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A RECEI VER ARRANGEMENT AND A TRANSM TTER ARRANGEMENT
BACKGROUND The present application clains the benefit

w@booziosived St ates provisional application 60/ 78QT/1BRBT7/000164

(filed on 24 January, 2006), the entire contents of

v RECEIVER ARRANGEMENTAND A TRANS MITaHR ARRANGEMENT
pur poses. The present invention refers to a receiver -
arrangenent and a transmtter arrangenment. It is

common to use antennasghCKBREIAHS conmuni cati on
technol ogi es. Usually The use of nultiple antennas

provi des diversity and hence better perfornmance.

THEF G A ST B eH Y PR e Rmbnet

appliddtienBITEN487 (fled Ybi ZAIamySy c2008) He éhtlréicdheents of
ant ennas, each tinme when nultiple antennas are adapted

whigh ayednceipeeated ferein byreferenedfar alRieppses.ef fort i s
usually required at the baseband interface to the
antennas. Accordingly, a nunber of approaches have

Thegnresentehvargidntrefers &t reveivepheangéraanicand atrapeaiitter
steering w thout having to spend consi derable effort

af"@”@%’@@%t-gn t he baseband interface to the antennas.
Sonme of these approaches are described as foll ows.

.Near-field focused phased array and scanni ng ant ennas

Itfi® comatbrotd usarteogas tewirefass aionumuiektid) tephpbloggés.ons

hav&: een defm)n@t ated. In additiqn, the use of

¥ fiahios J

Ushalt siise ¢ FRENBAF PRARSRGIVEREY acHhRItERalteror
pESYRh AR HowaVek, Rl SeHeendrie i SthERt'is Fﬂ&u‘%n‘y BEhiBved at

I's conventional. Furthernore, an electronic beam

thet @@ensg affimatemerdation egmpiaxityg phase-1 ocked | oops
(PLL) has conventionally been used. Each antenna may
be controll ed

In the design of a typical system using multiple antennas, each time when
multiple antennas are adapted for beam steering, a considerable redesign
effort is usually required at the baseband interface to the antennas.
Acéordingly, a number of approaches have been developed to adapt multip!e
antennas for beam steering without having to spend considerable effort to
redesign the baseband interface to the antennas. Some of these approaches

are described as follows.

Near-field focused phased array and scanning antennas for radio frequency
identification (RFID) applications have been demonstrated. In addition, the
use of electronic tunable radio frequency (RF) components for developing
smart antennas for beam-steering in RFID, is conventional.

Furthermore, an electronic beam steering of active arrays using phase-locked
loops (PLL) has conventionally been used. Each antenna may be controlled
by a PLL and each PLL may receive an offset voltage. The offset voltage is
adjusted to control the phase difference in the signal generated by each PLL,
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by a PLL and each PLL may receive an offset voltage.
The offset voltage is adjusted to control the phase

waledo7mssmce in the signal generated by each PLRCT/IBP907/000164

controlling the beamdirection. An enbodi nent of the
thyseentraling thedpgam direptioviAreembedinent affthedjventiablisable to

oFSE ot 6 8 AybSblB PhAL AFFER 18 Shlosptoscterors.
W thin \,Nhi ch the beam can be steered is |imted.

urther, a conventjonal electronical I%/m_scanned phased
"g)?'\‘easeﬂalhﬁ% RE sopaitbat thedanee wHanglestwithiawhiehnthedream can

bReshs : radi ati ng frequency use nm xers and a
b%hase ggﬁgtnn%gtmrk (based on tine delay |ines), which
is driven by a frequency synthesizer, to generate a
sed array signal. In this regard, the anount of

F BBEQ’E, i%%orbﬁé%'eng'i Eﬁ?@@ﬂ%@%ﬁéﬁﬁ@@ﬁ rhased raEyRrenng system

. i : _ ) i tat i ¢
2B A P Enth diDeRKE! STt @Ry Hse'Hikers
apdesphsse delapobiverk (basedonltimesdtlagsines), wHieh iswdriviehasea

di.f f bet the phased i gnal ded t
FIBRNGHGY TYHRCTgeh foPoBFrals e aReySignal i on beam of

t he phased array antenna system- In anot her
conventional beamform ng system all the conponents
Incthis regasy.stherameintdirelgtivar phase diffesience beliwesnathe phased

atiAf SRBICE RS ER gy ShD ARHRERS £ ek frpurstuork
used. a«co@mia?nyattiiy RoEFBERBIE RS bieRieve hé shdfiveilied c'.')‘ferglative

ormation is controlled through a fixe

hasi
p'@%ﬁ%z@n ﬁf%nqee%twle@mbwham afray signads gacded o obiain fine
' j ' h th
oG RSt rBNE radaion BEaff of 2 sk i e itgm-
to provide beam steering. However, in this case, it is
carineorhiRatenal hadh rBunG vRIEEh dlHibe SRR g Lie
Sﬁmfﬁnﬁ@galﬁﬁﬁgdsa dnlfi '@rﬁ%et feSrduRs e MiBofdtBE o?loé?licfot .él'ﬂfs QR

steerin _ lon, It can be“seen tha
has a controller which provides-phasing information to the oscillators.

In an alternative embodiment of this system, the phasing information is
controlled through a fixed corporate feed network. The relative gain of the

‘antenna signals received or transmitted through the fixed corporate feed

network is adjusted accordingly to provide beam steering.

However, in this case, it is also not possible to achieve the small values of
relative phase difference between the phase delayed antenna signals needed
to obtain fine control of beam steering. In addition, it can be seen that the
addition of a new feature to the system will require a redesign of the

integrated circuit chip.
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addition of a new feature to the systemw || require a
redesign of the integrated circuit chip.Accordingly,
WO eoocassdbe seen that each of the above nenti onedI/IB2007/000164
- approaches to solve the probl emof adapting nultiple
P@ﬁ@@lmlg, it 6an bezecsttbat eagh off thealove roeniio okt amreaches to

S . requi at, the eband, i nt erf,
PR, Mok Bt addhilbBnP Atehifs B Siesibg wiliot o
cEEh@td@faM@ redd¥ireeff6rt & RRRAeblat the bBsESANY intdlysiy ﬂoctﬂe
which will be described In nore detail bel ow. SUMVARY
agtennas, hag/samednherenidisedvaniagest of the invention, a
recei ver arrangenent is provided, including a digital
synt hesi zer signal generator. The digital synthesizer
Thiegafare, gesreriataatedibsf the progafit imesttion Adich WRIRY 88s®ibed in
cl o\(;r Si gnal a plurali ty of outputs, each out put
I@egwf ef erence signal being derived fromthe
reference cl ock signal, wherein the plurality of
reference signals have' substanti al | y the sane
frequency and diSUEMNARYIDBEIEHE INVENTEONOr €, a
plurality of receivers i$ provided, each receiver
including a reference signal input receiving one

I &h @hﬂib@ﬂnéhﬂc’)‘ﬁhe%véﬂi%npb%é’éd/éryar?{a %&E@ﬁﬁggﬁowded

S|gnals a recel ver reference S1 gha ener
Ir@&iden@alw@ted syethesizer signbbgemeratai @hald@‘sal sgnﬂhlemzer signal

o Bl s Bt elyit0 B oS aBR R R st PlFaigor
odIPURS; @AYRIURE ProgidirRES réfreﬁbﬁcreasgéﬁel%%mdéh?ébﬁh?mhag

t he recei ver reference si urt her |ty of
rqiﬂ&e@ﬁﬁ &ockssignaly wheeia s pbmalttm of l‘m‘emmgnala have of

e PR RO B Bt b ielE &

plurddity oEfezedire ichaivitiide each esssivdr inclugfiey a Péfefdiﬁ:esﬁﬁ%l

. parts ., . ‘
m%u{ receiving one reference signal of the plurality of reference signals, a

receiver reference signal generator generating a receiver reference signal
using the received reference signal, an antenna input receiving a transmission
signal, and a downconverting circuit downconverting the received
transmission signal using the receiver reference sign'al Further, a plurality of
antennas is provided coupled to the antenna input of at least one receiver of

the plurality of receivers.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, like reference characters generally refer to the same parts
throughout the different views. The drawings are not necessarily to scale,
emphasis instead generally being placed upon illustrating the principles of the
invention. In the following description, various embodiments of the invention
are described with reference to the following drawings, in which:
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t hroughout the different views. The draw ngs are not
necessarily to scale, enphasis instead generally being

w@b@acmssowpon il lustrating the principles of theCT/IB2007/000164

invention. In the follow ng description, various
enbodi nents of the invention are described with

f f.ol | d Fi .
PGB S B PRI TS CuhuRBueh BB luhb ity
a pl Wf ahtdrinaef agdtraMaas. arﬁémgbainﬁ@qttdf tiedirk@hgeh ent  of
the invention. Figure 2 shows a bl ock diagramof the

digital synthesizer signal gener ator according to an

LR T -

t ranseebrdirigtd gn BhboBiRBnESk thBenvihtibAr of ant ennas.
Figure 4 shows a bl ock di agram of a communi cati on

syst em usi ng a plurality of antennas, according to an

PR 3k LGP B8l AU RO Mo

det eltnamscelgeﬂshe thie stmecss thle rurnbemafrartenhay devi ce
transmtting signals to the system according to an
enbodi nent of the invention. Figure 6 shows an

Lt
RIS 2 Block el B bobouABLEan bRl (figd ity
ant eohastehoas sheooading rio amcerabodintent of treninvgntiaw.cor di ng

to an enbodi nent of the invention. Figure 7 shows a
bl ock di agram of the feedback network of the

FRAFE S SHGWY AN aftaRGEMcHS bf‘ﬂweaplméh'hﬁbf adteRhad firg

according to an enbodi nent I nventi on. |g re 8
showdetermiiog thi digtaneeosf a h@nmtmusahon devigeatrapsmiiting

ant cRRRE ifls SRR He SR af Ao el e mwentinn.

Figure 6 shows an arrangement of the plurality of antennas using a set of
radio frequency (RF) switches to switch between antennas for
elevation and azimuth scanning, according to an embodiment of the

invention.

Figure 7 shows a block diagram of the feedback network of the
communication system using a plurality of antennas, according to an

embodiment of the invention.

Figure 8 shows a block diagram of the transmit signal path of the
communication system using a plurality of antennas, according to an

embodiment of the invention.

Figure 9 shows a block diagram of the receive signal path of the
communication system using a plurality of antennas, according to an
embodiment of the invention.
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Figure 9 shows a bl ock diagram of the receive signal

path of the comrunication systemusing a plurality of
wa@ndaoesas], according to an enbodi nent of the PCT/IB2007/000164

i nvention. Figure 10 shows the effects of vector

conbi ning at the conbi ner of the conmmunication system

usi ngq)a plurality of antennas, accordin

. .a tp. an

Figwisol Fapws dre efiacts of ¥aetos sombinjpg at the g%&}yea opise k

di a e : . : g

ant SOATL CpicBHEA STRBhEASng™ BURIRFLESRnds RidebRIhG Yo 8h
ac c armbodintent af thenibeeintmemt of the invention. Figure 12
shows an illustration of how signal reconbination is
used to reduce the number of transceivers, according

FigQreMM SHERE IMBEK Blaghdt Jf RV iicaltibAl &y Stehd usngve plubity

ntenna radiation patterns for the commini cation

systafrantienmas &ith bireguengy ecbmpensatias ciroiit @ccordingltd ags

of 0 nd 10 s. respectively are used, according to
an &Fﬁéﬂ&'mﬁﬁ% Og#Pet'%eri‘ ntion. DESCRIPTION Fig. 1
shows a bl ock diagram of a conmuni cati on system 100

usi n%Qa plurality of antennas, according to an
Figutsot? shows an ilusirationesd hiovnsigmakresembination: is visedyia regyce

100 i ncl ude i gital .S osi zer_ si [ r
To1 PEGHENET J1Patbefhs BT © o sHERgHENESTHE
tranagenticer.s 103, a plurality of antennas 105 (denoted
as Antenna Array), a phase detector circuit 107 and a
baseband processi ng and conmuni cation unit 109. The
Figt L spSWSHRe SptehhatadRfon 3ERRRT R o LoflficAtorrsystem

subsusimg Ballralityref ssderends;, ednesntinyie alethydi dffepe and d08ges .
Each refererlwce sign '

cl ocrﬁSB?ﬁtﬁ’;% y arpqu lﬁglgciraicljr?gr {ovaer(%I e];nrb%rcrj]irggﬁt (gfetfmgrir?@ecn ion.

DESCRIPTION

Fig. 1 shows a block diagram of a communication system 100 using a

plurality of antennas, according to an embodiment of the invention.

| The communication system 100 includes a digital synthesizer signal generator

101 (denoted as Phasing Network), a plurality of transceivers 103, a plurality
of antennas 105 (denoted as Antenna Array), a phase detector circuit 107 and

a baseband processing and communication unit 109.

The digital synthesizer signal generator 101 provides a plurality of reference
signals, which have substantially the same frequency and different phases.
Each reference signal is derived from the reference clock signal 111 (denoted
as Clock). According to one embodiment of the invention, the reference clock

signal is a crystal clock signal.
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as C ock). According to one enbodi nent of the

invention, the reference clock signal is a crystal
web@cks®ignal . Additionally, in one enbodi ment PET/1BRE07/000164

i nvention, each reference signal is a phase del ayed

Aﬁﬁ@ﬁ:{)ﬁ P ofid @nﬂfbfdﬁﬁéﬂlf‘(ﬁ thé @rplentiog n@écriﬂetereme%ug‘mma
a e

I t f I
PhasBlelfXe e an e Bareler P aen/anck Seue 4111 Bie meagmé@@&the

PG/ YR Bngt SRrGiChi ] saetR AR SSplifbaSERTROT
diffbigint phasysit hesi zer (DDS). Each transcei ver of the

plurality of transceivers 103 has a reference signal
generator. The reference signal generator converts a

Fér‘é@( rﬁ;ﬂ@ul‘ﬁ%cd’ﬂﬁél hth%s%"f"sgn%t ﬁeﬁﬁ%ﬁ%ﬁ irequ i, ol (ioh

signal” I1'n suc nner th y ra
linsiteghtal, at easy onb Dirext Digital SlyetHe@vze‘rr(Bﬁl,‘Béncy cl ock

signal. The reference signal generator has a frequency

synt hesi zer. The frequency synthesizer may be, but is

trhhdbdiRt dfthe ?ILHQW@%T 'tr‘é%@@lvér%ofbd Rid b rB%?@ﬁ’ce S|gna|

requency synt I zer “or a del ay-1ocked | oop (
gebmamrfﬂm cm‘etqnce;eugmaigeﬂeratow oonvsttsn layy frequemn‘,)sclock

f
Sigial 30 5 hib et Birin Sidher i ATEA A ndrnd{ife nign
fréffericeragiosdignalis g?rﬁkﬂ’(r@h@us tohie! 16wt g ueHcy 'chtkesignanal

generator in the receiver arrangenent is called the
recei ver reference signal generat or. Each transcei ver

TR peBerRE A nglaib RAS 8 Hotfleho] dnfrdle TRE frobiiifey

uired to
syintiesxszetindey beybbt ISS'\oalﬁrrﬁteﬁltofa phasmmca@ﬁeoua(léu) tased

m xer, a nodul at or, | at or fi
fr%!ﬂﬂ%ﬁ}’”ﬁ‘@ﬁ'@r&é&ﬁ@@ﬁ e 1e0R (Rmaasacireadncy
ﬁﬁfﬁé&% Egggnscel ver of _the pl ur_al ! ty of

transcei vers may be, but is not limted

In this regard, the reference signal generator in the transmitter arrangement is
called the transmitter reference signal generator, while the reference signal
generator in the receiver arrangement is called the receiver reference signal

generator.

Each transceiver of the plurality of transceivers 103 further includes other
components required to design a general transceiver such as an amplifier, an
attenuator, a mixer, a modulator, a demodulator, a filter, a coupler, a

microcontroller and a comparator, for example.

Each transceiver of the plurality of transceivers 103 may be, but is not limited

to, a radio frequency identification (RFID) interrogator, for example.

The phase detector circuit 107 provides phase compensation information,

which is used to perform phase compensation for the transmit reference
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to, a radio frequency identification (RFID)

interrogator, for exanple. The phase detector circuit
waemw7/839¥i des phase conpensation information, MIT/TBR007%000164

used to perform phase conpensation for the transmt
sigriads efitbe diagsalitendrramgemeatn sotording tararaagdoeirent of the
.accardi 0 _an.enpodi nent of the invention. The .
ot 1% bR cERerafR Pondleareies Rt e funtiayrier
sifald GSedsiod ARl of QhcoEHiRY 4 BEsEbantPEaRYRItidats sRinal.

baseband transmit data signal. The baseband processing

and communi cation unit 109 perforns a nunber of

T e B A o R E BB GO E Rrer o
funatiohgefor Examphy, ppoiges pratested daid ® be Gahyeitidd ®mhehe
at | east one transceiver, provides services and

laast ene deasceiMebl @R rprovides fntiherdpeessing fandasa reesivedfom

Vi r Ol S -
1RO BSNAERREUN, pRUATA St U MBS TPBRRNS
comawirticatg withnothel deviges| snd provitesaddigiol ejratthe dtifer
t he commyni cati on system 100, the baseband processing
CaRPpoRsRATHIR e cPmMyHsatiofpeystem| tWes at | east one
digital controller for digitally controlling the
digital synthesizer signal generator 101 . The
Witis rsigand] tqprovishing ngntroldsignatsntm iieasthen comipongfs ihthé her

conpri.ses a splitter 113 and conbi ner 115. The . .
SRR EAiDre 2Pk OB the Badabest. i Cesng s doermgnigation
" . . s o = d
Ut 1109 IICMSS ubiRaSt o SRIR Contbile? I3t digfallydtiéfingth8
digitgl s\athesizansignal@ensrafonllOgener at or 200 according to

an enbodi nent of the invention. In this exanple of the
digital synthesizer signal generator 200, the digital

Thy hakebard pravegsial grNesmirnicidioniunit 108eRirthePlcBrpristy a
of ., out orts. Each output port provides a reference

ut . :
SI%'ItE?ﬁéﬂ,% g Romdiner Bhy- flneduesignsaidbe spligeral 13 and the
combiner 115 will be discussed in detail in relation to Figs. 8 and 9
respectively.

Fig. 2 shows a block diagram of the digital synthesizer signal generator 200
according to an embodiment of the invention.

In this example of the digital synthesizer signal generator 200, the digital
synthesizer signal generator 200 includes a plurality of output ports. Each

output port provides a reference signal, which is a low frequency clock signal.

In this embodiment, the relative phase difference between the reference
signals at two adjacent output ports is substantially equal. In other words, as
shown in Fig. 2, the relative phase difference Ay between any two adjacent

output ports of the digital synthesizer signal generator is given by
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In this enbodi nent, the relative phase difference

bet ween the reference signals at two adjacent out put
W@eoor®s3931 substantially equal. In other words, PEEIEQGM0164

in Fig. 2, the relative phase difference A between any
two aflyacentyoutputypert.s..of=phe-wj gital synthesizer (1)

signal generator is given byy YN YN-I 0 )

Additionally, it should bg noted that there exists a

range of values within which Dy can be changed. Fig. 3
Asidlivonadly, it shedid emoted thatdherevexisiseanrangeerfaialuasheithin which

nunbe o% transceivers is the sane as the nunber of '
Aé‘ﬁ?%'ﬁhﬁ& angedhi s enbodi ment, N transceivers are

coupled to N antennas, and each transceiver 301 is

coupled to an antenna 303. The antennas are arranged
Figich shonis anrembodimant of thet ineentiarg avhevéintthe raj Eereoft
tantennas J ihthe sane %d/ Zr% Eé}r the transmtter
rAPCRIYEIRNe PATC AR BRINIPbe NGBS r ay, as shown

in Fig. 3, is assenbled such that the phase del ay of

the radio frequency signal transmtted by each antenna

In thigienthedinent, Atlsansasivgrs are chepleditatV arfephaseand each

uR T S s Ul B S Rrrariibnas © st he same so
that Af=f2- fi =f3- f2 = =fN fN_(2) Wien Af is zero,
t he phase delay of the radio frequency signal

Theaniennassaregyranged suphehabthesdisteacehedween each of the
a@%‘c@ﬂpéﬁte Rbgis tﬁe‘ﬂé‘ﬁ‘f@é@?ﬁ' ock diagramof a

nmuni cat1 on system 4 sing a plurality of antennas
according to an enbodi rent of the invention. The
i nt hesi zer signal generator 401 is connected

di gi t al
Fpb e GapNar ATgnaemenhibe ePiRINE-HBSeaEr GTsb) a8sShawn in
FRI. W, 3 bbderfblells0th th&AHE Hhase dIIS) 6% bR AlSuency signal

transmitted by each antenna is different. Additionally, the relative phase
difference A¢ of the radio frequency signals transmitted by two adjacent

antennas is the same so that

Ap=¢, - =¢; =) =ccenuc., =Py —Pya (2)

When Ag s zero, the phase delay of the radio frequency signal transmitted by

each antenna is the same for all antennas.

Fig. 4 shows a block diagram of a communication system 400 using a
plurality of antennas according to an embodiment of the invention.

The digital synthesizer signal generator 401 ié connected to the plurality of
transceivers 403 and provides a plurality of (low frequency) reference signals

to the plurality of transceivers 403.
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to the plurality of transceivers 403. For the
transmtter arrangenent, the relative phase difference

wd2eonesimen the reference signals at adj acent PCI/pB207/000164

ports of the digital synthesizer signal generator 401

F@flettRhshttat Avandgeisst, tHd fetRicshae difeMsrRE AbelWearhthe

frequency) transmtter reference signals correspondi ng

referenbe signatsad adJ@@er(twtmutdvqﬂs@@fébgudmel &mlﬁeé'éﬁh@sﬂah

oclprbdbE AR B R noRRE s batd Rtk L e ik
fré enl:fyr egné‘)t‘ﬁﬂfe? réfereibel s@hﬂs&fo@retsbénﬁlhg% eRe tr@ﬁsmfttériqaf

uenc;/ transmtter reference signal and t
(7

thedmrfscewae H09) eerinactetty tieriacendspipuli nmftspf the gilgﬂ@I
rran rality of antennas for
Syl,m; e§|;]erosg rﬁeﬁﬁ%ﬂﬁ ﬁ@{ EF‘QF %Jte %% a conmuni cati on
device tp ynttl ng signals to the system according -
to aA(ﬁerfb%?—n‘g'nt of the invention. In this enbodinent,(3)
t he nunber/cof antennas in the plurality of antennas, N

wher?, fasantiofy), are thegfreduertdirseof mbmlg*mfrequascyairrensmitter

assumed to be infinitesimal dipoles. FromFig. 5, the
referenté signall and dherawnfrequensy rederenee signabeespscivelned

if both Rand q are known. As a side remark, the total

electric field at any point is the sum of thetvvo

Fign8i sHoldin alaabément bethdsplarafitluershtbiinaddifortuse in

antennas. The total electric field is stronger wher e
detagminirg theodisiamgalof &l cemmupicatien gevicettearisaitiing signals to

BBl ARt b lod Rl o B VAf el cetr e |

fields interfere destructlvely In electronlc

beam steerin therelatlv hase differ t ween
Inthis emhadimantciirediynkerofan oS ﬁrpé%raf@ﬁ%@ ennas, N =

2, as shown in Fig. 5. Here, the antennas are assumed to be infinitesimal

dipoles.

From Fig. 5, the position of a communication device X can be determined if

both R and @ are known.

As a side remark, the total electric field at any point is the sum of the two
individual electric fields produced by the two antennas. The total electric field
is stronger where the two individual electric fields interfere constructively. On
the other hand, the total electric field is weaker where the two individual
electric fields interfere destructively. In electronic beam-steering, the relative
phase difference between the transmitted signals on the antennas results in
some direction where the total electric field is the strongest. By varying the
relative phase difference between the transmitted signals on the antennas,
the direction of strongest electric figld can be varied. Accordingly, the radiation

beam of the antennas can be steered.
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some direction where the total electric field is the
strongest. By varying the relative phase difference

wheionesirdt he transmtted signals on the ant enneGT/IR20€7/000164

direction of strongest electric field can be vari ed.

InEiriithe epgle Gean bei memninbdé)m\mﬁ"yihgeh@mélaw@pgé%@ be
eered.In_Eig..5 the angle g can be determ ne
95‘%1\?9@*@%?@??{%@%&&& iBedweantemias e seaighdpethe

: . h

RS st o S OB il 1S §36ed BY o

tiengegivers douplérbia the saidbsc entemnascisupbgichurm. Basedon the
is maximum  Based on the power of the

pbier B R AR el sl o8 i Pachr A aee b, theristange FicenteR2 can

; ' i e R can be
ol et By R BBb BLRAPET (i g 6

show® Q.- BfRENEB d8f the plurality of antennas _ (4)
using a set of radio frequency (RF) switches to switch

between antennas for el evation and azi muth scanning,
F&%cégg'&?%af’@r LIS Plyrality, ef pRtesRes ssingraget of radio
f a@ﬁw [ hEsits wAe | i t he
r}éﬁventi%ﬁ? é;@tshov’\cﬁ In E%efikhgg?‘gﬁteg{(hg%gpg’gl.ei@gﬁ%gédto
apianit seaneing: scerdinggoian ebbeimeritefeheimentionpl ane or
the azimuth plane. An additional array of antennas is
provided in order to performbeamsteering in both

Thé @bafmunibafSPSPRENCARAHIAG RS afferhBEdinfare BF i invENBon, as
arrays_of N antennas and an array of N transceilvers
sl 4t Bidarly fgn ggampdes is Bblenioiperfarg béamTieering it eitirer dye
] . gnat ed f.or _beam steering in
ot BEERUEIng i dunARherRh SunBhal SPA gt Srterids s
providedinoré85td serferai beanedebiig hesohsigesd.ng in the

azimuth plane. A set of N switches 607 is al so
included in the system and is used to connect the

Ingésﬁogﬁ%%m inr)]EI {:in?ég}'.ft‘igi.tl‘{g irvehBol? oAb PRLFREh R 4R Sn
array of N transceivers 601 are arranged, as shown in Fig. 6. The first array of
N antennas 603 is designated for beam-steering in the elevation plane while
the second array of N antennas 605 is designated for beam-steering in the
azimuth plane. A set of N switches 607 is also included in the system, and is
used to connect the array of N transceivers to one of the antenna arrays, as

shown in Fig. 6.

It is possible to achieve cost savings as well as power consumption reduction
by switching the connection from the array of transceivers to one of the two

antenna arrays.
Fig. 7 shows a block diagram of the feedback network 700 of the

communication system using a plurality of antennas, according to an
embodiment of the invention.
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It is possible to achieve cost savings as well as
power consunption reduction by switching the

w@omiegdson fromthe array of transceivers to PCEIB07/000164
the two antenna arrays. Fig. 7 shows a bl ock diagram

Toe inhereftditforaricesdiatwekn tifferent framsoetrars it thet c@ammunication

B T 8o R selalivg pnafe SfitEnced B it i unted Tadio
frbahéws@hérfsemetoaerr@é}ﬁe%h.\éfﬁrébbﬁm tah%eeaaavﬁéﬁ@rk @8n be

system result 1n errors in the relative p ase
inaplemantetto weastike am@nsmpeneaterfaatmsereamrenéy eagm¢ of the

his bl e a f ack n vvork
PR el 8 o Soaiiiedids PoheHi=gR o
aRtdgnPaS (VAN 2PWARR Redbatlt ﬁeﬁmmmwpéna@éu S¥ $h&Whh Fiy. 7
the nunber of antennas in the plurality of antennas (N

= 2) with a feedback network incorporated, is shown in

=50 efsc 060 PRTESAISA FOASIGE 10355 Bhedydf 51 bhste-
ldcked UsopciPLLy Iﬁﬁétqe@n% Sﬁﬂ%sﬁ@d 767 @indautied@atot @br directional
di reEc)tl onal coupl er 09. The circul ator or

CoiR!et/i08n al hecatpilalor gr disgetional cadpler alews Asingermntenna to
bé %ﬂé?é& @&W@%@:}h% F,%ghsmﬂ%,fid #e AR kLpe receiver. The

hase det ect conpares 't he phases of the
transmtter ref erence signals and sends a SI gnal

d h ' h ff
THE Gresp dBthaRTalicni 1 GRPass6p aaros o5 ha e osmier
réf@r%'hcb%a‘l@ﬁnd %bﬁ&é ‘ées@’i‘éﬁﬁdﬂ i ﬂgefh%r}‘é?at% apfﬁé%e difference

correspondi ng frequéncy re erence sign
t%ﬂi\ﬁpﬁ@l@ﬁ&ﬂﬂ@ﬁl&h signal geserdder 718, whichlinvlf theartune the relative

t I h detect
phh S BBLATRRY s 6 Fesiiadine AT RARE Rl R ettt
covbensdte féstha sitcte due@rike d@ff@remnéc%w@as eEﬂé@t%ﬁ/ the
fromthe transmt signal path into the receive signal

Phagedetgcion sireyit £ aw@wd@as tfeﬁ faedbpelq Qﬁtftmbﬁeﬁraldifﬂ@dlbﬁCk
nERIPK.

As a side remark, a signal leakage occurs from the transmit signal path into
the receive signal path in the circulator or directional coupler 709 in each
transceiver in Fig. 7. The relative phase difference between the leakage
signals in different transceivers can be similarly measured using a phase
detector circuit 711. Hence, the phase error at the receivers can be calculated
by subtracting the relative phase difference between the transmitter reference
signals from the relative phase difference between the leakage signals in

different transceivers.
Fig. 8 shows a block diagram of the transmit signal path of the communication

system 800 using a plurality of antennas,‘according to an embodiment of the

invention.
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transceiver in Fig. 7. The relative phase difference

bet ween the | eakage signals in different transceivers
w@av7iogsogi mi | arly nmeasured using a phase det ecPOF/1B2007/000164

circuit 7 11. Hence, the phase error at the receivers
IndBig. Betheatirandmit eignbldatalis separated tite twe lpatis\ed td Spiditter

871, e e Fo- Pt PRaM ety ARG S o0 sk heraiBer Bart dabe
tranSHfted 8 ,ﬂyngﬁ@{&rgség_anscei vers. Fig. 8 shows a
I gl a}[gTam 0

bl oc the transmt signal path of the
comruni cation system 800 using a plurality of

TR aPT e SEg! AETIePRE ST ABHBYS Upgmaidf the pairof
mBRPEBAY e Thé AirBciotal BBUBRr 8DOYBEPSRE! SpiRterB&its tine
part to be transmtted by Transmtter 1 803 and the

ummertsdrtfjansmiﬁ@d siglaalsimm twol gpy/that ane signekis cowgded torihe
j i at T ' 805, i
anfBBR v LR RS shal b 2R i R i Bris 8130 na

coupl er 809 (or power splitter) splits the upconverted
transnitted_si%nal into two, so that one signal is
As eyplained earline g peasadifferanehbetwasicadja¢rit upcgRueried

IR sidhde BRERE SRCE B it sORBERSL 508! Bheratirats
(denhatesby Padsimigdtethweriar ® pridepkadeocdmpensational

synt hesi zer signal generator 815 (denoted by Phasing
Network), to provide phase conpensation. Fig. 9 shows

| ' : i is | f o
P, 3 s BT A RS S pof bl odunicator
systermratisyusiag agldiality efeardenead @ticoeding & an leenbodiment ohthe
.In Fig. 9, the receive signal is downconverted at the
'"M%P‘?O'gf m xers 901 of Receiver 2 903. The pair of
downconverted base-band signals (in-phase (I) and

uadrature (Q) is filtered and conbi ned at Conbi ner
In&jg,. 9; thepieseivassignad is downconverted at the pair of mixers 901 of

Receiver 2 903. The pair of downconverted base-band signals (in-phase (1)
and quadrature (Q)) is filtered and combined at Combiner 905, to provide the
strongest signal (Final (I+jQ), as shown in Equation (5)) so as to achieve a
higher Signal to Noise Ratio (SNR) for the received signal as compared to a

single receiver, as shown in Fig. 10.
Final (I+jQ) = (I1+12)+j(Q1+Q2) (5)

In this embodiment of the invention, mUltiple local oscillator signals will be
phased controlled by delays, {7 and {2, for example, by the digital synthesizer

signal generator 907.

It should be noted that the higher SNR achieved allows the plurélity of
antennas to receive signals from a communication device, which may be

located further away from the plurality of antennas.
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strongest signal (Final (1+j Q, as shown in Equation
(5)) so as to achieve a higher Signal to Noise Ratio

w@ 3NRpsFar t he recei ved signal as conpared to BCEHIBGIH000164

receiver, as shown in Fig. 10. Final (14 Q =
(H+l 2) +) (QL+Q2) (5) In this enbodi nment of the
osci| | at

PGt Rl are i oF aynihnEgfion Bystem, 1) rip

phk‘aﬁt? of ahetrirdls et b fRyuEAEY 8b@PRhsSIIEEIRS G, ae@grdlrigt to an
shoul d be noted that the higher SNR achi evéd all ows

efedimentefi the intentionennas to receive signals froma
comuni cati on device, which may be | ocated further
away fromthe plurality of antennas.Fig. 11 shows a

ThercHredinagy aausés af fr@m@my@éwaﬂbn%yatc@mrﬁ&ﬁ@am 8gstém
El urality of antennas with freg ency conpensation

1400 cFJeguea@x gevintigng BreAherastsdn enfffrequenicy synthiesizers in
th@&ﬁ@réﬂt?ra’ﬁ%@&v&?é{‘fﬁﬁ of frequency deviations in
S

comuni cat1on system 1100. Frequency devi ations are

i nherent in different frequency synthesizers in the

Esé{ferent transceivers 1101 . Al so, nutual coupli @%
%@Haa‘iﬂ ing behmeem adiacent amenpas phthe glu@htséﬁﬁ gABas

14@@&‘1&%@8@ %ﬁénﬁ@h‘?ﬂé@?mﬂf lre%)[l iflhd cé@ﬁyﬁa?f'tﬁ? gﬂ%ﬂ(s)w(ietter

cou Ing O the transnrtter erence
referenceaigeal ftom anetttamsceiter tm amthét Ad aveduli tpve freguency

noi se appea éi t he dovvnco erter of éhe recei ver J
NQISE FPPFRR EipEOMRRONVBTERe! edeaeivey obraehiralseeiver due to
thehr&dueHdyfdviatidne, RAIChOATERRS B MeriditarReiryRe rec%e

frequency deviations in different synthesizers ca
conpensated by setting the digital synthesi zer si gnal

THEREREREEy ARPRROT AT sl ERsRErCCouTBR Serithnsrisy by

setting e ditital Syrithesiast sighal. gdrieealor @908 Ta¥nEEYI ! PRdkingd N
the different frequency synthesizers
network) to generate low frequency clock signals with frequency deviations.

Alternatively, the frequency deviations in the different frequency synthesizers
can be compensated by implementing a frequency compensation circuit 1107
in the system, as shown in Fig. 11. The frequency compensation circuit, for
example, may comprise of couplers (or splitters) to couple a small local
oscillator (LO) signal from each transceiver and use mixers at the receivers to

compensate the frequency deviation in the local oscillators.

Fig. 12 shows an illustration of how signal recombination is used to reduce

the number of transceivers, according to an embodiment of the invention.

The number of transceivers in the system can be reduced by combining the
signals of a few transceivers and feeding the combined signal to another
antenna in the array. In the illustration shown in Fig. 12, 2 transceivers are
coupled to 3 antennas. The signal transmitted by Antenna 2 1201 is given by
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can be conpensated by inplenenting a frequency

conpensation circuit 1107 in the system as shown in
wOo-2@7/083p41 The frequency conpensation circuit, PCFIB2007/000164

exanpl e, may conprise of couplers (or splitters) to

couple a small local oscillator (LO signal from each
tranggei ver;an e mxers at the receivers to

conp s‘af\ee'the ﬁepﬁe?quency deviation in the |ocal (6)
oscillators. Fig. 12 shows an illustration of how

signal reconbination is used to reduce the nunber of
Fig.a8sstmwsethe, artenna dadigtiom paﬂemﬁodthnemﬁm%nidﬁmn system

ok 0 Rl LB ReS e RS e 2 Tod b,
rddRBAGA] WRE B8 daéé?ﬁﬁlhﬁgo %heerﬁsa%gﬁiof K Rvehton.

anot her” antenna in the array ustratl on
shown in Fig. 12, 2 transceivers are coupled to 3

TRl Gt LRB LB R B R b
ah@lat tlb@p§9ﬂ308)'r§§;§écﬁﬂeﬁ/¥ %‘s%ﬁb%ﬁ' iAFig. ’Pf& LHr%'dbttdm@& using the
ant ennas, when tinme del'ays of 0 ps and

fml@mpamqtewe used, according to an enbodl ment of
the invention. The antenna radiation patterns with
tinme delay of O picoseconds (ps) (1301) and at 100ps

F(éq%%bywmagmlg@d)y,agzmpmn in Fig. 13, are obtained
using the follow ng parameters. Frequency of

Nupes of gatesnas = 2ghirectipnalstinale with metal nefiecter. 2
' : (H%fﬁ!w reflector. Separation
SEE%%@'@L’ aﬁ?g%%@e%%%cm Iﬁ{can be observed that the
antenna radi ation pattern with tinme delay of 100 ps
has been tjlte 30.with referenc
IS EP DRV S the RBtIEARIR P AT DD Sl 1 00 ps
13 h@§|b@é Hite® BRF36<LRRG rdfererftdoithe Bdlrd-¥i ) of th
( EQ‘Eth Ive Insoter oﬂéf;c Ragﬂgt gre Power ?EI Ir? |g lﬂ@o) orine
anteans cadiation ipattegyvithditne delayof Otpﬁe('lﬁogr)al
transm ssion regul ati ons set by the rel evant
Additionally, the Effective Isotropic Radiated Power (EIRP) of a transceiver is
required to meet the signal transmission regulations set by the relevant
“authorities. The EIRP of each of the antenna-transceiver array is less than or
equal to the EIRP defined in the standard signal transmission regulations |
divided by N. As a result, the power requirement for each transceiver is

lowered, and accordingly, a power amplifier of lower power can be used.

Also, the lower power requirement will extend the operational lifetime of a
communication system. Other advantages obtained from using a power
amplifier of lower power include lower current consumption, lower heat
dissipation and lower cost. In addition, the gain of each antenna can be
reduced such that the size of the array of antennas is the same as that of a

single antenna for the original EIRP.
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authorities. The EIRP of each of the

antenna-transceiver array is less than or equal to the
wWERH@P089#i ned in the standard signal transm sSPONIB2007/000164

regul ations divided by N. As a result, the power

In efeiarebrdiment the aeferencenclock signal is 4 aystas dlockrsighal.

accordingly, a power anplifier of |ower power can be

used. Also, the | ower power requirenment will extend

Ih f emnissdinepnaf tHe ihsitith, Ahe a:mn@mhéakepﬁgﬁaﬁg rator
Ct her advant ages obtained fromusing a power anplifier

naﬁy Pravite p plusality of refesencamignalsr wheateir eashnglerence signal is

W F¥1BLoc LRI, R el R o3 ORIHC b vy

smaﬂevaunes bieprargeadelays ﬁtﬂﬂh%rmfa%elcfelé}fw §|§ﬁ§lsaés;§é@éllyoffor fAigh
si ngl e antenna for the original RP.In one

fr@HH BPY@HP“CE‘E'H@SW@%}’@H%%QBa'dBHStsh%\rerViO\Pd p@ayemise For

15596k 0ot O 6PN T Kol AP RO 9B o
s;gnai dldcaysethe elbek siypral foanalcsystatvaciiatord@s varg iek phese
nal is a phase del ayed version of the crystal clock
”Ql nal. In order to obtain very small val ues of phase
del ays in the phase del ayed signals, especially for
hi gh frequency applications, the clock signal nust
Additionally, ythe cws;lﬂiastmhsxgaal mey betdhitained aiectly fropn ¥hpdtal

oSt S BB Tt Bk e o AR 40 Sidtona
c@@tﬂtrwmrad@%hé@é)roél@d IBBQ%PLDP a’r\‘?ﬁ!b“r %ﬂ% ¥ne e

crystal clock (g obtai ned direct rom a
eewﬁtaat iBecrystat deck mngl heaas Ilttleanhasleenm*seab msgmm smce

L11aon ircuiter uch
<L 1966305 o, AL AR I K YorB
to ensure that the crystal clock S|gnal has as little
"ﬁgase 0|s ossi bl e, since additional circuitry

6w qfthe abeesHaea vee: yeal valurs Ter pase delavein tehase
délﬁyé‘d Qynls %@eotﬁgﬁ’\\éﬁ tHE' &llows fitie TORLrbI ¥hHGRah? 5tddMRg S

ays Int
the recelver arrangement provided in accordance with an embodiment of the

invention.

In one embodiment, the digital synthesizer signal generator includes at least
one Direct Digital Synthesizer (DDS).

As used herein, a Direct Digital Synthesizer (DDS) may be understood as
being an electronic device which accepts a signal with a reference frequency
(typically a clock signal), and which generates and outputs at least one signalA
of a frequency determined by an input control word or method. In particular, in
an embodiment of the invention, the Direct Digital Synthesizer (DDS) employs
the technique of direct digital synthesis.
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del ayed signals are obtained, this allows fine contro

of the beam steering of the receiver arrangenent
w@e@viogiddl i n accordance with an enbodi nent of PEEIB2007/000164

i nvention. In one enbodi nent, the digital synthesizer

Thegndpulgigezigeneratad hydbe dinect digital synthdis tanhnijug maly be
i DDS) .. . jn, .Di { i gi tal

SRRt ) o LM B By b e

lagi@ and omérnodemiag benwdeshtoatigiedllySconstrusNile d’és‘il’éda)ut%ut signal,

reference frequency (typically a clock signal), and
affisk Sﬁ%%%'?’vao g&%eoamrﬁmnsd%wce toneenveieit gpgh dgital

] i t,.C ' r . ,
oS S0 BbAEdh. Phetercrt o tRfbhdg!Riof 4 ivention,
thendtieexttictigital shsthBeisdechrilgé oficoSstnidiegi 2 sign&D®Jmost entirely

rect digital synthesis.The

enpl| oys the techni que of di :
I esririar Fenes Bnadtuste. fisauaneacancpleezer the Signa aro
kSO Wh el o @nBd LB tifRY be synt hesi zed based on a
digital definition of the desired result. In this

regard, logic and nenory may be used to digitally
and subsequently,

IR b RE b SEhesia Beeiaiaua 6 pamplegtented Using

- diffegiritalrra@Ridhts f fodf: Wh@n?ﬁ;@éﬁegﬁ%g%aﬁ@/, i

enmbodi ment of the invention, ect
eppditeents theedigital fyathsisizessignal generatar sorgpeses a al nost

oy IS RS S o T s

signal gerdratbrabnpriscé iaflﬁﬁogrbmrﬁabléz)ﬁﬁ@@bﬂ)cetsﬁﬁr. direct
di gital synthesis technigue can be inplenented using

different arrangements.of |ogic and nmenory devi ces.
B8ORS n b RSRTESE TR Bofll ehyts of e
digitalcyyniesis techaipietis thatribisdiossiifle td Aehidigidvabhase noise in
TG BABLo T34 BisheSSSRobs e Rimgut efrence ok
si%:?drﬂgg'tbmng& th8 @isk B 8 HREct AYRAIRSHHRA ehnfleBPthe
Direct Digital Synthesizer (DDS)) in conjunction with a clock signal with low
phase noise allows very small values of phase delays in the phase delayed
signals to be obtained, thereby allowing fine control of the beam steering of
the receiver arrangement provided in accordance with an embodiment of the

invention.

In one embodiment, the plurality of antennas is arranged in a manner such

that the distance between each of adjacent antennas is substantially equal.

In one embodiment, the receiver arrangement provided includes a
communication device transimitting signals to the antennas.

In one embodiment, the receiver arrangement provided includes a
determining unit determining the distance from a communication device
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digital synthesis technique is that it is possible to

achi eve | ow phase noise in the output signal, roughly
weoualosidal t he phase noise of its input referenPer/tB20eko00164

signal. Accordingly, the use of the direct digital
trgpemitting signatshiei theeantennaste te raamnmﬁsg boaiprlsmmﬁst zer

dbRiring Bofl e Bihingdnd blkef of Y2 Siabafnenaiel fronf Hin
commiticativisdeigs ayer (fdr]g%?bﬁdﬁﬁ@ e @Ebﬁbf?@ouﬁl@@ E&ijacent

all owing fine control beam st eering of
anf@@@aee@ncaarwgaﬁ@@termlwgm deiempininatheangle bat\@en the

PEAR] Hlth 4F ek ¥RRES et BB 2 A ocy] Bt the
cd)rlnatum¢'&‘uodi dévice withebswent te trhmid-paitit af &Y adiatem@tehsas
OBILtJIF stantially equal. In ane errbodl ment, the receiver

@ A3ERiARe, pwla@" theysym of thrBoweE efthensigaals saceived Er@m the
oS AR 58S L b SR [0S & mar

a determning unit determning the distance froma
evicetransmtting signals to t he

A RS iR, el ka o & RSP Rigaon device Hansmitting
sigBERIBRE ﬂtéHHﬁ% #8tH dRBhRgs IS &@lrerlﬂfnetoﬂﬁth% BNéihg

recei ved rom € communi cat 1 on | ce

twepparasneiad awg knawnm.ecei vers coupl ed to adj acent
antennas, and a second determ ning unit determ ning
the angl e between the plane on which the adjacent

Firstiye ﬂﬁ@én?l@%ét%éﬁ%é’ pRite dmﬁ/hiﬁﬂtﬁ@téo?&éﬁt dnf$hnas are

comuni ca device wth respect to - pOI nt of
altra@g%djﬁa@ém diactiamekthesomausigatiopdeviee Wlﬂ‘el’esphet touhe

e N T

bemesw@drs; ustilrepointiwhetenthichiuin efftraspowet of thessighals assived
frowﬁa comuni ¢cati on, device transmttl ng signals to

fromdhg cogHRYRIcatign dryicsat thsald rwre@@oaémrtmwsﬁewerq ise
mbaRInh & i8 dettle P SR FSirsl FarkRUEr used in order to determine

the distance from a communication device transmitting signals to the

antennas, to the antennas.

The second parameter used in order to determine the distance from a
communication device transmitting signals to the antennas, to the antennas,
is also found when the point where the sum of the power of the signals
received from the communication device at the said corresponding two
receivers fs maximum is detected, namely, the power received at the said

corresponding two receivers.

In one embodiment, the communication device is a Radio Frequency
Identification (RFID) tag.
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Firstly, the angle between the plane on which the
adj acent antennas are arranged and the direction of
wo b@7osimuni cati on device with respect to the PECTHIFR007100164
of the adjacent antennas on the said plane can be
Irdene embosimbnt, lea rectiewrrefeyence signal grriaratontieciedeha
fi of th awer of the signals received fromthe
r@SHﬁﬁW b%ﬂ “®fevi ce at the said correspondi ng two
receivers is maximumis detected. This is the first
paranmeter used in order to determ ne the distance from
Irhag emhasipant, dhe tradiver referages signabgeneakdrds used tegenerate

R AR e By P A B Rfeq el BEAD 1o Ry FeLEEn Sy féteived
referansei sigrial oA cdenpairent WhilsHinial/i beduss oAb SHdren fl’h@functlon is
antennas, to the antennas, is aI so found when the

ageaamenay: syathesizes jar example. poaerdingly1the rereivar eference
sfg) é{ﬁé}a{ r &%egogﬁg @é})s&ﬁtl‘?&\fié}e at the said

spondi ng t'Wo rece| nmaXi mum i s det ect ed,
namel y, the power recei ved at the said corresponding

WO . receivVv I n one_enbodi nent, the conmmuni cation
Aj%\n"@:@n‘? smbogimest Ehe fiegHexcy eTiesizerisiaophasesiooied loop

(PAC -Bd@seﬁ"fﬁﬁﬁgﬁgg ggﬁgbfséet?.elnraefﬁ%éfreé BS(fjlﬂ{eq{icﬁﬁesﬁ&ﬂ@ncy

gerer at or requency synt RS et
symhesizeristg delag-lodes loep (Det.basekfretuaady syikesirer is
used to generate the high frequency receiver reference
signal using the Iow frequency received reference

IrB688 8mboir&RD @BER re bl ENs PRaliB F%é&Geﬁ&/ fb%rnfclﬁfé‘ﬂ&rﬂil'@:lD)

function is a frequency synthesizer, exanpl e
inteicegatphdevicet he receiver reference S|gnal gener at or
conprises a frequency synthesizer. Al so, in one
enbodi nent, the frequency synthesizer is a

Irpbae erdb@dkﬁdntl aepredeiver d@@g@rﬁm PHONGEd BY IhE @ichEbn
In anot her embodi nent, requency

further includes a baseband processing and communlcatlon unit. In another

embodiment, the baseband processing and communication unit includes at

least one digital controller for digitally controiling the digital synthesizer signal

generator.

In another embodiment of the invention, a transmitter arrangement is
provided, having a digital synthesizer signal generator. The digital synthesizer
signal generator has an input receiving a reference clock signal, a plurality of
outputs, each output providing a reference signal being derived from the
reference clock signal, wherein the plurality of reference signals have
substantially the same frequency and different phases. Furthermore, a
plurality of transmitters is provided, each transmitter having a reference signal
input receiving one reference signal of the plurality of reference signals, a
transmitter reference signal generator generating a transmitter reference
signal using the received reference signal, a transmitter data input receiving a
transmit data signal, an upconverting circuit upconverting the transmit data
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synt hesi zer is a del ay-l ocked | oop (DLL) based
frequency synthesizer. In one enbodi nent, each
WO e@aios®rl i s a Radi o Frequency ldentificati on PEFIEYP07/000164
i nterrogator device. In one enbodi nent, the receiver
signahugiagdhe tranemitterdeferende signak mnidem fipcanverted i nsdes
a, baseban cessing and. co nication unjt. |
Bz faen apBhrREREr 3 pErse SFERERs BaRisLand coupled to
P OPEBHVeRledAranshiit datRCiga b ut 28 leadbOndit@inslitter of the
controller for digitally controlling the digital
phyalitiof traspmiifeyal generator. In anot her enbodi nent of
the invention, a transmtter arrangenent is provided,
having a digital synthesizer signal generator. The
Ednistdileny it the shvispitiod eiiélgedfiia thé depBRderftiaifiyit
receiving a reference clock signal, a plurality of
out puts, each output providing a reference signa

PRREBRRHELR Ui RpRReREISE YRt REual0Bb SRR T "

the sane frequency and different phases. Furthernore,
a pl uragit,yeof transmtters is provided, each

In poe &M Rl ifisgigiat enihesieer Ygpplaenerpor Nreatieashgne
D&t DRl 8)6esSi-8F @{gggf). Ihhathet &hb&éﬁr@nt,&%%ﬁ@%e

sl gnal's, a“transm reference si gnal gener at or

- sypathesizer signal gereratorincdudess pregraenmalgegirocsssuy. nhstill

received reference sigpal, a . transmtter data i nput
agiter kg dmenh i LS Yitas S aal Soas QAResRPE MGlYHES a

(STobfathinaBRO MM¥RIprbdkksoe transm t datasi gnal using the
transmtter reference signal, and an upconverted

transmt data signal output. Further, a plurality of

PG RRP el e g ARt aPheBne? sldferfata¥s ' ase
-detertsifcui o plovide phhsk abimpensatidr MRS dtioRrwhich is used to
Enbodi ments of the invention enmerge fromthe dependent

perfaimphase corwengdiien fasithe tiapemitgraptaierce igeRISs| gnal
is a crystal clock signal.

In this embodiment, the use of a phase detector circuit allows phase
compensation to be performed for the transmitter reference signals, thereby
allowing precise control of the phase delay in the tfansmitter reference
signals. This in turn allows fine control of the beam steering of the transmitter

arrangement provided by the invention.

In one embodiment, the plurality of antennas is arranged in a manner such

that the distance between ahy two adjacent antennas is substantially equal. -

In one embodiment, the number of antennas is the same as the number of

tfransmitters.
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In one enbodi nent, the digital synthesizer signal
generator has at |east one Direct Digital Synthesizer
wQ@ DFpssokn anot her enbodi ment, the digital synP¢iEEB20€1000164
signal generator includes a progranmabl e processor. In
lnsrtrié émbodinhent, thbivathsmitter atraagdingint flrthey Mdhedessza frequency

nal enerator i ngl u es a ogr anmye
3 ket to |Wi°‘6‘i1|% reRysn %%%Peﬂﬁ%t'qf}‘)é’ﬁéhﬁ freggmitter
re?ér%ﬁﬁé% gfurther includes a phase detector circuit

to provi phase conpensation information which is
used to perform phase conpensation for the transm tter

f . Si s, | hi nbodi nent, th
'n[ﬁ?aeiér%@e‘ﬁ Bady e T el RE R DRt Fan et o be
érﬁ"y@%/ntﬁé?ﬁ' zdrhm érﬁcﬂﬁéﬁéhb@ﬂlnﬁ&ﬁteﬂw%nf?é‘ql%rﬂﬁﬁﬂyﬁtheszer is a
thereb oW ngf_r) precise control of the phasSe delay in

phage- bpga@ fnap @ty based fregusngy aylsthemes Instil anather | ows

éb?gﬁ%ﬁe fﬁéj%l{ﬁtnﬁgg’ﬁ@‘m PP bR 10LRE T B Helsed

fréqisrbyrsmthediig, pl ural ity of antennas is arranged in a
manner such that the distance between any two adj acent

antennas is substantially equal. In one enbodi nent,

i, BHEB i, BB DA 12 AT S

(RFIDagemegatol devicer i ncl udes a frequency conpensati on
circuit to provide frequency conpensation for the
transmtter reference signals. In one enbodi nent, the

lntcfr?éqﬁﬁﬁbbﬁﬁﬁeﬁtefr%rt‘?é}%ﬁnlﬁbgﬁﬁbagéﬁ%ﬁfﬁﬁheﬁ’ ?r?cl@désr & B4686and

synt hesi zer anot her e requency
pm;zesﬁeg iandrcansmanichticre uhrbcllneahdtberpembbd)'némsm baseband
ot her e

t h dj t
PoRES IR ey EARY vbl ldes Al 308 Snk BiataL S Ricker for
digRsIRAcArtRAMR e dYitdl RAiERIzer signal generator.

lllustratively, a digital synthesizer signal generator and a plurality of antennas

are combined with a plurality of receivers o form a receiver arrangement with
adaptive beam steering system to perform receive beam steering. In a similar
manner, a digital synthesizer signal generator and a plurality‘of antennas may
be combined with a plurality of transmitters to form a transmitter arrangement

with adaptive beam steering system to perform transmit beam steering.

In an embodiment of the invention, a crystal clock signal, which has low phase
noise, is provided to the digital synthesizer signal generator. This is done to
ensure that very small phase delay values are obtained for the phase delayed
clock signals which are used for beam steering. This in turn allows fine control
of the beam steering to be performed.

Embodiments of the invention provide the following effect.
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In one enbodi nent, each transmtter is a Radio
Frequency ldentification (RFID) interrogator device.
WO pooggsoenbodi ment, the transm tter arrangenmenPCT/IB2067000164
i ncl udes a baseband processi ng and communi cation unit.
Bédid e addstingemiditiblerantennib o rbisesarh astek ringowitseutre comsiderable
conmuni_cat.i on unugﬁinclude at | east one digital

reggpign Gt s repuised;pt te aseBARd diteriage ix e rigienaps,

o ¥R Bf ¢ B0GhtHERSH %l'iIS\Vv-fin'é ¢dtitdi 3F H"}éebé?m%t?erin to
Igital synthesizer signal generator and a plura |tﬁ
beoperforeath dhisneansthahibe radiation belaur af theyardénna cen ber s

to forma receiver .arrangenment with adaptive beam
St%?@é’rqcﬁ’b"%t?&t@rﬁ S%S' ?'&‘ﬁ?ﬂ recei ve beam steering. In a
simlar manner, a digital synthesizer signal generator

and a plurality of antennas may be conmbined with a
While the invention heaheentpasticulady shwwn andrdescribed avith reference

tofapRlE aaiSiants BESRHLY Be PRGSO R by ot S pp an
thhiaridusetHdrifes iR férhy hdldetdingly Hedfabe thérefhwhRsut ow

phase noise, is provided to the digital synthesizer
depagiing frgemiéezanit anthseppesofdba dnventionsas defingsk by they

oo U R ok e BenPeh R ARSafeqledhrtiese

aptepdet taimBarsd A changesvhiewscome evithimntheaheahingmdoaage
steering to be perforned. Enbadi nents of the invention

b .

of pasinadenavef theidlaimsryedherstarepaiended tadsmbaced: ti pl e
antennas for beam steering w thout a considerable
redesign effort is required at the baseband interface
to the antennas, enbodiments of the invention al so
allow fine control of the beam steering to be
perfornmed. This neans that the radi ati on beam of the
antenna can be steered accurately to a desired angle.
Wiil e the invention has been particularly shown and
described with reference to specific enbodinents, it
shoul d be. understood by those skilled in the art
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that various changes in formand detail may be nade
therein without departing fromthe spirit and scope of

wo b@7iosssent i on as defined by the appended cl ai PET/IB2&7/000164

scope of the invention is thus indicated by the
Chpgy®isded cl ains and all changes which cone within the
nmeani ng and range of equival ency of the clains are
therefore intended to be enbraced. CLAIM5S What is

Wﬁﬁl@g%lméd ist. A receiver arrangenent, conprising a
digital synthesizer signal generator, conprising an

i nput receiving a reference cl ock S|gnal a plurality
of 0 out roviding a ref er ence si gna
be|n§r§§%§$ §ﬂ55% ﬁgcpﬁﬂgFgﬁ%e cl ock signal, wherein
t he pldigitdl synthebizep RANgEnSratiratempagiagsubst anti al |y
t he same frequency and di f f erent phases, and a

pl ural i t yaBfinpucecsiving,a exference clackesigR@npr i si ng a

of che. pi PR dfbyeredet b UPRBRYAHS AR B Sl

beirigedetived fringfted refersicatdsclosigralaivhegein the pRIrdRtly of
reference SI %nal usi ng the received reference signal,

refgrefsesignals Apve Subé@ma%ﬂ@ o Fenyenenand giffareniphases,
Agwnconverting circuit downconverting the received
transm ssion signal using the receiver reference

si gnalplurality of reteivals, bacbfemﬂermwspnmwl ed to the
antenna inp of at. | eagst one receiver t he

ol el y A G¥lerdles Signalnpul TRehTKE RS e St ah Riene ! top
pRk Aol refbhPictigigridlg, T ef erence cl ock

a receiver reference signal generator generating a receiver
reference signal using the received reference signal,
an antenna input receiving a transmission signal,
a downconverting circuit downconverting the received
transmission signal using the receiver reference signal, and
a plurality of antennas coupled to the antenna input of at least one

receiver of the plurality of receivers.

2. The receiver arrangement of claim 1, wherein the reference clock

signal is a crystal clock signal.

3. The receiver arrangement of claim 1, wherein the digital synthesizer

signal generator comprises at least one Direct Digital Synthesizer.

4. The receiver arrangement of claim 1, wherein the digital synthesizer

signal generator comprises a programmable processor.

5. The receiver arrangement of claim 3, wherein the digital synthesizer

signal generator comprises a microprocessor.

22



10

15

20

25

30

signal is a crystal clock signal. 3. The receiver
arrangenent of claim1, wherein the digital
waynig®irer signal generator conprises at | eaBCT/tBRE07/000164
Direct Digital Synthesizer. 4. The receiver
arrangenment of claim1, wherein the digital

synthesi zer. signal generator. c rises.a Qprogra | e
6. 0cb08 5F0eNST RGBT AL O B RS R NG PILFBDA A ennas
isVHRARjd ihREmBhabE ShcrSiHat BRS Higtince! Eidked @a6hH JF @jacent

conprises a m croprocessor.6. The receiver arrangenent

aienphaissubstantisliyiequahe plurality of antennas is
arranged in a manner such that the di stance between
each of adjacent antennas is substantially equal. 7.

7The T_ﬁé%d@ﬁﬁeradrfaﬁwm@ﬁ_tof@iaim Al fltther édmpﬁ\ﬁhg a
‘conprising a conmmuni cati on device transmtting signals

cerpnumicationddayice transmiliing sigaalede the patefe@snt of claim
7, further conprising a determning unit determ ning
the distance fromthe communi cati on devi ce

81 r anThe rédaigersdrgimetndrit of faignt arthsr cdrptising $adstermining
ant ennas, conprising a first determ ning unit o
urft ligtermining thendisipaice ran the sogingunirationsdeyice ranpiiioge
SIERAEHB S LhRME iothedaid ARchEECSARRALAG {0
ecei vers coupled to adjacent antennas, and a second
det ea firstidederanining detitedetermining the povwreoflibe siprald rexeived
| ane on which.the said, ,adjacent anjenpas are arran
(e oM HRCRGh G TIoe b TS i R bR (et CRUBIed to
adj8ee9CAnttAnad)@ngi d- poi nt of the said adjacent antennas

on the said plane, when the sum of the power of the
si gnalsscord detesairfing omit eteroniningi tha@ingle bisiviees the plare on

ai Qrt ndi.,ng.two receivers s Xi pum.. 9. The
whBhng S EIARRG IR B¢ SRSentided AadBik Bfon or the
cafmumitatidhl ddvice with respect to the mid-point of the said adjacent
antennas on the said plane,
when the sum of the power of the signals received from the

communication device at the said corresponding two receivers is maximum.

9. The receiver arrangement of claim 7, wherein the communication

device is a Radio Frequency ldentification tag.

10. - The receiver arrangement of claim 1, wherein the receiver reference
signal generator comprising

a frequency synthesizer.

11.  The receiver arrangement of claim 10, wherein the frequency

synthesizer is a phase-locked loop based frequency synthesizer.

12.  The receiver arrangement of claim 10, wherein the frequency
synthesizer is a delay-locked loop based frequency synthesizer.
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device is a Radio Frequency ldentification tag. 10.
The recei ver arrangenent of claim1l, wherein the

w0 e@aiosnl r ef erence signal generator conpri si NBCHIB2007/000164
frequency synthesizer. 11. The receiver arrangenent of
clai m 10, wherein the frequency synthesizer is a

B ek SEBERER B TSHn i Bt e o

Wé@mquueﬁﬁﬂaah@ﬁ!iﬁt@fro'gétoad@wc@y-I ocked | oop based
frequency synthesizer.13. The receiver arrangenent of

claim1l, wherein each receiver is a Radi o Frequency

DR ER VT A e Nee Y. Einet fomhiSinbhaceband
pr oc adsisetand Precussiiy Aed commUHitatiokbunitfhe recei ver

arrangenent of claim14, wherein the baseband
processi ng and comuni cation unit conprises at | east

ne ei.gi : W] r ' t he
150, Pl BB R bl o1 iR Ghleifc
ptocessimgtdret camramgetientunitcmprisssdt [8ast ahd @ibital controller
sypt hesi zer sjgnal generator, conprising an I nput
fqr&[f@taﬁla/r@nérolﬂ@%éhe tat pyRikesizghalonabaeeraiari ty of
out puts, each output providing a reference signal
bei ng derived fromthe reference clock signal, wherein

16he Altaarsniitter afrangéraept)congirigirg s have substantial ly
the sape, fr eﬁﬁ%ncl% and Fi ffer g}t hases, and a
pl ur 2I9191A! ¥ YYCERShPION8 QSNYREH. CYRREROt er conpri sing
a referengg iﬁ’ﬂnﬂr}ébei\/iﬂ?lg réf@fe%&l&wckoagna,ef erence
signal of the plurality of reference Signals,

a plurality of outputs, each output providing a reference signal
being derived from the reference clock signal, wherein the plurality of
reference signals have substantially the same frequency and different phases,
and

a plurality of transmitters, each transmitter comprising

a reference signal input receiving one reference signal of the
plurality of reference signals, /

a transmitter reference signal generator generating a transmitter
reference signal using the receiyed reference signal,

a transmitter data input receiving a transmit data signal,

an upconverting circuit upconverting the transmit data signal
using the transmitter reference signal,

an upconverted transmit data signal output, and

a plurality of antennas coupled to the upconverted transmit data signal

output of at least one transmitter of the plurality of transmitters.

17.  The transmitter arrangement of claim 16, wherein the reference clock

signal is a crystal clock signal.
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a transmtter reference signal generator generating a
transmtter reference signal using the received

WO ed02/08398E signal, a transmtter data input reRer/1B2007/@0164
transmt data signal, an upconverting circuit

18pcomhe transmitiereanrangement afalaims gnahenedn the digikal
transmitter reference signal, an upconyert trapsmt .
YRS nEhal T cinet e at st BrayDicst el Syrhesizer.
coupl ed to the upconverted transmt data signal output
of at least one transmtter of the plurality of :

19y an$he reegiver arrangereent efrelaim 1@ rwheneimthendigitalosynthesiizar

; ' ference Q Lgnal is a crystal
gL Sl Colfpristht SRRl BltRigtrent Cof "ol ai m
16, wherein the digital synthesizer signal generator
conprises at |east one Direct Digital nt hesi zer. 19.

2Ghe The secaiveraiyangrment ofsiaim 19.wherei digitak symthesizer

(ol t [ 7er tor conprises a
S@P%@&@W&%ﬁ%@%&%b’%@@f&%@"raecei ver arrangemnent
of claim19, wherein the digital synthesizer signal

2?enerator conpri ses a m croprocessor.

2 1. The

r an$he treesMilteraraamenof daiin] G.durther eoraprising

CONpPY inpi G Lt A

compaRnar GReHBEarclt B rBjiae Jhte oobfbatsAtbilBRscon
whithss usediie pesbimrphase donepdrrsationifort the traafsemiteceference
signals. 22. The transm tter arrangenent of claim 16,
S'ﬂﬂ% ein the plurality of antennas is arranged in a
manner such that the di stance between any two adj acent

antennas is substantially equal. 23. The transmtter
22 r ahlge transmitterAreangendentwif efadinn 6, tvéhareirbine pléirality of

aﬁt@hﬁgg %Sarlrgnéeh g %Ean%%rtslagh %Ja'ﬁﬁé dcl)sftaﬁéea Bgmetetneerxr?y two

adjacent antennas is substantially equal.

23.  The transmitter arrangement of claim 16, wherein the number of

antennas is the same as the number of transmitters.

24.  The transmitter arrangement of claim 16, further comprising
a frequency compensation circuit to provide frequency compensation
for the transmitter reference signals.

25.  The transmitter arrangement of claim 16, wherein the transmitter
reference signal generator comprising

a-frequency synthesizer.

26.  The transmitter arrangement of claim 25, wherein the frequency

synthesizer is a phase-locked loop based frequency synthesizer.
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24. The transmtter arrangenent of claim 16, further
conprising a frequency conpensation circuit to provide
wo e@qeirely conpensation for the transmtter rePEr/EBRo&r/000164

signals. 25. The transmitter arrangenment of claim 16,

2TherEhatrahemiticasningbatent ef elaim @S, sihgneih the fregatncy
conprising a frequency synthesizer. 2

6. .The
synithgsizards adelay-lackerdorr based Hpavercy sihesizen ne
frequency synthesizer is a phase-|ocked | oop based
frequency synthesizer.27. The transmtter arrangenent
2&f cThe tra@émittenareingentent bf elgirariGy Wwheneinessichdransmitier is a
del ay- 1 ocked | o ased frequency.synt hesizer. 28. The
R?&'Qﬂ%ﬁﬂ??%‘fy IQPPﬁﬁ@gW@HPt%@Q%y% (%’i%ay wher ei n each
transmtter is a Radio Frequency ldentification

interrogator device. 29. The transnmitter arrangenent
2%f cThe trangmittenartaageownd of slairg 18, furdwraempisingssi ng

and ¢ nication unit. 30. The. transm.tter

arr o danenerogeasib 2o cmnUiicalifl Ylts e and
processi ng and conmmuni cation unit conprises at |east
one digital controller for digitally controlling the

3@ gi The trapsmitiesiarrangemsamiiof gleia 2@, wiherein the baseband
processing and communication unit comprises at least one digital controller
for digitally controlling the digital synthesizer signal generator.
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