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1 Description FREQUENCY SYNTHESIZING APPARATUS AND
FREQUENCY SYNTHESIZING METHOD 5 Technical Field (0001] The
present invention relates to a frequency synthesizing apparatus and
frequency synthesizing method for 10 synthesizing two or more
frequencies to obtain a new frequency and particularly, relates to a
frequency synthesizing apparatus and frequency synthesizing method for
obtaining center frequencies of resp]ective bands in a multiband system
composed of a plurality of bands. 15 [0002] More specifically, the present
invention relates to a frequentysynthesizing apparatus and frequency
synthesizing method for obtaining center frequencies of respective bands
by division of a reference frequency and frequency addition, 20 and
particularly, r@%@@gﬁeﬁﬁ%‘?%m%ﬁﬁ%&%ﬁggnd frequency
synthesizing methpriFfouEitainEgI TERErfreqy encies of respective bands
without a phase error or amplitude error. 25 Background Art [0003]
Wireless LAN has drawn attention as a system that liberates a user from
TowifRag of Bakied system. According to the wireless LAN, since most
wived cables can be eliminated 30 in a work area such as an office, a

~ commupication terminal such as. a personal computer (PC) may be moved
e ne e i3

without muich *difficulty. InteCeRt y8krs, fife Aktet andlesd expERSUERHE
aingless 1 ANLSyatemisdconTes thedfgrtherihe dethasd z ing method for

synthesizing two or more frequencies to obtain a new frequency
and particularly, reiates to a frequency synthesizing
apparatus and frequency synthesizing method for dbtaining
center frequencies of respective bands in a multiband system
composed of a plurality of bands.

[c002]

More specifically, the present invention relates to a
frequency synthesizing apparatus and frequency synthesizing
method for obtaining center frequencies of respective bands
by divisicn of a reference frequency and frequency addition,
and particularly, relates to a frequency synthesizing
apparatus and frequency synthesizing method for obtaining
center frequencies of respective bands without a phase error

or amplitude error.

Background Arxt
[0003] |

Wireless LAN has drawn attention as a system that
liberates a user from LAN wiring of a wired system. According
to thewireless LAN, gsince most wired cables canbe eliminated
ir a work area such as an office, a communication terminal
such as a personal computer (PC) may be moved without much
difficulty. In recent years, the faster and less expensive

the wireless LAN system becomes, the further the demand
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2 increases. Particularly, in recent, an introduction of a personal area
network (PAN) is proposed for constructing a small-scaled wireless
network among a plurality of electronic devices surrounding a person so
as to perform information 5 communications among these devices. For
example, provisions are set for different wireless communication systems
and wireless communication devices, which utilize frequency bands that
do not require a license from a regulatory agency, such as a 2.4 GHz
band and a 5 GHz band. 10 [0004] For example, in recent years, a system
inouitiels wvirele8e ionmmlmidationsrarespeniermechwithtinfotmatioorcarfed
ﬁ@@séfﬁmm@%dmﬁ%ﬂ%}?He@Mal@ ;Jllug}?tg\@g% Band z(:%}évs%)ruct_ing a

communication", has_drawn attention as a wireless 15 communication

Watem KA fEhhZda SO RTINS LRFCREE PAndmissiono ard S bragdical
capplicatios irascieeiiexpectpdr st-preseat in ERESQXAS S andihe like,
AfalmTAIsMiSSIOn, SYsIemuith aRacket stryctire Ingluding a preamble
as an access control system for ultrawide band commtnication is
d&issd: 36 foobsf s HeREadE ithete the Wrmes AbHmsTKk 3y ebaBFuced
Wi Belesl ernmtentiybaresnany devicescaexist ndeoksyilkis-gssiuned
that aplurality of networks.is constructed in an overlapped manner. In the
RO i e Sk S et AR A
dhterrapt$ defimgeepmmasicatidn Gk veanif communication quality is
regoiced due to interference or the like, there is no room for mending the
situatioEn. Therefore, a multichannel communication system in which a

plurality Of fFEGUENS chAMTSIS A’ Braur 8 FeFPetfoli Fdtiengy €S
ceopping ctietely operating oconsideist, Fof examplopwhenthed in a

vearpmypication, gualify issieduced dug 1 cq “Ultrawide Band (UWB)
communication”, has drawn attention as a wireless
communication system that realizes a short-range ultra—-fast

transmission, anditspractical applicationhasbeenexpected.

At present, in IEEE 802.15.3 and the like, a data transmission

systemwithapacket structure includingapreamble as anaccess
control system for ultrawide band communication is devised.
[0005]

In the case where the wireless network is constructed
in a work environment where many devices coexist indoors, it
is assumed that a plurality of networks is constructed in an
overlapped manner. In the wireless network using a single
channel, even if another system interrupts during
communication or even if communication quality is reduced due
to interference or the like, there is no room for'mending the
situation. Therefore, a multichannel communication system
in which a plurality of freguency channels are prepared to
perform frequency hopping, thereby operating is considered.
For example, when the communication quality is reduced due
to interference or the like during communication, the network

operation 1is maintained by frequency hopping, so that
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to interference or the like during communication, the network operation is
maintained by frequency hopping, so that 3 coexistence with other
networks can be realized. [0006] Furthermore, when the wireless network
is constructed indoors, amultipath environment inwhicha receiving
apparatus 5 receives the combination of a direct wave and a plurality of
reflected waves/delayed waves is formed. Delay distortion (or frequency
selective fading) is generated by the multipath, thereby causing an error
in comqur;{cation. Further, there_occurs inter symbol interference

SRR URE o the  delly “T0 GlstBRIOH T660 FFRs Bsmarfdddftérmeasure

agamei the delay distortion, a multicarrier transmission system can be

exemplifigd. i themulticarrier ransmission system, SInceransmission . 4
ggﬁialS Is divided into a plurality of carriers with different frequencies, the

Vf Balfio HEBERBRY hECORRL L RAFGWhFRREC fHTdm FrriReg g tus
difieulirtosbehaffectedimg thie fregfieneyl selectivestading. L0008k 20ik9r of

eXapl8.Jn m@@'&'&%@;@%@%%%!e%feﬁé’er“&xm%i&lsioB§Y{%§n‘g§$é®§hicm

system, which is one of the multicarrier transmission sys :
fHREISTIEE R Yetphefivé takrid ire seosrtiatthd Fosphetiveldariets,
are rubyaliy esthoganal swithin alsyam@&” lhhq%ﬁtcthg tifﬁﬁfﬁkb@?! ”nﬁ’il@ﬁe
r issign, 25 informatian sent serially is supjected to _serial/paralle
égg\?gr]séiolnng%rys mt()); pler}%edr\t/fvﬁi%%nigesIoav%gitﬁ%‘ﬁtgr‘fi iffdrhaforelay

taPsATiSdion rate and a plurality of pieces of outputted data are assigned
to theyrespective carriers to modulate the amplitude and the phase for

each of the carrjers, , ,
As amaln countermeasure against the delay distortion,

a multicarrier transmission system can be exemplified. In
themulticarrier transmission system, since transmissiondata
is divided into a plurality of carriers with different
frequencies, the band of each of the carriers becomes a narrow
band, whichmakes it difficult tobe affected by the frequency
selective fading.

[0008]

For example, in an OFDM (Orthogonal Frequency Division
Multiplexing) system, which is one of the multicarrier
transmission systems, frequencies of respective carriers are
set so that the respective carriers are mutually orthogonal
withinasymbolblock. At thetimeof informationtransmission,
information sent serially is subijected to serial/parallel
conversion every symbol period which is slower than an
information transmission rate and a plurality of pieceé of
outputted data are assigned to the respective carriers to
medulate thé amplitude and the phase for each of the carriers,
and inverse FFT is applied to the plurality of carriers, so
that the carriers are converted into time-base signals while
holding the orthogonality of the respective carriers on a

frequency basis to be sent. Furthermore, at receiving time,
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30 and inverse FFT is applied to the plurality of carriers, so that the
carriers are converted into time-base signals while holding the
orthogonality of the respective carriers on a frequency basis to be sent.
Furthermore, at receiving time, 4 a reverse operation is performed, that
is, FFT is performed to convert the time-base signals into the
frequency-base signals, demodulation of the respective carriers
according to the respective modulation systems thereof is performed, 5
and parallel/serial conversion is performed to reproduce the original
Anferivdiich SBAL A Qeribd sirial J0069) THeaOFDIVI MBHulatior sYstene

@mployed:as ee@@%@a@@ele%ﬁ&i\b fon@xanaple, inlEER 9% Halg-
Also, i 10 IEE 2 15.3,in %ﬁon to a DS-:UWB system inwhi

Hifbsion spEas ﬁtfr‘h%ﬂn% ioh SighaFBFB S ¥ nERasta s Mecording
tmakhnuneSandtmnmp@éemt&eysteﬂtemwhtdteamrﬁormqmnmmlds

£RMPOseiusing apimpuisg signal streamwith 2, yery %%Oﬂeg%%eé the

about several 100 picoseconds to be transmitted and received, 15

GtAAdRRdiZ AT BRaR AW BSEShnidhigatisit sjdtefi-€Rmbloying the OFDM

- [modalation system has been developed. In the case of the OFDM_UWB

commukrﬂgag%ﬁyﬁe Q re hasb en conS|de d OFDM modulatign
using IFFT/FFT, in w Jhft‘;e((q)f}en opplng E%e%eryapluraﬁlét %am

%Bﬁaﬁ?&s@é&cwvm@a sezsawizameﬁn JE BB pphedibtatuendybandsoh

IS;E.EIQ @28 ﬁHa,,ad}dHtﬁi&e%eﬁﬁdabﬁﬂdﬁ@%QM%@{é&@%?@ﬂ“&%iﬁ}{
ple refer#o No Patent Do Eggtl 0010 In frequency

SS|gnmerr1lt ‘derinedinthe f rhlRRaw AR
agyktar isHewa - ﬁ@%mmme sarwe ifiduie; theﬁs&wﬁmem isisorchlthist

c2gpodR s composed of Landsdth 103 baving CRAGLIGAURNGIEs.of 4

%4:%2 MHz, 3960 MHz,
out séveral 100 picoseconds tobe transmitted and received,

standardization of an UWB communication system employing the
OFDM modulation system has been developed. In the case of
the OFDM _UWB communication system, there has been considered
OFDM modulation using IFFT/FFT, in which frequency hopping
(FH) every a plurality of subbands each having a 528 MHz width
isappliedtofrequencybandsof3.1to4.8GHz, andthe frequency
bands are composed of 128 points (for example, refer to
Non-Patent Document 1).

[GO10]}

InFig. 7, frequency assignment defined in themultiband
OFDM_UWB communication system is shown. As shown the same
figure, the assignment is such that a group A is composed of
bands #1 to 3 having center frequencies of 3432 MHz, 3960 MHz,
and 4488 MHz, respectively, a group B is composed of a band
#4 and a band # 5 having center freguencies of 5016 MHz and
5808 MHz, respectively, a group ¢ is composed of bands #& to
# 9 having center frequencies of 6336 MHz, 6864 MHz, 7392 Miz
and 7920 MH, respectively, and a group D is composed of groups
#10 to #13 having center frequencies of 8448 MHz, 8976 MiHz,
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and 4488 MHz, respectively, a group B is composed of a band #4 and a
band # 5 having center frequencies of 5016 MHz and 30 5808 MHz,
respectively, a group c is composed of bands #& to # 9 having center
frequencies of 6336 MHz, 6864 MHz, 7392 MHz and 7920 MH,
respectively, and a group D is composed of groups #10 to #13 having
center frequencies of 8448 MHz, 8976 MHz, 5 9504 MHz and 10032
MHz. [0011] In the multiband OFDM UWB system, the center frequencies
corresponding to these respective bands need to be synthesized. 5

- Aridndiireranthel 098 of ¥iree bands of the group A is mandatory and the

Hge of seven bands of the group A and the group C is defined as an
option. The other]%arc_)ups and the bands are prepared for extension in

future. [DOTSF T Witistiom PGS Ry Siten iy R heRdranguencies
consisered 40 myttiphh the: same oscillatiba fréquercydaybe Rt fphase=d.

ARSKL-qaRl, theuyltinand OFDM X%%éYéF%Qa&r%ﬁ %Pheg‘r{ga‘e%éhceory

switching width of the channel as shown in Fig. 7 1s large an

Uy SRitehirFresudR Bdidet 156afd CaRndtBelpEHe ey @ 1s
sinple &l La J0813]dptrikermoren dyrpwiding apharalinrof-oscilaterss sore
tr%aet %a}:%hdotftgen%}gggeg%teg aifre(%%%%c%/ band, ahighprecision multiband
%enperator can be constructed: ﬁowever,ethere is 20 a problem with circuit
BY8a &hd power consumption. Accordingly, there is technical demand for

makingzn phusality aldteqseagubands B arsingle oselllator Brnerally
lrequency, dision, [9044) 25 For example, by epgaing the frequency.
PLL (phase Lock Loop), the multiband OFDM UWB system has a
problem that the switching width of the channel as shown in
Fig. 7 is large and the frequency switching in such a wide
band cannot be performed by a single PLL.

[0013]

Furthermore, by providing a plurality of oscillators
sothateachofthemgeneratesa frequencyband, ahighprecision
multiband generator can be constructed, However, there is
a problem with circult area and power consumption,
Accordingly, there is technical demand for making a plurality
of frequency bands from a single oscillator by frequency
divigion.

[0014]

For example, by repeating the frequency division of a
single frequency outputted from an oscillator, mixing is
applied to the respective frequency division,outpﬁts {that
is, either of a sum and a difference of the frequencies is
outputted) to thereby perform mualtiband generation.

[0015]

In Fig. 8, a conventional example of a freguency
synthesizing block for hopping (which is 3-band node of the
group A) used in the multiband OFDM system is illustrated (for
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single frequency outputted from an oscillator, mixing is applied to the
respective frequency division outputs (that is, either of a sum and a
difference of the frequencies is outputted) to thereby perform multiband
generation. 30 [0015] In Fig. 8, a conventional example of a frequency
synthesizing block for hopping (which is 3-band mode of the group A)
used in the multiband OFDM systemgis illustrated (for 6 example, refer to -
Non-Patent Document 1) The center frequency of each band can be
synthesized (frequency addition/subtraction), using frequeng}édivision of

H RN ce TRty oBIametAFsMta dikgietsattilatbt (for 5 BRarfsRtET
MEX0Pand miferssastshdandn thediguse. [0046hksthesexample ghewsy
dathe sameligure, adfiequency, 4244 Mz Qgiatggg? bymyiighing ay
oscillation frequency outputted by the osmﬁa or by'a PLL is a reference
Hrdcfeieiey S 165 B R e ity b S5 miH 2 i$ fakekroasky g freguéhey
ateisioneand axfqueneynaf:264 MHz isstiaken ot byl 2freguency
{j{migf Furthermore, the frequency of 528 MHz necessary as a sample
clock ¢an be synthesized by frequency division. [0017] 15 Subsequently,
in eachlmiXetsngicarud by SSR{SinyleSideBant) g requency celgitiorcis
performes using 528Mbiz and 264 Mhlg, resulting:ina regyency.9f 234,
M%%. !i a% |t|og one ofC€,164 MHG%and 794 MHz is selected ? a selector
SR SARY & R Qe 61 896BMHE tah be SEEFHRSPAS £ trakERCY -
Kensér, 26 fleqeroydyy frEdi@hdyibubitsacticreof 42240vHz/ 8nd 264uktbtzy

13 } I I s 4e .
O

BB cahBe-BHtENIeE by Sibtddctimgency of 528 MHz necessary

as a sample clock can be synthesized by frequency division.
[0C17]

Subsequently, in each mixer indicated by SSB (Single
Side Band), frequency addition is performed using 528 MHz and
264 MHz, resulting in a frequency of 794 MHz. 1In addition,
one of 264 MHz and 794 MHz is selected by a selector (Select),
and a frequency of 3960 MHz can be obtained as a desired center
frequency by frequency subtraction of 4224 MHz and 264 MHz
in the SSB at a latter state and a frequency of 4488 MHz can
be obtalned by frequency addition of 4224 MHz and 264 MHz.
Further, a frequency of 3422 MHz can be obtained by subtracting
792 MHz from 4224 MHz.

{00181}

In each of the mixers indicated by SSB in Fig. 8,
orthogonal components with respect to each other are prepared
in each signal and frequency synthesis can be performed by
additionand subtractionof the frequencies using the addition
theorem of the trigonometric function as shown in the
below~described equation. In Fig. ¢, a configuration of a

frequency adder is shown. Here, a function rot (%) is defined

as rot(x) = exp(2njx).
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792 MHz from 4224 MHz. 25 [00181 In each of the mixers indicated by
SSB in Fig. 8, orthogonal components with respect to each other are
prepared in each signal and frequency synthesis can be. performed by
addition and subtraction of the frequencies using the addition 30 theorem
of the trigonometric function as shown in the below-described equation. In
Fig. 9, a configuration of a frequenc;e adder is shown. Here, a function
rot(x) is defined as rot(x) = exp(2njx). 7 [0019] Furthermore, in Fig. 10, a
conventional example of a frequency synthesizing block used in 7-band
mdedomposed of the group A and the group Cis illustrated. Center

frequengigs &,Qffespectiyg hands, A show iR e g, cabeie of

synthesized (frequency addition/subtraction) using frequency division of

TEFEIEREY freltietts GBtahBA From e SMdig dscittorifrsteexamrpsigsd of
fﬁé(@l)c&ﬂ}dﬂﬁ&ﬂ$h[@@2@)}ﬂ.0 mmemmmemtheg&ame figurey@encies
Bequaney 6330 Wiz, o0 Bl e ARG S0.Q5CUBHUL IEANENGY: 5 o
outputted from the oscillator by a PLL Is a reférence frequency. First, a
fréqEENEY 6V 2O MR isStakeRes Ut IR /3 Frb e driGAdRTs o Bintisthen of
frecpieney 0t d (oG HMida is taken out Byt arfraquengy d 8wiSioRtor (for
Furtheirgoreﬁcgs&%uencées of 528 MHz and 264 MHz are taken out by

12 fre

Eraexpaem ing'1 uear%]cy dVISIOnN twice. In addition, the frequency of 528

W2 Aécessary as a sample clock can be synthesized by frequency
division1[0Q2H ZhMoreavers ithecxample.qf the same lgure.dyecSaB.
D A e ey A R Ao 28 ency outputted
from the oscillatorbya PLL is a reference frequency. First,
a frequency of 2112 MHz is taken out by 1/3 frequency division
and then, a frequency of 1056 MHz is taken out by 1/2 frequency
division. Furthermore, frequencies of 528 MHz and 264 MHz
are taken out by repeating 1/2 frequency division twice. In
addition, the frequency of 528 MHz necessary as a sample clock
can be synthesized by frequency division.

[0021]

Moreover, in the example ¢f the same figure, five S8B
blecks that performs frequency addition/subtraction are
mounted. In a first SSB, a frequency of 4224 MHz is obtained
by frequency subtraction of 6336 MHz and 2112 MHz. Ina second
S5B, a frequency of 1584 MHz is obtained by frequency addition
of 1056 MHz and 528 MHz. Further, in a third SSB, frequency
addition/subtraction of any one of 1056 MHz, 1584 MHz and 528
MHz, which is selectedbya selector, and 6336MHz isperformed.
Ina fourth 83B, a frequency of 792 MHz is obtained by frequency
addition of 528 MHz and 264 MHz. Furthermore, in a fifth SSB,
the 4224 MHz obtainedby the first $SBis subjected to frequency
addition/subtraction of either 792 MHz or 264 MHz, which is
selected by the selector. Finally, the frequency
addition/subtraction result of the third SSB or the fourth
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mounted. In a first SSB, a frequency of 4224 MHz is obtained by
frequency subtraction of 6336 MHz and 2112 MHz. Ina second SSB, a
frequency of 1584 MHz is obtained by frequency addition 25 of 1056 MHz
and 528 MHz. Further, in a third SSB, frequency addition/ subtraction of
any one of 1056 MHz, 1584 MHz and 528 MHz, which is selected by a
selector, and 6336MHz is performed. Ina fourth SSB, a frequency of 792
MHz is obtained by frequency addiffon of 528 MHz and 264 MHz.
Furthermore, in a fifth SSB, 30 the 4224 MHz obtained by the first SSB is
Sibjéctesktbefraguency additidri/esuibtractioroafseitheritdd/MHror 264t er
Mz b seleclodbyheselesiar Ealy e Legueney agglﬁw@{le
subtraction result of the third SSB or the fourth 8 SSBis se ectlve
GrPattEd SaRd BEnSEEGEMR the center frequencies of seven bands
[curapgsed of the group A and the group C can be obtained. [0022] 5

(Mon-Ratent.Decument 1) IEEE 802.15.3a Tl Document
(<URL htteer;} grouper.ieee. ol'%/groups/802/15/pub/2003/May03 file

name: G@@@Zr@@%@@l@?l CFPpesiasRéEnt.doc> 10 Disclosure of the

Jdowe nu@mﬂeﬁzgw@pweie@eth@@wﬁn%abﬁs@qq%n@agymdi@@m&gzo 3,
tblcks s sh ;k

PDEeTOW C
function is used in the SSBs (refer to F|g 9) orthogonal components (sin

empeaants forcesine) heedito e obtained for 528 MHz and 264 MHz,

[Vé/(r}nzch]becomes a cause of a phase error. 20 [0025]

However, in the conventional frequency synthesizing

blocks as shown in Figs. 8 and 10, there are shortcomings as
described below.
{0024]

(1) Since the addition theorem of the trigonometric
function is used in the SSBs (refer to Fig. 9), orthogonal
components ({sin components for cosine) need to be obtained
for 528 MHz and 264 MHz, which becomes a cause of a phase error.
[0025]

(2) Since the addition theorem of the trigonometric
function is used in the SSBs, complicated operations such as
multiplicationandadditionneedtobeperformed, whichbecomes
a cause of a phase error or an amplitude error.

[0G26]

(B)Theselector(Select)isnmdecﬁfanahalogueswitch,
which becomes a cause of a phase error and an increase of a
circuit size.

[0027]

{4} Particularly in the example shown in Fig. 16, the
numberof the 8SBblocksislargeandthus, sizesoftheoperation
circuits for complicatedoperations suchasthemultiplication

and addition become Jlarger, thereby increasing power



(2) Since the addition theorem of the trigonometric function is used in the
SSBs, complicated operations such as multiplication and addition need to
be performed, which becomes a cause of a phase error or an amplitude
error. 25 [0026] (3) The selector (Select) is made of an analogue switch,
which becomes a cause of a phase error and an increase of a circuit size.
[0027] 30 (4) Particularly in the example shown in Fig. 10, the numberof
the SSBblocks is large and thus, sizesoftheoperation circuits for
complitatedoperations such as the multiplication and addition become
largergthereby increasing power 9 consumption. [0028] For example, in
order to imfprove a resolution of @nginﬁqme,asurement as an application

example o th& OWE “techilblogy Ttis iMportdnt @8 edsuf& 3 1-en  of
trangimission-pathecharacteristic ingmaltiapatmenvironmentat finee  UWE

intervals gfime;in a band,as wide as possible and ., meagiue an.apriving, ,
time T of a received signal more precisely (which is equivalent to a fine

SUIRERNIdR)-S EbT exafhple® if e tanging MeaSirehiehittat be performad
inroreermanesecond-unit, thierranging measyremedtatas resolion ef and

ahout 3Q cmis achjeved, [0029),0n the ether hand, i the WItRlEss ..o

communication system of the multiband, the transmission-pat ‘
charattéristic 4R16& estimated ToFeaeh bafid. Hefe,“fhePulse width).
tFanrsmissign-path. éstimate walyesofithesespretive doands-are dipkedmed

t99€%§559@§gﬁg%88@g%§§gasf%e ranging measurement at a
resclution of zbout 30 cm is achieved.
[0028]

Cn the other hand, in the wireless communication
system of the multiband, the transmission-path
characteristic can be estimated for each band. Here,
the transmission-path estimate values of the respective
bands are linked together so as to be considersed as a
continuous frequency characteristic, enabling a  wideband
transmission-path characteristic estimation. However, if
there is a phase difference between subbands, the freguency
cCharacteristic becomes discontinous, and thus the
transmission~path characteristic estimate wvalues in the
respective subbands camnot be integrated to be a wideband
transmission-path characteristic estimate value.

[0030]

Embodiments of the present invention provide an
excellent freguency synthesizing apparatus and frequency
synthesizing method in which center frecuencies of respective
bands in a multiband system composed of a plurality of

bands can be suitably obtalined.

[0031]
Embodiments of the present invention provide an
excellent frequency synthesizing apparatus and frequency

synthesilzing method in which center frequencies of respective



continuous frequency characteristic, enabling a wideband
transmission-path characteristic estimation. However, if there is a phase
difference between subbands, the frequency characteristic becomes
discontinous, and thus the transmission-path characteristic estimate
values in the respective subbands cannot be integrated to be a wideband
transmission-path characteristic estim3te value. [0030] Embodiments of
the present invention provide an excellent frequency synthesizing
dppadatussancfrequéney Isynthesizingimethad i which eenter reference

f%&%og@%g&ﬁeg%gd%g&gﬂgpii_band system composed of a
pluraég]i/ of "bands can be suitably obtained. [0031] Embodiments of the

pF@@ invention provide an excellent frequency synthesizing apparatus
and freqaencyisyathesizifig methoddineskich cantesfreguencieswfde an
respegtive 10 can, be suitably. obtained by division of a reference
fr‘geql?éﬁr\"”c%;cnd“%%ﬁe@nc ag’cfi#c%n.g [%Tfﬁ?%m cggﬂlrl‘;]aé%%és of' {h% prgggﬁ? ney
IFVENtiGHT provitle aREEXeellentfreqUERey syrfthesizing dpparatis e of
freguency synihesizingamethoddpauhich-cententseguencies of respeetive:

baypds,gan pe phraiped wihout g.phase sror g1, an ampltude g0t
Particularly, there are provided an~ éxcellent frequency Synthésizing

@Wét%@@ndﬁ?@ﬂhw sm@@%ﬁ@ Fetheaetective irachdltibarancy
systamawith andargeswitchingwigth ©f centerfrequengies of sespeclive, -
bands: 199331 Embodiments of the present invention.provide an _ e e ive
bands.

[0033]

Embodiments of the present invention provide an
excellent freguency synthesizing apparatus and freguency
synthesizing method in which center frequencies of
respective bands can be obtained with a relatively small
circuit size- and low consumption power. Particularly,
there are provided an excellent fregquency synthesizing
apparatus and freguency synthesizing method effective in
esgtimation of continuous wideband transmission—path
characteristic over a plurality of subbands, which are
disclosed in Japanese Patent Application No. 2003-2949%42

assigned to the present applicant. [0034]

According to a first aspect of the present
invention, there is provided a freguency synthesizing
apparatus that synthesizes a plurality of freguencies
based on a reference freqguency, characterized by
comprising: ‘

complex sine wave generating means for generating
complex sine waves by outputiting complex amplitudes
corresponding to eight phases in a complex plane; and

frequency switching means for performing frequency
switching by performing complex number multiplication of the

complex sine waves and the reference freguency.



excellent frequency synthesizing apparatus and frequency synthesizing

method in which center frequencies of respective bands can be obtained

with a relatively small circuit size and low consumption power.

Particularly, there are provided an excellent frequency synthesizing

apparatus and frequency synthesizing method effective in estimation of

continuous wideband transmissioriipath characteristic over a plurality of

subbands, which are disclosed in Japanese Patent Application No.

20 3-29%9.42 atssigned to th% present ,appl}ca&t]. [0034] According to a

firs Cé:s%reci’%?theopr%sg’r?tc?ﬁlvenﬁ%ﬁ?ﬁ}%rg [ pro?/id%aeaS Fr%ﬁuéﬁ]cf ntion,
thergynthesizibge apparatus that synthiasizes & pluralityioffrequencigsdasédr
syntA8 A reference fraquency, charagtesized by compiising: somplex:-$iteer ce
____wave generating means for generating complex sine waves by outputting
SreAUSHEx ampithdEs Eotrepondingto efght pHEsss iR Tompidk piafe; °F
genemidfequencieswitching rreans forperfonmingifrgquerny’switehingbydes
corrPEHANAG CQ@P®¥Wb§¥1E‘§§@"%0%Of they complex sine-waves and,

|0a According to a second aspect of the present

the reference frequency. '
freqi‘h%ﬁ%foﬁ,%%?é‘@ﬁro%}%%% 8 Fregtehey SiRthe SR fEtoF o cning by

perfsynthesizingalpluratityrb frequeancies haseidon afeferencecfreduencyine

waveCOMpaISing: a:gggypé%gingr\g@ﬁ%wgration step of generating complex
sine waves by outputting complex amplitudes corresponding to eight
phases in a complex plane; and a frequency switching step of performing
frequency switching by performing complex number multiplication of the
complex sine waves and the reference frequency. 11
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[0035] Here, the complex sine wave generating means is constructed
from two nonlinear DA converters having amplitudes {-1.7,-0.7,0.7,1.
7 } . More specifically, 0.7 is sgrt(0.5), 5 thatis, a square root of 0.5.
[0036] Three bits outputted by the 1/2, 1/4 and 1/8 frequency division of
the sampling frequency of the nonlinear DA converter are decoded, and
input data to the DA converter is 10 determined. When the 1/4 and 1/8
frequency division are performed, tHé decoding is performed with using
frequency outputs having a phase difference of 90 deg from each other.
[@@3Z]:In the case where center frequencies of three bands 15 forming a

group %g]r%n OEE@M ch:\é\{nB fgsteng.ar{e g%g%rglted, %her fres ueng{y )
synthesizing ‘apparatus aceording to the present mvention 16 cSiietitictet®

By ahessERIdthatastliizres B ruentyof 4224 VB zmsld tudes

referenceg arfrequency diyidenythat dividesrthe reference; frequgpey intg, |

%)42 to pbtain 2112 20 MHz as a sampling frequency, three frequency
dersStha? fEHRT QiviGe the SaMpting frequency into 1/2 sequentially, a

deeoder that decodes values of three bits outputted from these frequency

dividers-ywi .1/2, Ivision in resp
fauenay Seleaion, andane sot of 26 horliner s bt DA Semvorel st

SLtpGEaRpRbddd -1 e 290 FrE Py RIRMG tRE dEESISPTaIhREay thé
clecoder @s inputidee3BT hecomplextamplitlides caerespenrding teLight
Qphases; 304n thecomplex plang are outputed from the two.sets of -~

nonlinear DA converters, SO t{1at t%e complex sm% waves canlbe are

RfeHer AR AESGT RSP Lipey MiH P - dotpnsedvbycihcrerhaating edusiese

outputs having a phase difference of 90 deg from each other.
[00371

In the case where center frequencies'of three bands
forming a group A in an OFDM UWR system are generated, the
frequency synthesizing apparatus according to the present
inventionisconstructedbyusinganoscillatorthatoscillates
a frequency of 4224 MHz as a reference, a frequency divider
that divides the reference frequency intc 1/2 to obtain 2112
MHz as a sampling frequency, three frequency dividers that
further divide the sampling frequency into 1/2 sequentially,
a decoder that decodes values of three bits outputted from
these frequency dividers with the 1/2, 1/4 and 1/8 frequency
division in response to frequéncy selection, and one set of
nonlinear2~bitDAconvertersthatoutputamplitudesof{m1.7,
-0.7, 0.7, 1.7} using the decoded values by the decoder as
input.

[0038]

The complex amplitudes corresponding to eight phases
inthe complexplane are cutputted fromthe two setsof nonlinear
DA converters, so that the complex sine waves can be generated.
Accordingly, +264 MHz is outputted by incrementing +1 phase

in a positive direction of phase. Further, -~264 MHz is



in a positive direction of phase. Further, -264 MHz is 12 outputted by
incrementing -1 phase in the positive direction of phase. Furthermore,
+792 MHz is outputted by incrementing +3 phases in the positive
direction of phase. Moreover, -792 MHz is outputted by incrementing -3
phases in the positive direction of phase. [00391 Furthermore, by
performing frequency addition (compléx number multiplication) with these

outpuits efthe nonlingar- DAconuertersiang thesreferancedrequency:of; ve
4224 MHz, 4488 MHz (<4224 + 264), 3060MHz (-:4224-264) and,

ﬁ%ﬁzoj(q:@?ﬁ};w) WHICH arts Tegpactive’ céntar freqtiencies Brtha Y
thrse eands forniingrihesgrouprA oftheeasultiband CEBM: UWBSysteare .
eR-beebtained without aphaseLrrerar an amplitude -errar [Q6401L In.. o

the case where in addition to the three bands forming the group A'in the

ORDMUWE Centér fleqaénciés'of fod Bids forming a group C are
furtheP generated, an oscillator that oscillates at a frequency of 7128 MHz

s furthes jochulad in addiion torthe felerence, o224 Mz uriherpote,

by selectively performing complex number multiplication of either

ormi mpl \ .
FAtERSHo e quEN Y OF 4524 WIFH oF 7128 MHZATE the réspedtie-insar
outputted: freguenoies ofithe edmplex sife wavengenerating means, thess

fraquenay, switching means ghtains the Jespeglive center freguencies,, ,_
4488 MHz, 3960 MHz and 3432 MHz of the three bands that forms the

droup Alofthe #hGItiBARBCEDRF UWBT SystERt B 6/ furtheroitain ree
tespestive center freguencigs 2920 MiHz (s 1128H492), (M392NHZ system

%ﬁiﬁé%ﬂéﬁ%e@ﬂ Hz{({168:269) and, 6336 MHz (51128, {92), Which 4
error.
[0040]

In the case where in addition to the three bands
forming the group A in the OFDM UWB, center frequencies of
four bands forming a group C are further generated, an
oscillateor that oscillates at a frequency of 7128 MHz is
further included in addition to the reference of 4224
MHz . Furthermore, by selectively performing complex
number multiplication of either reference frequency of
4224 MHz or 7128 MHz and the respective outputted
frequencies of the complex sine wave generating means,
the frequency switching means obtains the respective center
fregquencies 4488 MHz, 3860 MHz and 3432 MHz of the three
bands that forms the group A of the multiband OFDM UWR
systermn, and can further obtain respective center
frequencies 7520 MHz (-7128+792), 7392MHz (7128+264), 6864
MHz (7128-264) and 6336 MHz (=7128-792), which form the
group C.

[0041]

Namely, acccrding to the configuration of the fregusncy
syntheslizing apparatus according to embodiments of the
present invention, since completely the same circuit is used

for all the respective



group C. [00411 Namely, according to the configuration of the frequency
synthesizing apparatus according to embodiments of the present
invention, since completely the same circuit is used for all the respective
13 center frequencies 4488 MHz, 3960 MHz and 3432 MHz forming the
group A of the multiband OFDM UWB system, no error such as phase
difference and amplitude difference fromeach other occurs. Furthermore,

sinceanly pne-circuitdar frequencyadditiom gvhichrhas alargessize fora,
circuit, is used, a reduction il% cir%uit Sié%-a%d low ower ¢ nsumption can
b& Tafized: @%@co@diﬁg to B mBSHiments of the present invention, ¢
there cas behpravideshanexcsligntfeeqeensy Sy rthesizing cappat atuscand
fregyency synthesizing methed in which center frequencies of rgspective.
bands in a muItibgnd system constructed from a plurality of wide bands

Eart D" Suitably JbtaiEd: T0431 Edrtridimole Hdcortitiig b embEdiments
dgbtheapresentiinvention,there can begrovided amrexcetlent freguencynd

SYthesizing apparatys and frequsncy.synthesizing method in which

center frequencies of respective bands can be suitably obtained by
ivision' of a reference frequency and frequency addition. [0044]
Furthermere,radcarding tmembeodimentsiofithe preseat tinvention; there

L
apparatus and frequency synthesizing methed in which center
frequencies of respective bands in a multiband system
constructed from a plurality of wide bands can be
suitably obtained.

[0043]

Furthermecre, according to embediments of the
present invention, there can be provided an excellent
freguency synthesizing apparatus and freguency synthesizing
method in which center Ifreguencies of respective bands carn
be suitably obtained by division of a reference frequency
and frequency addition.

(00447

Furthermere, according to embodiments of the present
invention, there can be provided an excellent Lrequency
synthesizing apparatus and freguency synthesizing method in
which center freguencies of respective bands can be cbtained
without a phase error or an amplitude error.

[0045]

Furthermcre, according to emboediments of the present
inventicn, tThere can bhe provided an excellent frequency
synthesizing apparatus and freguency synthesizing method in
which center frequencies of respective bands can be
obtained with a relatively small circuit size and low
power  consumption. Since the freguency synthesizing
apparatus according to the present invention can syntheslze

The muliiband using only one circuit for frequency



which center frequencies of respective bands can be obtained without a
phase error or an amplitude error. [0045] Furthermore, according to
embodiments of the present invention, there can be provided an excellent
frequency synthesizing apparatus and frequency synthesizing method in
which center frequencies of respective bands can be obtained with a
relatively small circuit size and low pb%ver consumption. Since the
frequency synthesizing apparatus according to the present invention can
symthesize , thenmeitibamgh ising anlyonescircuit fortfrequencya 14 cadditiong
which reguires & large circyit size, a reduction in cirguit sizg andlow; , oo
power consumption can be realized. 0046] Othier aspects, characteristics
ah%l%cﬁﬂantages will be apparent by further detailed description based on

embodiments:of theopresent inveniiondescribed latel and:accompanying
S, A Do Qs (R s o
apparattiEcaccording-ierone SEMBEJiREIRIor the présesht imishtibht Fig. 2
isiadliagranmshewinga tuthtablesof a decoder. Fig. 3 is a timing
flowchart of frequency division outputs. Fig. 4 is circuit diagrams in each
of which the decoder is simplified based on the truth table shown in Fig.
ZFig £5 s addiagrarmrshiowinganapping of complex amplitudes of two
sets)@fnonlinear DA converters on a

Fig. i is & diagram schematically showing a
configuration of a frequency synthesizing apparatus
according to one embodiment of the present invention.

Fig., 2 is a diagram showing a truth table of a decoder.

Fig. 3 is a timing flowchart of freguency
division outputs.

Fig. 4 is circuit diagrams in each of which the
deccder is simplified based on the truth table shown in
Fig. 2.

Fig. 5 is a diagram showing mapping of complex
amplitudes of two sets of nonlinear DA converters con a
circumference,

Fig. & is a diagram schematically showing a
configuration of a freguency synthesizing apparatus
acceording to  ancther embodiment of  the present
invention.

Fig. 7 is a diagram showing frequency assigrnment
defined in a multiband QFDMJI3WB communication system.

Fig. 8 is a diagram showing a freguency synthesizing
block (conventicnal example) for hopping used in & mutiband
OFDM system.

Fig. 9 is a diagram showlng a configquration of a
frequency adder.

Fig. 10 is a dlagram showing a  frequency
synthesizing block (conventional example) used in a 7-

bandmode constructed from the group A and the group C.
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circumference. Fig. 6 is a diagram schematically showing a configuration
of a frequency synthesizing apparatus according to another embodiment
of the present invention. Fig. 7 is a diagram showing frequency
assignment defined in a multiband OFDMJ3WB communication system.
Fig. 8 is a diagram showing a frequency synthesizing block (conventional
example) for hopping used in a mutipand OFDM system. Fig. 9 is a
diagram showing a configuration of & frequency adder. Fig. 10 is a
diagram showing a frequency synthesizing block (conventional example)
used in a 7- bandmode constructed from the group A and the group C. 15

Best Mede farGarying,aultheJevention JQQ4 ¢k Hereinafter,

fg‘g%o? iments of the present invention are 5 described in detail, referring
o0 the drawings. [0048] In Fig.1, a configuration of a frequency
synthesizingiappfaratuscadooddingtosond erhbodimerthaf therpresent are

duention. s seheypatieally showp, The freduaney synthesizing apparatus

10 as shown in the figure is applicablé to, for example, amultiband
W_UWB communication system, in which respective center
frequeribies bf thireeabangs fouringithe goup Areambesyitably ekiainad;
wlyilonof aslatence fiequensy and ieduenay. agdiion. 1o [0949] £3
shown in the figure, the requency synjfﬁlesmmg appgra?us Includés an
%%éiﬂﬁﬁ%ﬁ*atﬁé?éééiﬂ’a‘-ié@‘énfreq%ﬂé/fequency synthesizingapparatus

as showninthe figureisapplicableto, for example, amultiband
OFDM _UWB communicatlon system, in which respective center
frequencies of three bands forming the group A can be suitably
obtained by division of a reference frequency and frequency
addition.

[0G49]

As shown in the figure, the frequency synthesizing
apparatus includes an oscillator that oscillates a frequency
of 4224 MHz as a reference, a frequency divider that divides
thereference frequencyintol/2toobtain2112MHz asa sampling
frequency, three frequency dividers that further divide the
sampling frequency into 1/2 sequentially, a decoder that
decodes values of three bits outputted from these frequency
dividers by 1/2, 1/4 and 1/8 frequency division in response
Tto frequency selection, and one set of nonlinear 2-bit DA
converters that output amplitudes of {-1.7, -0.7, 0.7, 1.7}
using the decoded values by the decoder as input. Here, more
specifically, 0.7 is a sqrt(0.5), that is, a square root of
0.5. Complex amplitudes corresponding to eight phases in a
complex plane are .outputted from these two sets of nonlinear
DA converters, so that complex sine waves can be generated.
Furthermore, in a frequency converter, frequency switching
is performed using these complex sine waves.

[G050]
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of 4224 MHz as a reference, a frequency divider that divides the
reference frequency into 1/2 to obtain 2112 MHz as a sampling 20
frequency, three frequency dividers that further divide the sampling
frequency into 1/2 sequentially, a decoder that decodes values of three
bits outputted from these frequency dividers by 1/2, 1/4 and 1/8 frequency
division in response to frequency s%ection, and one set of nonlinear 2-bit
DA 25 converters that output amplitudes of {-1.7, -0.7, 0.7, 1.7} using the
decoded values by the decoder as input. Here, more specifically, 0.7 is a
sgrt(0.8) 85t is 2a sgharkerstt of f0.52 Taffiplekarmpibdes edriespontimg
decightpRasesthaacomplex planeare putnutted fremathese dwo-setsof 1
onsocniiilfa 39 DA cgnaytg’arg[s, SO thal'tcomplex sine waves can be
Senerated FuRRarmbre 1R & FaguEhey conveRer egusndrabicRing?Ts
Iperbmiadivsiag these kbniplevsire nedves. J0050 19064 Eir st & eferameet
1of 422-MHz isqutputted fiqm thgoscillator such as a TCXO
étem erature-compensated crystal oscillator) and at the same time,
ggggétive signals of an | axis and a Q axis which have a relation of 90
deg withorespeet I5 4o eachiothel aré takenreific 30534 Fordbhadmxs 1/2
ignal : fr , f cy,division. is repeat .
A > herey ohap ol e N B R e
MREUSAE 263 Mifiz2 11%?[6@%1 Sintfhe-decotidiitherdst otfirdg Y81z -
reréormed from three bits outputted in 1/2, 1/4, 1/8 frequency division of
the sampling frequency of the nonlinear DA cqnverters, that_ is, 1056,
MHz, %il\%li—lzlgr?&e%%f%l zgeirl; ’Fia. 5, %Fu?ﬁjtéﬁel%p&rt QD e o
tdhRenbits outputted in 1/2, 1/4, 1/8 frequency division of

the sampling frequency of the nonlinear DA converters, that

"is, 1056 MHz, 528 MHz and 264 MHz. In Fig. 2, a truth table

of the decoder is shown.
[0053]

For the I-axis signal of the reference frequency, 1/2
frequency division is repeated sequentially to obtain the
frequencies 2112 MHz, 1056 MHz, 528 MHz and 264 MHz. In Fig.
3, a timing chart of the frequency divisgion outputs is shown.
When 264 MHz, 528 MHz and 1056 MHz are obtained, at the same
time, the frequency division outputs having a relation of 90
deg with respect to each other (AQ for AI, BQ for BI, and CQ
for CI) are obtained. The three bits in the leftmost column
in the truth table shown in Fig. 2 consist of turnover values
of AT, BI and CI.

[0054]

Here, using AQ for AI, and BQ for BI, simplification
of the truth table shown in Fig. 2 is performed, sc that the
decoder can be simplified as shown in Fig. 4. However, in
the same figure, a multiplier can be replaced by an exclusive
OR (XOR} circuit.
f0055]
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[0053] For the I-axis signal of the reference frequency, 1/2 frequency
division is repeated sequentially to obtain the frequencies 2112 MHz,
1056 MHz, 528 MHz and 264 MHz. In Fig. 20 3, a timing chart of the
frequency division outputs is shown. When 264 MHz, 528 MHz and 1056
MHz are obtained, at the same time, the frequency division outputs
having a relation of 90 deg with resigect to each other (AQ for Al, BQ for
Bl, and CQ for CI) are obtained. The three bits in the leftmost column 25
in the truth table shown in Fig. 2 consist of turnover values of Al, Bl and
Cl. [00BafkHere! G8indaQfor Ninaad BOJonBE Sinpiificaiontofitheursh

ftap I.eﬁ_howmi phlﬁgvz_ iineyzan@dg%tbﬁét%wef&p QﬁfﬁOQ%%% bf_fl_ {oo,
Impilre snown In |g. . wever, In € same tigure, a muitplier can
e o o R T DT 1 F SR st
Mwﬁing&c@ﬁmdwtew}ewemmgdﬁse{Qutp@t7oﬂ).f;c@n_?}taaectﬁmhhed
ierégﬁx}QB‘FQdoﬁ% %_é%ﬁ:h%@g)m?eﬂ%ceg%%@ymegsg : % ore

i More specifically, the level of the outLﬁut 01 fro ecoder

rrespectively.
l@i?%ﬁv@ﬁéﬂ‘ﬁltm}?&%é %@n‘?ﬁﬁh‘é‘?ﬁ‘bﬁ%t EurtABfnble, 3t S 6f

wihedioalire anDputoreriersy | tianditeoQk and :QOamylidlt fee dltputted4
diamang,decoder e amalified pio 2, imasand 10.fime. respectiyely,
and the results are summed up to output complex amplitudes of a set 0
U Cafy e 1 GIRE kP Axieadh R PdmpliiRfesof 1 a0 @i #5197y bf
talthe Henirgof 21 kaMibtz; Here, O:Adsdnpeg specificatly, sgnt(05)ythats
aig’t?h%q%%{t?i%%mo%f 91%2[?{9{526] Here, 0.7 is, more specifically,
sqrt (0.5), that is, a square root of 0.5.

[0056]

In Fig. 5, the complex anplitudes of the two sets of
nonlinear DA converters are mapped on a circumference. As
shown in the same figure, the outputs from the nonlinear DA
converters having the amplitudes of {-1.7, -0.7, 0.7, 1.7}
are mapped on eight points on a circumference.

[GO57]

The outputs of the two nonlinear DA converters are mapped
at eight points in the complex plane as one set of the I axis
and the Q axis, which means that the complex amplitudes
corresponding to elight phases in the complex plane are
outputted to thereby generate the complex sine waves. TFor
example, i1f the output of the decoder is (11, 1C), the output
of the nonlinear DA converter 1is mapped at a point
((2.4x0.5+1x0.5), (2.4x0.5-0.5)) = (1.7, 0.7) in the complex
plane. If the cutput of the decoder is (10, 11), the output
of the noniinear DA converter is mapped at a po.int
({(2.4%0.5=0.5), (2.4x0.5+1x0.5}) = (0.7, 1.7) in the complex
plane. 1If the cutput of the decoder is (01, 11), the ocutput

of the nonlinear DA cecnverter is mapped at a point

({2.4x(-0.5)+0.5), (2.4x0.5+1x0.5)) = (~0.7, 1.7) in the
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In Fig. 5, the complex amplitudes of the two sets of 15 nonlinear DA
converters are mapped on a circumference. As shown in the same figure,
the outputs from the nonlinear DA converters having the amplitudes of
{-1.7,-0.7, 0.7, 1.7} are mapped on eight points on a circumference.
[0057] 20 The outputs of the two nonlinear DA converters are mapped at
eight points in the complex plane as one set of the | axis and the Q axis,
which means that the complex amplitudes corresponding to eight phases
in the complex plane are outputted to thereby generate the complex sine
avanes: £ ri2hexanigle; iether optputodt the=déeoddeis {E1( 10), the)qutput
ShipaopineaDASOMEIE! 19 1aRRRALat 8 PO HEMOOCIKAOhos ny
x0.5-0.5)) = (1. 7, 0.7) in the complex plane. If the output of the
Eié%o&iéﬁ P, '10_L)5t)he Gtpiif of the hbhiinkal DA @oﬂ\)eﬁéﬂserﬁﬁmﬁé(ﬁ&t
Bl peiat 30r{2t4x%0 510:5) t(24x0e+ 1xQ.6fkF (0s7,(DJ) inihe agmplextput
ne, If th t of the.decader is 1 11), the out of the nonllnear
%2 (%ﬁ%/ertge?%%appede%%a Sgﬁt]e 4x( §)+6[1 % (354x8 +1%0. g)(imt
({27417 0 3he A8 toniplekplafes If the buiput of thé decoderis (09the

- diipthe: Qtprbof the naplinearddA eanvadesdismappad al@poil) , the

-0.5 240505) (1707|nthecom Iex lane. If the
%%Bﬁlt(coﬁ% Qﬁ(ge?icod%l%luiﬁﬁ HAEBY Jlu @a?bﬁf‘ point
convérter is Maphet) at e2pdint ~0(. 2 ). 4ix (- ©. 55) (}057,, -1.7) inthe
A2 D)) 1Ak Dufpitthe epmpiexplane. i thepuipy Oféﬁg

decoder is (01, 00), the output of the nonlinear DA converter iIs mapped at
WHBIHE 3.4, él)%lémélax% SPRES SHE(F 7eRPRtRS 18 Point
comples plane sif theoutpyt-of herdegodersis )(20006), ther oufput af the e

Aeplinear A converier ismanRed al 8 PRI e coder is (11, 01), the

output of the nonlinear DA converter is mapped at a point
((2.4x0.5+1x0.5}, (2.4x(-0.5}40.5))={1.7, =0.7) in the
complex plane.

[0058}

Accordingly, as seen from Fig. 5, +264 MHz is outputted
by incrementing +1 phase in a positive direction of phase.
Further, -264 MHz is outputted by incrementing -1 phase in
a positive direction of phase. Furthermore, +7%2 MHz is
outputted by incrementing +3 phases in a positive direction
of phase. Moreover, -792 MHz is outputted by incrementing
-3 phases in a positive direction of phase.

[0059]

In the frequency converter {(Frequency convert), such
outputs of the nonlinear DA converters and the reference
frequency of 4224 MHz are subiected to frequency addition
(complex number multiplication), so that respective center
frequencies 4488 (=4224+264), 3960 MHz (4224-264) and 3432
MHz (=4224-792) of the three bands forming the group A of the
multiband OFDM UWB system, can be obtained without a phase

error or an amplitude error.
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((2.4x0.5-0.5, (2.4x(-0.5)+Ix(-0.5))=(0.7, -1.7) in the .complex plane. If the
output of the decoder is (11, 01), the output of the nonlinear DA converter
is mapped at a point 15 ((2.4x0.5+1x0.5), (2.4x(-0.5)+0.5))=(1.7, -0.7) in
the complex plane. [0058] Accordingly, as seen from Fig. 5, +264 MHz is
outputted by incrementing +1 phase in a positive direction of phase. 20
Further, -264 MHz is outputted by n&rementing -1 phase in a positive
direction of phase. Furthermore, +792 MHz is outputted by incrementing
+3 phases in a positive direction of phase. Moreover, -792 MHz is
bef&ted by incrementing -3 phases in a positive direction of phase. 25

[0059] nthedfseaiercy £§®@§ter6(.F@%&ﬁ{MgQ9ﬂéﬁ@mnSHEha QUIRHIR-Qf-
the onlinear DA conv ters and the reference frequen f4224 MHz, .
SR Bk Bafjgncf ac?d?ﬁor?e TRIMPIBR %Ejilr% ﬁlﬂﬁﬂ)ﬁ?ﬁiﬁﬁ)ﬁ 58

Rietsespectiverdeimer 89 fehountiesAUBB &Hi224+264), 13860 Midmency

r 2) ofthe t n
e S s o Bt

IR O &n BEaE SR o UIBh st N Aot eRirs ERE B 10
wdohfigukatiotiofias frequeicy: syeﬁmsmng appatates according te ahether
£mbediment of the present inyentiqn is enleé!aaﬂc g shawn,. !{hth and
frequency 5 synthesizing apparatus as own In the igure |g app]iJ

foraxdmphs a hdieband W@W@W@%@ﬁmﬁﬁuﬁueﬁ%ﬁ@embwweh

lyodivision of a reference frequency and frequency addition, respective
e S AL O R A3 oG AR R R RN g
6, in contrast to the frequency synthesizing apparatus that
generates the center frequencies of the three bands of the
group A as shown in Fig. 1, a circuit module that generates
the center frequencies of the four bands for the group C is
further added.

[0062]

In the example shown in the figure, in addition to the
oscillator that oscillates the frequency of 4224 MHz as a
reference, an oscillator that oscillates a frequency of 7128
MHz is provided, and in response to which mode of the group
AofthegroupCisset, theoscillatorsareselectivelyswitched
to supply to the fregquency converter (Frequency convert).
[0063]

The decoder and the nonlinear DA converters have almost
the same configurations as shown in Fig. 1. Namely, the
nonlinear DA converters output the complex amplitudes
corresponding to eight phases in the complex plane to thereby
generate conplex sine waves.

[0064]

Furthermore, in the frequency converter (Frequency

convert), by selectively performed frequency addition

(complex number multiplication} of the outputs of these DA
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10 [0061] In the frequency synthesizing apparatus shown in Fig. 6, in
contrast to the frequency synthesizing apparatus that generates the
center frequencies of the three bands of the group A as shown in Fig. 1, a
circuit module that generates 15 the center frequencies of the four bands
for the group C is further added. [0062] In the example shown in the
figure, in addition to the oscillator t%t oscillates the frequency of 4224
MHz as a 20 reference, an oscillator that oscillates a frequency of 7128
MHz is provided, and in response to which mode of the group Aof the
YYBUR T rSernthé ostilEtosrard $&kBavedy Hwitthéd rrensepphetpitiecy

fIROWRRGHECANVRITEE friefuancy RVl o[0063] 25, 1he decader andithe

néanllnear DA converters havz almost_the same conflguratlons as shown

i? 10 Randeny the Honfia & BACbnveHar Blitpt¥ e Bomprex® MHz
Q’iﬂﬁﬁﬁt@lﬂé§ 4¢orre8pondiy te eight-phabksaimahid Soniflex {Cﬂﬂl‘i’é te-792)

a@eaﬁgyr%@&wgmé§I99%@ml@s[@%£5«f§ﬂ§rw%'%%mg

frequency converter (Frequency convert), by selectively performed
YHEJIEREY SadSR (RorP I b BT asion) 11 W mpuiese 64

dhéde MA20 (ednvasters And 4224 Witsonii28 M2 agthe reference be
Jrsquency, sthe tespe vg;eﬁtl%r freg |eso he three bands f rm|n
the group A gf (tjhe 1ﬁtlbané{ OFDM U B system Of4§§%/ﬁx amp {tdd
qEH224+264), 3960 MHz (=4224-264) and 3432 MHz (=4224-792), 5 or
theasspective center frequencies of the four bands forming the group C
thereof 7920!¥IH2 (=712 792 73 2MHz =7128+2 4 686

(=7128°568) and B3I M= J7§Q)rcan(f)ns © Peqiency

synthesizing apparatuses as shown in Figs. 1 and 6, since
completely the same circuilt is used for all the respective
center frequencies 4488 MHz, 3960 MHz and 3432 MHz forming
the group A of the multiband OFDM UWB system, no error such
as phase difference and amplitude difference from each other
occurs. Furthermore, since oﬁly one circuit for frequency
addition, which is large as a circuit, is used, a reduction
in circuit size and low power consumption can be reélized.
[C066]

{Addendum)

As described above, the present invention has been
described in detail, referring to the specific embodiments.
However, it is obvious that these in the art can make
modifications to, and substitutions for, the embodiments in
therangenot departing fromthegistof the invention. Namely,
thepresent inventionisdisclosedina formof exemplification,
and the described contents of the present specification should
not be construed limitedly. In order to judge the gist of
the present invention, c¢laims described below should be

considered.
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selectively obtained without a phase error and an amplitude error. 10
[0065] According to the configurations of the frequency synthesizing
apparatuses as shown in Figs. 1 and 6, since completely the same circuit
is used for all the respective center frequencies 4488 MHz, 3960 MHz
and 3432 MHz forming 15 the group A of the multiband OFDM UWB
system, no error such as phase difference and amplitude difference from
each other occurs. Furthermore, sifite only one circuit for frequency
addition, which is large as a circuit, is used, a reduction in circuit size and
low power consumption can be realizeds 20 [0066] (Addendum) As
described above, the present invention has been described in detalil,
referring to the specific embodiments. However, it is obvious that, those
Iin the dt ERRTHERE 25 iYdIfcAtTorRIG RISttt fsTon tthes i zes a

fAmbadiments in thed4angengt depalingsiron the gistaithe inventione,
cl},ll%melcyd tlblezggg ent Ci:rz}\ggnlt_ign.i;si disclosed in a formof exemplification,
and the desdh dorvtenks of %hegpresent specification should not be
construsditlirhitadlyiincorder to jddge tiad gisy ofiddtive fresenenveationg

risdeseribed bgloye should be, gansidered. 2L flaims 1. Adrequency
synthesizing apparatus that synthesizes a plurality of frequencies based

LGERIBALEFreuetity B BRARRTeriZ by TBRH SR8 pRxSsine
wave gﬁneqa@rgmeamwohgaggmiﬂgspcﬂnplepmwm% breutpetiing
sg%gee&?i&@wtggs%ﬂr{ﬁapg&qw&@ SIHBANAZAS 1,3 LONRISYK RIANG .

complex sine waves and the reference frequency.

2, The frequency synthesizing apparatus according to claim
1, characterized in that:

the complex sine wave generating means is constructed
fromtwononlinearDAconvértershavingamplitades{wl.?,~O.7,
0.7, 1.7%.

3, The frequency synthesizing apparatus according to claim
2, characterized by further comprising:

frequency division means that sequentially divides a
sampling frequency of the nonlinear DA converter intoc 1/2;
and

a decoder that decodes three bits outputtedey 1/2, 1/4
and 1/8 frequency division of the sampling frequency and

generates input data for the nonlinear DA converter.

4. The frequency synthesizing apparatus according toclaim
3, characterized in that:

the decoder performs the decoding using frequency
division outputs having a phase difference of 30 deg from each

other if 1/4 and 1/8 frequency division is performed.
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frequency switching means for performing frequency 10 switching by
performing complex number multiplication of the complex sine waves and
the reference frequency. 2. The frequency synthesizing apparatus
according to claim 1, characterized in that: 15 the complex sine wave
generating means is constructed from two nonlinear DAconverters having
amplitudes {-1.7, -0.7, 0.7, 1.7}. 3. The frequency synthesizing apparatus
according to claim 20 2, characteriZed by further comprising: frequency
division means that sequentially divides a sampling frequency of the .
onlineBr DAL eamEares fitbthas ianida devedertthatdecodbisithee bitsim

Putputted byW2- 14 25 and 4/8 frequency division of the sampling

frequency and. generates input data for the nonlinear DA converter. 4.
The freiBAE) SyTPES LI RALEBarTs Aa oA t AT Gk hdbhadd
L that 30 ¢pidecoder pérformscthettiecoding using fiacpmpreycgivisionhe
Luipyis.aving a.phase differgace gf POdeg-frgm eagh other if 1/4 and

1/8 frequency division is performed. 22 5. The frequency synthesmng
apparatt€ £CBRdifY O BRIV SRAREIIA Tt tHERRES +264 MHz
ng@@cefé&@mﬁm@s&#pﬁﬂwlsl@, anc _aﬂdéiw&weob@@e@ iy 142 frequeneyn
f4iyision, é&egﬁfaeﬁsncg&%%%“c §4t*ﬂ&z5k§arﬁ‘_8'{':@%zf{%§%;?ﬂcy-‘1“ fas
-nonlinear DA qnverfer; the complex sine wave generating means Bufapu?s
14 ®mHC By tacienfEntmgiephasde ha Positio dhisesion 0F phie irby
ithercomaplexrplane, pulpids -284 MEzZR incremening-LiRhasss ipthge,
positive directio hasg, outputs +792 MHz by 10 incrementing +3 .
BRRSERIRR Pl Arbikb AT AL, - Phases Th The BOsS tive
direction of phase; and
the frequency ‘switching means obtains desired

frequencies by performing the complex number multiplication
of the reference frequency and the respective outputted

frequencies of the complex sine wave generating means.

6. The frequency synthesizing apparatus according to claim
3, characterized in that:

the frequency switching means obtains 4488 MHz, 3960
MHz and 3432 MHz, which are respective center freéuencies
forming a group A of amultiband OFDM UWB system by performing
complex number multiplication of the reference frequency and
the respective outputted frequencies of the complex sine wave

generating means.

7. The frequency synthesizing apparatus according to claim
&, characterized in that:

a frequency of 7128 MHz is further obtained in addition
to 4224 MHz as a reference; and

the frequency switching means further obtains 7920 Miz,
7392 MHz, 6864 MHz and 6336 MHz which are respective center
freguencies forming a group C of the multiband OFDM UWB system
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and outputs -792 by incrementing -3 phases in the positive direction of
phase; and the frequency switching means obtains desired frequencies
by performing the complex number multiplication 15 of the reference
frequency and the respective outputted frequencies of the complex sine
wave generating means. 6. The frequency synthesizing apparatus
according to claim 3, characterized g that: 20 the frequency switching
means obtains 4488 MHz, 3960 MHz and 3432 MHz, which are
respective center frequencies forming a group A of a multiband OFDM

RENVELSFSBRY By Parforh kg icsmpRSEh G BEERRGEpREatdP bt i Lon of
seference dpgrency anckdiefespeativecoutputtedSrequencigs 0fdhe the
' lex sine way. ngrating means. 7. The frequency synthesizin
g%%]g?é%t%s’vaecc%r& r%bl%t(%) C aiﬁr e6cf C %?é’gt%riggd ?r}?ﬁﬁaﬁ: Iﬁ‘?r}e%xuesnlcr)l/eof‘“ﬁ%
W2 e firtiseststed in addition 30 to 4224 MHz as a reference; and
the frequency switching meansfurther obtains 7920 MHz, 7392 MHz,
(%3864 M{lzfand 6336 MHz vychich are respective center frequencies .
srmind a SIS E6RthE WRiRBaARE OFDRFGHRE syStenty3 'Ry SLfcdPely
peforiiity compliequesbet esultilicadionrof zeithef eefererce frequency,
ofA224Mkiz.or 7128 MHz and the respective outputted frequencies of
the complex sine wave generating means. 5 8. A frequency synthesizing
%%%@Hﬁ¥

methoPfoPEnHE STy R EahG 6l tegushere i AHERPERIE®
$regriencys scomprisingt aicomplenSiae wavbjgmwatm&teppﬁnding to
gf&g{ag@% gg@pﬁx alocglﬁ&gl\g@%ﬁgx eo;utggltgng complex amplitudes
corresponding to

a frequency switching step of performing frequency
switching by performing complex number multiplication of the

complex sine waves and the reference fregquency.

9. The frequency synthesizing method accerding to claim
8, characterized in that:

the complex sine wave generation step is constructed
fromtwo setsof nonlinear DAconversion stephaving amplitudes
of {-1.7, -0.7, 0.7, 1.7}.

i0. The frequency synthesizing method according to claim
9, characterized by further comprising:

a frequency division step of sequentially dividing a
sampling frequency into 1/2 in the nonlinear DA conversion
step; and

a decoding step of deceding three bits outputtedby 1/2,
1/4 and 1/8 frequency division of the sampling'frequency'and

generates input data to the DA converter.

11. The frequency synthesizing method according to claim
10, characterized in that:

in the decoding step, the decoding is performed using
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eight phases in a complex plane; and a frequency switching step of
performing frequency switching by performing complex number
multiplication of the complex sine waves and the reference frequency. 15
9. The frequency synthesizing method according to claim 8, characterized
in that: the complex sine wave generation step is constructed from two

- sets of nonlinear DA conversion step, having amplitudes 20 of {-1.7, -0.7,

0.7, 1.7}. 10. The frequency synthesizing method according to claim 9,
characterized by further comprising: a frequency division step of
ISafinaay WamEPR 25 SBHIpTinpifégaefcPiiecl/dif fre sonfnedr BA
RONVersian <siep; ard ardecoding stepofidecodingthree pitgiamtpytiad by
Jé/gfolr/éea&d 1/8 frequency division of the sampling frequency and
generates input data to the DA converter. 30 11. The frequency
synthesizing method according to claim 10, characterized in that: in the

1decoding Step thedrapding i3, 610N dsiING 24 HEHMENSY diViSian, i
Qutputs having a %hgse, difference of 90 deg from each other if 1/4 and
8 1r: lf@ﬁzc‘i/ ivision ilsnpt:\ Frhed. 5 12. The frequency synthesizing

method laeeertingtoeldine @ ohaiactéizedtin, that tHel esfsrente ained

Hequeneyis 4224MHz; and 2112 Midz obtained. by 1/2 frequency division

of the reference frequency is the sampling frequency in the norlinear DA
SEERAETERNABHLEH FY tHd ORISR RhERRATe YRNEPRTST St +262MH2

IS in the complex sine wave generation step, +264 MHz is
cutputted by incrementing +1 phase in a positive direction
of phase in the complex plane, -264 MHz is outputted by
incrementing -1 phase in the positive direction of phase, +792
MHz is outputted by incrementing +3 phases in the positive
direction of phase, and ~792 Mz is outputted by incrementing
-3 phases in the positive direction of phase; and

in the frequency switching step, desired frequencies
are obtained by performing complex number multiplication of
the reference frequency and the respective outputted

frequencies in the complex sine wave generation step.

13. The frequency synthesizing method according to claim
10, characterized in that:

in the frequency switching step, 4488 MHz, 3560 MHz and
3432 MHz which are respective center frequencies forming a
group A of a multiband OFDM UWB system are obtained by
performing complex number multiplication of the reference
frequency and the respective outputted frequencies in the

complex sine wave generation step.

14. The frequency synthesizing method according to claim
13, characterized in that:

a frequency of 7128 MHz is further obtained in addition
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outputted by incrementing +1 phase in a positive direction of phase in the
complex plane, -264 MHz is outputted by incrementing -1 phase in the
positive direction of phase, +792 MHz is outputted by incrementing +3
phases in the positive 15 direction of phase, and -792 MHz is outputted by
incrementing -3 phases in the positive direction of phase; and in the
frequency switching step, desired frgguencies are obtained by performing
complex number multiplication of the reference frequency and the
respective outputted 20 frequencies in the complex sine wave generation
Stef 28 HhEfrRguenéF S§ARRERING Hskthod according to claim 10,
characterizeddn thatyie ths, frequessy switching stem #488:MHz 39601 -,

ich.are respective center frequencies forming a
A A L S e e e ane
%%Fﬁ}ﬂiéﬁ AUFRSEPRURTp ReERiBH b e Fef&TBRde UBriepeyrapd ehtur ther
dbspesiie outputted dneguiencias,in the complex sine waya generglign e r
n‘f’t‘i%isq %éaTQg fr%%uen%%S\r/nthefsizin% %od accordircl&to claim 13,
Charatterizad n that: & freqienty of 7128 MHE RIGRRér Obtanfet iz o
‘arfitiOfi25 apd 2 EMErsas atréterenoé parid: #dtherfeerpeencieswitchinge
18RI E32Q MHZ, 2392 Wiz §864,MHzand 6336 MHZ which are

respective center frequencies forming a group C of the multiband OFDM
UWB system are further 5 obtained by selectively performing complex
number multiplication of either reference frequency of 4224 MHz or 7128
MHz and the respective outputted frequencies in the complex sine wave

generation step. 26
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Abstract A reference frequency of 4224 MHz is divided into 1/2 to obtain
a sampling frequency of 2112 MHz, and further the 5 frequency division
into 1/2 is sequentially performed and the values of three bits outputtedby
the 1/2, 1/4 and 1/8 frequency division are decoded in response to
frequency selection. From one set of nonlinear 2-bit DA converters which
output amplitudes {-1.7, -0.7, 0.7, 1.7} using these decoded values 10 as
input, complex amplitudes correspoﬁ@ing to eight phases in a complex
plane are outputted, so that complex sine waves are generated. Using
these complex sine waves, the ikegueaey switching is performed. Center
frequencies of respective bands can be obtained without a phase error or

an amplitude 15 error.
A reference frequency of 4224 MHz is divided into 1/2

to obtain a sampling fregquency of 2112 MHz, and further the
frequency division into 1/2 is sequentially performed and the
values of threebitsoutputtedbythe 1/2, 1/4and 1/8 frequency
divisionare decoded inresponse to frequency selection. From
one set of nonlinear 2-bit DA converters which output
amplitudes {-1.7, -0.7, 0.7, 1.7} using these decoded values
as input, complex amplitudes corresponding to eight phases .
in a complex plane are outputted, so that complex sine waves
are generated. Using these complex sine waves, the frequency
switching is performed. Center frequencies of respective
bands can be obtained without a phase error or an amplitude

erroxr.



