A RECEI VER ARRANGEMENT AND A TRANSM TTER ARRANGEMENT BACKGROUND 5 The
present application clains the benefit of United States provisional
application 60/ 761, 457 (fi I ed on 24 January, 2006), the entire

contents of A"ﬁtﬁﬁl\%ﬁ AFQ Hﬁﬂfk"rﬁx SR TRRERRRANGEMENT
pur poses. e prese |nven on refers o a receiver arrangement
and a transmitter 10 arrangenent. is common to use antennas in

W rel ess communi cation technol ogi es. Usual | i the use of nultiple
antennas provi des diversity and per f or mance. However,
this performance inprovenent is usually achieved at 15 the expense of
i npl ementation conplexity. In the design of a typical system using

mul ti plse a'ﬁteepmentam:lrmatlbmladdmenhmlehéﬁﬂ @f dnitechBtsdesprovisiapaled f or

he basebARPIEART PAZET Ao et &friAcuan, SA0BMEF STLP CaMBUIR of
apprOaChe%ﬁﬁFé%r@ﬁg@r&ﬁﬁfé@lﬁ’%lﬁﬁy?% J,erab[.hpg?][ﬁggegnnas for beam

steering wt I'ng to spend consi ort to redesign the
baseband interface to the antennas. Sone of these approaches are

descri bed as fol | ows Near-field focused hase array and.scanni ng
antennas. ri1e PRSPE! RG] Siedar ool ForBRRIB 220 TRARTERE have
been dgmongtdrijepsknt! N addition, the use of el ect roni c tunable radio

frequency (RF) conponents for devel oping smart antennas for
beam steering in RFID, is conventional. 30 Furthernore, an electronic

convent | orbitr g 6 L8 Anidht s R I ESE ARG orBPROBERE pit and
each PLL ragualgtied vee af nififiRetantenriaagaovides didrsity and heage bester
adjusted to control the phase difference in the signal generat ed by

each PLL, pqrﬁ@waa%t*#@wevwgthlﬁ@eﬁ‘eémam@ BBPiYRMERH 1% 6 athe
i nventikon o adj ust abl e phase difference
15 hé egﬁ%ﬁsé& uﬁdj{%ﬁg%@té{%ﬂ ohg&eﬁéfr

bet weén a ] ac 0SCiI it can be seen that the
range of angles within which the beam can 5be steered is limted.

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.

20  Accordingly, a number of approaches have been developed to adapt multiple
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.

25 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.

30 Furthermore, an electronic beam steering of active arrays using phase-locked
loops (PLL)} has conventionally been used. Each antenna may be controlied
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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Further, a conventional electronically scanned phased array antenna
system and nmethod with scan control independent of radiating
frequency use m xers and a phase del ay network (based on tine del ay

l'i nes), V"fHlﬁkdrﬁrdilmd’t‘hf%n%nﬁ‘sdﬁgcﬁdrﬁW@ﬁ%oﬁ%ﬁéﬁﬁﬁitﬁé:in\{érﬂioﬂ%%ﬁ%tt% a

phased array signa regard, the anount o el ative ase

di f f er encprdvdevoeer 10(F¥ frealusiablerphasei difference detwber adjdaoent becillators.
physical limtations of the phase delay network used. Accordingly, it
i s not possible to achieve the small values of relative 15 phase

di f f er enceiohRivARaNCAN Be RBAR IathEUnGé aﬂgh@e@%ﬁﬁﬁﬁ wHicPHbdarhica

control of steering the radiation beamo he phased array antenna
system bemstesredhiglimietvent i onal beam form ng system all the
conponents of the systemincluding the antenna circuits are
integrated on silicon. This system 20has a controller which provides

phasi ng i FlRRERE QOhveAtibhE dsatidricdig stanhBd cﬁha@lea%rrfagi AenRERYSRENT
of this system th\em.ﬁ?lham ng information is controlled through“a fixed
cor por at e2né gethed withkscaneont@l indepengantofordigingdrearentcydisgraixers

< o) vet 2h0 BURBRE A bW E0R R a0 EBY ARG BT SRl B
case, 10t freqadrssy $\0thdizs i gevdragehipteeet erayn@ghalval ues of rel ative

phase difference between the phase del ayed antenna signals needed to
obtain fine control of beam steering. In addition, it can be seen

that the |l f ; ' | a
redesi gn %&hﬁ%g%ﬁggggt@o C}@f; Eﬁ?tn’%ﬁp%@e HE@(@? ﬁWéd tth"eg}g#]ﬁs%g seen
t hat eachaway sigeakshiesaibjestto tieephysigal dadizations of Hw peasd defayatstworkof
adapting mul fiple antenpnas for beam steering wthout a copsiderable
Fedbsi gn W ACPLltRal U RpoCosac 18 schisR Thesarialdesof Fristive
ant enfas, plhse SifBRercRfEtRBEN $he BRUSEN BEET sighals needed to obtain fine

control of steering the radiation beam of the phased array antenna system.

In another conventional beam-forming system, all the components of the
system including the antenna circuits are integrated on silicon. This system
20 has a controller which provides phasing information to the oscillators.

In an alternative embodiment of this system, the phasing information is
confrolled through a fixed corporate feed network. The relative gain of the
antenna signals received or transmitted through the fixed corporate feed

25 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

30 addition of a new feature to the system will require a redesign of the
integrated circuit chip.



Therefore, there is a need of the present invention, which will be
described in nore detail below. SUVMMARY OF THE I NVENTION 10 In an
enbodi ment of the invention, a receiver arrangenent is provided,
neludi ng Qe Bhb! it UATHRASIPihat bAOR LS BRIEEAPentiBfiedsBhidiches to
synt hesi zer si gn generator has an input receiving a rererence clock
si gnal , a solverthieigrgblein ofitgapting maltiploatiznnap fovbehmsteernef witkmgiea
signal being derived fromthe 15reference cl ock signal, wherein the
ol Ur al i ty OTsiderahle fedesion RHPL 9 iRalisthak hR(RsEPaNd letask ta Méquency

and di ffergpd r@@ﬁ%mﬂéiﬁh@l‘eﬁ%ao@aﬁ#d‘y&' ity of receivers is

provi ded, eaé% réceiver 1ncluding a reférence signal input receiving
one reberence signal of the plurality of reference signals, a

recei ver reference, signal geperator generating a receiver reference
si gnal 200 0ergOrdneisdsiAed o Dedessl ipHention, Wik sibe fhsgibed in
recei vi ng pgorkddisinbépion signal, and a downconverting circuit
downconverting the received transm ssion signal using the receiver
reference signal. Further, a plurality of antennas is provided
coupled to the antenna inp Lea ecej ver of the
plurality of receivers. 2 DESER N EL P DRAWNGS In the
drawi ngs, |ike reference characters generally refer to the sane parts

30 throughout the different views. The draw ngs are not necessarily
to scal e, IeARICEYlimgst ebithedeventian, p neeeivgr prrapgemenbis Provided: at i ng

t he princi : [ el Y | Lotion,. .

vari ous. oG a O SDHERSIBE sidr) beFe ol MR R s
the fol | ogengratwratvasngs input redeiving a fefgrenee tisdkasignal, Alpheligi gfgr am of
a conmuni Catipi‘u n system usi ngidg_'gpl urality of antennas, according to an

enbodi menbURR. ach ARk RsRVichd Bisterends BiagaboRnG deruPRGOIMING 1 he
digityd SydtbherbZisckSsignal wieRshaheblurality of reference signals have

substantially the same frequency and different phases. Furthermore, a

plurality of receivers is provided, each receiver includihg a reference signal
input receiving one reference signal of the plurality of reference signals, a
receiver reference signal generator generating a receiver reference signal

20  using the received reference signal, an antenna input receiving a transmission
signal, and a downconverting circuit downconveriing the received
transmission signal using the receiver reference signal. Further, a plurality of
antennas is provided coupled to the antenna input of at least one receiver of
the plurality of receivers. |

25

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, like reference characters generally refer to the same parts
30 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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according to an enbodi ment of the invention. Figure 3 shows an

enbodi nent of the invention, wherein the nunber of transceivers is
the sane as the nunber of antennas. 10 Figure 4 shows a bl ock di agram
of a communi cation systemusing a plurality of antennas, according to
an enbodi nrent of the invention. Figure 5 shows an arrangenent of
t he pl ur alFigyredf stovwsa ideclf diagrse of a chhuatpication systeheusing tgplomlibf  a

communi cation devigce transmtti signals, to,t syste according to
an enbodi ment 8 af'f?é‘”?ﬁv%?ﬁqrgwgqgiaé\#’@gﬁg'w?g?? é?’leﬂﬂ]%nent of the
plurality of antennas using a set of radio frequency (RF) switches to

switch between antennas for 20el evation and azi muth scanning,
accor df ng Figura2 sheveda innk disgeane of theedigitalrsynthepizer sigreai gemeratbt ock

di agram of the_feedback network.of t comuni cati on systemusing a
plurality of aﬁF%WﬁHQtoa%lﬁ\ﬁﬁﬁoﬁﬁn?%t Q&ﬁhﬁﬁmﬁpmnt of the invention.
Figure 8 shows a block diagramof the transmt signal path of the
comuni catjon systemusing a plurality of antennas, according to an
enbodi menfigie Stehowsamemiiedipenteighedneriivowwhareindbk namigr & of t he

recei ve signal : . | Catl ' a plurality of
ant ennas. - aceol BTHE T n Tk BB s el R AR,
10
Figure 4 shows a block diagram of a communication system using a plurality
of antennas, according to an embodiment of the invention.

Figure 5 shows an arrangement of the plurality of antennas for use in
15 determining the distance of a communication device transmitting
signals to the system, according to an embodiment of the invention.

Figure 6 shows an arrangement of the plurality of antennas using a set of
radio frequency (RF) switches to switch between antennas for
20 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

25 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.

30

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.



Figure 10 shows the effects of vector conbining at the conbiner of

t he communi cation systemusing a plurality of antennas, according to
an enbodi nent of the invention. 5 Figure 11 shows a bl ock di agram of
a communi cation systemusing a plurality of antennas with a frequency
conpensation circuit, according to an enbodi nent of the invention. 10
Fi gure 12 Féures1Gashows thed efedto of oéctbosomibiting at dwoobinbaler ofithes used
to reduce the nunber of transceivers, accordi to an enbodi nent of

the invention. SRYTHRICAEOR BYRIEM YRING A RIWGItY GlRRteNnHAS ARCEFING 19 8P t he

comruni cati on $yAsh PHSf M@ iAvedgr2l ity of antennas, when tine
del ays of 0 ps and 100 ps respectively are used, according to an

enbodi rent of the invention. DESCRIPTION 20 Fig. 1 shows a bl ock

di agram of_.a caq ni cation system 100 using a pluraljty of antennas,
accor di ng FIAE T GSRRYES AIRCKAIBUREN O3 SarTBRNICRHEN SYRAT HER ORI EY orm
100 i ncl udes a ofiagitdrtasSiith A BgBhcy LOMPENSSHSH ardlit, HekofdityR) & as
Phasi ng Network), a plurality of transceivers 103, a plurality 25 of
antennas 105 ( @srkeadimentoithednventian ay), a phase detector circuit 107

and a baseband processi ng and conmuni cation unit 109. The digital
synt hesi zer signal generator 101 provides a plurality of reference

signallg, Wdws 1Pastenvid I8 iRRtraabh Bf how SeE recombaitiondsdsed td RiRRE
phases. 30 Each reference signal is derived fromthe reference cl ock

signal 111 (deft samyer of bargcelyisorermidingdociecmipdimentf the t he

i nvention, their{\%%%ﬁ‘nce clock signal is a crystal clock signal.

Addi tionally, in“one enbodi ment of the invention, each reference
signal is a phase del ayed version of the reference clock signal 111.

This means, that the plurality of reference signals have substantjall
t he sanme ﬁ@,ﬁ%é&s{}no&pﬁtﬁgqqt@%@q,facﬁﬁmgaﬁgms 8r the communication system Y
15 using a plurality of antennas, when time delays of 0 ps and 100 ps
respectively are used, according to an embodiment of the invention.

DESCRIPTION

20  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

25 of antennas 105 (dencied as Antenna Array), a phase detector circuit 107 and
a baseband processing and communication unit 109.

The digital synthesizer sighal generator 101 provides a plurality of reference

signals, which have substantially the same frequency and different phases.
30  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.



For exanple, the digital synthesizer signal generator 101 rmay be, but
is not limted to, at |least one Direct D gital Synthesizer (DDS).
Each transceiver of the plurality of transceivers 103 has a reference

signal 10 SeM85RAIRY in IR eﬁﬁfo‘afrﬁﬁﬁeoﬁhg werﬁ%ﬂ,eéé&mefefz{h\s%ré@qé} i$ W
frequency clock si'gnal to a high frequency radio signal 1nsuch a
manner t haphaseedetiygd versipreofdhe reférencs goak signat § hthFhis ouesartsothabthed ow

frequency gl o signal. The referenc I gn ener at or has
f requency @9@&%‘1%@%@”%@'%? URFCSH a@‘gﬁﬂyﬁgei%}e JHENEY Pk i s
not |im tedlféent phadase- 1 ocked | oop (PLL) based frequency synthesizer

or a del ay-locked | oop (PLL) based frequency synthesizer, for
exanpl &. In this regard, the reference signal generator in the

transmtt 8 t.ls,20 called fhe transm¢t reference si.gnal
gener at or | arPHEIRE chafal svat@pi Rl ionBhaplRaton 19 web s B & ot

ar r angenenimitedl #oaht Rést bre Dieet DRjital Sﬁ/ﬁﬂf‘@%ﬁz%r?ib | generator. Each
transcei ver of the plurality of transceivers 103 further includes

ot her 25 conponents required to design a general transceiver such as

an anplifi ' I I , a
i ter. o ashifhdtolyeneR i piofaify BEfrenfaioeis Risthas 8 roRMBIE.Jh0%:
Each toangeeivator.athd feferghoe algnay geheratansartierier s lohdBed@dhdieslotiit s
not limted 3? to, . adi o fre(auen_cy jdentification (RFI D%_

i nt er r ogatSiNal{Qa %@HE?”W@ hsigaiBrsatoha: manneqihat tloy highovi des
phase CONMpRRE, } Hals i i } f

conpensati on ?ger:?t déatsiqidr%% %FQ@%%J@“??@%@@W E@%% tter
arrangenent, according to an enbodi nent of the invention. The

transmt ference signals are, the hi%hfre uency carrier signals
used for MOBIFETRREE SUMAbISREITAS BB EBan S Henen TN oo Usmeta
5 ThejbasehamdsPePrRHSHE DiAMINGOIMKEY il @I’?aéélldcké@%cgﬁ{lﬁellﬂ_pgﬁﬁggd

number of functions, "for exanple, provides processed
transni t t &@queneneyrinesisaser adelayrlankedlopsr (Pld3 bagediiedasneyir t her

processing, [REs98f Jof 8xShpRd from

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

20 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
25 components required to design a general fransceiver 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
30 1o, 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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the at | east one transceiver, provides services and interfaces in
order to conmuni cate with other devices, and provides control signals
to the other 10 conponents in the comrunication system 100. Wth

regard toqprpyd di 4 t%iﬂ{aaéﬁr%@@ée@eﬁp aEE@rd%sd;ﬁ] %ﬁ %n i kit ofthkhe

comuni cat1on system and proce nmruni cati on
unit 109 iimendidasTh¢ tlaaasit referedce sigakiscanstthe Highr frequendygcarder y

controlling the 15digital .synthesizer sjgnal enerator 1Q1, The
P oesband SR uSeH i oA PE peIveriTt 2 PeSehand ansEtisats sina
splitter 113 and a conbi ner 115. The functions of the splitter 113

and the conbiner 115 will be discussed in detail in relation to Figs.
8 and ® 20hedmsebandpyocdsising 21d homsnuni¢atiorkunlt %99 perfofms henwhlpgt ofl

t hesi ' t 200 di nbodi. f th
hvent on rsPHST or EXARILO UHot REHSGPY APt PR E S e ot -
gener at or |29 onbhRardtEiVER 03YBoVRIEE 78RS H0BEsHIRG 96 PdatE rdB8lvedfibHles
a plurality of output ports. Each output port provides a reference

si gnal , wHieat legstonetansesivernpiovidescservicgaaind interfasies ie pidatitaent

2l acent BURE Pt §ERRBYIERED By D o TSTns i fR2 el 11

shownig n Eb@poRentshia the tamnvenigtasesyitémergmce Av between any two
adj acent output ports of the digital synthesizer signal generator is

given by (1) Additionally, it should be noted that there exists
a range ofp; L £ 0 A ﬁﬁ%‘ kO shows an
enbodi rren?V]o etéﬁzd ﬁn@gﬁ/ﬁ"\(‘)@?Sa;r@rsg?lﬁ]éq?ﬁgﬂqn%ﬁ%%?%g rnﬁgéggit\ﬁ%rs IS
t he sanme esmthumicatidnesystém aidide thebaseband processing and communication

unit 108 inciudes at least one digital controller for digitally conirolling the

15 digital synthesizer signal generator 101.

The baseband processing and communication unit 109 further comprises a
splitter 113 and a combiner 115. The functions of the splitter 113 and the
combiner 115 will be discussed in detail in relation to Figs. 8 and 9

20  respectively.

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

25 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

30 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



10 In this enbodiment, N transceivers are coupled to N antennas, and
each transceiver 301 is coupled to an antenna 303. The antennas are
arranged such that the distance between each of the adjacent antennas

is the sane (d/R),._15 _For_the transmtigr aryangenment, the
antenna-transcefg%f rargrrdy,&hsyého'\xﬁ"'i'h Eir“’g. %," i s assenbl ed such (t1?1at

t he phase delay of the radio frequency signal transmtted by each
antenna is different. Additionally, the relative phase difference AO

of the radify; e NIEser= I ] ; ' ‘ ;
ant ennas. | SUNSRMCRSHoBKAGtUTRASIERE B e AR PGS i whien,
of the5radiwcamn bgwkangedi gnal transmitted by 25 each antenna is the
sane for all antennas. Fig. 4 shows a block diagramof a

comuni cation system 400 using a plurality of antennas according-to

uni o 400 usi it s accor di n
encr at or 11> Proa BRI PR ol Y RENATRACHN0S o

provi des drapkoeigerd ip thé séhmavad thequenbeg) of aflenaase signals to the
plurality of transceivers 403. For the transmtter arrangenent, the
rel ati ve phase difference A v between the reference signals at

adj acept M eIt Nﬂﬁn%&@érﬁ?rﬁﬁéﬂhﬁf‘eﬂ HEN aﬁ%&gﬁb grieLEahor 401

and the relative phase difference etween the (hi f requency)
transm tt &anse¢iverddt istoupitd tacan rotgmadd®d to the transnmitter (of 5
the transceiver 403) connected to the adjacent output ports of the
digital synthesizer signal generator 401 are related by Avxim AO le

(3) The antennas are arranged such that the distance between each of the
adjacent antennas is the same (d/2).
15
For the transmitter arrangement, the antenna-transceiver array, as shown in
Fig. 3, is assembled such that the phase delay of the radio frequency signal
transmitted by each antenna is different. Additionally, the relative phase
difference A¢ of the radio frequency signals transmitted by two adjacent

20 antennas is the same so that

Ap=¢—d =~y == Oy — Oy, (2)

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

25 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.

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

to the plurality of transceivers 403.



J CLK where hy and faic are the frequencies of the high frequency
transmtter reference signal and the | ow frequency reference signal
respectively. 10 Fig. 5 shows an arrangenent of the plurality of

ant ennas r ' 1 Nni LSt c i cat.

dovi co v ERGH fehgnfeh AuPuBe B rindRe AR el e AurBuhBsn e
of the i nygmRtérdd sidhdls at BRiceAPadipiE Pbrts DRthadighal s@ithédiz@nagsali n t he
plurality of antennas, N = 2, as shown in Fig. 5. re, the antennas
are assumgenetatpedd)handthewlative phaws difference Agbetwaarytheshighhe
position ?f a co ni caﬁi on.device. X can_ be detcﬁrn}nﬁ_ld i f_ 20 boL{Ht R
and 9 ar e TRAURRCY) AENsMiltefTeferener Sigrals cafrgspaiidling 19 the fransiniffer (o],
point 4s %H@trﬁH%éﬁeﬂdD@))b&ﬁné&@ﬂ‘&bﬁh’ébdﬁc@ﬁf biput p8Hef Hedigad by
the two antennas. The total electric field is stronger where the two
i ndi vi duaByeihesizer sighakgeneratarei(Fleare retaied bict i vel y. On 25t he ot her
hand, the total el Ectrig field is weaker where the two individual

electric fieldxga destructively. In electronic beam st eel(jr,)ﬁg,
the relative phase dffference between the transmtted signals on the

antennas (el tj%,ia?lds e ga‘ii{e‘tl‘?é?ﬂeﬁﬂeﬂﬁ@é"oﬁgﬁs}gh@ﬁ%ﬂ%@gﬁ@n@n{iﬁ@ﬂ dis

t he strongest. var he rel"ative p etween the

transmitt Pé*efé&&??@né? AinklRe %W?f&?q%‘énp??ﬁ‘:@?eﬁﬂer ﬁ@ﬁ%ﬂ’@sﬁéctﬁfew?nge“

electric fle n"be varied. Accordingly, the Fadiation beam of the
antenifhs can be steered. In Fig. 5 the angle 0 can be deternined by
varying the relative phase difference AQ.of -th i |s transmtted
by ¥ he t ub daf i En YA Ggmsnt B AR Rlursiy ot ebfohaligr s ks um of

t he power deferinifing tealkstances & esmburidiRioh e Vide S ASMItRNG sigarRl ©d to

the said two antennas, s maxi num Based on the
the system, according to an embodiment of the invention.

15 In this embodiment, the number of antennas in the plurality of antennas, 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
20  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 consiructively. On

25  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 fransmitted 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,

30 the direction of strongest electric field can be varied. Accordingly, the radiation

beam of the antennas can be steered.



5 power of the signal received by each transceiver, the distance Rl
and R2 can be estimated and the di stance R can be calculated by R =
0.5 (R12 + R22 + c12)(4) Fig. 6 shows an arrangenent of the

Dot oh BEGES TR0l 3% e Ehehr bl I b YRR kg ™ "o
accor di ng differafce KRsitAB Rigrals frAfsrhie8y - two Bfef9a8THH iseakdPior ihe

system according to an enbodi nent of the invention, as shown In
1 for examiiestion svhele thae supaftios powennf theesighalg received bgrihe heo 15

< provi adAeReRRo R e s B rctufisnis PRGN BRsmRen e

anot hes emHaQdr e ftie Q’bnbhl%cbmégrﬂy‘ édbh ﬁr&ﬁscﬁé“\!?af}’meo&si&n%@tﬁﬁaﬂé F?Q‘é'ar@n
array of N transceivérs 601 are arranged, as shown in )

first arr@peﬂtmzenema@dttbﬁMamR@ml@@pglwiaéad byr beam steer| ng in
the el evation econd array of N antennas 605 is

desi gnat ed for% n?ZﬁZerﬁge| ﬁ fhe azinmuth plane. A set of N (4)
switches 607 is also included in the system and is used to connect

the array 6\'5&6@@%ﬁedr\"éﬂgzienﬁ&t%%@bi&@ﬁy@?bﬁ%a@@s@d atof QU I N
Fig. 6. 25 0ssi b 0 achi eve cost “savings as we as power

consuihpt i Hrequency{Riohswijchas tocwileh heiweeoranéennasfor ralﬁvsattlha andr ay of

bl ook ai agr i BieefiRe, aafarbi BREPRBoBE oS ibishunPeat i on cystem

using a plurality of antennas, according to an enbodi nent of the
i nvention, The i nherent di fferenc.es between different transceivers
in the co%ﬁmwavuawaﬁggﬁwﬁeﬁe@@wdm terarpe@bpdinignd of dheinvestipRage

di {1 er encey Ghnid 1 ARSI LhEe 8UHR o SEMEAT o3 00REAng Y GHAUSHE O™

this prob em a can pe i npl enente 9 easure and
conpel%at eidvatiot ipdeae @Ttherauméﬂn slanephr aofdittidnel arrap oiantermiasds syst em

with the nunber of ant in the Iurallt f antennas (N = 2) with
a feedbacRrWécf%’rnkor RE %’? Qeaqns teRHNA mﬁoﬁ] Blanes. Each transcei ver

701 includes of a transmtter 703, a receiver 705, a phase-| ocked
| oop (PLL) frequency synthesizer 707 and a circulator (or directional
10coupl er in sosthemhmbodinantefdhe nveditiooctwa aakys ot anteahdoasdansi ngl e

antenna t 8er$ of IRP’( nscbe%evt\'g%& tat}g atn[a%rgl;segi, gtseshoevﬁqn tf-J?ge é.e'ﬁ%ie ﬁresrt array of

20 N antennas 603 s 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.

25
It is possible to achieve cost savings as well as power consumption reduction
by switching the connection from the array of transceivers o one of the two
antenna arrays.

30 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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The phase detector circuit 711 conpares the phases of the transmtter
reference signals and sends a signal indicating the relative phase
difference 15to the digital synthesizer signal generator 713, which

wil | thenmﬁhémaﬁﬂe@éﬂi saREn it RhPRGRs livdidan ¢R8 LERARRTAIRA OW

frequency reference si S, to conpensate € errors
di ff er ent systens pemuitdn rroEs inethiel reldtive phaseidsendetof thotransmitted radicl

rovi des the feedback th in the jd feedback network, 20 As a side
Fermr k. - alSOURARY PORRISy SWSFrEOT e RIS HED TR Inei Dot b AS AN B o
the recei yRpRheitbd B e aslrd gﬁd %lﬁﬁﬁ:lénl%hfé fo‘?fthﬁéé @ﬁbts??ﬁ' eﬁﬁ\tﬂ%%“f tHO9

I n each trahsceiver I1n Fig e relative phase difference between
t he | eakagemsngniediion systemfwitietite nurahecef artesnaain the Purdlibaol vy

d ' d ' it _711. Hence,  the .
e the:redBiged BL2 25w teaAbat Pa) T hiReABPHIET: RpBrRE: Bhase
di fference between the transmtter reference signals fromthe

relative Egzése difference between the | eakage signals in different
t ranscei vEash tamseeiyer 80t inohedes of atrrnainifteraiddof repeiver 208, phasemal

Becor di ng e DARST B RRY SRhER SR 03, #hes HirBuighor 481 o RRMENARS ¢
si gnajg datsuplerSEar Phedircuiar oraireatiésal douplee afiplvstd sihgRntepngtdar t
to be transmtted by Transmtter 1 803 and the other part to be

transnit t B8 Shpred bedvaentbe transoyttesanghthe rageiarts data si gnal at
Transmitter 2 805 is upconverted at the pair of m xers 807. The
directional coupler 809 (or power splitter) splits the upconverted
t ransmi t t FHephgsealdetator divmit 301 thabamsethel ghealesiof tihetrphsewhitter t he

antenna 811 while . the other signal 1s coupled to a. phase defector
515 1o ASTeliIoR Sk aPH SEnas B onAaRIcaITS dhee iR e el ektent
upco rt ' | ; LA bl :
O] | Bhe AR yhfeshied Bl BbRetor PR% whiBh Wi tfePii@ the relative
provi de ppbase difiepenteatfiibe corresponding Iewdsiusnil velerelcegsignalef ta he

bl ur al 1 tyC BT PRRER Rt he R Al B A RBE AR P ERECHRede on.
phase detector circuit 711 provides the feedback path in the said feedback
network.
20
As a side remark, a signal leakage occurs from the transmit signal path into

the receive signal path in the circulator or directional coupler 708 in each
transceiver in Fig. 7. The relative phase difference between the leakage
signals in different transceivers can be similarly measured using a phase

25 detector circuit 711. Hence, the phase error at the receivers can be calculated
by subtracting the relative phase difference between the transmitter reference
sighals from the relative phase difference between the leakage signals in

different transceivers.
30 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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In Fig. 9, the receive signal is downconverted at the pair of mxers
901 of Receiver 2 903. The pair of downconverted base-band signals
(i n-phase (1) 20 and quadrature (Q) is filtered and conbi ned at

Conbi ner 99?1%@ tRE et ignAtdRL e %ﬁg@qg@dﬂ%@é\ém@%mrwm

in Equation ( so as to achieve a Ise Rati1o
(SNR) for &G‘ieonecperlvted)%ﬁrgmmttad hyohpasittero! 808 iand|the otz paat o e

shown in Ei (I1-E12)-Ef fQL+Q) (5) In this
enbodi rrent a%‘snyﬁ%d ﬁﬁ&éﬂ@?rﬁ er %30(5% ple |l ocal oscillator signals wll
be phased control |l ed by del ays ti and t2, for exanple, by the

di gital yl_the5|zer signal generator 907. 30 It should be noted that
t he hi §herTheNRangshit datedsianal @id rangmipten 22804 is Ltﬁcoaneréa@atthe)paneoél ve

signals fr evi further
S 24T o e ST cBhaC e sl o bR sp B d SBIRIER N her am
of a comupceaidrietl BaRéraIted Highal shidawe, thﬂﬁéﬂdde)’s@ﬁalﬂ@fc@DFﬁaﬁ ththél a
frequency corrpensatlon Cl I’CUIt aCCOI’dI g 0 an enbodi nen

i nvent i onantennaes &l white thagthessignal isrcg e phaee deteainsdid

comuni cati on system 1100. Frequency devi ations are inherent in
di fferent frequency synthesizers in the different transceivers 1101.
10 Al 30, wmstaxplained philieg, thetphaess diff¢renes betwéemnadiiceht tbcorleried! i ty

of antennas 1103 (denot ed ntenna Array) will result -in the
coupl i ng g’ﬁnﬁlﬁ%ﬁeﬁf %taaﬁlﬁtqr%?eq* @ ek e @lggﬁléﬁyn#hezﬁwﬁégnal 986106815 0

t her. I
downconvel ARG By Fnas RINCARIKE R oG BraBararbeeatd. | e
frequency deV| ations, which affects the perfornances of the receiver.
15 The f d t di. f,f {
L e S H g S S U R RS B St
(denofzd aﬁsté’mmgﬁﬁgta@m@my 8f 8F1eARAS CadDNIhE 98 BAHbSH RNt TF il S

wi th frequency deviations.
invention.

In Fig. 9, the receive signal is downconverted at the pair of mixers 901 of
Receiver 2 903. The pair of downconverted base-band signals (in-phase (1)

20  and quadrature (Q)) is filtered and combined at Combiner 805, to provide the
strongest signal (Final (I+/Q), as shown in Equation (5)) so as to achieve a
higher Signal to Noise Ratio {SNR) for the received signal as compared to a
singie receiver, as shown in Fig. 10.

25 Final (14/Q) = (H+2)+/(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 807.

30
It should be noted that the higher SNR achieved allows the plurality of
antennas to receive signals from a communication device, which may be

located further away from the plurality of antennas.

12



20 Alternatively, the frequency deviations in the different frequency
synt hesi zers can be conpensated by inplenenting a frequency
conpensation circuit 1107 in the system as shown in Fig. 11. The
frequency conpensation circuit, for exanple, may conprise of couplers
(or splitters) to couple a small local oscillator (LO signal from
each tranddgi ¥eshawd aldeckiliegramaif a tmmmemigationssyster2 3 100gsingsat e t he
frequency deviation . in the. local oscillators. Fig. 12 sho a

1 st ot AR Gtteasivit St ey comnersation SreUf ArCETRRR Allnber

of transceiNssdmeREePha iRgefittoran enbodi nent of the invention. 30 The
nunber of transceivers in the system can be reduced by conbining the

signal § of a few transceivers and feedi ng the conbined signal to

anot her aglenna i n.the arra%.gfln t he iII.Uﬁtration shown.in Fi%. 12, 2
transcei ver STaAE TN GESES 08 MEqHEARaLe VTS Iy RPNl Y By

Ant enna 2 14201Ftequaineg defiations fird inhbPemilA\UiTdrant RBLaaRsy §3hadiz&a8 in
patterns for the communication system5 using a plurality of

ant ennas, thidiferentdranscaiversfl181ps and 100 ps respectively are used,
according to an enbodi nent of the invention. The antenna radi ation
patterns with tine delay of 0 picoseconds (ps) (1301) and at 100ps

(1303)0r egyas tmutebycogsingmmveen ddigbent antemnasalfttae phualityiofgntdrmat0
foll owi ng paraneters. Frequency of transm ssion = 924MHdz Nunber  of
ant ennas = 193ddereied ashntgnpaiAsray) vill resull inthe icosipBng oskiedransmyier
bet ween 2 SRS e

radi ation r%%t}t ern %?!#Rﬁﬁye%dtg%nas%%@fepf%ghgger1%%?)%%33hg\gglr:]gt I tegd by
30 with r ebmeappeare at the doweeaivghier 00)heofeceher axfittach dranadéiser dne to

attern with_ tinme delay of 0 ps (1301). 20 Additionally, the
Brt ect 1 ve e sbagney deiindhns, vBibATows s PefomnehSrs ebihbaposiver
requi fed to neet the signal transm ssion regul ations set by the

rel evant authorities. The EIRP of each of the antenna-transceiver
array is [T@esraguencydeviations in different synthesizers can be compensated by

setting the digital synthesizer signal generator 1105 (denoted as Phasing
network) to generate low frequency clock signals with frequency deviations.

20  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

25 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.

30 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. [n the illustration shown in Fig. 12, 2 transceivers are
coupled to 3 antennas. The signal transmitted by Antenna 2 1201 is given by

13



equal to the EIRP defined in the standard signal transm ssion

regul ations divided by N. As a result, the power requirenent for each
transceiver is 25 |lowered, and accordingly, a power anplifier of

| ower power can be used. Also, the | ower power requirenment wll
extend the operational,life?gne of a communication system QO her
advant ages obt &\ B oinAz6fng a power anplifier of Iower power (6)

i nclude | ower current consunption, |ower heat 30 dissipation and

| ower cost. In addition, the gain of each antenna can be reduced such

that the Fige1dEhoWe tits batenah radia8ion patietnd for 18eBBmAsSUNIBAEorPSysiem
single antenna for the original EIRP. 1n one enbodinent, the

r ef er ehice USINGck PRirgkfyiof psteiingsy whan ticmedrlays gh 8 ps ang 188 psnbodi ment
 hes ; t B ont hesi e
orovide n Staclel ARl hetorit8 B R Shbod O o QTR Bbar o)

signal is 5 a phase del ayed version of the crystal clock signal. In
order to gbtain very small val ues of phase delays in the ngse
) (131)

del ayed s ﬂ-ﬁﬁeﬁ@‘?n'%% b%ﬁ@'@ﬂ"l pattesps I’Wiﬁhﬁm?'&ﬁ@h@?o Risoseeands

clock sig LSe EiRoy 2t B :
crystal o?@%ﬂ? EP E%@%&%@%@wf Bh %lg%gc%t “;ﬁ‘p'?'gvf'a’eg‘ﬁ?%&? ogﬂjssli F\ha
becaus® t fudlogling pasamet@rs.f rom a crystal oscillator has very | ow phase
10noi se. Additionally, the crystal clock signal nay be obtained
directly froma crystal oscillator. This neans that the clock signal

i's not pr pg@m Bt e nasighh EonabggHCcuUi try, such as a phase-| ocked
| oop (PLL), Ttor gxarrpl e. This is done to 1l5ensure that the crystal

cl ock si ghwmberofanignnas = 2pglirectiondl dipolasvivsstalireflestonce addi ti onal
circuitry i.nt.rodu noi se, 1o the crystal clock signal. In
vi ew of tﬁggéi%vb,b?%ﬂéﬁ“%%‘f}g@%?r dMes for phase delays in the

phaseislel ayed signals are obtained, this allows fine control of the
beam steering of 20 the receiver arrangenent provided in accordance

with an eltis68ihfrabsaved iatithe anisrna radiatiemepatiasp avithelime delay of HHQ Bs
gm Eg:: ;@po@%%%@'.be%%’}ﬁ{eﬂw 30\wh féRréicd fARE HE-Hq6Y) Jfhet !
antenna radiation paitern with time delay of 0 ps (1301).

20  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

25 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

30 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.

14



25 As used herein, a Direct Digital Synthesizer (DDS) may be
under stood as being an el ectronic device which accepts a signal with
a reference frequency (typically a clock signal), and which generates

and out pu Ve an i nput
control mgr?gﬁ%rénﬁ’@édm e tﬁé gglr%ﬁrg% (g?a{ ?@Hgggaangégngdl?%ﬁlw : t he

i nvention, the D| rect Digital Synthesizer (DDS) enploys the t echni que
of direct d| The ener.at e

i rect -ai 4 edierShediBL T nvr e e i SHthedR0E B e tanermtes

di gital dmayﬂpm @bldr@lﬂy@ﬁ?éfé%de%g'ﬁéls Whefdih 2atRafefendePslfalBsd
menory may be used to digitally construct the desired output signal,

and subseguiaseydelayathrersivorafdhsicoystalcalodesignak dmeedar thobtainvenhe

he | nventlt B vales of s ik 808 s SEL<EL faral. (oS TBRLEP B ng

a signal Freqabnephpsitiatioas ihei dibdiedignathrist iavehgeeR iphasa feidd, Fae,

frequency, and phase of the signal are known and controlled at all

L i mes. | 101his reason; aguystal esailaipr mey ha ysadio divestivayoyidedbasialie can
Govi cos. | RELED HesalSe the BB RlarBl FBROERRAA dYcilefih il ity T e

si gnalQ geneisat or conpri ses a programmuabl e processor. |n anot her
enbodi ment, the digital synthesizer signal generator conprises a
(programmabl e) mcroprocessor. 15 Additionally, in an enbodi ment of

the i “Ve”hﬂeﬁ:oRQthﬂé'bys‘féltdl'é %néﬂﬁaﬁb@e&ﬁt ﬂb@'c?}?éctlﬁr%‘rﬁ‘%%rist?lhe

technique 1's t 055| 2909 Aahieve Tow phase’ noi sé |
out put si gseillator.dithgé hwmubat the c¢lbek sijaakis mot peoadssetidy ampuadditional

reference cl g k nal . Accordi e of th rect, diqital
Gynt hes: sCreinn Sisd s PERSS Pt Boe (BFLh 36 Symplke dhisds dotedy) i n
conj urgct i Qﬁsdb’e&ﬁaﬁh@'c‘?ﬁéﬁaﬁél%@blg‘h@l Ras 9@’[!&@&[@&@%@9@3' ﬁb&%nﬁ!@rs}ince
smal | val ues of phase delays in the phase aye

obt ai ned, adgtiprahcirgUitoiimnay lmtrta@mha@l ncuseﬁmﬁwea@wagtcwh&@aif t he
recei ver arrangenent provided in accordance with an enbodi nent of the
i nvention. 25 In one enbodinent, the plurality of antennas is

arranged inviewrgnhe Bbeus, huhmuetmﬁndll stirieedopphasedegs i tie wishsecent
antennas i s substantially equal.
delayed signals are obtained, this allows fine control of the beam steering of
20  the receiver 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).
25
As used herein, a Direct Digital Synthesizer {(DDS) may be undersiood as
being an electronic device which accepts a signal with a reference frequency
(typically a clock signal), and which generates and outputs at ieast one signal
of a frequency determined by an input control word or method. In particular, in
30 an embodiment of the invention, the Direct Digital Synthesizer (DDS) employs
the technique of direct digital synthesis.

15



I n one enbodi nent, the receiver arrangenent provided includes a 30
comuni cation device transmtting signals to the antennas. In one
enbodi nent, the receiver arrangenent provided includes a determ ning

uni t d_et emﬁerﬁljiﬁui Q@nﬁ'li @é@?ﬁ%dfﬂﬁﬁb%i%ﬁm&'ﬂaﬁ%ﬁtﬁ@sﬂQ(*!J:Wrﬁque may be
transmitting signals to the anténnas to the antennas, conprising a

first det syninesgdiraseddu adigital definitien pbitee desiracheessitgindhis regeed,ved
fromthe ¢onmuni,cation devi.ce at,th respondi WO recei ver.s
coupl ed t SOPAHdRemBR BRYHE udhic fo gl SRl & aofrdFaiptsinal,
det er m ni agdtfisanoesi et e dohiersiorPianee e cofvarhittiiten &l aigral

antennas are arranged and the direction of the comunication device
with r&spdemainte He analogdprtain Thereiaie] incamembedinentidhe inven§and

pl ane, wh f t ' i.yed

Comuni cata g sy liesRAERhnle I EoBRERRY 6 SEFel B o l8t bl
maxi mum - @lyjital, wherebnthedirseing aniglitudi, Stetnemcl) and ﬁhawﬁﬂﬂiecﬁgrhélrare
device transmtting signals to the antennas, to the antennas nay be
det er m ne8newn@ng ¢enticdligr @ all iB§%ar anet ers are known. Firstly, the
angl e between the plane on which the adjacent antennas are 15
arranged and the direction of the conmunication device with respect
to t he) m th ihis regandl, theadired} digitat synthesis dschoiqiid ean bedmplementedrusing

det erm nedq, beam st eeri.n ntil oi nt where the sum of the power
of the o QBT AIAIGRETS O a0 268 RTPLAS PG ow ARCORSIER: s o
cor 1 espongingditent, AL UREFs nthdS MGG ERE B8mpHaks o S the first

paraneter used I n order “to determ ne tthe di st anc rom a
communi capicgnanieviide procassor.tlniangthsrambediment Heealigital sypthesizer he

ant ennas. _.Th econ araneter uysed in o r to determne the
et anae FiEBR| SS AR 2t der AR o bRHISERL S 10t he
antenyms, to the antennas, 25 is also found when the point where the

sum of the power of the signals received fromthe comunication
devi ce atAdaiEosally ieanrerabediaieny of the inveetionranagtkerfariurg ef the direct

CeL ot oo B R SRLYEL e SUARRIEGARREINRALE,
Fr equencythedsrutpuf sigasl, coughRF-eqlialttadhe phase noise of its input reference clock
signal. Accordingly, the use of the direct digital synthesis technique (or the
20 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.
25
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
30 communication device transmitting signals to the antennas.

In one embodiment, the receiver arrangement provided includes a

determining unit determining the distance from a communication device

i6



In one enbodi nent, the receiver reference signal generator includes a
frequency synthesizer. In an enbodi nent, the receiver reference
signal generator is used to generate 5 the high frequency receiver

reference tfd ittt Ié'f@tHé)éhtEﬁﬁﬁé'&i‘ﬂié ARERNYS, gnal . A
conmponent whi ch In‘gSélgﬂa used performthis ?Eﬁcﬁ%@ﬁlﬁgﬁ@quency

synt hesi z&etemnlmwmw@termtfm tinernﬂvyer efiibersigaly srcaivsideiremdbesi gnal

t f th
ambod; monicoTRUE AR arlF9 S il el SuilAG n e iR raliPeBldf acimesnt
based fregueasyas; vhtesecoRid. détérrﬁiﬁﬁ#@rﬁlt gehofiniRgthe bRgleliedwEen¢ie
synt hesi zer is a delay-locked | oo DLL) based frequency synthesi zer.

| n one3entihaieRtvhiel a@e@emeante@ﬂ%s a@daltsam%ha@dmme dld@ottqnfwfdbel on

RFI D) 15
arr angereso P SREHEH SORK (53 BRGR TR AR i eLRE R Bhteawas
processi n@rethd saidplaniec @hennhe Bun ditharpaiwerof the sighalodicaret frdhehe
baseband processj n?@ and comuni cation unit jncludes at 20l east one

di gital céRMMBUNisaliondecgat the said armesPPNAStWe rargives is Syairmeen.zer
signal generator. |In another enbodi nent of the invention, a

transm tter arrangenent is provided, having a digital synthesizer

si gnal0 getethis embotiaert, ¢he distanoet frerai 2z eomPiisiicatinn mm:asmhmg an

i nput recejvin reference cl.ock signal | uralit oyt uts,
cah out pSIOTBIEE ERTETIS 8 U anengRariaLpRgeimuds ot

ref er encepgb pakamb@tdlare WAGK[I N the plurality of reference si gnal S
have substantially the sanme frequency and different phases.

Furthernore, a plurality of transmtters i s provided, each

transmtt feren n 3 cei one reference
si gnal of %frﬁ@?ptbﬁ%ﬁfe[@ eeong V@H(gﬁg"e | J?P%\'P\t'ﬁﬁ??%?s 7 erence
si gnajs geaﬁeﬁg@a @A @ﬁreaﬁoraofﬂ@r@dmﬁqmicaﬁ@w@iwﬁh ey &0 ﬂ@ the
recei ved reference sig a transmtter data i nput receiving

transnit BHgROHItH dne amcaﬁt@ﬁe@naxs ap theseid planpesmhke detﬁantrw@! by

transmt gaba steering until a point where the sum of the power of the signals received
from the communication device at the said corresponding two receivers is
maximum is detected. This is the first parameter used in order to determine
20 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, fo the antennas,

25 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 is maximum is detected, nameily, the power received at the said
corresponding two receivers.

30 In one embodiment, the communication device is a Radio Frequency
[dentification (RFID) tag.
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signal using the transmtter reference signal, and an upconverted
transmt data signal output. Further, a plurality of antennas is
provi ded and coupled to the upconverted transmt data signal output

of at | eagh opBRrbEdIENt tRE réteildireRirdhad isidhal fehb@tGThELBES a 5
Enbodi nents of the invention energe fromthe dependent clains. In one

enbodi nentfrequeecy eyetheaiger.cl ock signal is a crystal clock signal. 10
In one enbodi nent, the digital synthesizer signal generator has at
| east one Direct Digital Synthesizer (DDS). In another enbodi nent,

the di gi t ah anBrAboERIent the récEiledefaente sidrat hefemter iBuratasRpkate
processor. In still another enbodinent, the digital synthesizer

si gnal 5 gefie® highrfrequancydeceiveieiefensasiansl Ugingribpreydssency seceaivebne

enbodi nen tL Iyt ' . :
ot ect or | dpierelie SERETA oo S RIHETRIa A bERY 10 PERIET Ryl R 7
used to perfrequenehayathesize fonekamplerAdcoedingigntha felceiver edferarivee
signals. 20 In this enbodi pent, the use of a phase detector circuit
al | ows ph&idhat ganiRiliamPisesirpgremhathesizeéhe transmitter
reference signals, thereby allow ng precise control of the phase
delay in the transmtter reference signals. This in turn allows fine
contrdd ofAlad)én beamnsteiment) té freljeehcwsgmthesieer sra phassvntkedroop ded
by the in tion. I n one epbodi nent, the pluraglit f antennas is
o) anged HL) takesEreaiReRy syaIesHeT dnangiher Bubaglmerttnie SRR doent
antennas konhebiskaild abiag-lsa%@i Ioo%DLLZBaQ@@fr%EP@Hb thebiRgr,nunber
of antennaS Is the sane as the nunber o0f 30 transmtters. In one
enbodi ment, the transmtter arrangenent further includes a frequency

Cranam ct LT OpE ikt BagleSate e R RRRERE) | BhehPhuartfireipy,
ref er gnceirb@oghtopaagEeat or has a frequency synthesizer. In another

enbodi ment, the frequency synthesizer is a phase-|locked |oop (PLL)
based frequency synthesizer. In still another enbodi nent, the

fr cauenCY Y Bftlotfiheht e AtleMer' MR M ARDro by bHARE hdntiBHeNCY

synt hesi z
further includes a baseband processing and communication unit. In another

embodiment, the baseband processing and communication unit includes at
20 least one digital controller for digitally controlling 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
25  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
30 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

18



0 In one enbodi nent, each transmtter is a Radi o Frequency
I dentification (RFID) interrogator device. In one enbodinent, the
transmtter arrangenent further includes a baseband 15 processing and

comuni catsigrial uBirg thenraaRetitler refsrende ERjMal, dritPal apedanthdd PSeSAItNY

and communj catjon unit includes at | east one digital controller for
di gi t al | y debmsigsrl pwigut.iurtnes @ aluraliyioh apiennasds grenided A goupled to

ol ural i ¢y F ubcoRdticd bBheri BRETLAETpGbH A IBRR e iR of s
t o form aphaatiywfrirsshdttgerent with adapti ve beam steering systemto

performrecei ve beamsteering. In a simlar manner, a digital
synt hedi zer signal generator and a plurality of antennas may be

conbi ned @ﬂ@h&%@{ fh@‘lnﬁéntforn rcitet frém th dePlefhignt #lgff’ﬁé’" tter

arrangerrent ive beams ng sys em to perform’transmt
beam steering. 25 In an enbodi rrent of the invention, a crystal clock
si gnal , i ch has | oi se, is provided to the igital

synt hesi ;\@FOQP&WO@@?(BE% Fe?feqqncse ‘F]@C@%'ﬁga i§ afystal clacksidnaly snal |
phase del ay val ues are obtained for the phase del ayed cl ock signals
whi ch are used for beamsteering. This in turn allows fine control 30
of thé&o beianmee eanbadiment, liee gigitabsyretlesiEebsighakgereratortiae &t heasitinen

provide t ffect s des apt i ng. mul.tjpl t ennas for
beam st ee 9(%'9'%%9” eggﬁgglaggjblpear}ogﬁ%r 5@7?08%%?’& {"Fes‘?gﬁﬁr)ui red at
the basebamhbgrz@f é@ﬁal g@néraﬁ,raﬂé[@a@saﬁ prégReBBRI Sroebsddieir suention
also allow fine control "of the beam steerl ng to be perfornmed. This

means t hagheiher esthagdiment. teediolinl syrdhasizensianabgenssa®rinaedesia

accur at el ile the invention has been

parti cul am@& oﬁmﬁﬁgagﬁiﬁ?ds,bgb?%séﬁpw th reference to specific

enbodisrents it should be understood by those skilled in the art that
may be nmade therein w thout 10

various c %lnformand det ai |

depar t i ng!™ PRLIROAIpERt, theyliansmiies a@!rarwﬁ@en#\f@ﬁlﬁerdﬁclagea@mm by

t he appen by
t he appengglg gﬁl@'téig?%\ﬁ‘?&@ﬁgﬁé 8%”‘ eh % coh‘e&&v@%w&ﬁéq%ggg g(gl and
range of pembvalpbasy compeheatlxbraforsthartmnshﬁht@f referenoe eigthats.t o be

enbr aced.

20  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 transmitter reference
signals. This in turn allows fine control of the beam steering of the transmitter
arrangement provided by the invention.

25
In one embodiment, the plurality of antennas is arranged in @ manner such

that the distance between any two adjacent antennas is substantially equal.

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

30 transmitters.
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22 Clains 1. A receiver arrangenent conprising: a digital synthesizer
signal generator, conprising 5an input receiving a reference clock
si gnal , a plurality of outputs, each output providing a

referencefs bﬁ@@ml’fl_ﬁiiﬂﬁ@ng%é ]‘giﬁﬁsmit&mé_r%q ErtetReiChenles ia?flﬁé’(ﬁt%ehnecy

wherein the plurality of reference signals have substantia

sane freqGeRpengationcireuwt iomropidedeenueney compasisatian fantheftransoetteer s,
each recei Q | SL.Ng a reference signal input receiving one
Rl o

ref erence e plurality of reference signals, respectively,
a receiver reference signal generator generating a receiver reference
signal using the received reference signal, 15an antenna input

r ecei VI nglrhope gathadiropah the taasmitier deforenes sicnahgengratarihas a

rof or enceleRanY Sufifederth ahGRSF LR Bha e HBh BNt BESER B
i nput s of phhsefdakedliody (RIL)tesedfRiuenchayatiesizer ol dil aHdmhghase
detector circuit to provide phase conpensation_ information which is

used to pBRtaSCiMeRklie Feaynyayndiesiznr Is Redelavigaked leep dPklkkased

signal's. frequency synthesizer.
10
In one embodiment, each transmitter is a Radio Frequency Identification
(RFID} interrogator device.

In one embodiment, the transmitter arrangement further includes a baseband

15  processing and communication unit. In another embodiment, the baseband
processing and communication unit includes at least one digital controller for
digitally controlling the digital synthesizer signal generator.

lllustratively, a digital synthesizer signal generator and a plurality of antennas
20  are combined with a plurality of receivers to 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.
25
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
30 of the beam steering to be performed.

Embodiments of the invention provide the following effect.

20



2. The receiver arrangenent of claim1, 25further conprising a
comuni cation device transmtting signals to the antennas. 3. The
receiver arrangement of claimz2, further conprising a .

det er m ni pgsidRktaddpting Mutipe dienshsicrbeant sReHAEWitot® ATBEHsiRirhR
device transmtting signals to the antennas, to The said antennas,
conpri si ngpdesign effort is requited @t the) bagehand indefagentorthagréernasmwer  of
the signals,received_ fromithe co i cat.l on deyi at_the .

cor r espondny s e i Ehvenfial BIRAA A bR 2ebfidt Gfind nealf staingd
second depgparfarmed UNhik rilGarRs tah thid rddigtiginBéamiF tie antdrita cdribe on
whi ch the said adjacent antennas are arranged and the 23 direction
of the coftegredactwaladela adegired anglhect to the mid-point of the said
adj acent antennas on the said pl ane, when the sum of the
power of the signals received fromthe comruni cati on device at the
sai d cor r @ilertde hvdnionresdiesr sartisufzpgrshawm artl ddS@iberiowith esference
arrangenment of claim2, wherein the conmunication device is a Radio
Fr equencyto $RaqifiG emRedinientagt sheuld be understood by those skilled in the art

that various changes in form and detail may be made therein without

10  departing from the spirit and scope of the invention as defined by the
appended claims. The scope of the invention is thus indicated by the
appended claims and all changes which come within the meaning and range
of equivalency of the claims are therefore intended to be embraced,

21



5. The receiver arrangenent of claim1, wherein the receiver

ref erence signal generator conprising a frequency synthesi zer.

156. The recei ver arrangement of claim 1, 4herein each receiver is a
Radi o Frequency ldentification interrogator device. 7.A transmtter
arrangenment conprising 20a digital synthesizer signal generator,
conprising an input receiving a reference clock signal, a
plurality Qlajmg puts, each output providing a reference signal being
derived fromthe reference clock signal, wherein the plurality of
reference signals have substantially the sanme frequency and different
25phases, &nd aAptceiwéi aiyamjerneaihcomptiging; each transmitter

conpri si ng : ' | r l.vLng one reference
signal of the p? ngé{a?ttsgﬁtﬁggfrigfl‘é_g@%,(:%éﬁyg{rloél (g(?rﬁp}e.ﬁé'ggct ively, a
transmter referencan lnyhaeceidngeaeirregensiankisignal, 30t ransmitter

reference signal usiggibfty SCElALk, 'RicArsnpat sidlidhg Ardfealicd LRkl
data i nput recejving, a trafnsmF1 data signal, ah upconvertjng circCult
upconverting t hgeingaesived T4 @iraf%vn%r:%ktww erpiptae Dwedheice

si gnal, reference signals have substantially the same frequency and different
phases, and
10 a plurality of receivers, each receiver comprising
a reference signal input receiving one reference signal of the
plurality of reference signals, respectively,
a receiver reference signal generator generating a receiver
reference signal using the received reference signal,
15 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 inputs of the plurality of
receivers, characterized by
20 a phase detector circuit to provide phase compensation information
which is used to perform phase compensation for the receiver
reference signals.

2. The receiver arrangement of claim 1,
25 further comprising a communication device transmitting signals to the
antennas.

3. The receiver arrangement of claim 2,
further comprising a determining unit determining the distance from
30 the communication device transmitting signais to the antennas, to the
said antennas, comprising
a first determining unit determining the power of the signals
received from the communication device at the corresponding two
receivers coupled to adjacent antennas, and
35 a second determining unit determining the angle between the
plane on which the said adjacent antennas are arranged and the



an upconverted transmt data signal output, and 35a plurality of
antennas coupled to the upconverted transmt data signal outputs of
the plurality of transmtters, and 24 £3phase detector circuit to
provi de phase conpensation information which is used to perform phase
conpensation for the transmtter reference signals. The transmtter
arrangenment of claim?7, further conprising a frequency conpensation
circuit to prowidetibnedusecynmmonieatian denickovith respacas the hed-point of

he 't ransm t Lerne sl BREAR IS s RRIATSRIAAR! <F ng o 11 equency
synt hesi zer. The tr amign thesuar drthenpwerodf d:hemsngn‘a,ls veezieed feeaotihe
transmtter is &nﬁ%ﬁh%af&ﬁq&éﬁﬁé étdﬁr]{% %3:!& bHBﬁ\@r 96! RlcefRrs C|§

The transmitter arrangenent cl ai Beerv ar r angement
claim ®, whereiR@XIRMef erence cl ock si gnal | s a crystal cl ock
signal. The transmtter arrangenent of claim7 or the receiver

arrangenent of claim1 .
g 4{ 'lche receiver arrangement of claim 2,

wherein the communication device is a Radio Frequency Identification
tag.
10
5. The receiver arrangement of claim 1,
wherein the receiver reference signal generator comprising a
frequency synthesizer.

15 6. The receiver arrangement of claim 1,
wherein each receiver is a Radio Frequency Identification interrogator
device.

7. A transmitter arrangement comprising
20 a digital synthesizer signal generator, comprising

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

25 phases, and
a plurality of transmitters, each transmitter comprising

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

a transmitter reference signal generator generating a

30 transmitter reference signal using the received 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

35 a plurality of antennas coupled to the upconverted transmit data signal
outputs of the plurality of transmitters, and



wherein the digital synthesizer signal generator conprises at |east
one Direct Digital Synthesizer. The transmtter arrangenment of claim
7 or the receiver arrangenent of claim 1,24herei n the di gi tal

synt hesi zer signal generator conprises a progranmmbl e processor,
wherein the digital synthesizer signal generator conprises preferably
a mcroprocessor. The transmtter arrangement of claim7 or the
receiver arr angenﬁmSeOﬁetécmm:&cuumrpmmdé F;fha‘séempevts@wrt Wrfsimagtion s

P eduency. synt nbi0e 60 I AR, DERSE conrt Bt 1, IRE Rrbrie:

synt hesi zer. referere sigrels.ecei ver arrangenment of claim1 or the
transmtter arrangenent of 5claim?7, wherein the plurality of
antennas is arranged in _a manner such that the di stance between each

of adj atend- ant éRAd@NEAIeILATaREeRentof sdpim 7, 16. The
transmtter ar rﬂﬂ&‘%‘?“v‘@bnﬁhsﬁga'dn ﬁe@ueﬁd@e do?ﬁﬁéﬁ’ﬁtloﬁr [HRARMES pRvide
10claim 1, furt nsmg& %B] and co nlcatlon
unit. 17. The t ﬁﬂ‘é‘?ﬁ'q ampersHipEehtheira S‘HB c&:$ig8a§enent of

claim 16, wherein the baseband processing and com‘rum cation unit

comprises 85at rRaYanSRndl A RlerhGR G dify 7/ or di gl tally controlling
10 wherein the fransmitter reference signal generator comprising a

frequency synthesizer.

10.  The transmitter arrangement of claim 7,
wherein each ftransmitter is a Radio Frequency Identification
15 interrogator device.

11.  The transmitter arrangement of claim 7 or the receiver arrangement of
claim 1,
wherein the reference clock signal is a crystal clock signal.

20
12.  The transmitter arrangement of claim 7 or the receiver arrangement of
claim 1,
wherein the digital synthesizer signal generaior comprises at least one
Direct Digital Synthesizer.
25

13.  The transmitter arrangement of claim 7 or the receiver arrangement of
claim 1,
wherein the digital synthesizer signal generator comprises a
programmable processor,
30 wherein the digital synthesizer signal generator comprises preferably a
microprocessor.

14.  The transmitter arrangement of claim 7 or the receiver arrangement of
claim 1,
35 wherein the frequency synthesizer is a phase-locked loop based
frequency synthesizer, or



synt hesi zer signal generator.

15.

5
16.

10
17.

15

25

wherein the frequency synthesizer is a delay-locked loop based
frequency synthesizer.

The receiver arrangement of claim 1 or the transmitter arrangement of
claim 7,

wherein the plurality of antennas is arranged in a manner such that the
distance between each of adjacent antennas is substantially equal.

The transmitter arrangement of claim 7 or the receiver arrangement of
ctaim 1,
further comprising a baseband processing and communication unit.

The transmitter arrangement or the receiver arrangement of claim 16,
wherein the baseband processing and communication unit comprises
at least one digital controller for digitally controlling the digital
synthesizer signal generator.



