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

pur poses. . A REREIER ABRANE B T AN S AN R A A BEME e

and a transmtter 10 arrangenent. It is commbn to use antennas in

W rel ess communi cation technol ogies. Usually the use of nmultiple
antennas provi des diversity and HBACKGROUMND perf 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 ple anheRhasent @pphicdtiofec dRftheldridhit 6f BIRleN Sagted Rovisiapapd f or
beam steering, a considerabl e redesi gn effort is usually required at

t he basebaf@plicatien G 1451 fdedpn uary. 20080 derriitiye cantemimet  of
appr Oacheswﬁ@)ﬁﬁqr@‘?ﬁébrﬁgr‘faﬁ&?ﬂs%iﬁ %ﬁg%‘? n@ﬁq&?ﬂﬁg@%ﬁ?”as for beam

steering w havi 0" spend “consi dera o redesign the
baseband interface to the antennas. Sone of these approaches are
described as follows. 25 Near-field focused phased array and_scanni ng
ant ennas f bRe PERECHT fPVEatiaR EGfersiiond reseln IJrangamet atsh? ¥"@E§WP&V have
been dgjon 'Eé@&ﬂeml n addition, the use of electronic tunable radio
frequency % conponents for devel opi ng smart antennas for

beam steering in RFID, is conventional. 30Furthernore, an electronic

beam st eer nﬁg of active arrags usi nﬁ phase-| ocked. | 00qu g@bL%S has
convent i onal¥ {OTBEEN tgdsg TGRS I WhelE SHEpTRRURIERTIHISCAE 'S PLL and
each PLL nByufIRcRb\Redt RiitipRl atehhadBrovidis Gl E&RY arnel iR better
adjusted to control the phase difference 1n the signal generated by

each PLL, perffarsianset Homevey thisepdstimaice daprevement ie noaliyhachiewdd ahe
inventjon js able to.provide.over 100, of adjustable phase difference

bet wee adﬁhgceéﬁ?fenfﬁ@if rpglfeg}eé‘l_tatlon C?—'BRE\’/"&Y‘, it can be seen that the

range of angles within which the beam can 5be steered is limted.
Further, a conventional electronically scanned phased array antenna
syst em andniiBeRe§ian eftp Bpigal systervusing deytpigerttennas, gachtingywhen

frequency .h’:ﬁﬁspﬁli éﬁ(eﬁn%&%g@aﬂgﬁ%‘a %Fbéﬁm%&&ﬁnﬁﬁ 4 P&\%ﬁr‘@er%pzet IR sfif] ay
lines), which 1S driven by a frequency synt'hesi zer, TO generate a
phased ar refforsisguslally 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 Nearfield 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 controlled
by a PLL and each PLL may receive an offset voitage. The offset voltage is
adjusted to control the phase difference in the signal generated by each PLL,
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In this regard, the ampbunt of relative phase difference between the
phased array signals is subject to the physical limtations of the
phase del ay network used. Accordingly, it is not possible to achieve

h |l I . relati 5 ph differ he. d
ar oy i orics CRBERUE0 e BiPE el Baim iR Cob s gSral PRNTAH on

beam of t heroRidRs@&ranayf agjuetitie phase MifferenddbéidhesdjaSetREIIRRS.
beam form ng system all the conponents of the system i ncluding the

antenna circuits are integrated on silicon. This system 20has a

an al ter e 08" B so T TRk e WGRLRiRS Mialr yBRibs bBati Gin i <
cont r olsl ethd Biceusthisdirhiteced corporate feed network. The relative gain

of the antenna signals received or transmtted through the fixed
corporate feed 25network is adjusted accordingly to provide beam

st eeri ng. eL | | PR LDl . eve

t he smalgl va ue’sé({):]p h{r)%r}it?@trl%\llg%%ﬁggg}agy % ?%#@%cgﬁé%ﬁpvégﬁyta ﬁte‘én%ﬁ:gé{e%

del ayed arﬁr&hmgtmj@wahsgaﬂedaﬂotindebelajeﬁtfdfnﬁdiaglgg grghu_elhcgbmmf ixers

steering. In addition, it can he seen that e. tion of a new

Featur 0% Gritha Phse Shlay natwpdy (hasedon Wassielay oS Ehichisgrueaay 2

Circuiy chy j Lt of the above
o Chrdyue g%gﬁﬂ'fe%@e}‘, to éetr%%e 'tg?aggﬁ%ﬂ %ut?% sfgﬁéh

menti oned approaches to sol ve em of ada ng multiple
antennas for beam steering w thout a considerable redesign effort is

required gt .the basehand interface.to the t enna has sone, i nher ent
i sadvant 19¢8® FaSBFEREE Brotnf R itive hiare G eR SN ERR e PARRHL | on.
\lNh va E RITYVIO:\IIarI% §igasiidedbjebt the FHgsrbl lifhfhs SUMMREsEdeldFnetwork
used. Accordingly, it is not possible to achieve the small values of relative
15 phase difference between the phased array signals 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
controfled 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.



10 I n an enbodi nent of the invention, a receiver arrangenent is
provi ded, including a digital synthesizer signal generator. The
digital synthesizer si gnal generator has an input receiving a

f gl | Lural ity of t di
° ot or oncAoSidir” fan e 8t Bidtrahshorite Bble afdiiBold Bbroditd "
wher ei n t hgolpé m@brdurerﬁfofraeiapm@ﬁmiﬁm@ raaiténriwer Bégﬁlt @t@éhﬁé Wthbi]?a

same frequency and different phases. Furthernore, plurality of
recei vers ¢@ngHierableeigdesigoretiastisiroaviredat the fh@ﬁ@é?aiﬂéfl@’ieéfﬁ@@ teithmal

<1 gnal <. - aeneRApGae Ehlp SR GRANHaBHE: Or “gener ki Png & recei ver

refererice signal 20using the received reference signal, an antenna

I nput receivi ncf:u a transm ssion signal, and a downconverting circuit
downconver { Pergfamgethese & @@&eﬂ@m@e@hm@@ﬁ% whichgvil Re dessdbedin
reference &bg@a&anlﬂé@é\per a plurality of antennas is provided
coupled to the antenna input of at |east one receiver of the
plurality of receivers. 25 BRI EF DESCRI PTI ON OF THE DRAW NGS I n the
drawi ngs, |ike reference chara , e er to the sane parts
30 throughout the different=Hehk NN TN ot necessarily
to scale, enphasis instead general |y bei ng pI aced upon illustrating
the principles of the invention. In the follow ng description,

vari ous enipcah embodinoénttdidhé mventioom seceidesarrangeinanttis preefidednce to

he foll i d ) | d f
L oot CaE i Ry suftnéaSTsiandl dileators e Ricdel sy iaesiom .
embodi mentgéerhttd hal \d@ithpOreceMirtda feféréheEloak Bigpek Ldpiaedianopf the

di gi tal synt hesi zer signal generator according to an enbodinent of
t he i nvent®WRuts, each output providing a reference signal being derived from the

15 reference clock signal, wherein the plurality of reference signals have
substantially the same frequency and different phases. Furthermore, a
plurality of receivers is provided, each receiver including 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 downconverting 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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Fi gure 3 shows an enbodi ment of the invention, wherein the nunber of
transceivers is the sane as the nunber of antennas. 10 Figure 4 shows
a bl ock diagram of a communi cation systemusing a plurality of
antennas, according to an enbodi nent of the invention. Figure 5
shows an arrangenent of the plurality of antennas for use in

15det er m nFigard Neheiwsieameek afagramOsmaBors AuriratideNdysterh LRI blurdigy
signals to the system according to an enbodi nent of the invention.

Fi gure 6 shows @rardennasyecearding ta ae emhadineniofdhednyaiiiods using a
set of radio frequency (RF) switches to switch between antennas for
20el evation and azi nuth scanni ng, according to an enbodi nent of the

I nvent ison. Figugu? ehdws kowecla dilgeai ofithg dighadbyithesizeesigaakgeredratork of
t he conmuni cation systemusing a plurality of antennas, according to
an 25enbodi ment2SPTAIRE 1o ARERPPefiment glithe IBVaMiAE a bl ock di agram of
the transmt signal path of the conmunication systemusing a
plurality of antennas, according to an enbodi nent of the invention.
30 Fi gur e Eigsleodvshawblamcdmbodigrennodthd imeentoei wigereirging! nyralbdr aff t he
conmuni cation system usin aéol uralit% of antan s, according to an
enbodi ment of tTHRNSCRYER [SHHe Sapigap &ha BULREHST BRENSPPect s of vect or
conbi nighg at the conbi ner of the communication systemusing a
plurality of antennas, according to an enbodi nent of the invention. 5
Fi gure 11 Bpors4 shbweekbldeladegnamfofa cammunicsiioharystars tisingus phugaldy

plurality of antenpnas wth a freguency c ensat.jon circuit,
Becording to ar'enbguareAEcdrid R SetBATRERT thdirih!

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 2 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.



10Fi gure 12 shows an illustration of how signal reconbination is used
to reduce the nunber of transceivers, according to an enbodi nent of
the invention. Figure 13 shows the antenna radi ation patterns for the
comuni cation system 15using a plurality of antennas, when tine

del ays of 0 ps and 100 Ps respectively are used, according to an
embodi ment Figfyrd he shBwanhé @ffectafedGBLIOH G HARING A thd cEMPierdf & Ck

di agram of a communi cation system 100 using a plurality of antennas,
accordi ng to ancambvdicadian systenhesingvepiuraliy oThetepoas@ceoadingrio éypst em
100 includes a digqital hesi zer. signal generator 101 (denoted as
Phasi ng Net wor k?@gggﬁ?ﬂﬁé?h%/%&aﬁ{'?inscei vers 103, a plurality 25 of
antenngs 105 (denoted as Antenna Array), a phase detector circuit 107

and a baseband processing and conmuni cation unit 109. The digital_
synt hesi zefFigyreyhhishguiser bipek dirgramrafa ersmanigaiionl sysiens usingra pialiy
signals, which i f e ; j nt
phases. 30 Each(;f% gﬁﬁ@ﬁg%g@add%@gggméaprgg%ﬁ?ﬁ% %ﬂé{ﬂéﬁiﬁéﬁl ock
signal 111 (denanheddiaserftiofthe invéatiei.di ng to one enbodi nent of the
invention, the reference clock signal is a crystal clock signal.
Additionally, in one enbodi nent of the invention, each reference

signalyg s i I .
This moans R R R R R SR T
t he same frequetheynumberdifftfaamseaiversh asesrdirtyg feoan erdrodiregnt dfehdi gi t al
synt hesi zer signal generator 101 may be, but is not limted to, at

| east one DirectV&H'tal Synthesizer (DDS). Each transceiver of the
plurality of transceivers 103 has a reference signal 10 generator.

The reference signal generator converts a |ow frequency clock
Figure 13 shows the antenna radiation patterns for the communication system

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 (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.
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.



signal to a high frequency radio signal in such a manner that the
hi gh frequency radio signal is synchronous to the | ow frequency cl ock
signal. The reference signal generator has a frequency synthesi zer.

The f 15 t.hesi b t. i t limted to, . .
Phase. | ockAadtaRaNE Al BReatadheRtt e nidnit erblré ot sifhal i gcie
| oop (PLL) phasedelbledvension sieherdrefte cloek styrmhe. Thig rhbass g &,
the reference signal generator in the transmtter arrangenent is 20

cal | ed t hePlwality ff raferencefsignaie bave gubstagialer thegamefrendengebut
reference gsi ator in the receiver arrangenent is called the
receiver réh%ﬁ%ﬁégggggnal generator. Each transceiver of the
pluraligy of transceivers 103 further includes other 25conponents
required to design a general transceiver such as an anplifier, an

at t enuat or FoRexamBle, the dighial syndhesizersighai geaemtor 101 mavdve, hutésue er
a m crocong; i | Each

transcei ve&ﬁg{aaﬁieﬁé uﬁgﬁ?[@%@@é%ﬂ%ﬂi@ﬁ%@f?&%@y be, but is not
limted 30to, a radio frequency identification (RFID) interrogator,
for exanple. The phase ector circuit 107 vi des ase .
conpenaat | BACH HABEHAVSTGH e GRI ST demsopierb] F4 has BrRioeenpnah i on
for thet r?&%?a%or.r Phe FeBAchceNdi 'g%rfé?atbh%oﬁ%él’r_%zg}lé\k %qﬂéﬁ%@?l%ﬂ?m !

according To an enbodi ment of The " nvention. ransm t erence
si gnal s argignaldold hghffresmeany yadiasidrad irssgetab snarveat thatrtheddgh at i ng or

upconverti a basehand transmt data signal. The baseband

o ocesst ng aMPES At Sabdidn S ORods B P e SR SRl i ons,
for exanple, provides processed data to be transmtted to the at

| east one transceiver 103, provides further processing for data
recei ved fFoerefaeense signaliesreator has edramency syninesizesethe Fequenny

| Nt o1 30CSedfin 046 b ECRTMAT R 1ifitd 48, £R8Ee J6KeEq50p POLL PEREES
frequency synthesizer or a delay-locked loop (PLL) based frequency

synthesizer, for example.

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 transceiver such as an ampilifier, an
attenuator, a mixer, a modulator, a demodulator, a filter, a coupler, a

microcontroller and a comparator, for example.

Each fransceiver of the plurality of transceivers 103 may be, but is not limited
30 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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10 conponents in the comunication system 100. Wth regard to
provi ding control signals to the other conponents in the
communi cati on system 100, the baseband processing and conmuni cati on

on ¢ 305, DShUA B8 oo BB SRR S e

baseband pinoegEsH. TheafshtRfTaiBIcHRE Ahald iafe HOhiGHTdRIeneP BRITicFeS @
splitter 113 and a conbiner 115. The functions of the splitter 113

and t he cowgnalgusedsonnodulsgingioscipsoaventing @évagaband transait eatatsigmalgs.
8 and 9 20respectively. Fig. 2 shows a bl ock diagramof the digital
synt hesi zer signal generator 200 according to an enbodi nent of the

i nvent ison. TRS basétral sroaspsing @hdtduenfugicafibn syntivesierform gAamber of
generator 200, the digital synthesizer signal generator 200 includes
a plurali t@‘”@ﬁoﬂﬁstf?fﬁx%%@@spr@% WGP%@&Edg@ﬁtﬁ t9 og\fransmiffed & &reake
si gnal , ' | -1 e4e : ' [ '

the rel ar?\éégtp(?@es@aé%\éérrencé%%‘?%%ﬁjwﬁg%@egrs L cfgp?%tagfgg%%g)legﬁ ﬁmt WO
adj acent ohepitegsione transsaivet,grovidel weedesd and intetfhess inarrdsr, tcas
shown in Fig. 2,. the [gla}%i\égﬁfhase giffe,rence A v between any two
adj acent oRPIUN[SETE WithothefdeNiGhi% ANARFAYIAES CoRFOLTIGRAIS tdhePiehr i s
gi ven Silehtd b I i I ed that there exists a
range 1?1}/ v% rﬂ%s V\nt%Wﬂ@mﬁfgwugl%g%ggﬁgﬁ%aggénged. Fig. 3 shows an
enbodi mrent of the invention, wherein the nunber of transceivers is

t he sane the nunber of. antennas. 10 In this enbodi nent.

tr anscer vanthaPatieRratiort St Sianals ting diertrandsabinieor s

coupl ed t GcimARIcANBA s§88m TOe, RBIRRBAENA PPoGISSHIPAS sodii@dtionhe

di stance between each of the adjacent antennas is the sane (d/2).
unit 109 includes at least one digital controller for digitally controlling 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



15 For the transmtter arrangenent, the antenna-transceiver array, as
shown in Fig. 3, is assenbled such that the phase delay of the radio
frequency signal transmtted by each antenna is different.
Additionally, the relative phase difference AO of the radio frequency
si gnal s transni &%d ¥by ¥wo Yadj¥acent -20=#t effhas i s the sane so th(:igI
When , A0 is zero, the phase delay of the radio frequency signal
transmtted by 25 each antenna is the sane for all antennas. Fig. 4

h bl ...di f ' [ t 400 usi Dl | it
of ant onnaBoSHEBAR AgresICRE BRBREE o4 Sthdane! BriLcs gifhut which ¥
di gitals syp o FELER S | 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.

For the tragnsmitter arrangepent, the.relative, phase differenge Av
bet ween ¢ nE drtioRin @) STERATGea o1 dhF Ab@ERIo8. LB G4 BUgDet Ab i gi t a
synt hesi Ze{raﬁéc%ﬁ\%r?%eﬂ%r@érﬁ’é a8Qe ADFDR®f bAteHase phase difference AO

between the (high frequency) transmtter reference signals
corresponding to the transmtter (of 5the transceiver 403) connected

to the Ogdj %ﬁps;qrﬁ%‘giﬁiqrgghﬁ%n’%fwity%% éjriegciotu%lieé ¥on}\lh aenﬁciar%r?ars, Séin%neae{ch

gener ator
transceiver 301 is coupled to an antenna 303.

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=¢y =@ =03 — ¢y = . =Py — Pua (2)

When Ag¢is 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.



AO - (3) fak where flu. and fa, 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 antennas, for use in deternining the distance of a

P ot cat COHMRS AR P CHEARGRAG S Fr e dhasi oA uBebreamiye: o
an enbodi i il i ki of
ot onnas. | TR e el HCatp O LD potl ORI AU SinineBReFUARAL

Her e, the garieratuasiOdrandoibeusiative phaseidifférente aigtmitwdepdhe éhigh From
Fig. 5 the positjion of a comunication device X can be determ neg i f
20 bot h R efHaneyerRASMier AefesensaipionaivdiotresprRAing g the tragemitieripe d
at any poi I H’é%ﬁ ndl v I i hel

pr oduc e5 d bﬂ@%ttha?s%:% ezﬁ?%ﬁ%%{i . %\R}t {oh{égﬁsdﬁ%?éé@torﬁé:&ﬁ cfertsgof{tlg 8s t tgrll ger
wher e t he symbhesizindigheslgeakestor 401 arerelstadityer f ere constructively. On
25t he other hand, the total electric field is weaker where the two

i ndi vi dual el echﬁizcﬂi”l"effﬂs interfere destructively. In electroni c(t3
beam steering, the refgtive phase difference between the transmt %d

ol ootrc e 7 Fld T BRI ALAOTR SHEHAP RHIE G, AR B

di fferenc ; ] an,% sifé@ 30t he
directi On%g?&%ﬁ?%%g@?fa@ﬁ@%ﬁ%ﬁ?ﬁ%?ﬁ Calrf]érggl?(\a/tasﬁ?\gﬁfé ccg‘??#ngl y, the
radi atlilon beam of the antennas can be steered. In Fig. 5 the angle

Ccan be determ ned by varying the, relativ ase difference A 0 of
Cha e Eidr P Ana aje et uhe mumibesy Ssads (o Wit ho
direction d’éi@i‘rﬁin?ﬂbeth%%t%cé 'E')Fa%\ﬁ%uﬁifca’éiﬁ'@ débﬂ@%*aﬁlshﬁﬁi%'g%éw td he
two transceivers coupled to the said two antennas, 1Is nmaxi num Based
on the 5 poesyseintdncosdigpndd anarebedicheny obthshinventiytei ver, the

di stance R1 and R2 can be estimated and the di stance R can be

cal cul ated by

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 constructively. 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 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,

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

beam of the antennas can be steered.



R=0.5(Rl2 + RR2 + d'2)(4) Fig. 6 shows an arrangenent of the
plurality of antennas using a set of radio 10 frequency (RF) sw tches
to switch betvveen antennas for elevation and azi nuth scanni ng,

] R bR T R
exanpl e, ﬁﬁ@ﬂérﬁce Z?%B'P{ ane&ﬁﬂgﬂ%gghﬁféd tHd 't éR@‘h ?etols'ré%]n?ﬁ’ﬂntr'tr‘?é'

pI ane or the azim |t|ona array ennas I's

provi ded |cmurartmrwh@reuaefsumbm@rp@vwﬂth@ slgmalmﬁémemealrtgstheltmanot her
enbodi nent, of the invention, two arrays of N antennas and an array of

N tr anscel %rﬂ%cewrs apep&drtaﬁg%aaida@vWﬁﬂﬂ% iEmpXimumyEased s ther r ay
of 20 | I ) tﬁlaéf H83d [‘flc?éél%l?ﬁ%@agmralﬂ%ggggg?ﬁéb rﬁd?a Rhensl gy akhon

pl ane e second arra ant enna ghat ed for
beam steerbengsﬂmatdubarartthmdhbtavﬂcad%can@\beeia[anjlaﬂﬁdm tches 607 is al so

included in the_syst 2 bs ed to connect the array of N
transceivers toRonéi@%t +éﬂ2§a arrays, as shown in Fig. 6. o4

is possible to achieve cost saV|ngs as well as power consunption

reduction If% B ah%ﬁg%@%ﬂgéifﬂg%@ufa% %&%ﬁ?gﬁhg%%}%%d@ﬁrs

to one of two antenna I 'agr am of
t he f elddbafrdquestowd RIE ) 30@chés tchewctdmbetwem’t amtenaasfmle*satmgl and

plurality of antennas, accor an enbo of the invention.
The Fner cRAma FeENG SeOrBATo AP e SERedPVRREN " he
comuni cation systemresult in errors in the relative phase
difference of the transmtted radi o frequency signals. Two overcone

this probl Bm camnwdmttm systewrdccoeding to ansimtrmshimedt obthedagentionaad
conpensat e nuni.cat honti_)seyst em

Sorper et rstielin IFRE 4R fkdnp(e! i AR Pefford Haamn SFBTHAL en

a f eedBackelB@4tiei fflahB &P kR Bahadh pland PAVaddifiomr| Grraf, ofRfténhdsi@scei ver
701 includes of a transmtter 70 a receiver 705, a phase-1locked

| oop (PLL)prpw@qdén@yd@yﬁtmrmebewﬁ%ﬁfmgamcbqtb@ﬂ%ﬁe@r (or directional
10coupl er) 709. The circulator or directional coupler allows a single
antenna to be shared between the transmtter and the receiver. The
phase det elotawotlmérrembtbdlmmommmesnmm tpbasesn/sadf N hatdnnassmdi drer

reference signal s and sends.g sional indicating the rel giive phase

20 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.

25
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.
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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15to the digital synthesizer signal generator 713, which will then
tune the relative phase difference of the corresponding | ow frequency
reference signals, to conpensate for the errors due to the different

transceiv . Effecti.vel t he, phase.detector circuit, 711 provides

the T eedbalhe e AiFecat EMBRRE QR HSREN o taand tonBRoH kAl
a signal | &aka8ecoGit W Srrbisamtivd felhthanpiade giffefsiceldtithe itidih@mittdteradio
receive S|r%nal path in the circulator or directional coupler 709 in

each transEeAuaICYisioTlg. Two ovecome Hiis peoliensa faedbagkdiriwotetamen t he
| eakage i galsel ALERNL FLAISGRLIEHS GARCRE oL A1 biaBRSA

using a ph ect or Circul phase error-at t
recei ver s eanmudicatibn wysteedwith thebiurisdriof@ntdrhasahahe prirahase

di fference between the transmtter reference signals fromthe

rel ative pHASBNAF {V & onwiEh gdesrRackRiwpEaksgEr S RtRsalsShavRint Fige &nt
transceivers. 30 Fig. 8 shows a block diagramof the transmt signal
path of the comruni cation system 800 using a plurality of antennas,
accor di ng Eactatrapsdeieeritit inofudebef artvarvsmitiar 703,ra Feapive8,706ha phasasm t

i | data | into t t the Splitt 801, t
Sone gl TERRER P RS A g S T 00, e e
transnjgf t %@r%rggegs el Gfcutat&O8r difddi®nkl GARITEE alflfa %ir%t%!am%ﬁga to

Transmtter I's upconverted at the pair of mxers

di r ect i ondbe shaneddret®oeon the trposwittes gindithergcaigéi.t s t he upconverted
transmtted signal into two, so that one signal is coupled to the

antenna 811 while the other signal is coupled to a phase detector

813. 10 AsTiexphasegéeteetdrldirelit 74 heopiiiies thé bRESSE 6f ettnprRmiasd acent
upconverted transmtted signals are fed back to the digital

synt hesi zeefeypgeribiogalseard sendsls sianah bidiepting thrdslatiye Rbase differemnce

rovi I ; i Lagr f
Fecei g oitgnie SRR EgfhbREer sonal dondte R P13, BRrERligfr SRy R reldtRe
plurality giasediferease ofdeocoliregpdralivmlcanbrequamsyt reférehbe sighadnto on.
In Fig. 9, the receive siﬁgrnal i s downcgnverted at, the ir, of mxers

901 of RecEIMRRNElGHY thirErogmAbe &? i difermtdransgoase Alwrivaly ghel s
(i n- phase ilaseafbaat BAft 11 ¥ pRviddd noeblibatk e ¢ el el

Combi ner to provide t trongest signa as shown
in Equati aret¢b)k. so as to achieve a higher Signal to Noise Ratio
(SNR) for the received signal as conpared to a single receiver, as
shown %n Fig. 10.

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
signals 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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25Final (1 +fQ = (11+12)+HQL+@2)(5) In this enbodi nent of the
invention, multiple [ocal oscillator signals will be phased
controlled by delays, ti and t2, for exanple, by the digital

e PR AL Sy s M el

hi gher SNR acHhi e ura nt enn

si gnal s fr&im,aneopartito batisasmittad b Travensittemi\80Bearidt@tsttef pait kebe
away fromthe plurality of antennas. Fig. 11 shows a bl ock diagram
of a conmuiFRRYbiter by BResMteIE 899 ng a plurality of antennas with a
frequency conpensation circuit, according to an enbodi nent of the
invention. 5 There are many causes of frequency deviations in
comuniscat T trapsinédrdatd 8ignakak hraasmjttele BaS ioopcane riedrettea pairmof

di ff t f t hesi i diff t.1 cej 1101.
T0 W so. DGR SBGUEY Alseriied enuniy B8 T EORErTRILeE SRR ur ai i Ly
of ant enn%c%%%rtée@@%ﬁﬂn&ﬁsi@ﬂgﬁ?\f@w,r@mﬁwhé sig@ablstcdupldd® the

coupling of the transmtter réference signa romone transcelver to
anot her . santanna8il twhiledhefotheensigngl inopupledipeaphasst dethetor 813.
downconverter of the receiver of each transceiver due to the
frequency deviations, which affects the performances of the receiver.

15 Theof r emglersiirdeNeRlieOife pRash diffef@ide iSatNeBAH F&ent GpBoRverted
conpensated by setting the digital sgnt hesi zer signal generator 1105
(denot ed dsarEaided signalseradeditncdndbadigitabayithesigensignal aweraiog 84bs

W th 1 eausarg ol BRI NAOA S B dhad bt sguRgy dovi ati ons

in the diftrerent Trequen esi'zers ¢ e conpensat ed by
i npl enenting a frequency conpensation circuit 1107 in the system as

shown in Fig. 11. The frequency conpensation circuit, for exanple,
may conpr iFs'g- 8shewigA blogk ?’eﬁgrém 9iihgreseive sighah Patholdhgigommgeairation

osci | lat orgyelddh 09U g & PAIFRITT drit @R akEErdif oS8 e MsRimeRt ofthe

receivers to
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 (I)
20  and quadrature (Q)) is filtered and combined at Combiner 905, to provide the
strongest signal (Final ({+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.
25 Final (I+jQ) = (H+2)+(Q1+Q2) (5)

[n this embodiment of the invention, multiple local oscillator signals will be
phased controlled by delays, t7 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.
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25conpensate the frequency deviation in the local oscillators. Fig.
12 shows an illustration of how signal reconmbination is used to
reduce the nunber of transceivers, according to an enbodi nent of the
i nvention. 30 The nunber of transceivers in the system can be reduced
by conbining the signals of a few transceivers and feeding the

combi ned sFignal showar®bloek ddgrannef & doinheuracatiyn systerhhie 00l dgivsg gat i on
shown in Fig. 12, 2 transceivers are coupled to 3 antennas. The
si gnal tr aPlSFAItY etrHeNRaAs itha equercyi rgpensatieg circuitgeeording $¢ éis

t he antenn bggwédt%@ﬂ;@m%ﬁgnfor t he conmmuni cati on system 5using a

plurality o nnas I'me delays of O Ps and 100 ps
respectid vely are used, according to an enbodi nent of the I nventi on.

The anten radi ati on atter with time delay of 0 seconds (ps)
(1301) " andTbere R0 AT Baiecs ddpmasteriou sviatens o aemmn i on Syt &

obt ai ned u ek iiQn
= 924MHz Nﬁ' er %ﬁu tyq-jnén\lqz;égﬂdEﬁ d}gllrect ﬁf)ﬁal %ﬁ%ﬁgﬁﬁeﬁﬂy {rsf\é?giéé&é@ R

ref | ect or .th8ajifferant wangcsivareri 191ant ennas = 10cm 15 It can be observed
that the antenna radiation pattern with tinme delay of 100 ps (1303)
has been tilted by 30 with reference to the bore-sight (0) of the

Sohco, LA eIty beec amadanioin ol el o gicre
t r anscei veﬁqe?sl(’denoted as Antenna Array) will result in the coupling of the transmltter
reference signal from one transceiver to another. As a result, low frequency
noise appears at the downconverter of the receiver of each transceiver due to
the frequency deviations, which affects the performances of the receiver.
15
The frequency deviations 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. In the illustration shown in Fig. 12, 2 transceivers are

coupled to 3 antennas. The signal transmitted by Antenna 2 1201 is given by

13



required to neet the signal transm ssion regul ati ons set by the

rel evant authorities. The EIRP of each of the antenna-transceiver
array is less than or equal to the EIRP defined in the standard
signal transm ssion regulations divided by N. As a result, the power
requi rement for each transceiver is 25|l owered, and accordingly, a
power anplifierSpi= Aaier peér can be used. Also, the |ower power(6)
requirement will extend the operational lifetinme of a comunication
system O her advantages obtained fromusing a power anplifier of

| ower poweg: i pel I i .

30di ssi pgﬁ]ghqgnﬁgﬁg&gﬁgﬁd "I%@ﬁaa@@i iél onf1JS ?ﬂﬂé{hé%\ﬁﬁ{%{]ﬁgé‘% i gﬁt%rr?na
can besr eﬁuﬂiﬁgifqamda[itmia‘tarﬁhm&,m&}emﬂimlﬁeiedaysagf G)lps antle@gss i s the
sanme as that of a single antenna for the orj gina | RP. 1n one
ebod; ment | SSPRENEY BrecyRad APRRITY (v SPediBRYCoUfe MR gnal . 1 n
an enbodi rent of the invention, the digital synthesizer signal
generator may provide a plurality of reference signals, wherein each
r ef er ence HBigyaalenng radiatibapattdaisayithl tiver délay 0b0 pitmseconds &ps)dl 80K)

signal. In orde 0 {n ver mal | wval ues .of ase . a i.n_the
ohase el RLeC i A303L RaiRavgVres W T Fi Bh S opfi s Baghs
the cligck fBji@nmy fBtehisée very | ow phase noise. For this reason, a
crystal oscillator may be used to directly provide the clock signal,

because the clock signal froma crystal oscillator has very | ow phase

10noi se. ! yst k signal may be obtained
directly ﬁ%%ﬁ\héR@?é}s%%ﬁlérﬂ§gﬁ6h"at gjrzémﬁfs nmeans that the clock signal
i's not pratessedobaneniaged tiredtRinat dipotd Witk metatfeflestcr. phase- | ocked
| oop (PLL), for exanple. This is done to 15ensure that the crystal

clock si gna@Parationetwean 2 apips@siol9eMas possi bl e, since additi onal
circuijtry may introduce phase noise to the crystal clock signal.

It can be observed that the antenna radiation pattern with time delay of 100 ps
(1303) has been tilted by 30° with reference 1o the bore-sight {0°) of the

antenna radiation pattern 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.
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In view of the above, when very small values for phase delays in the
phase del ayed signals are obtained, this allows fine control of the
bean1steering of 20 the receiver arrangenent provided in accordance

ith t al
\émynt hggl ger Si gnapoalemnéertr}gwgmé%hg%ggcgts a?%ﬁ’ﬁ% r ecl{g\gnggll: ?;I :

Synt hesi zer (DDS) 25 As used here| n, a D| rect Digital Synthesizer

(DDS) may be un tood s, bei n | e nlc devi ce, whi ch accepts a
si gnal Wtﬁaﬁ@ﬁea F'é%]ﬁ@’ﬁ 'ttﬁs. gifa yyatf@rst;@ksgnakameraéﬁ{d

whi ch gen
determ neghég%zt%ﬂ?% Sa%f&r%‘ﬂﬁf?@%f%\rgf}gé ggfﬁ‘élss Wﬁ%mcgacgr%efe?g Pénal l:'3:"0
an enmbddi nephass delaged veesion ohthe trystal cleck sigrgil tIanrSgrrmrrmiamerer(/ DDS)

| the t f di t.d' ital t h Th t i |
oLy o bl iates pE Rl HEBYE ik hiesURLNER sineisraspagaly forHigh ™
synt hesi zefahasRy a‘?ﬁbllé‘atﬂir&' trd cl%‘lf( Is@;‘nfal ﬁﬁJsPﬁaUé‘@eﬁlﬂéw [Sthdeasolbd - Fdrn

this regard, |ogic and nennry be used tall'y construct the

desired odhrﬁmeagogrfabryssai@sgtJawqu@hbewsed t@laﬂuracﬁsoﬁm@ the @@w ce to

' an emboinpeasbrleldn v b BL BB AR TRl ©

t echnijgue m;ﬁs@,onstructl ng a signal is alnost entirely digital,
wherein the precise anplitude, frequency, and phase of the signal are
known and controlled at all times. 10In this regard t he direct

digital ﬁﬁsh[gpl, j r
arrangerren@s&]@@#@g@ c a %%ﬁ%frég?f g\’/ﬁ%& !ggccor%g %S)fﬁ]rﬁoaﬁé\&stal
enbodi nentgsdillaéordiTbistrabasy tHdidlsée zck sigatlis geﬂm‘oaé@sectwmny additianal
programmabl e processor. | n anot Pr%r enb t he di

Byt hos!  dilcultn o ar Biase SR ICESPLL) pob a1 & done to
m C1 ORS00 S350 (R (ASENSIATAAich (3 SIRAUFEES rBlod dpb OSB! LABe.

anot her featu Irect technique is that

i s possi blasdditoret hirenitry Invay itreslaca phaee innisette thatopyatalsilegiasignaloughl y
equal to the phase noise of its input reference clock signal
Accordingly, the use of the direct digital synthesis technique (or

the 20 Di ripcieviPofitHeehboRe) WS vy s&m&dtuéglfcﬁ@wa@efae@,@ iWithé pﬁagé ock

signal wth | ow phase noise allows very small val ues phase del ays

in the phaisayesl sigeaissrg @Qtagn@d.), this ailsm fﬂfwcorﬂtrféroéme aeamtﬂgrlmg gk
cont rg'o ofinL *P(?%é?\?éaﬁ‘arfé) p%y."d?ﬁ if %886 ECQW@%&?%%Bd%QHf SHGfe! N

accor dance Wi an e nven i ON.
invention.

I ment

In one embodiment, the digital synthesizer signal generator includes at least
one Direct Digital Synthesizer (DDS).
25
As used herein, a Direct Digital Synthesizer (DDS3) 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 signal
of a frequency determined by an input control word or methed. In particular, in
30  an embodiment of the invention, the Direct Digital Synthesizer (DDS) employs

the technique of direct digital synthesis.
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In one enbodi nent, the plurality of antennas is arranged in a manner
such that the distance between each of adjacent antennas is
substantially equal . I n one enbodi nent, the receiver

arr angenentyd b Sl Geidat oy the GRILNIGR SRS €enhibAETMAY be N9
signals to the antermnas” In one odi ment; the receiver drrandenent
provi ded isithekized bdetcomandigifaldefinitibetefrine diesged hesudi. & Hhicedarom a

conmmuni catjion device transmtti signals to t antennas to.the
antennas. GGG HRCEe dsed aiALY Santtradie AERFS uint BoReh
of the signgd §u6§‘&ﬁ}e\‘|ﬁ9, 4 09 s er IR ealth QB ndeMiiCRorfithé Hi’g

ital
corresponding two receivers coupled to adjacent antennas, and a
second 5detdrmaimi tagherinalogedamainniThgreiore, imgh entediment ohideSpyenieonon

whi ch the adjacent. antennas .ate arranged and t.he di.regtion of the
cormuni catPgae0 e PeeS B e richs m v At shlfay
antennas Qﬂgﬂél?wﬁéréin %@B%ois}@“@rﬁ\pﬁﬁ%e?#@h@énéﬂ?%n_ﬁgw%’se(ﬁf tﬁé‘@igﬁhgé\%' S
recei ved fromthe communi cation device at the said correspondi ng two
recei ver s Knowmandgantraltgchat &l 8mesbodi ment, the di stance from a

comuni cation device transmtting signals to the antennas, to the
antennas nmay be determined if the follow ng two paraneters are known.

Firstly, tlhehisneberdetevdractidigitallsynthess whaiquehmndsh mesismentdcosing
are 15 arranged and the direction of the conmunication device with
respect t dj'ffﬁ"@ﬂtrﬁﬁfﬁﬁ%ﬁ‘ten@ﬁ Oft|ﬁ§10aﬁj]da@§m°r&ﬁ@§ﬁﬁ§sA6?Prﬁﬁ'@%é’l‘ angl ane
can be det ) Y ' ' | sum of the
power of tﬁﬁm%@@%a ,Sthgg@@}z@tggﬁgfp %%ef E?H%B%%a(%qwﬁﬁ%eévsﬁe at the
sai d corr gepgratnmgbterprocessary Bt anotbenambodimenst, et digiteldsyntiesizers t he
first pararretelr used in order tg deterniébe[\ 20.the distance froma
communi cat§ A GENEEIOf FAROHFES PAGrdrammaIe i MigIRPIaceE™ las, to the
antennas. The second paranmeter used in order to determ ne the

di stance froma communi cation device transmtting signals to the

ant ennas, Addititrealnireameaembodiment of the invention, another feature of the direct

digital synthesis technique is that it is possible to achieve low phase noise in
the output signal, roughly equal to the 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

16



25 is also found when the point where the sumof the power of the
signals received fromthe comunication device at the said
corresponding two receivers is maxinmumis detected, nanely, the power
recei ved r : : :

crbodi ment TP RG 0 5 SigRAIR BIREAGBAL1D RE SRS, colphing 2ist

I dent i fi catiénm{REg mltﬂamrmlmngm&epewbodf trensignalbeecaieed from thef er ence
si gnal generat or clugdes a f enc nt hesi zer. In an odi ment ,
The Tecet vermTUmARD oAl hE eRERSb BRI twgéac%er@é%%wéﬁcgb togAqigent
hi gh freqUﬁlﬁ‘l%}ﬁné@%d’ﬁ%ef:@ﬁc%@fé?ﬁlrﬁh@'ﬂ!ﬁh dét rﬂﬂnﬁ'@%é% @&H%'éﬁ%he
recei ved reference signal. A conponenht whic be us perform
t hi s funct planeion \uhrbhéhejad;a;cesyamtaesaa are afrangedamjltlee dAectmrdoh’@by,

t he receiver_reference, si en rls frequenc

Synt hes 2esomEBINGASEn deyica it FpE R i PREP PER B A St abteas | <
a phase- | ogk @k §818DI4RE; Whdragekun @ﬂﬂ%ﬂﬁdwéyaﬁth@%uws rédaenﬁéboﬁrmrthe
enbodi ment, the frequency synthesizer is a delay-locked |oop (DLL)
based fr eqe@ABWNSANORElSEVIGe at the said q:ofrwréifﬂg)wm@w;ve@tﬂm%mmer
is a Radio Frequency ldentification (RFID) 15interrogator device. In
one enbodi nent, the receiver arrangenent provided by the invention

furt hero i nigl thresmBodiasei ahd distanes fonda Boeh M ONBEINGIE 86ViEd traRkinittihg
anot her embodi nent, the baseband processi ng and communi cation unit

i ncl udes a¥9n@sdadhe apienaas todhe aniennas BaVHS defegningd ifthedalawingi ng
t he di gi tat\mosdé}faﬁfe?ér%eére i907 generator. In another enbodi ment of

the i nvention ansmt er arrangenent is provided, having a
di gital synthesizer signal generator. The digital synthesizer

oo 3t L S BB O i 5 ) i oS EIEReF B Srgnr o no”
derived f r:%ﬁg&i A6 BiEMeS BN S b@ﬁ%unﬂﬂ@ﬁ‘d ?é\néé‘@wtﬁ'ré%ﬁéét i }'ﬁ’% ont

ref erence signals have substantially the same frequency and
phases. Funithpeinbetihesadjaeardlantgnrefs an thessaid todare ¢an pe detafednedhyh

o & oA (1 1R PTG TR AP 655 R0 PR e

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, to 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, namely, 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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transmtter reference signal generator generating a transmtter
reference signal using the received reference signal, a transmtter
data input receiving a transmt data signal, an upconverting circuit
upeonver t | Afodd EmbbaRId! 1ilAle el gﬁéhr}é%'ér@nélgﬁn%@ﬂ?mc RS
reference signal, "and an’ upconverted tran ta si gna out put .
Furt her, afredqmem:lylstyyatrm‘&mni ennas i s provided and coupled to the
upconverted transmt data signal output of at |east one transmtter
of the plurality of transmitters. 5 Enbodi nents of the invention
emer ge {1 o ddiEmBeARASIRAThe eBb(Tor rdfrdiite & gﬁm@eﬁe%tmtsh?séd% FRehe
clock signal 1s a crystal clock signal. one enbodi nment

di gi t al5 sytineHuagh frequemtgnmcegemeef&rmcermgnaltuslmﬁte Iomefr@;ue;w r@t@w@l
Synt hesi ze

S e Lerer&Bare slaol RSB EnE Aty pb JBed g peprmiis iRt e

enbodi nment 5 fiefaelié\BbfrAheSiydy RAShERAplE! Q@(@drd%!}ﬁ&ﬁ’é pcdivit refieence
(programrabl e) m croprocessor. 15 In one enbodinent, the transmtter

arrangerrenl’élgm@irgeiﬁ@fatph@Dm@élﬁe%laﬁm@nﬁlétséﬁm@ﬁiz@rrCU|t to provide
phase conpensation information which is used to perform phase
conpensation for the transmtter reference signals. 20ln this

enbodi gent Alsbhig areeembodinprttsthedfeé Qusrey synthasizerdd b @hasphocied loop
corrpensatlon to be perfornmed for the transmtter reference signals,

thereby al (Phwi) Rgsps denyeneonyritbesiger. imanpihes embadiient the fequency
transmtteg rﬁﬁés‘?ﬁé?ﬁ%%tcﬁée&%cﬁed &%& BIL ) s dRqat rg @%Lt‘e"ro' of

t he bean1steer|ng 0 ransm t arrangenen y t he
i nvention. 25 In one enbodlnent the plurality of antennas S

arranged i n a nanper su at the dis e between nt
nt annas 118 G ARSITATyeauiacener 1 3 ot SRS HarcEAR ASRb
of antgnnagidrfodcty RAfRe.as the nunber of 30transmtters

In one embodiment, the receiver arrangement provided by the invention

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
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In one enbodi nent, the transmtter arrangenent further includes a
frequency conpensation circuit to provide frequency conpensation for
the transmtter reference signals. 5In one enbodi nent, the

transm tteg; f e i F'ai Laer.
%ugﬁﬁoﬁﬁﬂ% ﬁ%nﬂéﬁte%&@&%@ sigf, and éﬁ%%BﬁVer%é/d"frBﬁérh

I n anot her nt, requency synthesizer I's a phase-1ocked
| oop (PLL)ddtasaghsl oetprdnCyrtsgm alhpdeiaiigrof dntersnad is provitbe andrdooigi etetot |

t he frequency synt hesi zer i del] ay-locked, |l oop (DLL) based

fr equency DEhARbEYSEsd T3bsmi B Silbharingh br 2EB8s e ersTiter of thes
Radi o Frequapgivy boemdrhittesd.i on (RFID) interrogator device. In one
enbodi ment, the transmtter arrangenent further includes a baseband

15processi ng and comuni cation unit. |In another enbodi nent, the
baseband ocessi ng _and comuni cation unit.include t,.least one

i g1 tal cormpaRmate Tt BB Blishde BB 1SS Rt e &y e hesi zer
signal generator. Illustratively, a digital synthesizer signal
generator and a plurality of antennas 20 are conbined with a

plural ity lpfoneesemapodimentothegefarancesleck signal isaa germbaltclagk sigaalapt i ve
beam steering systemto performreceive beamsteering. In a simlar
manner, a digital synthesizer signal generator and a plurality of

ant enn@s nfyorizeembobinned, m'eLdlgieal @wrr@s{)ztey signall g.;aﬂerra'tdn’trmrssattIeaétoam;:c a
transmtter arrangenment Wt adapt | ve am steering systemto perform
transmi t OSBRI Hgtheszer{DSk I aaehenemiodmEn Masiteh, o

YA S ANXigndheiBrABRinkRoR SR GRANAfnIE Prdtiediblad ship | e

digital synthesizer gener at or. one to ensure t
very snal |aqibsreendbbdiynard] thesdigitad sybtheisired sigmal ghereptasiaclddeaped
cl ock signals whi ctbi%fee.used for beam steering. This in turn allows

fine cont reMeEBMERa [d8ROFER i ng to be performed. Enbodi ments of

the inwention provide the following effect. Besides adapting
mul ti pl e antennas for beam steering wi thout a considerable redesign
effort is Inemei erebodimericthedensaritier arargement wrihee ingridasraphase

embodi ”ent%etgétoF Qﬁ“c&ip %eﬁpob%'% ;?Ha%% caolnh Sg\rl\sfaitigﬁ iﬁt%%%%n Whiéhhlps LPS%%TO

steering t
perform phase compensation for the fransmitter reference signals.

20 Inthis 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 a 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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be perforned. This neans that the radiati on beam of the antenna can
be 5 steered accurately to a desired angle. Wile the invention has
been particularly shown and described with reference to specific

enbodi nent§, A : : ' Wy at
var rous. cryensseRBeer G hReh afiaboBRL Ay Bt fefidne
departi ng doropendatioamincuit t@prbvid®freqoéndyneompersdtionnfoathadisinsmitteby

t he appendege claing. The scope of the invention is thus indicated by
the append&'ENSE #9"8Kd al | changes which come within the nmeaning and
range of equivalency of the clains are therefore intended to be
enbraced. CLAIMS What is clainmed is: 51. A receiver arrangenent,
conpri $i ngnard ginbatliinmnit thedrarmmitegredéregea sigitad genetaipr has ag an

[ t | Vi | ock si . | it f
out put . SRR SURIERG dn s s BPatinent; bedreapansy BBt iy am
the ref er giRelberdd ﬁ)’oﬁlr(r’LLg VASE@FraqlibScyPSyHtAbSikYr. P E%péﬁ(ﬁtﬂé?nce

signal s have substantially the same fredquency and different phases,
and a pl ureihbegimsitrtbediageiescy sunthesizeeisadeyrpeked logp (DLL) based  a

reference sj | t ei ving one reference signal of the
pIuraIityﬁ%éqékﬁfgﬁﬁgskggnals, 15a receiver reference signal
gener gpor generating a receiver reference signal using the received

reference signal, . o . o
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.

Hlustratively, 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.

Embaodiments of the invention provide the following effect.
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an antenna i nput receiving a transm ssion signal, a
downconverting circuit downconverting the received transm ssion
signal using the receiver reference signal, and 20a plurality of

ant ennas CB) éié'éja&%bé rrg)emglﬁf{)ﬁée]gﬁténﬂﬁgtfo%eé}ﬁ sltéé@n@#t\mﬁﬁo eeFIE(Brrrle‘iﬂer%let he

plurality © recel recerver arran
wherein thedeagamfmtescrémi@dsa’ghfnelbasebandnrytetfabem trekastegnas, 25 3.

The receiver, arrange of cl ai rein th ital synthesizer
Sl gnal - gerfPBEGrERin T Medaveifianase 2l e cuiropphltpoay ert e,
4. The reqgd %@ﬁorﬁ?é@ﬁgﬁ@ﬁ@an@f’chﬁl‘ R Thdiatibh eghilof e éﬂtghﬁa%an be

synt hesi zer 30 signal generator conprises a progranmabl e processor.

5. The5r eci¢ered ancutaighyrtorat dediresd aigle3, wherein the digital

synt hesi zer signal generator conprises a mcroprocessor. 6. The
receiver arrangenent of claim1l, wherein the plurality of antennas is

arranged iWhie fROMLENSIE Aad Bétentdaenamm SEGvR ehRRRcABEN with rafliras&nt
antennas is substantially equal he receiver arrgé]dqerrent of

claim 1, ftaspreificcommdisients. # showidibe sadeeioadby seose siilled inthagrt
signal s t e im7,
fu?t her cgn%{\?%roﬁjé %%ﬁéfag?'ﬁfoﬁﬁﬂgnqggﬁi rﬁég{% rﬁ?g&ﬂg&}%% (L ance from
t he camurdepaiimfrdeMhesplirtamingddpensf 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.
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signals to the antennas, to the said antennas, conprising a
first determning unit determ ning the power of the signals received
fromthe connunication device at the corresponding two receivers
coupl ed toq L igent antennas, and 15a second determning unit
deternlnlng the angl e betmeen t he plane on which the said adjacent
antennas are arranged and the direction of the conmuni cation device
wWth resp 0 the d-point of the said adjacent antennas on the
said pl ane 5clg rI£l§mof t he power of the signals received from
the 20 comuni cati on device at the said corresponding two receivers
is maximum 9. The receiver arrangenent of claim?7, wherein the
comuniscat1.on d@ve@&wemanaﬂ@mmenW%@mpémag I dentification tag.

2510. The receive wherein the receiver

ref erence signaf &@ﬁL§¥{ﬁ6$§2%ﬁﬁ?9“§C| grﬁj‘eéa PSRN S ynt hesi zer .

11. The receiver ar ra’%‘ﬂﬁ?ﬁ?%céﬁflngb%@r&ﬁce wek &ighaihe frequency 30
synthesi zer is a phase-Iocked | oop based frequency 'synt hesi zer. 12.

The receiver arrangehilyraldy oépatmts,@aomcén@mtrprph@rfg 2 digfernice signal

2 the  eas IS PR AL B R BPR bR Sond bR LR B
Radi o 1br eqefsrelicd dignials hpas sulistamtizelytiog ghnve fileyidivy arididifbrent phasysr
arrangenment of claim1, further conprising a baseband processing and

comuni cat3®h unit.
a plurality of receivers, each receiver comprising

a reference signal input receiving one reference signal of the
plurality of reference signals,
15 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
fransmission signal using the receiver reference signal, and
20 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.

25
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

30  signal generator comprises a programmable processor.

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

signal generator comprises a microprocessor.

22



15. The receiver arrangenent of claim 14, wherein the baseband
processi ng and communi cation unit conprises at |east one digital
controller 10for digitally controlling the digital synthesizer signal
gener at or. 16. Atransmitter arrangenent, conprising a digital
synt hesi zer signal generator, conprising an input receiving a
reference @l ockTlse grualiver Hyrangletrtemlt of ylairh 1Quehmrei, the addratitytaiwintennas
providing a reference signal being derived fromthe reference clock

si gnal , whig@giangeddn ﬁlmﬁﬁﬂ?ﬁ%%thﬁﬁﬁ'@r@ﬁf@é‘cglbﬁﬁ‘ﬂﬁgn gagk otadiseant i al | y
t he sane férﬁlHﬁé‘sC% Qidhiif fﬂ?léa[]‘tﬂ phases, and a plurality of

transmtters, each transmt conprising 20a reference signal input
recei visng one reference signal of the pI urality of reference signals,

a transmtier reference signal ene g r ng a.transmtter
ref erence signa %@9‘?@"9{@@%"‘@@8%/”@ rEr1 V:'gh ':QWSFP"S'%Q fransnitter
data i ”pUtcdrﬁﬁléhib'aﬂgn%e\/fc@r’tﬁa’ﬁsrrmﬁﬁug%@ﬁﬂé‘% thezﬁﬁt'énH%onve”' ng
circuit upconverting the transmt data signal using the transmtter

ref erence signal, an upconverted transmt data signal output, and a
plurality é).f anltheenpe%séiv%?u rra%%e%n%nt[ of clal Ofmfuegtﬁ(—:'erdcc}ngﬁ%slr@ té d%?ér%"lir%iingnal
10 unit determining the distance from the communication device transmitting
signals 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
15 a second determining unit determining the angle between the plane on
which the said adjacent antennas are arranged and the direction of the
communication device 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

20 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 Identification tag.

25 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
30  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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output of at |least one transmtter of the plurality of transmtters.
30 17. The transmtter arrangenment of claim 16, wherein the
reference clock signal is a crystal clock signal. 18. The
transmtter arrangenent of claim 16, wherein the digital synthesizer
signal generator conprises at |least one Direct Digital Synthesizer.
19. The reti veTharecgararingeinaitaf wlals, 1 Wissreimeddierediepier & a Radio
synt hesi zer. 5si gnal , generator conprises a programrabl e processor.
20. The reé@%‘@ CyideNgeatian inkgrredatprdieycenher ei n the digit al

synt hesi zer signal generator conprises a m croprocessor. 1021. The
transm tter arrangenent of claim16, further conprising a
phase det et4.or €he ceddivdrarmangentnt ph akémch fpeinsaddnoprising or mat i on

which is used to perfor hase conpensation for the transmtter
ref erence si gnaf Qgsﬁwnﬁ'%&e??'ﬁﬂéﬁdtqoé?m&mcéﬂ%H@Ht of claim 16,
wherein the plurality of antennas is arranged in a manner such that
the di stance between any two adjacent antennas is substantially

equal . 15.23. Ththeeaaiveramtangement oh slpimelt, vdfereindhenbaéebadrei n t he
nunber of 20 anpt.enna

i s the sane as the nunb of transmtters, 24.
The t ansrh CPRFIH AR GaENUGROT 4l e8Pt ot ook o R o Stler
frequency fepaRmaiRrtbaifolfhdg Gd dighal $irédiged JigtdiepRavraienpensation for
the transmtter reference signals. 25
16. A transmitter arrangement, comprising
a digital synthesizer signal generator, comprising
an input receiving a reference clock signal,

15 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

20 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,
25 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.

30

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

signal is a crystal clock signal.
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25. The transmtter arrangenent of claim 16, wherein the transmtter
ref erence signal generator conprising a frequency synthesi zer.
3026. The transmtter arrangenent of claim25, wherein the frequency

T (ranem b1 or |07 AANGENER PR B Ry UGB, T

synt hesi zegynthesizeledigivallgedleestor eomphisssdt fdaetlund Oiresy Didies ByAthesizeB.
The transmtter arrangenent of claim 16, wherein each transmtter is

a 5Radi o Frequency ldentification interrogator device. 29. The

transmtteggarr IR, ' drther I Sif

pr ocessi ngﬁga'nd ?@%ﬁum' Cearﬁr%aﬁig%m%r&%%f%_ﬁﬁﬁév r%ﬁsﬂr%atq@traquﬁtgﬁggggnt
of cl aism 28ignahgereiratot bemipaised angrograne@ablangroaass@onmuni cat i on uni t

conprises at least one digital controller for digitally controlling

the digital synthesizer signal generator.
20.  The receiver arrangement of claim 19, wherein the digital synthesizer

signal generator comprises a microprocessor.

10 21. The transmitter arrangement of claim 16, further comprising
a phase detector circuit to provide phase compensation information
which is used to perform phase compensation for the transmitter reference

signals.

15 22. The transmitter arrangement of claim 16, wherein the plurality of
antennas is arranged in a manner such that the distance between any two

adjacent antennas is substantially equal.

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

20 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
25.  The transmitter arrangement of claim 16, wherein the transmitter
reference signal generator comprising

a frequency synthesizer.

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

synthesizer is a phase-locked loop based frequency synthesizer.
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27.  The transmitter arrangement of claim 25, wherein the frequency

synthesizer is a delay-locked loop based frequency synthesizer.

28. The transmitter arrangement of claim 16, wherein each transmitter is a

Radio Frequency ldentification interrogator device.

29.  The transmitter arrangement of claim 16, further comprising

a baseband processing and communication unit.
30.  The transmitter arrangement of claim 29, wherein the baseband

processing and communication unit comprises at least one digital controller

for digitally controlling the digital synthesizer signal generator.
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