] For exanpl e, capacitors #1, #2, are provided
W3dach of the hopping bands #1, #2, .... Capacitor
#1 can.store electric charge just before fre uency
hopPi KYTFTOH B R R b 3h atb‘énacﬁ?‘,—”dla‘h‘ﬂ%é’a =
i t : n f ' n

g B R S P, SR APl 1 Sopidsea o
$eaRalel Ohr rhAg&E Ul r W LHr FL §BIRNGY RBPPING in

this manner, the charging/discharging of capacitor #1
teagsescghdopphchesndsstaatlylisi ®dees Ehat dfFsetth€ontained

elimnpation processing of a DC offset is
inareceivedsignal after frequency conversion, while switching

capacitors in synchronization with frequency hopping.

[0036])
For example, capacitors #1, #2, ... are provided for each
of the hoppingbands #1, #2, .... Capacitor#1lcanstoreelectric

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 independentlyat eachhoppingband, thereby preventing
the transient phenomenon of a step response that occurs in some
frequency band from affecting the next hopped fregquency band.
[0037]

In the past, lowering a cuteoff frequency prolongs a response

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

.13-




performed i ndependently at each hoppi ng band, thereby
preventing the transient phenonenon of a step

response that occurs in sone frequency band from
affecting the next hopped frequency band. [0037] In
the past, lowering a cutoff frequency prolongs asoep006s
response convergence tine. Consequently, a DC of fset
does not fall to -13 SO6P0068 zero within one

synbol, thereby affecting the next synbol. On the

ot her hand according to the invention, the cutoff

FERRUERBYD Wy ?W&b‘h}rfgﬁh55§§Yfaiﬁfte§FlE§er&en§7é¥ sygbpe- On

I th b f 0038
SR AP Bahl R SRS el LSS, ORmR At eney
@ﬁ&ﬁelhqghabawmw?c%b%vgétcl%%g eotd O0SQfrier

t
capacitors, electric charge is aJIocat to eac
£opati®r, i n accordance w th each capacitance. In
this case, since a DC offset affects another
fG¢G&tfdency band, there is a possibility of producing an
i nsufficient effect of shortening step response tine.
For Itfh’F‘%o HFeRIHH cﬁﬂacﬂ§°ﬁﬁr@$ﬁéﬂ‘éﬂﬁbﬂ%°‘ﬁﬂaft Ctoméected in

V% atinme difference at th
b iR A B TEon R Rt ShRA o
Mcéﬁcﬂ:ﬂ%ﬂm}ﬁ@ﬁ%"% hYCEO0GE! oLV 0L IBN 6, GAPRCLS Alhee

In para roni zation wt

WL RER c[a@@é@kané@ the Qﬁsoecé’:f;ep%ﬁﬁleérﬂ B@ Jf&%et affects
alternative connection sw tching of parallel-arranged

appacirt Orsqudrhgsr bandy thera icanpoguintatiiay ¢ psbbcbiag an
switch for connection switching is
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 parasiticcapacitanceof thecircuit. Forthisreason,
itismorepreferable tohaveaparasitic-capacitanceelimination
unit for eliminating parasitic capacitance at the time of

disconnecting each capacitor.
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provi ded at one end of each parallel-arranged

capacitor and the other end is always in comobn
connection. In this case, there is apprehension that
the end in comon connection has a |large anount of
parasitic capacitance of the circuit. For this reasmues
it is nore preferable to have a parasitic-capacitance
elimnation wunit for elimnating parasitic

capaci tance at the time of disconnecting each
capacitor. -14 SO06P0068 [0040] For exanple, the

Hﬁf itic- capacitance elimnation unit can

conposed_o itch for.di sconnecting the bot

o "R0E ESpeT fo HpRat o T S B ki B PR e
L UALR0a 05 o Q0GR FOP M SEARARELEF GAPRELHOLAds of

[ 0041 According to the invention IS possi

RIRMiderafhateXeehbe e MdJtRldessa GORWYOEE Atd 0 G rapRAL Ay Usie
that can suitably carry out reception processing by

et fodr rhagdiseguerned capaeisoon on a nul ti band OFDM
UWB signal that switches frequencies over a w de
%HW&] [0042] Further, according to the invention it

le to 0 de an excgel | ent rele
RS bhay bR ey 121§ denaub oo BB prryidy an

&J&E‘l@ﬂk%&él%s%ekémﬂh?ﬂ@&i& ES%EQé{%dé‘gchfarte%S”&}’lta ly

conversion on a recelved si rect conversio

&MUt Pe@eplildn %@@e%%lwi SHRHRE gt EpOgsahge.
[0043] A wireless comunication apparatus according
domvielreion on a multiband OFDM UWB signal that switches
frequencies over a wide band.

(00421}

Further, accordingtothe invention, itispossible toprovide
an excellent wireless communication apparatus that can resclve
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
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invention has a primary high-pass filter that is
conposed of parallel-arranged capacitors
corresponding to frequency-hoppi ng bands and sw tches
t he connections of capacitors in synchronization with
frequency hopping, thereby elimnating a DC of fsetpro0es
contained in a received signal after frequency
conversion. Since the elimnation processing of a DC
offset is perforned i ndependently at each hopping
band, the cutoff frequency of the high-pass filter
AP s SEPEBTBLSF OWHIUESCBO6P0068  than t he
? @ﬁrrler frequency. [0044] These and ot her objects,
eatures and advantages of the invention will be

appapept £ﬁ&"€éﬂ@% %5&9%%ngfégﬁﬂ%é%aﬁhﬂcggﬁénta es of the

description of preferred enmbodi nents of the I|nvention,

Bsvertilousy{dl @@ hppihenteeonpay ifdd 1diany Mdse BRrEcular
DESCRI PTI ON OF THE DRAWNGS [0045] FIG 1 is an
dddarsptathont shosfagred lephd passt§ idfd ethecdnpeseion ofas
paral |l el -arranged capacitors in accordance with

FrieghencedndpptiRy anaeanFiey Pravwings i [ | ustration
showi ng the rel ati onship between the input voltage
and the output voltage of band #1. FIG 3 is an

dd1 b@@&hgﬁTﬁaﬁg%ﬁqﬂ% Eﬁgyfqggtlon of the circuit

con iguration s FIG 4 is an
iddasgtration exenplifying the circuit configuration

In which a parasitic-capacitance elimnation unit 1is
addedGt o itshen tilwstdatshovehdwinkldhidh-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
configurationinwhichaparasitic-capacitanceeliminationunit
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
controllerandtheswitchingoperations of capacitors#Cl through
C#3.

FIG. 7 is anillustration exemplifying frequency allocation

stipulated in a multiband OFDM UWB communication scheme.
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FIG 5 is a block diagramof a nultiband OFDM UVB
receiver according to an enbodi nent of the invention.
FIG 6 is a timng chart exenplifying frequency

hopping at the nultiband | ocal oscillator by the
frequency hopping controller and the switching so6p00es
operations of capacitors #Cl through C#3. FIG 7 is

an illustration exenplifying frequency allocation
stipulated in a nmulti band OFDM UWB comruni cati on

schene. -16 S06P0068 FIG 8 is an illustration
exefipFi iy eréltéﬁpa%%ﬁplalfd’lfl@c? N

d i band 9
o e R R L T AT

an | 1 on r exp alm

m xighg. §liG af‘rQLll%s%'}alt bHSH@téx?)'iaEHEnSXaOH%QEL”&&a@cs

of fset caused by self-m xing

sdlfustirahiyon exenplifying the configuration of a
primary high-pass filter. FIG 12 is an illustration

f or Fé&pll&i h$ g itlHestonvécydiogecxgliaimiofg 4 BE ifept caused
response of a DC offset if a cutoff frequency is

Ly 23 fvmEXiRda direct - conversion receiver. FIG 13 i's

o0 EEbUS 3 1 UMD LS ST LR e ion
o CRdRt P hyeh T oA W I Be-Gescr  bed bel ow 1n detail

wi t hrsefer QBC@n tiq 1hBer AECONPVY ERP1I A @M BBe cdBR4ence
time of the step response of a DC offset if a cutoff frequency
'is 4.125 MHz in a direct-conversion receiver.

FIG. 13isanillustration showing the structure of an access

code in Bluetooth communication.

BEST MODE FOR CARRYING CUT 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 conversiononareceivedsignal inamultiband OFDM_UWB
communication systemthat 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-




The present invention relates to a wreless

comruni cation apparatus for carrying out reception
processi ng by perform ng frequency conversion on a
received signal in a nmultiband OFDM UWB communi cati on
systemthat swi tches frequencies over a w de banglgero0es
and particularly for perform ng frequency conversion

on a received signal by a direct conversion schene.
- [0048] The adoption of the direct conversion schene
facilitate -17 SO06P0068_  a mﬁder band_ of a receiver
Hie 9 Hﬁnis%f & TRACLESF | 192rtcaRa U eliR iIﬁcFé%ﬂé%% and

é}ne%:e%v yr%lué’a Vedltgr e ruct%ra&dfle)ilg&gﬁ_ltherej’q tgﬁcrecelv‘er

I nce recei quency an y are

&%@’te'rcaélné@%r @eb§1@ecprf%kélq§@}1&§]a§ndaadi&%cf f‘i@ﬁﬁ@ﬁ‘&y are

component, . fset occurs due to a

slagtdlcag, Steie‘remwangrobféaﬁ thatlaak yedtrdia-ontl &dnhwﬂé

OFDM conmmuni cation system frequency hopping is

iper-fiornR@ odftf seachcsymbolue back ilbchd slidrfdld selfonixing.

detect _and elimnate a DC offset within an extrenely

%ﬁ{&ﬂ?ulﬁ%xﬁu@hcﬁ}’%ﬂ%léﬁ?ﬁ@dt@w qoermg}catrh@n systen,
on_of

¢
NP8 h8Prote FoPerhesithal athrvRary ﬁ‘?‘gr}%{:‘g% Veiou
dd tha@éc’é HeR) elﬂn“ﬂaﬁ@% Bl‘.’!t&*[’f egcf w&@ﬁoca xtcggﬁel short

nul tlp Ies a recelved S gn requenc as

shopantp KhGchihg Mawever, when a step voltage is
applied as shown in FIG 10, the capacitor is charged

[@f9d 2di scharged at every frequency hoppi ng, thus
producing a step response as shown in FIG 12. [0050]

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 réceived 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,

[00650]

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
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The present inventors consider that if a capacitor can
store electric charge just before frequency hoppi ng
froma band #1 to another band #2 and can continue a
step response after hopping to the band #1 again, the
char gi ng/ di scharging of the capacitor ceases angosr0068
reaches a steady state. That is, the elimnation
processing of a DC offset is perforned independently

at each hopping band. [0051] 1In order to achieve

Euch rocessin a primary high-pass -18 S06P0068
+hi%rin Lo T AU NE Y GORYG L E bRV BF ST Bha bt timtes

tiplies_.a received signal by.a.local signal is
%g%%%gg%%oflgg?gf?%V%af%?%gsag%%%akﬁt?ﬁm?ogggrgsponding
BLralllcAGUSREN 5 DQPPA UL RANAS B85 SOOIy ELG 1.
t her eby SMAtC%Ihg capacitors i n synchronization with
- frepiengyhbppphdandd dbeshemaipler@f 1Flherkby switching
capacitors #1, #2, and #3 are provided for each of
tdradidppisnn Famdb ret ] z#2i oramd t#3f rd fG52Yy hé&meing. In the
i ndi vi dual _capacitor is charged and di scharged

FEIRAte8F yFH - dvef§PIGiEdendy - hbbpiand, #8 s prediesddor
h . i h i t chi
S0 5% 8he BORRERR G, MIP Tl e S 1

fdegyency hoppi ng, capacitor #1 can store electric
charge just before frequency hopping fromband #1 to

another hadity #ihalaedpsalt SONtY RHHA r3edl BRI @SNMSGed
after hopping to band #1 again. After repeated

rapicackdhy adpevaty 6nsqoéndihbopsapacichos prvdactod daphestep
Wi th frequenc% hoppi ng, the charging/discharging of
EHPREstor ARltheidns odridy waktsing epezfyions of capacitors

insynchronizationwith frequencyhopping, capacitor#1canstore
electric charge just before freguency 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 fregquency hopping, the
charging/discharging of capacitor #1 ceases and reaches a steady
state. That is, the elimination processing of a DC offset is
performed independentlyat 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.

1 is switched among the following three states.
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state. That is, the elimnation processing of a DC
offset is perforned i ndependently at each hopping

band, thereby preventing the transient phenonenon of

a step response that occurs in some frequency band
fromaffecting the next hopped frequency band. §0Ob&dss
As shown FIG 7, bands #1 to #3 constitute group 1
which is mandatory in the multiband OF-DM UV\B

conmuni cati on schene. That is, frequency hopping is
ﬁérforned anong band #1, band #2, and band #3.

ot Hlngly the high-pass filter shown in FIG 1 is

SO6RO06RT THORAS( BF ReT Hebn (e Fot ?%Zﬁ%sw Sapnd §1 2
gtrlﬂcﬁ r})@,\}d#gn ?Iﬁ‘%u@%ﬁzof@% §¥V#§ easrt%_btllfﬂgﬂe e onﬁgfg?oitof

establ i sh e connection capac

theadidm of bang #2, SW#2 is turned on and SW#1 and
SW#3 are turned off so as to establish the connection
of (Gapacitior tHAeonfybafd)#At swhé2t i sretofndoaned #3¢ SWi1
#3 is turned on and SW#1 and SW#2 are turned off so
ard 59 é§t@tﬂ itsnedec Eomeeasi bn witabdaphcihocondeghign of
$0055] g. 2. shows the rel ati onshi p between the
ARG FagePBhd  t he out put vol tage of band #1. The

hor gézn}-&@l It%mlengkcgédé #8& X }@%trzhs ﬁus nee%lt o%.o }lgeSW #1

fre ncy o ppi ng pério paci di°Sch ar ged

ef enepantde %ﬂ%@éfvﬁéf Is3 sgrf@%s%b&%htﬂ}?e dohSbct Lot
at frequency hoppi ng period .

capacitor #3 only.
[GO55]

FIG. 2 shows the relaticonship 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 tO.

[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
capacitor C#l throughcircuit impedanceR. Asaresult, positive
charge in line with the input voltage accumulates on the left
~electrode of capacitor C#1, thus charging capacitor C#1l and
decreasing the output wvoltage.

[0057]
SW #1 is turned off at the next frequency hopping period

tl. Therefore, charging is discontinued, and the electric
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[0056] At the nmonment of turning SW#1 on, an input
voltage is directly applied to circuit inpedance R as
if capacitor C#1l were shorted. Instantly, negative
charge flows into the right electrode of capacitorCHl
through circuit inpedance R Asa result, positiveosr0068
charge in line wwth the input voltage accunul ates on
the left electrode of capacitor C#l, thus charging
capacitor C#l and decreasing the output voltage.
[0057] SW#1 |s turned off at the next frequency
HAFFN G pERP R 21 . CHEnERBROE eNOth Tl g BEored.
g; nti nued, and the electric -20 S06P0068 charge on
apacitor C#1l cannot nove and is stored. [0058] SW#1
S rge i 01 C ' I i
i e R e e el R
ylestakd Mg Berabd Gl .PULCYOFdBEA Vi, hahat§idPWeEthhas with
the initial output voltage by the charged potentia
of oupaEcivbota@¥lthagnts flheeouthput tvolihdgéal fantphervoltage
decreases. [0059] The charging operation is

Ry shorbe rateihid nek caRsppi g T pepnddheputEydvoltage

h%%%igg restarts at t6 when hopping to band #1 is
é&ﬁ Fnedt " 2t °%he next hopping period t7, the charging
IQ%5@§pacitor C#l is conpleted so that the output

vol tage reaches a steady state of zero and does not

chapge Abt-gingrdhe 1aR96Q] is A3 sd8s€lm el att f108k88thopping
phenonena continue and di sconti nue

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#1 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 filterisset tobe lower thanthe 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 positiocnal
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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repeatedly. Therefore, even if the cutoff frequency of
the high-pass filter is set to be |ower than the
subcarrier frequency, the step response converges on

a steady state after several frequency hopping

peri ods have el apsed. This prevents the occurregsgr®ies
the problem of a step response at every frequency
hoppi ng (descri bed above). [0061] Further, it is
possible to reverse the positional relationship

bet ween the parallel-arranged capacitors and the
E¥i&dhes for switching the respective connections in

the__configuration aof the hjgh-pass filter shown,
FIGIPE 2 G C95F Greritl PSRt RPCEPRER 1 GUnP ROt 4R THES
' hi;s 2 P . [ 0062] .l.n _ei
R ekt G Leh or el okt 1o ARRA A one
S behed ok pRoaneel b 9Pr sWdLRbBECE SoP) QHGIERe At HRR€end is
end of each parallel-arranged capacitor, and the other
Elvayiss inakwaysn i comemtenconneciucdna kasspuctharecdse,
there is apprehension that the end in conmon
FRTdEnis6 AN RS td Hep b ingounen connparaah higg a large amount
%éggcitance of the circujt. For this reason, it is
BTPrLf T PR T&2RS6 2 TPar GET TRk capgtitihfcgeason, it

iesl, fng]:ggatrle%gra?f% 'F]tgf l?%vneggicﬁg&%tiitq%—ggr ??:[Eéxgce %1 imination

capacl rance a i'sconne ng eac

FARAGLLOEL 1100631 ng FRra8X8NP! CapddBance at the time of
par asi t1c- capaci tance elimnation unit can be

dicrposedtohg aesom tedpalcdtodl sconnecti ng the both ends
of a capacitor that is not selected and a switch for

fspddi ng one

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.

[0064]

FIG. 4 exemplifies the circuit configuration of a high-pass
filter to which the parasitic-capacitance elimination unit is
added. 1In 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 #1b is OFF. At the time of disconnecting capacitor C#1l, SW
#la and SW #lc are turned off at the same time and SW #1b is
turned oen. Thus, in either case of the capacitors C#l 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 diagramof a multiband OFDM_UWB receiver
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end of the disconnected capacitor. [0064] FIG 4
exenplifies the circuit configuration of a high-pass
filter to which the parasitic-capacitance elimnation
unit is added. In the exanple of FIG 4, capacitor
C#l is in a connected state in which SW#l a ands@#¥ooss
#lc are ON at the sane tinme and SW#l b is OFF. At the
time of disconnecting capacitor C#l, SW #la and SW
#lc are turned off at the sane tine and SW#l b is
turned on. Thus, in either case of the capacitors C#l
E%QFCG?’&H‘J EQic REROM BERE [RE She findeatign. orfh the pegpiyer
erat e excl usively.

h he_ suffix "b
Tbtein HE S5 et o t&gerlaﬁ%% FPE BAHePhing
g%%srﬁ%% & r16 22 SOORO0AR: 2 89GALAIBG 5L G AR er aster

enbodi nent of the I nvention

fAdGuebcyldBmebhebksigh I h Tﬁalaecé&cll%@alssmwﬁqojrn VGt (E)hérﬁ]_:g].oys
capacitors shown in FIG 1 is adopted as a hi gh-pass

flid dierecafdamverki egueheye dowmtecenuensy oonveitd arecetav@yived
shown in FIG 5 enploys the direct conversion schene
S1‘1(§?iﬂafl|’sequency conversion of received signals. [0066]
4_03)% (LO signals cos(2(err)fc.) and sin(2(err)fc) of
®dane frequency as the center frequency of an RF

Si gﬂoca @‘ seq ;lo frs)eféjng{eﬁyac%nvier@i Qn of t e
recer ved d3n§| g 8 Sthe ' S RE TS &G & eFC?l’_11
feRhey 44 thBe-&AsE Qﬁseaémgy J1e2Rand5: 9fa 02WPusdd for
shown in FIG 7, the nultiband receiver requires three
ﬂr@qalencjzrc&mwemeueﬁ of £B432 ddHzred3966h Nz o antheA488x Mrizand
whi ch are the

the 0-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 cscillator 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 fregquency division and frequency
calculation based on a single reference freguency. 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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same frequencies as the center frequencies of RF
signals. [0067] A multiband |ocal oscillator

generates these nultiple frequency signals. Since a
channel switching width is large in the nultiband

OFDM UWB system a single PLL cannot perform w gsedaouds
frequency switching. Therefore, it is considered that
the nultiband | ocal oscillator is preferably
constructed so as to accurately obtain the center
freguency of each band in the nmultiband systemby
usi AGEFFRIGREHCHORR NS ICORTAAHL§F SqaEREYS TRARGRSY|i frpPring

based.on a_sjngle reference frequency. Such_a

Pragledly fuy HRR o e P se ] cE s e
e . : ¢ . | Ceafi

R S e et L e

pR¥iiscand . tHDQ68kis 23y SHEPDOHES sAghheduengutheBPEAG the
controll er controls frequency hoppi ng operation in the
nmiltibbaddl bozhl ossicllatatrorespewtherly &o dowhe opreefrsinon
m xer nultiplies the received signals of the |-axis
HFIVeREY FBRYRE DY -he | ocal signals outputted fromthe

| ti.band | ocal oscillator respectively so as to
gﬂ%@érn1 frequency conversion. [0069] In the

i _ _ | |
of 12t Ve Suabttaral HhESheCRONEr® RRFIEDE, herly o

b fseediuFendue thea SURSAqyeMastag8 10 mii8g. In this
downconversion mxer includes the respective primary

dribghipass, fild eubsequéhe dtaapel 8f dngd dh@cQnaxtsidhatixer
are conposed of parallel-arranged capacitors
includes the respective primary high-pass filters on the I-axis
and the Q-axis that are composed of parallel-arranged capacitors
C#l to C#3 corresponding to frequency-hopping bands #1 to #3
and SW#1 to SW#3 for switching the connections of the capacitors.
(00707

The freguency hopping contreller performs the switching
operations of SW #1 through SW3 in synchronizationwith frequency
hopping, i.e., the switching operations of local frequencies
at themultiband local oscillator, thus performing the alternate
connections of capacitors C#l through C#3 in synchronization
with fregquency 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
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C#1 to C#3 corresponding to frequency-hoppi ng bands #1

to #3 and SW#1 to SW#3 for switching the

connections of the capacitors. [0070] The frequency

hoppi ng controller perforns the switching operations

of SW#1 through SWB in synchronization with fregygepsyss

hopping, i.e., the switching operations of |oca

freqguencies at the nultiband |ocal oscillator, thus

performng the alternate connections of capacitors

C#l through C#3 in synchronization wth frequency

PRIPH P *?beeqffes aapaepchoes #ﬁt@aﬁysstt@rté el Y qne applies
ust before frequenc fromband #1 to

oot ?Jdb%&a&zﬂs%s A e S R SR
Q—%p 895 t %%r%g ?1%%33 er or'IAr‘Iet eg.ndntg) %{e%‘% at each
I n a

opera Ions O capacl CCOI‘ nce

M BRAHENEYe NORPLRGvER: {4 SHBRDREH 144} ph £
ch%‘%hgr?g;g/ A e R PR Vel %6%068 Chpacitor Bgnen ©

L£easpscapdnseanbhescaustaadyorsd at &quethsy Isaier ephfScting
to the other capacitors C#2 and C#3. That is, the
did maxdt hoppepr Heewsingy bknd.DC of fset is perforned
indﬁgendently at each hoppi ng band, thereby

nting the transi ent phenonenon of a step

Q?fsecf?ﬁa”a%aé@°a°c‘i P RoBbEaT rchdHdy ShaRE 1) e

slfd @i €aRACI LS Ol nd P TR [P RROWA 48T Ifn s cn
araS|t| Cc- capacl tance elimnation units as shown in

&aéaomiﬂﬂaucmn gre. @itted in FIG 5. [0073]

[0073]

In the received signals that have been frequency-converted
and subjected to the DC offset eliminatioh in this manner, the
low frequencies are extracted by low pass filters and amplified
by variable gain amplifiers. The amplified signals are
conve;ted fromanalogtedigital 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 frequency hopping contreller has
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In the received signals that have been
frequency-converted and subjected to the DC of fset
elimnation in this manner, the |ow frequencies are
extracted by |l ow pass filters and anplified by
variable gain anplifiers. The anplified signals sg&0068
converted f romanalog to digital form Further, the
time-domain signals are transforned into the
frequency-domain signals by FFT, and each carrier is
denodul ated for the reproduction of information
%rtil@ien%}ﬁﬁlter%ﬁs%tqt‘edl entiee iofl sFbEeRifodheg] copteqtjpns
aC|tors S|nuI£aneousI conne

in
SF FAPRE 8PP B ! S I LR BnY SIS BhnLOpmors
&ﬁﬂﬁﬁ%%?é%nﬁg%%lﬁgEQHQ@ng%§on§£§€£6ﬂ&1@m§%§ﬁhéﬁﬁyhopplng
al'l ocated to each capacitor 1 n accordance wth
LapRchh BGeand Toddll Ss&iasientosl. NCRI@ Dexep I Sete sﬁff@@;eslcy
anot her frequency band, there is a possibility of
lpredugi pY Bire imslfiftapidedbcel f estildfatslmobyebhagf se@mncy
response tine. For this reason, the frequency hopping
RAERLPG| FIYEARAS eT- 20 SOEPHVBE-h g PRETRF Tty EACeAIRC 0TS

i e of itching the connections of capacitors

éﬁ; §§r88?ht% nultaneously connect two or nore

gﬁﬁ@qltors in parallel in synchronization with
requency hopping at the nultiband | ocal oscillator.

FI Grhé ieveneh bhies beauedsyri PRhne: i1t et Autdidande
| ocal oscillator by the frequency hopping controller
tandh¢ heesifickinhgdbpeniad | oHBwetecapacid obgiodthkhat those
through C#3. [0075] The invention has been descri bed
ki ldeddin tw eptrefeneke odificabi epeenti/orento Hartlons
ﬁPMﬁ I S _obvjous that those
o e embodlments 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.




skilled in the art can nake nodifications and /or

substitutions of the enbodi nents w thout departing

- fromthe scope and sprit of the invention. That is,

t he enbodi nents have been described for illustrative

pur pose only, and the contents of the specificatpoerooes

shoul d not be interpreted restrictively. To

understand the scope of the invention, the appended

clainms should be taken into consideration. -26

($06P0068 CLAIMS 1. A wireless communication apparatus
I‘1*c;ece|V|ng a communication signal that

frequency- hops anong a plurality of frequency bands,

the wirel ess conmuni cati on apparatus conprising: a

fr eﬂuﬁmal@@ngc%n&mcgmnf@gpmtu Pleyi-nge 8e {:£GR] Yed
comruni cation signal by a |ocal signal conposed of a

doppinigatibrQieICY SPaa S rieQquplEloidRd LEGUENEYlurality of
conversion; a high-pass filter unit that includes

baralensly- arnddgethe cdpadiesor somuigspdmdi agpapatus
frequency- hoppi ng bands and sw tches connections of
CdPacit8Ps in synchronization with frequency hopping;
and_a_rece tlon rocessin for e

recBpffoR np‘?yoé:es JPhg oM ‘%‘Jﬁ_‘egté) ' ;%Jrnq t‘?gtreﬁg%"ed
Raseedchbioaly 4he i ghrpass sflghgff lds ofN€ hopping
wi rel ess conmuni cati on apparatus accor di ng to c alﬁif
fhefentyt B8 £OMBIHGELANFSéGid cy TRkt ba; W deband

signal obtained by carrying transm ssion i nf or mat i on
oves kigh-gmssf fedguencynbancthat 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 pluraiity of pieces of data to carriers, modulating
amplitude and phase for each carrier, and transforming carriers

intosignals along atime domainwhile maintaining orthogonality

.27.




3. The wirel ess conmmuni cati on apparatus according to
claiml1l, wherein the comunication signal is an OFDM
signal obtained by allocating a plurality of pieces
of data to carriers, nodulating anplitude and phase
for each carrier, and transformng carriers int®oer006s
signals along a tinme donmain while maintaining
orthogonality -27 S06P0068 of each carrier along a
frequency domain, and wherein the reception processing
unlt erforns OFDM denodul ation. 4. The wrel ess
(‘?ﬁ‘fflréﬁra%b‘&?%t%sﬁ&&:@i‘laynﬁmﬂ%”bl &nfh 1, wherein
[ ass filter unit has a time differe at the
&f@q o A e o e T
déhodﬁyy%hggneously connect two or nore capacitors in
parallel in synchronization with frequency hoppi ng.
5. The wirel ess conmuni cati on apparatus according to
claiml, wherein the high-pass filter unit has a
Par b tWiredgpacidamee cagl brig@taranuadcdroing to claim 1,
elimnatin arasitic capacitance at the tine of
%ﬁﬁ%?n%%?fhﬁ?heﬁéﬁsc%ﬂi¥9Ft%@lt-h28 a time diffevence 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.
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