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1 Description FREQUENCY SYNTHESI ZI NG APPARATUS AND
FREQUENCY SYNTHESI ZI NG METHOD 5 Technical Field

[ 0001] The present invention relates to a frequency
synt hesi zi ng apparatus and frequency synthesi zi ng

met hod for 10 synthesizing two or nore frequencies to
obtain a new frequency and, particularly, relates to a
frequency synthesizing apparatus and frequency

synt hesi zi ng nethod for obtaining center frequencies
of respective bands i nbesdmigtdikand system conposed of
a plurality of bands. 15 [0002] Mre specifically, the
present invention relates to a frequency synthesi zing
appar at us HREQUENIYUSYOWHEYDE hes | ZpprRra™E: had f or

“Givisionof arrerePSa SR e RE RO Cency.

.addition, 20 and particularly, relates to a frequency

t hesi.zi appar atus and frequency synthesi zi ng
ﬁ% Fn%%9alning center frequencies of respective

s MAthout ‘a phase error or anplitude error. 25

atten 8n R&e5°L N isdatess ousér EEHIERRY

symrihegiafing a@;raedta; Satxﬁm‘ré@@@{@ Bonth&sidighéh&S Sor
cabl es can be eli:mnated 30 in a

nce
m%‘eﬁéén@ 30&1? %l’smaﬁe SERApERCLed SmARtadRd BRY CEeARRFY
st hpast fcpkasional redapss efo( PO frfaygubﬁcyo\sq,dlt\z\netsm@yhg

5 S ad SRR UT B ISR, B EES

deanrttelref réqeermiarBNOL 2espective bands in a multiband system
composed of a plurality of bands. '
[0002]

More specifically, the present invention relates to a

Backg und Art éoooﬂ% VVreIess LAN has drawn
st BhY That

frequency synthesizing apparatus and frequency synthesizing
method for obtaining center frequencies of respective bands
by division 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 w1thout a phase erroxr

or amplitude error.

Background Art
{0003j

Wireless LAN has drawn attention as a system that
liberates a user from LAN wiring of a wired system. According
to the wireless LAN, since most wired cables can be eliminated
in a work area such as an office, a communication terminal
such as a personal computer (PC) may be moved without mu.ch
difficulty. In recent 'years, the faster and less expensive

the wireless LAN system  becomes, the further the demand
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I ncreases. Particularly, in recent, an introduction of
a personal area network (PAN) is proposed for
constructing a small-scaled wireless network anong a
plurality of electronic devices surrounding a person
so as to performinformation 5 comuni cati ons anong

t hese devices. For exanple,, provisions are set for

~different wirel ess communi cati on systens and w reless

conmuni cati on devices, which utilize frequency bands

thetead@snot Pargiculmm i,i densecénom an regidabatyon of a
, . .band _and .a.5 Giz hand. .10

I?%tﬁ%’j’ié lF%Fqggx%gn%f%]gi(% FecentP5ELrsd 508 <P iurt IR

st ld]-ese ledonimadiesstnadn® rirangrer 4 ploeal ity hf electronic
{0f. ' jed_i er ak inpul se strea .
AR R ERRLhS T FRiqlst 5 ko PR, Hspaheion
arawnigeténhs emong thate édelsedl5, Foprmunptal ipabvsysbesn
at_ real | hort-range ultra-fast  .transnssion
atlne set a.éoxz f‘% %e%t :L%fe?ess ?]%HS]ImBié.LecﬁtéL)?Beé?S Eams A?.l’ld

and 'ts ‘practical applicatron

Wirngdests, communEERTL 808 dé5ic8s antlithetlilkee faegadmey bands

an access “contro
adsard 2c4nfitini batd omd s deGiHgedand20 [ 0005] In the case
Mﬁ%ﬁ? the wireless network is. constructed in a work
envi ronnent where nmany devi ces coexist indoors, it 1is
assunidr elkampdeplior sdcdnt péarmet aayissens nownsdl wttelks s

5,4 . ‘ i ncl udi
eé{agpggr@%ggguﬂlétaewcéﬁsé 38! etrgfggltﬁg bP% gy i

 ofnfls OYEL SORSE TBREhoq L S bLELERS ERIREK in

using a single anner,; ‘even-i 0
viemyevagkt sirdurlisey storamni catlicsh Wiltenssridef Band (UWB)
: ' ' qual ity.ls red d. due to interference
C%r tH2E§?$é§W%he$%éisd%%w?ooﬁﬁ SHihdiHy the Wireless
commyat fahi o sysékwr ehata real i tehanskedricommgs vhtianfast
+SYSLEM. ] | Gl ' . ncy, channel s are
SESETE sl oy b 3R Rt et KpBly M b CIPIR S .
Afpuremeintg 1 IEBRESMeried 3 anforthexakp) @ dattrehrahenission

ST R AL 5 G0 L L5
copéral isvstien fak nldineed deybdnd gosmeyi tripiimgds deovideat.
[0005]

In the case where the wireless network is constructed
ina work environment where many devices coe;:ist 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 frequency 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

operatio_x; is maintained by frequency hopping, so that
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+of the multic
- @fcuRss patiay S YOWol | éntenferemes sttt nifmitethéor ébpedeilug

3 coexi stence with other networks can be realized.

[ 0006] Furthernore, when the wireless network is
constructed. indoors, anultipath environnent inwhich
a receiving apparatus 5 receives the conbination of a
direct wave and a plurality of reflected

waves/ del ayed waves is fornmpd. Delay distortion (or
frequency selective fading) is generated by the

mul ti pat.h, thereby causing an error in conmunication.
Foexhetengheridh gtber snétankssyamobei neetizednce
abbpsputed to the delay 10 distortion. [0007] As a
mal n count er measure agai nst the delay distortion, a
mul t i dartihermpirangtiessiton veystlesscaatwelestenpiistimdted

' i er i L SS) . _Si
H o0 ML B O Gl R A8 D UPL SR R parpcus
tareies thiet orhiiifagient of fr et iweye aid abpharafitmaoff

_ and. i .
Db AL TaDE AT gl KoMl UL B RERT b
f el ng U $ 100 81 e Q0L weof adivanipl @ geharatedPPvhe Gnilltdgenhl
Eﬁ@PéiﬁP%uQ!i}égSw%rM &h%&éﬁ&%&&%ﬁé?gﬁﬂh%} | $h20&

rrier transm ssion sys requenci es

&J{a&r{i i$are mutually orthogonal wthin a symbol

ck. At the tinme of information transm ssion, 25
[#A®tImation sent serially is subjected to _
serl alyspa Eri%li!necj:ounci:%%§5§ﬁ9€ agx\éq%ﬁé tsgﬂ@ 8%19%‘ rdi%%o%&%ﬁ
is slower than an informationtransm ssioh rate and a

P|myHdlicpyrafr pirsnistiopus peitered-adabe arenpkisiigusd o

- thenhESRestie nrs%uggtéﬁaﬂsggﬁgﬂ' %&ﬁggt&gﬁgm&f&?dggg

the phase for eac e carriefs, I'nversSe

is dpplded tete he plurality of carriers, wsth dhifetrdmt
£RlRI o) A HOIN bEQal Al ERIRANT 8, SRl

holc%di ng tehe ort hogonal iatcy ng% tggcar es%é:%t | velmcég\rlgrllhé?gow
kdy whichmakes it difficult to be affected by the frequency

- selective fading.
{00081

For example, in an OFDM (Orthogonal Frequency Division
Multiplexing) system, which is one of the multicarrier
transmission systems, frequencies of respective carriers are
sét so that the respec_:tive carriers are mutually orthogonal
withina symbolblock. Atthetimeof informationtransmission,
information sent serially is subjected to serial/parallel
conversioﬁ 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
modulate 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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frequency basis to be sent. Furthernore, at receiving

time, 4 a reverse operation is perfornmed, that is, FFT

is perforned to convert the tine-base signals into

t he frequency-base signals, denodul ation of the

respective carriers according to the respective

nmodul ation systens thereof js perforned, 5 and

paral |l el / seri al conversion4s performed to reproduce

the original information sent in a serial signal.

& QROQYr sEhep LR gD du | 15 # RSrreySt BARE S SMPFOY LS E@&f@;med

standard of wreless LAN, for exanple, in | EEE

Wxraugy Assditenbege| eEgRebs 1505 the dHmIuemrhage

B, S Wskedh 1AW b Fdthe f isd gt tisRe8Er Pfe® according

information sjgnal of DS is increased to _the maxi num

ShdEn FERPET S UMB 8y e AR SV ST tARTERE ok frRardRTrmed,

Sidpakal Fel LIRS CELMEL M N1 E HRAHES emEH HRAL o516 SR 1B
eriod of about sSeveral 100 picoseconds

a very short 1 \ .
Yo Pty éﬁgﬁif‘g?’é’oo%n‘i?nrteé@i tederisl skgipdr-di zati on of

. @ROMB conmuni cation system enpl oying the OFDM

nndulaE%fn system_has been devel oped. In the case of
the OF QE@ SRR ACE aRi BYStss tienrrphered i apssandard
onsideeed 1ARDMorodubablon usimer Bb3/ Ffd/gl namabehsin
frequency hopping ., (FH) every a plurality d? subbands
Yatirng: & I ntioR RS 2798 syskpir i efhéch diffusion
dpcegusnay bafsiontfi odr s ik &8s Flinc A0 et § ERAMER N um,

bands are conposed of 128 points (for exanple, refer
PO AR Suiar 1 oSl oHoBRgL T o1 1
dok@pase B &) i 8§ SndRERNkedaiinae d drdahhg tRY x?]élkaﬁmo rZPe PEOM

communi catj on systemis shown. As shown the sane
i  S§YE ad S piferie s b e haena b tasand received,
stanpagadzofiohafds BB tdmduhdvhBdof @eeml dn@AURAGILEShe

a

343 , 3960 MHz and 4488 WMHz, respectively,
OgﬁﬁguﬁO%J%?%hﬁé’%&moﬁa% hesi develapada Handbe gase of

- thaVoImg CRim esmiure¢aenonesy Herb0the Miihad bk 306898 M

pectively, a group c js conposed of bands #& to #
OEDNP A 2 PSR RE qERE RS -of REabe IR S SRS Y MREPPIng
(FEY 2wz 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}.

{0010]

InFig. 7, frequency assignment definéd in themultiband
OFDM _UWB communication system is shown. As éhown 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 frequencies of 5016 MHz and

5808 MHz, respectively, a group ¢ 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,
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and 7920 MH, respectively, and a group D is conposed
of groups #10 to #13 having center frequencies of
8448 MHz, 8976 MHz, 5 9504 MHz and 10032 MHz. [0011]
In the multi band OFDM UWB system the center

.frequencies corresponding to these respective bands

need to be synthesized. 5 Anong them the use of three
bands of the group Ais naﬁaatory and the use of
seven bands of the group A and the group Cis defined

ascangePtdnen 1obhe mither groups and the bands are

' Erefared for extension in future. [0012] 10 Although

equency switching, it is generally considered
t o Mulzt tH b 16 PO IRE IUWER y Afind, HERIENONE ¥ rdudilds e
(phase Lock Loop), the nultiband OFDM VB systen1has a
BPHER IANHAG o Iesm Tehes ineemdsmesiE drasvwahasd zed
SRON thim, HIH ude b¥ ¥ &epandstdiechs %%%cy 1%%4%%&

in_such a wide 15 band_cannot be perfornmed by a sin
#rd the Bee N FeVERPIREL OThihpreAw Agard Jihgr dEPYR

- @sEild AR &in spthaheachf Juhem genapat 854 acld %ﬁ!?sc)ére

band, a high precision nultiband generator can
REFRATSGL £6F. KBRRYEPD HhefHUT€-20 a probl em wi t h
Fogeui t area and power ‘consunption. Accordingly,
there_is technical demand for making a plurality of

f r equéhEPopghdEorr SFeausrayl sWdEEhingt of thy st (asigardy

Eindisicord L0 Lidy kae Séﬁ@%%ll%t&%ﬁeﬁié(?geﬂ&? by a
freﬁpgncy di vision of a sin %yenc tted

KMo rhPRASSSEPFK Qi) it RPrignl §ibagshiOF &Y. DB fies tem has a

pesheat tMet fRaueneyndhyiwiamh ovt O SHEhhal akSshown in
either of a sumand a difference of the frequencies is

ot -pdt t8Y2¥9e ) &b§ PEPHSRRAAWLtSRARIgERTERN nWide

- BHH Shnnot be performed by a single PLL.

[0013]

Furthermore, by providing a plurality of oscillators
sothateachof themgeneratesa frequencyband, a higﬁ pre.ci sion
multiband generator can be constructed. However, there 1is
a problem with circuit area and power consumption.
According.ly, there is technical demand for making a plurality

of frequency bands from a single oscillator by frequency

. division.
- [0014]

For example, by repeating the frequency division of a
single frequency outputted from an oscillator, nixing 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.
[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 systein is illustrated (for
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In Fig. 8, a conventional exanple of a frequency
synt hesi zi ng bl ock for hopping (which is 3-band node
of the group A used in the nultiband OFDM systemi s

~illustrated (for exanple, refer to Non-Patent Docunent

1) . The center frequency of each band can be

synt hesi zed (frequency addjtion/subtraction), using
frequency division of a reference frequency obtai ned
froma single oscillator (for 5 exanple, TCXO and
eXaerlss, asefdmowimoi Narh@aftiegtr dodupené] 1)n t h#hexaepliter

|t S fi e, freq
Enraercy [JF i) pHEC et BE T ERtheot2Ed Hispauency
axidigutandgubyrebéionti | latiowy byfreglehcys divisfiemenod a
| [ St freq y.. Qf; ] ke
LRSI srpdaEhEd piireBIrERR Sipatd SIS Tage
kmple,t JKER) oatdbyping s f reqebowy idi vhei Digure. :
{tdernore, the frequency of 528 MHz necessary as a

sanpl’e clock can be synthesized by frequency division.
[ 0017En1shSursapientshyyni in egeh saimeefignoe cat ditchpeSSB
i N i far. y_additj IS 1

D20, gPrrEn 2 (VIR ChE L PP B e BEy
oftppgAeNtyy the cddililabnr byon@Lofi &4 efereand fredubkizy .
b el ec I I S} I n
El'o]%%%g c%ﬁbg%oﬁgéé&%{ezé §§s€%é es iu}_' egg cjg/nf{ éfr% g%geﬁgy
dirvdguienandyy L feagerecyt 8 abtMHadtsi trkenf out2R4 1 NRIL raqde 64

- <0 the. I er. s an requen f
g N T S S
oD Asqmrl eared-o2BAcakide sFathderzedbir Enemmeycyofigdgon.
Mda-gan be obtained by subtracting 792 Mz from 4224
MHz. "25 [0018] In each of the m xers indicated by SSB

i n Fi ubgequentiiogdmabachmpomantiadiiéhed depSSE t(8ivabd
SRORaRF, RESRAERL, 1806015 Al A L504996 onc

bMHact forildfinchénf ¢ dsameney o6i19d MHe. addi eddat Bon,
InREOF &8 BRalTI SRALTR! L Lo dCHY W5 8Fe SOAMISLDLDF,
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 obtained 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.

[0018] _
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 subtractionof the frequencies using the addition
theorem of the trigonometric function as shown in fhe
below-described equation. In Fig. 9, a configuration of a

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

as rot(x) = exp(2njx).
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bel ow descri bed equation. In Fig. 9, a configuration
of a frequency adder is shown. Here, a function rot
(x) is defined as rot(x) = exp(2njx). 7 [0019]
Furthernore, in Fig. 10, a conventional exanple of a
frequency synthesizing block used in 7-band node
conposed of the group A ang the group Gs
illustrated. Center frequencies 5 of respective bands,
as shown in the figure, can be synthesized (frequency
addn9]on/subtraction) usi ng frequency division of a,

‘refer reguenc tained froma sin osci | ato
(For B nadesesdy et 185 crecobGomtohato SRpt @ o

exaqnémpfsyhlnaesaﬂmj bgoekr used liﬁqmmm zﬁmcwosed of

bl BaPbea a4 bt phatbEa TG iy plest SR hansice

bfe@lsﬁﬁcylvflblaﬁﬂs, a3 shoaguianele (f&ga?ti:éZ d&lulZloe:c Syntakeiized
t 1/ 3 freguen |on and then, a frequenc
St el s SN Rt by Of) 23 Ra s Sey Lo R o

f Ewdﬂe&remeefrémwm:ﬁd 528m MHg i aglle 264 iMEtoar&or

t aken. out_ hy atln 1/2 frequency division tw ce.

R %&ﬁft?é%? ncy of 528 MHz necessary as a

saopde cl ock can be synt hesi zed by frequency

di vi si.on 00 20 reover 0 e

S L EPE SAbLe Sat B s RS par f IS G 2

a]dthtin@i’l/bysmbltﬁﬁlljm aheosbd‘iDl[[&%ibnb Ifreguéh & tousPB tad
req nc af 4224 | s .,obt ai ne uency

PR AT 18R E RS BbL A SEEOTRAGY TrhaisarEn Fiseh:

a ffrﬁaqquﬁﬁg)o ot 1 1588z Mzt 4 1se10 bhaumd/hwxfe"qaquepwms ion

b8 Pr et MR teofs thleh i bu /3R RE

of vilDiah . M—Eurﬂl%énd‘sﬂdz &Iﬁdqﬁéﬁcz.é&‘lZQf BRiIsCHMHE Sand - 264 MHz

seI db el ect or 6VHz r f.or.med.,
PEL ERICHR 2O B PR SRR e 6% 1
éd@Que:tmyth@Gfdeml@nmpﬁfm Wz nands264y bldza sample clock

gé’!r{ tbheersr{r%rt esifed §|zfzgrheq§18ency division.

1 [0021]

Moreover, in' the example of the same figure, five SSB

blocks that performs fregquency addition/subtracticon are

‘mounted. 1Ina first SSB, a frequency of' 4224 MHz is obtained

by frequency subtraction of 6336 MHz and 2112MHz. 1Ina second
S3B, a frequency of 1584 MHz is cbtained 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 selected by a selector, and 6336MHz is performed.

‘Ina fourth $SB, a frequency of 792 Miz is obtained by frequency
addition of 528 MHz and 264 MHz., Furthermore, in a fifth SSB,

the 4224 MHz obtained by the first SSB is 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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30 the 4224 MHz obtained by the first SSB is 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 8 SSB is sel ectively
out putted, and consequently, the center frequencies
of seven bands conposed of "t he group A and the group
C can be obtained. [0022] 5 (Non-Patent Docunent 1)

JIEEE s802145L BTl ol@pUBEsE, and consequently, the center
<URL: http://grou i eee. or g/ groups/ 802/ 15/ pub/ 2003/ Ma

er.le
TESUenCiPE Aarfe B PIRIPeBPIacS e SEFPhprEiftdh e, 8BESHh%
Rag aseaa bé sheaimuseenti on [ 0023] However, in the
ﬁﬁﬂ%ﬁntional frequency synthesizing blocks as shown
i i‘gs. 8 and 10, there are shortcom ngs as
([@rscPalhed t bedewherts 1()0024] (1) Since the addition

t heor em, of e trigononetric function is used in the
SSBs %Fgge$5{k} 3G 19) DOGPHyonal  conponents (sin

<URIRBBEPt 3/ §OsmsSi ikek . Begdgteuls/ aipt/aisnedn/ Loo3 he803,

and 264 . I becopes_a cause of a phase
ALE  NANS g g‘%'&t' ey i-..;inue:vaul- ale; Heorpem of the

trigononetric function is used in the SSBs,
conplicated_operations,such as nultiplication and
D&&&'PFBﬁed%EdngIﬁ@eﬁgﬁPBrned, whi chbecones a cause of
[@opBase error or an anplitude error. 25 [0026] (3) .
The s&lector cse|§%t i s made of an anal ogue switch,

whi ch"B&eHes & & s)é’OBf’e’é\tb‘Pfé%Je THBEDENdS RR Rt id e
bdbcs #£d shdivh B Zegs[ 0®2Ad 10, there are shortcomings as
described below.

[0024] 7
'(1) Since the addition theorem of the trigonometric-
function is used in the S$Bs (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 $SBs, complicated.operations such aé
multiplicationandadditionneedtobeperformed,whichbecomes
a cause of a phase error or an amplitude error.

[0026]

(3} The selector {Select) ismade of an aﬁalogue switch,
which becomes a cause of a phase error and an increase of a
circuit size.

[0027]

(4) Particularly in the example shown in Fig. 10, the
numberof the SSBblocksislargeandthus, sizesoftheoperation

‘circuits for complicatedoperations suchasthemultiplication

and addition become larger, thereby increasing power
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30 (4) Particularly in the exanple shown in Fig. 10,
the nunberof the SSBbl ocks is |large and thus, sizesof
t heoperation <circuits for conplicated operations such
as the nmultiplication and addition becone |arger,
t hereby increasing power 9 consunption. [0028] For
exanple, in order to inproye a resolution of ranging
nmeasur enent as an application exanple of the UNB
technology, 5 it is inportant to neasure a
temngmitsisinon- pat h characteristic in a nulti-path
gﬂ@(\# nment at fine intervals of tine in a band as
€ ‘as possible and neasure an arriving tine i of a
recei Vod eicgpele, mor ergeetbsieiprofraty chsmkuieiqm valrentihg
ﬁeaéﬂ&%e%tﬁl 5‘%6@ %‘51{?% cat?L X | & hﬁwﬁ acré%' hnglogy,
nmeasur enent e per orne |n one nanosecon
uhlls,1ntplwetaa’ng|on@asmsajtemmisﬁlcm—lpe$hl ahanarmt@ﬁrlstlc
Qu Vi 0, On the_oth hand
R R ey e s L b P
bared tarsamd B sas Qo] ec had atéedury it aaBitdngecime v of
a ransm a
£ AR E, AP ntr Pl o BLRy (e SR GENATRAG HS
fogepdse gddids) + Forecransiaeriddths rampig meausrement
eqguen terjs enablln a_w_deh,
45 e RSO, S 200 me PR Bt o 1 rmgipe
ndadurenenisah @haafenld:tflber eficebdvet vilxeren2@ ss abhaedsd.
;&%91‘ requency characteristic becones discontinous,
thus the transm ssion-path characteristic estimte
vaI uedn the ¢tker bapéc tinvehesubbabelss canmonidm:ion system
tt%%rﬁ&fglk%a%djet eV\% erpsqn ssfoglag%gh erlstlc ca
ar acterrstic’es e va obj éct
hdneeqd:rle@é:mi |fnvemir:bnbasdt 0 Iimw.-l d:éleartrawmlslsenn path
C S d C
RS P SF LR DR-RRBERIL Sl FL LR rogether
sezpbebeveonshdadsd pn sa-antlimusand reymeany chapestdrbét e,

éﬂalfnrlqlnigt y aof wtiﬂ@ggnd transmission-path 7 characteristic

estimation. However, if there is a phase difference between

subbands, the frequency characteristic becomes discontinous,

and thus the transmission-pathcharacteristic estimatevalues

inthe respective subbands caﬁnot beintegratedtobeawideband

-transmission-path characteristic estimate value.

[G030]

An object of the present invention is to provide an

~excellent frequency synthesizing apparatus and frequency

synthesizingmethod inwhich center £ requencie‘s of respective
bands in a multiband system composed of a plurality of bands
can be suitably obtained.
[0031]

A further object of the present invention is to provide
an excellent frequency synthesizing apparatus and ffequency

synthesizingmethod in which center fréquencies of respective
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can be suitably obtained. 30 [0031] A further object
of the present invention is to provide an excellent
frequency synthesi zi ng apparatus and frequency
synt hesi zing nethod in which center frequencies of
respective 10 bands can be sui tably obtained by
division of a reference gquency and frequency
addi tion. [0032] A further bj ect of the present
invention is to provide 5 an excellent frequency
synfﬂ@ esdiz vy saprabatusbeathdd ey eiicy ssyat BEShZidierence
get hod in fﬁgigb center fr(ﬁ30 encies of respective
andesan GEIPRBEY W EHout°™ phase error or an
aopstiude error. Particularly, there are prOV|ded an
excel | ent fre enc t hesi zin ar at us, and
T oquénty=EReE RESFST AT Lo RECRBHCERIEAIGR 1 tg Provide
Hﬂldxd@a?énsyﬁﬁelméﬂdy]tlsﬁlﬂjﬁ £hez 153 &bpﬂﬂ%f&tu%\ﬂggﬂhfﬁquency
center fre i es. of .respective. bands
FUR TR HgjedRT e %M%Fﬁf&ﬁ%emf@@aeaiﬁlr[f fo;‘iﬁﬁﬁﬁtdéfe
Bm@(ccelnl Betoﬁﬂaqmeytﬁy@t hephzis80eaRPaat B @il itude
frequenc % £§ %b g met hod in MQ %h cent er
FreYuenci-&s 6f:u ct VE BarfdE cBRCHEIYDt Al Saitr g
fedqidusi yyﬁﬂfﬁiéi $i ilhlrfgcaplbaﬁdtt&% aﬁactﬂs(?ude@@%mhﬁi zing
rticularly, re rovi an exce
PR peeb el 2l it S¥ Ao ki T e dadag, i tehing
widiihes ziehgefethodueidand iofe reBpest i vatbamiof

@ﬁﬂ%'nuous 20 wi deband transm ssion-path
Jcteristic over a plurality of subbands, which

are diastloges: objdapamess: Baésm’éﬂmkﬂeﬁ@:ibﬁris o provide
2003- 29494 ssigned to resent i can 0
SR LLERE S S e RS e P B0 reducaby
sihorHesdniingsne thod ihehech septoy lfdet:kuanéieg 'dﬁl’lféyspectlve
S hesi z appar t hat nt hesi zes J.ur a
B R R o AP A B S NN ATY BRR1D Pl e
aihil aetceniszegt byn gemweri. SiPrticularly, there are provided
an excellent frequency synthesizing apparatus and frequency
synthesizing method effective in estimation of continuous

wideband transmission-path characteristic over a plurality

~of subbands, whicharedisclosedinJapanesePatentApplication

No. 2003-294942 assigned to the present applicant.
[0034] '
'~ The present invention is achieved in light of the
shortcomings, and there is provided a frequency synthesj__zing
apparatus that synthesizes a plurality of freqﬁencies based
on a reference frequency, characterized by comprising:
complex sine wave generating means for generating
complex sine waves by outputting complex anmplitudes
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 frequency.
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conpl ex sine wave generating neans for generating
conpl ex sine waves by outputting conplex anplitudes 30
corresponding to eight phases in a conplex plane; and
frequency swi tching neans for perform ng frequency

swi tching by performng conplex nunber multiplication
of the conplex sine waves and the reference
frequency. 11 [0035] Here, I he conpl ex sine wave
generating nmeans is constructed fromtwo nonlinear DA
cosyerters having anplitudes {-1.7, -0.7, 0.7, 1.7}.
More specifically, 0.7 issgrt(0.5), 5 that is, a
squar éeT6ot gte 0TGP} ISENFh e hi TSHOERBING cHEBYS t Ae
dérdst Al A Rkl e i SIUGRGN Dﬁbﬂﬁ@éﬂféﬁhéﬂ%gseﬁﬂﬂllﬂtﬁgles

freq}ency of the nonlinear DA converter are decoded
|fnp9|t A8t 4r tlo tthe Mo¥e sRoEE£Epal v 10- daBesTHtHEAS) /

Mhen tde allsduapd 1468 fdequency division are
erforned, the decoding is perfornmed with using
3% fdency outputs having a phase difference of 90 deg

from eache WNE out RO b'yntﬁQQL/CzaS@/Ma@{del ?@rftr%rquency

freguenci es of three bands$ formng a grou in an
b ions of stk ﬁ?-’épjg%rﬁ’ﬁ%‘@uefwﬁé of r haeney inear DA

SMYeErzh Y RRRALAL %&%ﬁﬁ@' dtd ot % PRESERferter is
i nvention is constructedbyus anoscil | ator that

darrgeds Hhen ebientAt IndobiB Mpereneyr efiFisher, age

draduaRey dhyi d8foadhpt \élr%%mwewiﬁﬁ Sl
ére ueng§ into 1/%:¥§ﬁ§btg n 2112 MHz agﬁgfggﬁgﬁncé

| Ofwt@ménla@vuf%@e@hw%eiaéﬁeyeacm%rerfﬂg demEroppadiepther.

od7de the sanpling frequency into 1/2 sequential |y,
a decoder_ that decodes values of three bits outputted
from IPhEle FreRuditey Geptasr Srepeeneirs pf2 thies hands

forhihgeduensyp Ziivi §hoSFiN UWeS RYATEmt 8rd I Ct)éd the
sel ection, -and one set of 25 nonlinear 2-

PEr §YRRARS AU APRABEE NG dBSCoFding t07 the present
Qwentlofk sl&in@ﬂth@e@BCj%@Qﬁg\é@db%ﬁlhﬁth%hQ%%@@@iléﬁes

a frequency of 4224 MHz as a reference, a frequency divider
that divides the reference frequency into 1/2 to obtain 2112
Mz 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 frequéncy
division in.response to frequéncy selection, and cne set of
nonlinear2—bitDAconvertersthatoutputamplitudesof{—1.7,7
-0.7, 0.7, 1.7} using the decoded values by the decoder as

Ainput.

[0038]

The complex amplitudes corresponding to eight phases

- inthe complexplane are outputted fromthe two setsofnonlinear

BA converters, sdthatthecomplexsinewavescanbegenerated
Accordlngly, +264 MHz is outputted by incrementing +1 phase

in a p081t1ve direction of phase. Further, -264 MHz is




10

15

20

25

30

i nput. [0038] The conplex anplitudes corresponding to
ei ght phases 30 in the conplex plane are outputted
fromthe two sets of nonlinear DA converters, so that

t he conpl ex sine waves can be generated. Accordingly,
+264 MHz is outputted by increnenting +1 phase in a
positive direction of phas Further, -264 MHz is 12
out putted by increnmenting - % phase in the positive
direction of phase. Furthernore, +792 MHz is
@mtt];amtteeﬂbb)&ridi@m%m&mhigngl pth@h&SEISe 'pasﬁ_heV@Qﬁixteic\t@on

dLrection hase. s out t ed
G bR S s e g AT Ml LR EUEBETERaEY e Ang
o gphase A eﬂ@gbslfumhngimmlmbwmpmiﬁ m ngéﬁe@ﬂ,enoyz
I.t1on nunber tl tron) wt se
Sgugﬂ‘g‘i |J‘Inﬁ:§§Pen n‘éon?l{/ ére§ ]F]o“teh@os-ltl"e
dfﬁeﬁﬁmmmeoﬁrpnae@cy of 4224 MHz, 4488 10 MHz
€OO A4+264), 3960 MHz (=4224-264) and 3432 Mz

4-792) which are respective center frequencies
of theutrhheendendby deaifFirigny Faeguenpy Adafit 188 (complex

T B 570 Y-S B ERDre G120 SR i s
wasenvwaeters rmtldhei parderidie rebgeendandsd oL Wy 4tbe
iR b Dl A T G SN SR EREhER dqacg] ez
wisiciH b&bOf?iﬂS@itlveO&éhtbﬂt ﬁﬁe@exﬁﬁe@et&ﬂeﬁg toi‘rfeélzands

5 Rt ok rioteemoby oo ikt Bkl S et e hg

cﬂﬁm?ﬂne)d nmﬂh@mt rﬁllﬁhapiel @atro@noof an edrigigr udef er-eBee

ency of 4224 MHz or 7128 Mz and the respective
Qb

tted frequencies of the conplex sine wave
generahwm@<mﬁaﬂ8het561fﬁ@ﬂﬂﬁnﬁthWMEQhu@@}mﬁﬂm§formlng

R0 W SR, LR R B P
ﬂdI&lggoalpgn‘&upf Ctdmee mMulrthbangenerated, an oscillator that
oscillates at a frequency of 7128 MHz is further included in
addition to the reference of 4224 MHz. Farthermore, by
selectively performing complex number multiplication of
elither 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 frequencies 4488 MHz, 3960 MHz and 3432 MHz
of the three bands that forms the group A of the multiband
OFDM_UWB system, and can further obtain respective center
frequencies 7920 MHz (=7128+792), 7392 MHz (7128+264), 6864
MHz (7128-264) and 6336 MHz (=7128-792), which form the group
C. | |

{00411

Namély, according to the configuration of the frequency

- synthesizing apparatus according to the present invention,

.since completely the samecircuit isusedforall the respective
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OFDM UWB system and can further obtain respective
center frequencies 7920 MHz (=7128+792), 7392 NHz
(7128+264), 6864 WMHz (7128-264) and 6336 Mz
(=7128-792), which formthe group C. 30 [0041]

Nanely, according to the configuration of the
frequency synthesizing apparatus according to the
present invention, .since conpletely the sanme circuit
is used for all the respective 13 center frequencies
dﬁﬁﬁbﬂ%ﬁ;eq&@ﬁ@i&&t448ﬁjME¢323RGQ MHzlanmg34BheH@ﬁ(ﬂmrmAng

9{’1 tégt%&gu']?‘er encg %{H a?ﬁffq @@gﬁ“? fere regrgr ng%]%oarg%u‘:h

as tp@aseatx:ﬁﬁes:enléer&ﬂmélampﬂ.etuée rméfembylcerm:om esth bther

eguency.. h has a |ar
J(;:clgrcwt 1'§ %rsr}éo ©r, S.mcéuc ? 1% C&%F%l t]‘e%]f ztrgegﬁl&ncy '
di@dz\uplmmr whmnhulnmm ilacge bizeréat |aze:drc{1ﬁ)f)42]s used, a

ding present vention there C
R0 hoe kRSl Siel ph B oo SR RUEREI Gl oan e
eppldrzatdis and frequency syntheS|2|ng nmet hod i n which
@ﬁﬂ%§r frequencies of respective bands in a nultiband
ystem constructed froma plurality of w de bands can
be suiatabkginmptaithegrep8fldIhvebibuy thereoarbe provided

h th b
BFEREGL ot 2B RS R s s, i dpsaparcy

syntﬂaaéqmegmpthpdnheshzmmgenEéhﬁdeqﬂemtd@mofenEQECtlve

equ S tive ba ds_ca e suitab
S B B sbr b SoREPETCFEE Fouctailipaliay of
Wirdeq bendy adulb@(3u1ﬁabl@06ﬁ4hlﬁedthernnre .according
é t-he present invention, there can be provided an
xceél'l ent frequency synthesizing apparatus and
f r equéncyheymitmsaccogdimgt hodhenpmdsatt tenértion, there

%ﬂ%g?ggf%%% gf'l eg%%@?gﬁkﬁe%ggéy%%%tggs99 }Lralla'!] r::]qe:q(:j)aratus
and frequency synthesizingmethod in which center frequencies
of respective bands can be suitably obtained by division of
a reference frequency and frequency addition.

[0044] |

Furthermore, according to the present invention, there
can be provlded an excellent frequency synthesizing apparatus
and frequency synthesizingmethod inwhich center frequencies
of respective bands can be obtained without a phase error or
an amplitude error.

[0045]

Furthermore, according to the present invention, there
can be provided an excellent frequency synthesizing appai‘atus
and frequency synthesiz ing method in which center frequencies
of respective bands can be obtained with a relaiiiveiy small
circuit size and low power consumption. Since the frequency
synthesizing apparé.tus according to the present invention can

synthesize the multiband using only one circuit for freguency
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25 an anplitude error. [0045] Furthernore, according
to the present invention, there can be provided an
excel I ent frequency synthesizing apparatus and
frequency synthesizing nmethod in which center
frequencies 30 of respective bands can be obtai ned
with arelatively small circuit size and | ow power
consunption. Since the fredfency synthesizing
apparatus according to the present invention can
BUALDESA Z6atiRG, Webhiband: Ushae ONlYuANG Gkl CHi fedltion
frequency 14 addition, which'requires a large circuit
dhzelrai¥tedd@e sRd 1ot dloWeli eoBsepEmn (cow bovkgalized.
¢epgePti on can be realized. [0046] Still other
objects, characteristics and advantages 5 will be
appar etitiigy atherhepligetai | Sprdedeription aadamntages
REDOAbIBLS, Qfnt! BE RLLERAE AdBNORdESEEE REH HAIRS on
and acconpanying draw ngs. Brief Description of

eraos Hygnts oo f ddey|pmEsgnt] ipgept ipmglesrsidieshdeitesl ppd
8RO h A PG gkl on  of a frequency synthesi zing
apparatus according to one. enbodi nent of the present
invention. Fig. 2 is adiagramshowing a truth table
Bli & 488Kt i oo oFl Brawidgs @ timng flowchart of
frequency division outputs. Fig. 4 is circuit
H@%%?bns in each of which the decoder is sinplified
based Ry, thes § BYEYrdRBERRNON 1hY fHfhindra ol @ guak S oft
di agram’show ngmappi ng of conpl ex anplitudes 50 of two
ekt § JresmRRCHedynbAcebRiRy t aPBabAL RS cageerdigiknte. one
Ehihaadrt 2 £dicRQr B2 SONENALIGRL LY Showi ng a
configuration of a frequency synthesizing apparatus
accor ditfg %é%ﬁ&%ﬂane%mmwemtwm hebir edendecoder.
i nventgign. 3Fiig. af tififgdr2kam shavt Nerd FRAENEN vision
éﬁ%ﬁéﬁ?ﬁnt def i ned -

Fig. 4 is circuit diagrams in each of which the decoder

- is simplified based on the truth table shown in Fig. 2.

Fig. 5 is adiagram showingmapping of complex amplitudes
of two sets of nonlinear DA converters on a circumference.

Fig.6isacﬁagramschematicallyshowingaconfiguration_
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 OFDM UWB communication system.

Fig. 8 is a diagram showing a fregquency synthesizing

block (conventional example) for hopping used in a mutiband

OFDM system.
Fig. 9isadiagramshowingaconfigurationofa frequency
adder.

Fig. 10 is a diagram showing a frequency synthesizing

- block(conventionalexample)usedinia7—bandmodeconstructed'

- from the group A and the group C.
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‘25 in a nulti band OFDM UWB conmuni cati on system Fig.

8 is a diagram show ng a frequency synthesizing block
(conventi onal exanple) for hopping used in a nutiband
OFDM'system Fig. 9 is a diagram showi ng a
configuration of a frequency 30 adder. Fig. 10 is a

di agram showi ng a frequenCﬁssynthesizing bl ock
(conventional exanple) used”in a 7-band node
constructed fromthe group A and the group C. 15 Best
Mode for Carrying out the Invention [0047]

Ebrebgﬂﬁte . enbodj nent's of the present invention are
SHEIGIDHER T FRGEY Y | OYlertdr TRy eRE1PRe dr awi ngs.
[0048] In Fig.l, a configuration of a frequency

synt hesi zi.n appar atus accordi ng to one enbodi nent of
the p &ﬁ?gﬁﬁegnﬁ“@ﬁ%l%ngﬁ%gﬁﬁq%ﬁ%bwnw are
fieeepibmy isy debesl 7i RF ARAXGALLS thQ abawiy) in the

_ b%%y e is applicable to, for exanple, anultiband OFDM

nmuni cati on system in which respective center
frequamckes. Df at Boeeiands onob i NEFrehfe 869 WANRR B8y
sui t ahl obt aj.ned by division of a reference .
??%ﬁ?&%yﬁ%%?&a@"ﬂmgt@e%em%m%%9f thepaesePt AQVEREHAL
19sthendt igianay shoemf, r egueneyq N8 a1 1ZidRd z 1 aBRPHAFHE us

I nc] udes -gscillator that oscillates a frequency of
35900 bhe dPurer aAball Grf e Eaehey carRPUer AmRALband

QFDM dReB cbhiRuk £f£F RIC & yisteAYENEYwhid® ddshd@ 198t abfiter

%%IZ VHz as saq¥h|ng 20 frequency, three frequenc
iSAYERCS SF 1t thre Rerdyfordng fde dxomm f“*r@nfb%aeéﬁe%ly

obted nbiZ?b g eljidrtibal d§ a Bcbecotles Malend@cndes ¥alugsy

'%§gﬁﬁree bits outputted fromthese frequency dividers

51/ 4 and 1/8 frequency division in response to
Fateigyency sel ection, and one set of nonlinear 2-bit DA

As shown in the figure, the frequency synthesizing
apparatus includes an-oscillator that oscillates a frequency
of 4224 Milz as a reference, a frequency divider that divides
thereference frequencyintol/2 to obtain2112MHz 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 by 1/2, 1/4 and 1/8 frequency division iﬁ response
to fréquen_cy selection, and one set of nonlinear 2-bit DA

converters that ocutput 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.

- [0050]
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25 converters that output anplitudes of {-1.7, -0.7,
0.7, 1.7} using the decoded val ues by the decoder as
input. Here, nore specifically, 0.7 is a sgrt(0.5),
that is, a square root of 0.5. Conplex anplitudes
corresponding to eight phases in a conplex plane are
-outputted fromthese two gts of nonlinear 30 DA
converters, so that conplex sine waves can be

- generated. Furthernore, in a frequency converter,

frequéﬂmytsmhtn@fempnéé<ﬂemﬁarnﬁd usi g guiesel Gelpl €Xe

0050] 6 First, a reference of 422 NMHz
?%Cl'z?dt SHLIF racﬁnat ﬁégo sy e&@&Prgusﬂm%%n%ﬁ%ﬁ@rystal
Q:ﬁ(&l‘ﬂ[iert@lrl)lr endomtpaﬂ&atsaﬁieCt:yrsé ,alrespeeti{r@tﬁdnaam o&t a:_z

sane ti ctive Si axj s and
PP ol SREST bt or Pl 50 e 0 e T EE slepete
t@<£ﬁﬂhomhberaﬁeetamﬁennnut [0051] For the I-axis
@5 of the reference frequency, 1/2 frequency
I V1 |on is repeated sequentially to thereby obtain
frequenm1the(ﬂLa21%2sféﬂhl b@5fhdMﬂéfer528eNﬁﬂeqﬁaid&64l/2

in decode [
st oo P b frnel stk 1 Eouf Bty b
freemeendysdofi 31 oh Mifz, tlo66sEnRD) i 50p MRgUaACY cof Mithe
Qﬂgﬁlnear DA converters, that 1is, 1056 MHz, 528 Mz
264 MAz. In Fig. 2, atruth table 15 of the

decodBext s hawe. dep6863] ey dehedinaxis p‘aﬁrgaaineaf fEhe

ORGP 1y WG obl BTN Er el R onsor

ﬂ‘l?]dzsalilﬁlﬁﬁl@\/lﬂz:;eqﬁéﬁc%dzf ahd Ii’rﬁ‘ﬂlJMEIh.r bA dﬁr@er&@:r% ghat

iclobn% Wi 38 g ST Mt 68 Al Arich eable

'cdbthEnddcodmrti&aenmme time, the frequency division.

ts having a relation of. 90 deg with respect to
eacELjI

other (AQ for Al, BQ for Bl, and CQ
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 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 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
cf AT, BI and CI.

[0054]

Here, using AQ for AI, and BQ for BI, simplification
of the truth table shown in Fig.l 2 is performed, so that the
decoeder can be simplified as shown in Fig. 4. However, in
the same figure, a multiplier can be replaced by an exclusive
OR (XOR) circuit. | | |
[{0055]
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for CI) are obtained. The three bits in the |eftnost
colum 25 in the truth table shown in Fig. 2 consist
of turnover values of Al, Bl and C. [0054] Here,
using AQ for Al, and BQ for BI, sinplification of the
truth table shown in Fig. 2 is perfornmed, so that the
30 decoder can be si rrplifif,p as shown in Fig. 4.
However, in the sanme figure, a multiplier can be

repl aced by an exclusive OR (XOR) circuit. [0055] 17
Next, NeRt} e thot@Abh DEMaDAn cORVErtefs, thB@mplitudes

IJtuge é .7, -~0.7, %57,,1.7} are.  obtained for
{rk irnp e '—%'Od,'?}oi?:el tafined, fopgtheel piitcued 100,
PRI, ClVRhiseag ties prebive! time NBY €a$heg) fHetplekyiviDe.

I | of. th itput 01 fromthe decoder 5 is converted
NS o0 Ve o LETeL SEHth OURt Mo, Srovutle HRCeash

of cbhgenodd inear+DA spmeetdmbsnert o2Red 0, FktaBINSRY,
which are outputted fromthe decoder_are angllfled
Theges of tPEReRLReE BATH S THedgect Y Land?t Rad Q0
Wi hSe anfpaitiieRdrr &P the Qutpadr corpheyl armdd tiudesz of
a _set of axi s and 197? 3r}ead_%axis each havi.n

ST S

S phady B timdy Segbpets the rasul b Afen e

-l Mkputleidnpl@x/ anpli tides HFeel Ekeabf Yohe S0EKES. H)d

hat is, a Sﬂtu]gre, root of O.5. é0056) In Fin(g. 5, the
| B RBEP BB DATPRECEIRS sletls Taf ~013r rfbrii Aedt TA

Ma0BNEItilifigas £ JTARNeEz OnHare| reuntfiel efee: specshovam iy,
th%\@ag'g fi%reﬂ' the outputs fromthe nonlinear DA
g reer stiRvity ehEMAPFi TleLHLPP-1.7, -0.7, 0.7,
[hoBk] are mapped on eight points on a circunference.
[0057% 20 Tp)e tputs .of the_two nonljinear DA

convett ér'd -are ?rgﬁp%ﬂnpjaﬁx Erghe CparRL Rt itﬁ"‘et FEOCBRLT
nophdteecas Medflertbriherd mtiped afdathierneberencehi als
srlrl%%'plsilg I]:%te tsgr(tele CJ‘:O{EPL{I%)E %Hg lél}tlqulet% 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]

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 eight phases in the complex plane are
outputted to thereby generate the complex sine waves. For

example, if the output of the decoder is (11, 10}, the output

" of the nonlinear DA converter is mapped at a point

((2.4x0.5+1x0.5), (2.4x0.5-0.5)) = (1.7, 0.7) in the complex
plane. If the output of the decoder is (10, 11), the ou.tput
of the nonlinear DA converter is mapped at a point
{{2.4x0.5-0.5), (2.4x0.5+1x0.5)) = (0.7, 1.7} in the complex
'pl‘ane. .If the cutput of the decoder is (01, 11}, thé output
of the nonlinear DA converter 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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corresponding to eight phases in the conplex plane are
outputted to thereby generate the conpl ex sine waves.
For 25 exanple, if the output of the decoder is (11,
10) , the output of the nonlinear DA converter is
mapped at a point ((2.4x0.5+1x0.5), (2.4x0.5-0.5)) =
(1.7, 0.7) in the conpl ex | ane. If the output of the
decoder is (10, 11), the od®put of the nonlinear DA
converter is mapped at a point 30 ((2.4x0.5-0.5),
é&nﬁi‘& p1xQ. 5)ﬁf thé% Eoul J d7 thl ddILemPL %o, pi@‘)”ethe
t he out put of eco i's (01, 1I1), the' out
@lﬁtmﬁé qfomhen@&plme@brﬂkmweurfyeﬁappemmech qtouanpomt

R R S R S T R e s

| Ieltmne 10¥ £, thm@utautmﬁ the dmmusn%ﬂf PA) ¢ drhve pugput
' 6 %;é)oeﬂo%ilﬁea&o' @h &Q ‘?eh‘]t)éx( D %apg%daat(?adfﬁglnt

e conp I"ane
b(ﬁ put(-6f. 50 he. abcd@eﬂXKsO(@)OFb@lﬁ)) * lelodt pt. 7% iof the

| é&}gpm@bwﬁ@r A &9@\5@3{3% %H?R%%%ﬁ%& £ RBh o0y e

5)-0.5
q> W cho#bﬁenom)lm%ar IDfA m@vgutgntl@fmam@dd@@oéepomt

(Qzlleo(% 5{)3\%885%)0%%‘& (25 51%('208' §Pga{5 PP CONVAN L€ ne
qcznmlﬁe*- planae| x (fotls) putprot pf the wyecpdﬁhelﬂ@leorﬁﬂ Jaxthe

cﬂltﬂfﬂ_ﬁ: Iff th@eneﬂifx%aﬁfm\; I&%n@@f*@é’f" rlé I":trép#%'d g?{) a f)gfnt

out put” of he nonli near DA converter
P <0 . 62 Bx O (BB x50 (D) Ul((~0..5) H=X0 = D, 5)r)1 7o. ZLn “the

_c&np@ex' ﬁlzgxlike Icfotliﬁg Sﬁtﬁ\ll@%% tlllft, d%?gdgftlp.sut( of dihe the

decoder” is e non | near
BHPEEr Odr th§ ﬁ%]aweaa% % ﬁ@hﬁ@ﬂl@r (i mp@eshaiéoasyomt
0, ) Sl 7 co ne
e e G I R
BIRFEE: 8danepy i ncrenenting +1 phase |n a positive
gkﬁggtlon of phase. 20 Further, -264 MHz is outputted
y increnenting -1 phase in a p03|t|ve di rection of

phaseACrardheg hbr 8s sepgfpamy Filg. 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, +792 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 subjected to frequency addition
(complex number multiplication), so that reépective 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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out putted by increnmenting +3 phases in a positive
direction of phase. Mireover, -792 MHz is outputted
by incrementing -3 phases in a positive direction of
phase. 25 [00591 In thefrequency converter (Frequency
convert), such outputs of the nonlinear DA converters
and the reference frequency of 4224 MHz are subjected
to frequency addition  (conpl ex nunber

mul tiplication), so that respective center 30
foespenci es 4488 (=4224+264), 3960 MHz (4224-264) and
3432 MHAz (=4224-792), of the three bands form ng the
gr oup TATEheERRr e it Fifan & aropndhBusysieneicaf reguency
O EH G 1 Wit i Palr s uBRRTR r A hE Mo Do B d MRS LS f Phe
19 [0060Q] Furt hernore, |n_F|%. 6, a configuration of a
By eHVeRGIhdSi sFhRrafiraldtusheiitor dRrnghe raABeEReY
SPad IRAh g pi 1R t uRl £5 SRlowh Ve FheOPi d$res S Belfilical LY,
shown. In the frequency 5 synthesizing apparatus as
SMHovikamRiene? Mydreand” Rl iBE commupbrablQinsivéter, in
Wil dH e diiCERVLMBE COMPURE SALEONE SUATIRIBy WRG WRkGheRYy

7 d%viaion of a reference frequency and frequency

t4%%n, TPERYECHTS ECBERT FrITURNIRE €8 Bhe (HOUgr B
Atk Haedk PAngdstd N dodhgl Ohl §8oth e HRUBCobtRiied.
obtained. 10 [0061] In fhe frequency synthesi zing

atus shown in Fig. 6, in contrast to the

fr eqUEACKLS ¥RERESAE) RYNRBRAE 2t S ddjRlratd8NAREInt REy.
center frequencies of the three bands_of the roup A

s 1BhME5aTIERG. the THegheRey SYRSAGPé 2 RaeRpeRerascshal

ddireeBbetnd reRaHRRCEeSq@ndiNg fRutnhbandsd SantiBeograw
Cis _further added. [0062] In the exanple shown in

© 9o PR SROWR BRI 0k tR HiFEUIGsBPEER dhathgenerates
toRCckhatesrihpeheegyadc tnef rddr M @sracdl group C is

eference, an oscillator that oscillates a frequenc
: t%ffS agded. q y
[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 frequency 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 complex 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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MHz is provided, and in response to which node of the
group Aof the group Cis set, the oscillators are
selectively switched to supply to the frequency
converter (Frequency convert). [0063] 25 The decoder
and the nonlinear DA converters have alnost the sane
configurations as shown in_Fig. 1. Nanely, the
nonl i near DA converters oufput the conpl ex anplitudes
corresponding to eight phases in the conplex plane to

- Ehereaher sganes 24 £MR R X0 eNHLa YRYE Se F3PenbO384khuency,

Furthernore, in the frequency converter (Frequency

' FEFPFC be SERLET| \Eadpepei s He Bhe tddaeksndRy épﬂnbﬂg
f1eONPraxp nuber taul HUQE'lB@hHOOFDHfUW@GSQME&Mt Sq s MI-Iz
ihese DA 20 converters and 4

A aea SR (e ke e v e dort =1 2247995 ) ¢

d¥ eny Q@@p@@twe baﬁtéh rf@%qbaﬂeﬁeé Qfl“ﬂh%gfodﬁ‘ﬁaﬂrﬁé) #B N R
the mul ti band 4224+264&
i ¢ Fhﬂﬁ%‘aftz%&?oyﬁa (gzs@swazmm iy /1885¢264),
ddwy reepeq7Iescesl Br dnkdeastensi BEz Of (=t7hegloup) bangs be
farmn t he group C_thereof, 7920N+E( =7128+792), 7392
5763@2%? elyabimizes) withawl apbage £IFOroBAY aihambhiEude

o r((=7128-792) can be selectively obtained without a
ﬁ%)se error and an anplitude error. 10 [0065]

é@rdlng to the configurations of the frequency

synt hﬁat@rm@pﬁar ahdS €SordtSi flt@WIohS BifdSthdl @Bdqfency
since letely the same circujt is used faor all the

et étlFeﬂé FRATAT IS GEn PR 4B B Iz 1 39808 MEBLRGR
o%ﬁ@ﬁeh@lyfﬂﬁénsf&lelélkbﬁlﬂ r O msAdotot fbﬂlmtlhtel babge SFLOM

ystem no error _such as phase dlfference and
CERSERT BERTURT G o dA68 T Mo 60 BRRGrnd G Bz Forming

- ther yhenpty of . Shé e 1abknaNeFmi MY &yEO&m f rrﬁﬂké@[ﬂ@!‘ such

gﬁ %hlch IS Igﬂg& as acircult, is used
e*g%% PRERET Gtk 28 L uded i 15atesr fE‘?fﬁﬁﬁ‘ﬁB’[?Wr
eanrbe rmmtheetlore, since 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 realized.

{0066]
(Addendu_m)

As described above, the present invention has been

 described in detail, referring to the specific embodiments.

However, it is obvious that those in the art can make
modifications to, and substitutions for, the émbodiments in
the range not departing fromthe gist of the invention. Namely,
thepresent inventionisdisclosed ina 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, claims described below should be

considered..
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20 [0066] (Addendum) As described above, the present
i nvention has been described in detail, referring to
the specific enbodi nents. However, it is obvious that
those in the art can nake 25 nodifications to, and
substitutions for, the enbodinents in the range not
departing fromthe gist of the invention. Nanely, the
present invention is disclédsed in a fornof
exenplification, and the described contents of the
present specification SFE%%fhsrmﬁ be construed
limtedly. In order to judge the gist of 30 the
present invention, clainms described bel ow should be

onsi . ' el
g'ynflﬁg‘gf 765 egxcﬁfglﬁai i t)ljzc%lfgs%‘%%ﬁ%%%él ggaga eﬁ%ﬁiggga&
rlafredditye of r dgeaneycies aradactrerd zZefdypncenrsguency,
éHQF%d%ér§EQ§ ﬁgw§3 esatl.ng means for generating
conp

ex sine ves by outputting conplex anplitudes

- correspopténgsineeivghie ghasestimg ameampl| Exr pbaneratiny

ncy;sw t.chi n orm re

RS R DENGP R Sub e lel i PR nad?

gfrrelspondong| ex sidld whaessainl a heommdfeer phene; and

frequ The: e y esi.zi a

Bcoor aF caepE L A ARy B e RO R T B ooy

wushéryg sivhee wewenigeheenpl ¢x) niphes mud tdphscatberedf tthe
[ ‘ r ' i.fudes 1-1.7,

TR GO R ROTHET oS IR KR Ty

apparatus according to claim 20 2, characterized by

urth ising: ' i Visi t .
L oie SSRGS S AN i
Inowhpneafe¥eedriverthet:into 1/2; and a decoder that

decodgge thEe8 b éfné)#%faggté&% i gz?egnlls"’ isZéoﬁ@ngét%d
frequency division of the” sanpling frequency an
fromtwononlinear DAconvertershavingamplitudes { -1.7,-0.7,

0.7, 1.7}.

3. The frequency synthesizing apparatus accor'ding toclaim

2, characterized by further comprising:

frequency division means that sequentially divides a

sampling frequency of the nonlinear DA converter into 1/2;

-and

a decoder that decodes three bits outputted by 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 to claim
3, characterized in that: '

the decoder performs the decoding using frequency

division cutputs having a phase difference of 90 deq from each

other if 1/4 and 1/8 frequency division is performed.
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generates input data for the nonlinear DA converter.
4. The frequency synt hesi zi ng apparatus according to
claim 3, characterized in that: 30 the decoder
performnms the decodi ng using frequency division
out puts having a phase difference of 90 deg from each
other if 1/4 and 1/8 frequency division is perforned.
22 5. The frequency syntheggzing appar at us accordi ng
to claim 3, characterized in that: the ref erence f
3 equenG fSrArid AWMz maRds 24, pOPABLNEE0 Y nl £o claim
frequency division of the reference frequency 1s the
G EedubhcyRat: t he nonlinear DA converter;

t he CQEB'I%&e%bﬁ@eﬁ@é@u&%sﬁ @hzmaaﬁd QyiﬂmﬁofsEQﬂned
I ncrenenti n +] ase in p03|t|ve direction

- Ry 1|6|%a§3é Wﬁnq‘&hQl&’éﬁb%ﬁfprtaﬁerefcﬁﬁemesfr%aew igythe

419N IFrBRuedcPheS & hd RohNenfRS! bl Vo rlidieeli on of
phase, outputs +792 MHz by 10 increnenting +3 phases

in t heNBRIMALEE HHNHRYDACBRTPHEREMCaRA PUSRES S 6 4Aghz

H&Nlh&ﬁéﬁ@?&ﬂiﬁ g1-ShANas8Sy 'p%s&ﬂ@v@%ﬂéc\égondéf bik@Min
tﬁ@gphase t'he frequencg#SMAtc i ng nmeans_ obtains

PRRL-e¥ ﬂ?é&aén QUEPUF pebs 8 Y lPﬁée@@fﬁ'aJr@& “Auplye

imldHepl dsatdion - diseet ibReot ehRE8AC CohEQRUENCYo ANGTA NSy
Jrespective outputted freqyen0|es of the conpl ex sine

IREFENGBRARGL ThPhRESTs 1R stheTposh LaHaeHereaiorhesi Phage,

adPane Hﬁsa-cﬁ%f ByNEnt Parkd@ifg 33 FRALACHSS kARIpSLitive
t.hat : the frequency sw tching neans obtai ns 4488

dWH?CtégBOthPE?%ﬁnj@%@32 MHz, which are respective

Cent etnhér eaHEREiRS, TANTHARIng gfn@blﬁsA Bbtai iy tabandq
OFDM UWB system by perform ng _conpl ex nunber

fﬁﬁﬁ??ﬁﬁ@% YOHeB?OJEII"Fé“-gr @F@r%eﬁr’é‘&@@kvu%ﬁpl%wmn
orfe&@&ctﬂé@x@mb@utﬂr%%&ﬁ@guaﬂal €heOfrekPBcEPMP| Xt Slthed
25 generating neans. 7. The freguency

wav e
LTEAPRBSTSP Nyt atﬁk?ar"é’fnﬁéeéc%b?%h"f?d’et SeBEEPHI NG, means.

characterized in that:

.. 6. The frequency synthesizing apparatus according toclaim

3, characterized in that:

the frequency switching means obtains 4488 MHz, 3960
MHz and 3432 MHz, which are respective center fre@encies
forming a group A of a multiband OFDM UWB system by performing

complex number multiplication of the reference frequency and

the respective outputted frequenciés of the complex sine wave

generating means.

7. The frequency synthesizing apparatus ac'cording toclaim

6, characterized in that: _
a frequency of 7128 MHz is further obtained in addition
to 4224 MHz as a veference; and

the frequency switching means further ocbtains 7920 MHz,

- 7392 MHz, 6864 MHz and 6336 MHz which are respective center

frequencies forming a group C of the multiband OFDM UWB system
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a frequency of 7128 MHz is further obtained in
addition 30 to 4224 Miz as a reference; and the
frequency swi tching neans further obtains 7 920 MHz,
7392 MHz, 6864 MHz and 6336 MHz which are respective
center frequencies formng a group C of the nultiband
OFDM UMB system 23 by selegﬁively perform ng conpl ex
nunber nultiplication of ther reference frequency
of 4224 MHz or 7128 M4z and the respective outputted
by esplentiies 19f pé heo@0nR esmplee mater gelelglidition of

S R s A A N e R

refpseno foueguensy, freQeidisisngf ahe osRhEde:SisiacWadGe
ener tion ste of generating conplex 10 sine waves
QEFWBH onpl ex anplitudes corresponding to
elght phases in a conplex pl ane; and a frequency
wi tching ste rfomnn fre C switching. b
%erf ofm &q&lSﬁ-EVei E‘Fr%%%“r% tl??ﬁqT tﬁ/"&n S ﬁélgm a
P it s idte fiaviesnands t Besé®f 6 e Cee fdeitN Tk eqheny,
The freguency synt hesi zi ng method according to claim:-
erized in that: the conpl ex sine wave
genler atdoa@éikennles\;aee@ﬁnre;ieteﬁn sfcegmﬂg\@;?ﬁe?egsn@fcozgpl?x
nonl i near conver.si on step havjn i tudes 0
Jime yaveq by oWf Bt conpl dkrrapt § BitRinEg TSy TRISEPS He
aRfitophacesr ghng domplled @uaae,chﬁaacterized by further

conpris a frequency. division step of sequenti al
_d|V|d|néngquﬁgc¥agﬁ+??%}?qeﬁ$§§hd§5i FoFmangy ffl'il@uen‘gy

mrﬂdlrﬂ&grb@ﬁeEﬁﬁmiﬁ @Brp5EL mme@‘ ulde¢adichdish F Ohe
dec three bltlg? put t ¥ 1/2, 1/4 and 1/8
T bl Grest inst WRo reSaslcs’ Fremigmess and

generates i nput data to the DA converter.
9. The frequency synthesizing method according to claim
8, characterized in that:

' the complex sine wave generation step is constructed
fromtwo sets of nonlinear DA conversion stephaving amplitudes
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 sequentially dividing a
sampling frequency into 1/2 in the nonlinear DA conversion
step; and

a decodihg step of decoding three bits ocutputtedby 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 pefformed using
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30 11. The frequency synthesizing nethod according to
claim 10, characterized in that: in the decoding
step, the decoding is perfornmed using 24 frequency

di vi si on out puts having a phase difference of 90 deg
fromeach other if 1/4 and 1/8 frequency division is
performed. 5 12. The frequency synthesizi ng net hod

~according to claim 10, chétacterized in that: the
- referencefrequencyi s4224MHz, and2112 MHz obtai ned by

fifednleneguencys db isit@neel hihend &f ehaBeedf #RINSNREY okSa0
the sanpling frequency in the nonlinear DA conversion .
dq% X1 Sefht RENEBNHE ei/ 4 fd Wi TgeieRcYoRigtgpon is
Meg.is outputted by increnenting +1 phase in a
positive direction of phase in the conplex plane,
-264 MHz is outputted by increnenting -1 phase in the
1QSi t THE Fhd QRN sQhtBEASL ngt 1@2holHcdSrBUPubt 8- hy
i ncrenenti ng, +3_phases in the positive 15 direction of
haskararbelyoed M GhetGut putted by increnenting -3

. phaseshé RetbgeROsELbyeetiy 812 0NiRS, DESE12 BRdobPalfed

ncy swtching step, desired frequencies are

f
: b&%igg ﬁ%@%&?nﬁ@r SV RF IR Onphexafemsare ntreqinnceailsrohe

sehp1thg rebeianse il endeney1 ancht R RBREEEIYE step;
out putted 20 frequencies in the conplex sine wave
gener 3¢ §PBBLEA 3 inm waye IRRSTAF LOPnF PRI 7i4%d MBE Hed
c€eat 88} O flrdin®nt 10y cb?la%teeihzae de thikat 4i bt s
frggyency swi tching_step 488 MHz, 3960 MHz and 25
ofsPRaREy 1RhitkR &OBPLEZpRAENSe cefl T rbyueREpEsted by

iherBhast fng 91 PH2 A Of thRe Pokh b DAOd: CEDM MVBrslam /e
obtai ned b perform ng conpl ex_nunber mnultiplication

YHE tReOTEM Y et PandS MR IS pecthpepositive
d@bﬂe@tﬁ.&ﬁ@ffgsw@ﬁﬁhﬁs—"f@? ML i s AR % e8IE i WB¥8nent ing
%eneratlon step. 3Q_, . )
-3 phases 1in 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, 3960 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
frequenéy and the respectlive ou’tputtéd 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




14. The frequency synthesizing nmethod according to
claim 13, characterized in that: a frequency of 7128
MHz is further obtained in addition 25 to 4224 Mz as
a reference; and in the frequency switching step, 7920
MHz, 7392 MHz, 6864 MHz and 6336 MHz which are
respective center frequenci formng a group C of
the nul ti band OFDM UVB sys?gn1are further 5 obtained
by sel ectively perform ng conpl ex nunber

ol 421 MRt ia@naOtkcebidigte f efr ence frequency of 4224
VHz or, EéZS MHz and the respective qutputt
frequélciFBE FRRTHRACY: SHpLERing n%t%vgglé@n]@il%vt i ‘017 ZsMEp:

6864 MHz and 6336 MHz which are respective center frequencies
forming a group C of the multiband OFDM__UWB system are further
obtained by selectively performing complex number
multiplication of either réference frequency of 4224 MHz or
7128 MHz and the respective outputted frequencies in the

complex sine wave generation step.




