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This i ' erally relates to the field of comunications, nore

parti Cmmmmmm\mmwwl 0 receivers that digitally process a nodul ated

receive §é§ﬂ9" Background Wth rapid expansi on of communi cation

t echnol ogy d services,-demand for digital radio receivers and
transmtters have grown exponentially. In radio receivers,

Anal og-to-Digital (A/D) converters are used to digitize analog radio

frequency (RF) sj I ' | by modul at i | gnal . Once
digitized, the Wﬁﬁﬁ\?{éggl 3@3@3#@#&%%0 Yﬁ%@ﬂGﬁégngMn
known digital signal RroRRTH™EY SROHDEAYLEATABNI dﬁ@;u@:@:@ﬂs{ er has an error
transfer function with a generally sawtooth shape. The error transfer
function of such A/D converter has equal increnental steps that represent
the differences between input signal |evels and correspondi ng discrete
guanti zed I5V€P§Fcﬁﬁeﬁ“ﬁ§5£icated using available integrated circuit

t echnol ogi es, however, commercially available A/ D converters exhibit

I nherent non-linearities, which are caused by their internal structure. As
a result, the error trmasf eirmfrélﬂeibﬁngeﬁekam?oaﬁ@g@%le@ Y RionweLigrs

i ncl ude unequal discrete steps. Furthernore, fhe inherent non-linearities
of a commer cifakcomtDrdaatdrdres, more particularly, to radio receivers

that digitally process a modulated received signal.

Background

With rapid expansion of communication technology and
services, -demand for digital radio receivers and
transmitters have grown exponentially. In radio
receivers, Analog-to-Digital (A/D) converters are used
to digitize analog radio frequency (RF) signals, which
are modulated by a modulating signal. Once digitized,
the modulated received signal can be demodulated using
well known digital signal processing techniques.

An ideal converter has an error transfer function with a
generally sawtooth shape. The error transfer function
of such A/D converter has equal incremental steps that
represent the differences between input signal levels
and corresponding discrete guantized levels. When
fabricated using available integrated circuit
technologies, however, commercially available A/D
converters exhibit inherent non-linearities, which are
caused by their internal structure. As a result, the
error transfer function of the commercial A/D converters
include unequal discrete steps. Furthermore, the

inherent non-linearities of a commercial A/D converter

A
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01 AUGUST 2002 2 may superinpose a shape, for exanple, an S-shape,
error transfer function of a commercial A/D converter. Wen exp@géﬁﬁﬂﬁépgooz

i nherent non-linearities of the A/D converter, interfering signals produce
spurious harnoni cs, which should be renoved to inprove receiver
performance. For exanple, if an interfering signal generates spurious
harnoni cs that fall on one or nore desired channels, weak received signals
on such channel s may be masked by stronger spurious harnonics, thus,
degradi ng reception quality on the channels. The spurious harnonics

generated due to non-linearities assggiated mﬁih t he ggtgrnal strgg#gre of
the A/ D conl@rt EFESEARPRSE 15 Ned By FFFTRYFng?Fni ig2RRFal &F in. In

a conventi opakorethads rahi Ghy har£a toF éscérﬁﬁméféﬁgltﬂ/ﬁscéﬂ%%!égﬁ.
avoi dance", the harnonics of a large interfering signal are avoi ded by
limting th¥heacekpedesl gralinterents mabh - paméanit Nyguost thand,/DHowever

this method requires sharper_(or nore narrowband) anti-aliasing filters and
severel y reHOB¥STERE udaes Ioandw o IRahdt EPdeoRVERLT 8RYF net hod uses
dithering t imnate LI QUS i rate D_converters.

Dt hering iga?hég%?%ée¥§8g¥l%%F?g'ug%%dggﬁgﬁ%%dgéef%géa@%orggeéygﬁél, known
as dither spgpabrmahckhe mRUte@fnpie ANL: conveiterfedggdstiBarisi gnal
snears spurious harnonics over a frequency band. Two well. known dithering
met hods i ncgadersubsr apuinieoud debamhiBis Hehdthgfahtl Gutoné Bandobet heri ng.
Subtractive W deband Ditheri is nost effectjve for generating | arge

ing is
di t her si gn§F§.1r V\E%?@P,nei. 'rg‘fﬁﬁ]? e’ée%%lr?b?‘i?c%’t%‘aa Tb? aﬁPFHtha@feA%GJST
2002 3 circyl rﬁefggggggpgb?%g%?ﬁ] a,egﬁﬁfﬁkﬁ%tﬁﬁ%méﬁgggl't gher signal s

generated by Out o re nore easily renoved than signals
gener at ed byeSubtiiagt reectdehanf:dd ithereomochd-ochdmmadl anpl i t ude signal s,
however, are required advanced analog filter used for generating signals

cannot be e®Bf| §PHKEEYFat@dARIF g Ratedidvy &P RpR-{éBER¥AELeS t hering
effectively v pur.i_Qus . har.mni ¢cs., when | itude pf dither signal is
hi gher thanaégp f?g é %ﬁtgpéﬂ%négﬁﬁﬁ¥%ﬁﬂ%é?uéﬁﬁéﬁ %?d%gehg(PDnics, such as

second and gbhireeder char MYt G AkordEab Rt DY &Phg Near theeankhaly span a
| arger part of the A/D converter's input range than higher order harnonics,

such as seveéawhinnd &hght compmemthiznmehitsthdherdioele, harghékeor der
harnonics require lLower dithering anplitudes, and are sonetinmes dithered
Tatural Ty FOFSEFEdoht Aol DAL S EFITERY! ot VR BOBCRaPTor oo,
however, |aigﬁéediﬁhékf%@ﬁHé!&%ﬁhéﬁfaféﬂﬁ%éfﬁkd1$§ 1 8hgeindi Lher
anpl i tudes decrease the dyndam c Tange of the receiver and conplicate the
desi gn of baadeinetdi Bdghiallisernts tahaimeck ke apartanclf rieymuesdi bahad.si gnal s. For

| ow order harnonics of .a strong_interfering signal that fall on one or nore
desired chaﬁﬂ@?g?rhoﬁéﬁérWQﬁQQQHqQQP#ﬁSﬁi?g%ﬁEeHeg?ﬁd@oFﬁe reception

quality on h y ugj . ﬁﬁ@ r e, sihly Limting
t he anplitugggrgﬂgghg ?h%qA%BG%E%ang%r, W§?c%9%aie %Egggtkgg STt he
channel virtdal Liabrposanidwa.dectherefore, there exist a need for a nethod
for renoving spurious harnonics produced by
Another conventional method uses dithering to eliminate
spurious harmonics generated by A/D converters.
Dithering is the process of introducing an uncorrelated
noise signal, known as dither signal, at the input of an
A/D converter. The dither signal smears spurious
harmonics over a frequency band. Two well. known
dithering methods include Subtractive Wideband Dithering
and Out-of Band Dithering. Subtractive Wideband
Dithering is most effective for generating large dither

signals. However, it requires complicated subtracting



01 AUGUST 2002 4 non-linearities of A/D converters, wthout the draﬁ@ﬁ§#f
associated with dithering. Summary Briefly, the present i nvent | ¥hAY 002
addresses this need is exenplified in a radio receiver that avoi ds spurious
harnmoni cs of an interfering signal within the bandw dth of a desired

channel using an A/D diversity arrangenent. The radi o receiver according to
one aspect of the present invention converts an original frequency of a
nodul at ed recei ved signal, for exanple, jts second I F frequency, into a
plurality of digitization frequencies at” a pre-A/ D conversion stage. At an
A/ D conversign st&ge gfter the pre-A/D convergi n séﬁge, t.he &adio receiver
di gitizes tfetmidditat &6 ES&VTP LI Yhal TGt A e§|ﬂ% Fty Sdf"&"gi ti zati on
frequenci esp;Whiceh Ale N LTRIAD I O [1SPT ol 08F €B5HAOkRBhe ity @XAMPI €,
arbitrarily or by a predefi'ned frequency interval, in the order of a few
channel spaciomgs cahtily pestovdld tdony et Sgmmal st ggeerdtgidt byed nodul at ed

recei ved si | s at each one of the digitization frequencies are converted

na , ,

back to a ng§F§a€6ﬁﬁ§hWﬁﬁﬁﬁﬁﬂﬁnpl%ﬁ%ﬁkﬁ%blyF@Fth%SQséWQAGFPth each one
of the digiti hQn fr cies, the radi i rmnes.a plurality
of receptip%lég%ﬁ%fyi§§ﬁﬁ§§”a§§%%iEﬁ%&ﬁ%&fhgﬁﬁgh%ggigﬁégggngﬁéFgfgd

recei ved si g@alis)oirOxeexai ity HAESPONEhRgobi be €&48K 113t 8% eGPERE 0T
carrier-tointerference - plus-noise = ratios (c/(1+N)). A digital signa
processor derttutieds heawiduhatell theereedivenl AUGUST 2002 5 signal by
selecting the gi i.tized output of the nodul ated recgived signal t hat was
digitized aP*&DEEdTE SAEEST MM SRTP TS5 SR BTPURSNATBEPLSE / r ¥BER i on
quality tha I Qi i3 ry digitizatj f ordi ng
to sone of ?ﬂ%hﬁgﬁﬁgﬁgFaFﬁgg“?iat é%ﬁo?gt%%é?%ee%ﬁggn?ﬁggggﬁﬁs ?%ﬁversion
stage di git epesrivhe edulcaties r ededwexl si@eal hatmdhecpl, usakint wsof
digitization fr%%gencies_substantially si mul taneously. In an exenplary
enbodi nent &FCPRCs aa¢r &hdaitemrdehd ek erdaFoncseagedi kYl n@ds a
plurality of . versikon branches. The onyersio ranches include a
plurality o?‘lﬁegcf&gﬁg% %c})lr?\r}erstpearns 1 ﬁla‘?r erléAé%)trJ%I ((ga% f’gleaﬂégr respondi ng

plurality otoftveréenver tiQfé:ﬁ.lt Thendd ecenclyi §Rayestees BaRMENE clghe ori gi nal
frequency of the nodul ated received signal into the plurality of

di gi ti zat i osuche gseseiventdurantd) eigitureoxder shaphengcent eFhereLoTige

lurality of ,ALD converters then sinultaneously digjtize the nodul at ed
Pegeiv;dysiéﬁg eéicFﬁgrb&ﬁ?%W?QﬁFQJr%ﬁf&¥?z ?V%ﬁ %?tbééﬁ?ﬂes dur?ng t he

concurrent ganliicRi@dslt ARl Sre |db Ak AhdSTABE LY LAl ARYEFRAN y it G A/D
conversion stage digitizes the nodul ated received signal at ?he plurality

of digiti zapresehitegudricangs rsutrsd antiat | yemonsnguldaneedsky. I n an
exenpl ary epbodi nent of this arrangenent, the A/ D conversion stage includes
a frequencyEERCEACSE, WSt 39T oppliey YRt hEYALEr 2%€hat converts

7 s Sh Tk SO e RS BBl OB Ce P LY
2002 dynamic range of the receiver and complicate the design

of bandlimiting filters that create and remove dither

signals. For low order harmonics of a strong

interfering signal that fall on one or more desired

channels, however, dithering may itself degrade the

reception quality on a channel by reducing the dynamic

range and possibly limiting the amplitude range of the

A/D converter, which make reception on the channel

virtually impossible. Therefore, there exist a need for

a method for removing spurious harmonics produced by



6 concurrent sanpling intervals. An A/D converter nonsinultanequsl

digitizes the nodul ated received signal at the plurality of mgﬂﬁ$qﬁpﬁ&?002
frequenci es during corresponding plurality of the non-concurrent sanpling
intervals. In another nore detailed feature of the invention, a dithering
circuit introduces a dithering signal at the A/D conversion stage.
Preferably, the A/D diversity arrangenent of the invention is used to avoid
the | ower order spurious harnonics, whereas, dithering is used to renove

t he hi gher order spurious harnonics. The“radi o receiver according to

anot her aspect of the invention determ nes a frequency |ocation of an

i nterfering BPYnhinapsibapsupdt &4 D KONVEEHRG s WitRHY i e derwearks

resulting fro LgiLtizin he.interfering signal at the plurality of
digitizaH(NF rgég%%%éeggt%hglF gﬁﬁﬁﬁ’digitizes t he nodul ated recei ved
signal at a digitization frequency that resulting spurious harnonics at
that frequency do not fall on a desired channel. According to yet another
aspect of theummgention, the radio receiver adaptively converts an origi nal

frequency of_a, ulated received signal. to g digitization frequency. An
A D converté@rﬂgngizEEetﬂgeﬁﬁH&I QQﬁﬁﬁ\éhﬁ%iiﬁéﬁe%ﬁeﬁH%hﬂ?gP??éation
frequency. Aiéréﬂélﬁﬁfi’f%at Eﬂ' benZ0n - c%itw;éercglgéé'az\?c%i@%] é;}E&Ei‘SQ&V such
t hat spurious harnonics resulting Tromdigitizing an interfering Signal at
the digiti zathohohi€gueACindenielr fedlingOms idyriels i wiath thaiie | bandR1d AGUST
2002 O her features and advantages of the present invention will becone
apparent fr o thed¢aliredi aganasdr iystinen agf At Pregesiad anpoudement - t aken
in conjunction with the acconpanyi ng drawi ngs, which illustrate, by way of
exanple, the principles of the invention, Description of the Drawi ng: FIG

1 is a bl ockrgl ags@id Ofe8e i 480 ARERIMEly AlorRdVadageus| ghd ncor por at es
an A/ D converter according to the present invention. FIG 2 is a block

di agram of aihasebhaninpentionocoswetiten agf dHigirlal Ax@qBnay aofliagr am of
resulting spurious harnoni¢s at two digitization frequencies. FIG 4 is a
bl ock di agr'éﬁ?%‘f‘f‘%e fﬁﬁ%?ﬂf@%t & 9edor di%g PHRNE 'p?’e%%rﬁe??ﬁ%n’—tfon.

frequency, into a plurality of digitization frequencies
at a pre-A/D conversion stage. At an A/D conversion
stage after the pre-A/D conversion stage, the radio
receiver digitizes the modulated received signal at the
plurality of digitization frequencies, which are
preferably offset from each other, for example,
arbitrarily or by a predefined frequency interval, in
the order of a few channel spacings. At a post-A/D
conversion stage, digitized modulated received signals
at each one of the digitization frequencies are
converted back to a single common frequency, preferably
OHz (baseband). At each one of the digitization
frequencies, the radio receiver determines a plurality
of reception quality values associated with the
digitized modulated received signals, for example,
corresponding bit error rates (DER) or carrier-to-
interference - plus-noise = ratios (c¢/(I+N)). A digital

signal processor demodulates the modulated received



FIG 5 is a block diagramof a baseband processor of FIG 2 acgordi
one aspect of the pregent i nvention. Fl Gp 6 is a block di agram%ngCUAélgsIr%ooz
baseband processor of FIG 2 according to another aspect of the present

invention. Detailed Description: Referring to FIG 1, a block diagramof a
radi o receiver |10, that advantageously incorporates the present invention is
shown. The radio receiver 10 includes one or nore antennas 12; a RF section
1~, a first IF section 16, a second IF sDJecti on 18, and a baseband processor
20. In a well known manner, the antennas 12 receive desired and interfering

signhals. The,desired received signal_ ., 01, A ST 2002 conpri ses a
rr:)gul ating §?‘§ﬁ3h Eﬁaﬁeﬁgc\édﬁqza OVETILE 125 Y QRERY G téli‘errg Iknown carrier

frequency. $BaalaeXampLaly RIDQd RN ciAe (21 Qs 4eCe YE a0 uSes an
antenna diversity arrangenent for~receiving the dul ated recei ved signal
over a pluralgiyiektheaeifveiguydredehgst Quesvidsei yeset tde REcspeiban 14
provides an initial selectivity to the nodulated received signal within a
rel ativel y gihdéibnthrat fhoree digiii g sletappther dbigitbraeies t he
received signal with a first local oscillator signal to provide a first IF
signal on I?ﬁgqﬁﬁfm%ﬁi ch has a pre-defined first IF frequency. The first IF
stage 16 pro¥idediABr eoselRfd i tohd tndhe A0 pdedr & LCei¥80-81 gRal
filtering out some interfering signals and passing trough the nodul at ed
recei ved si gnuentTbe,f thet A/ stgnadrsisoraptage digithezescone | F st age 18,
whi ch further down- converts the first IF signal to provide a second IF
signal on |PReudated gessd iRt | EYhaAt nde anloribihalosecond | F frequency

frf which ig.al ' b ' . The [ ' l. i to the
baseband pr%éégggg%gsnﬁ{}%}]&%%ﬁéé %tg%iel%%ﬁgd%%%jfia@%%%%ggr F signal
according tonthf Bxemelbrin\RBdDihmentd B a4 erdeemdet] atgd Agpei ved
signal. Referring to FIG 2, a block diagram of the baseband processor 20
accordi ng teoBHeraipacetene Hapruedemta imieral by | of hinceavensiode a
pre- A/ D conyersion sta 26, ,.an_A/ D conver.sion stage a post-A/D

conver si onngfﬁﬂgggﬁ,' a%g‘eagtfirgﬁ%ﬁv?f%’n%ﬁ Draelies nlgn%f%%% %2. The present
invention Usearali Dot ¥lthioh@f I EBAIBE rd Otha O1a AVGERIH 282§ avoi d
spurious harnonics of an interfering signal that are generated after the
Al D conver sconrespgad28goypdnaie oy afbr A descomdectemnsel sThét the pre-A/ D

conver si on gta e 26, which is before the A/ D copversj og stage 28, the
baseband pr bE¥EJEERCTOCOTNFHIE S RPRERION ‘P?b%h‘é#cy FeEUSRCY nefsecond IF

signal into p i 0 | QL i r i fset from
each ot her,tggr#ﬂgég(?r%?zéfi %f%a&i&%%g%%%di n%%%%%%s%%%]éﬁgpg%i ngs. At the
A/ D converstiggistiage 138, fideepuetei &/t Digl coscdt peht zesmplirgch one of
the digitization frequencies at a rate defined by a sanpling frequency, fs.
In this wayintREVALD. cofe Roratdge 2B A €PRESTEHES nblgeNat ed recei ved

signal durip Ling hntervals.th corr nd.t he. L ing-frequency
rs )" shovnrRIFRaceRe Y EiStFLl A e SIeETERESe Pagdfuil Rty £
frequenci estaeOPNArd13RY Io¥ 2id i S FoS PEF&QUENOE SR EENGT L AE
interfering signal digitized at two digitization frequencies fl and fZ are
spread overcbnegurrny speglinmg wintexvazbastant offset. In FIG 3 the
spurious harnonics_of an interfering signal at two digiti zation frequencies

f~ and f2 afB §Hpﬁnlltﬁfnlaltl’r,v~e aﬁfarﬁ"}%%m?g? espeet #(BI §° YR-Ehe™r 88P8%r ecei ver
10, the f reﬁfﬂg@%&%\%sart?llén%c%iﬁ'&lté&/&@éfvé.'&tsggﬁgl azge ' EhE! #fﬁgﬁﬁ"i‘@ge' s due
f - , ze u

to aliasing. At e post conver si on stage the digit out put s of
the A/ D cong€r 8igitiizagd 28 Btegachciegi subetanpisltgurosy axe reconverted

back to a single common frequency fo, preferably OHz. For each digitization
frequency, EhBUdtgregusdivynal Ilpr@@e%%@nlglél-’bigé"%fzd@@ﬁéﬁ nPheshas
correspondi 0g, LegeRLl AN WAl 4 )p "BSSYESs: 63°88ag0 851G3RENGI N9 reception
frequency converter, for example, a hopping synthesizer,
that converts the original frequency of the modulated
received signal into the plurality of digitization

frequencies at a corresponding plurality of non-



01 AUGUST 2002 10 quality neasures at each one of the digitizatjon
frequenci es, the base band processor 20 denodul ates the modul at@AVBUST, 2002
signal at a digitization frequency that provides a better reception quality
than at another digitization frequency. As such, the baseband processor 20
constitutes a denodul ator that denodul ates the nodul ated signal using a

sel ected one of a plurality of digitization frequencies. Alternatively, the
nodul at ed recei ved signal nay be denodul ated by conbi ning signals at
different digitization frequencies, for %exanple, using maxi mumlikelihood
conbi ning, based on G Nor C (N+tI ) values . In an exenplary enbodi nent,

t he pre- Al Dcopsuarsingn ssimage 1z6 iguramsrals t hehnri P nepnversyeenopnsf t he
second | F signal to a first, .digitized frequen fl and a second

G ort ) zat i o IMEAGAORCY Y e yFie M e o Eres DU of BPaduency 11
and the secqpd tdiegihh2ahiion ,fcrfew%{} Vi S 866 PELg@indiom &ﬁft_ﬂnét her by an
of fset frequency foffset, &hlch e ave a predefined frequency interval,
typical ly, icortreepomnddngofplafaw tohashel hes paon Agsnci¥tdéna sanmplling rat e
defined by the sanmpling frequency fe, the A/D conversion stage 28 digitizes
t he modul at é@#te&¥éil¥ed signal at the first digitization frequency fl and at

the second digitization fre ncy, f2,. For the first, a econd

digitizati oghoPE]Pr g‘&urerr{]((:)lré‘::s%%aéﬁ(?%zﬁe%%{er%ocﬁ %3}5% %:%‘2%%?%?81’1 &t age 30
reconverts Hhenewipet Qfrde AR LNUISI O St REL: RRACKi §Ral gt CORRDN
frequency fo. Then, the digital signal processing stage 32 determ nes
recepti on qadbi cpnveasioss sisgrci atkxk igtdbdy gi the edl/Dudpuesstihat 01
AUGUST 2002 ~1 correspong t&g}he first and second dig%ti atLon frequenci es
f, and f2 aRFTGBHGEG N &5 R rPEbEMeP i ghatseli Hy FHeidi §hei 2eWedut put s
t hat corres t Qi rZald quﬁggy hag ; § des. e
reception q%gpgfygFﬁgﬂcgﬁase cé??%%%bn I ng ?%’g%%gﬁggiggg%?igg%goﬁo
frequency. Peebeealthe Hilgharecapidwemualody heassmibcss det ermi ned based on
one or a conbination of received signal, noise, interference strength
and/or bit error rate (HER) that is associated with each digitization

frequency. @%fe&%iqglto ect 8f t he %nve tign t he
Sl

FI.G 4, in ohe a
modul at ed r &C6i V& éﬁaeﬁﬂ?ﬁﬂ%ﬁﬁ?Eéi?%u ?r&Ppﬁ% alf Qe% 8|gFPantion

frequenci es jsivEult 3Re ATl ity A Pldfialddy DbcdfLoRrenchgs 21. The
nodul ated signal is applied to a bandpass filter 23 that simultaneously
coupl es t he ihiterdeed ngo duiloaedd agidyredl awl i xergh@Sloghkerss28£fni x t he

filtered nodul ated signals with | ocal, oscillator signals at are generated
by I ocal os@PPF&PHFsh%fﬂ%?ﬁﬂiuﬁﬁﬁﬁ%%%?? ?Pfé#%ﬁ?€€+99 gfcpnvertgrs
digitize the Qui-pULS of i@ T X8 S 18 PNd-2APPLy shem &P a-digbhal signal
processor (DSP) 31. AS described later in detalil, the DSP 31 processes

t hedi gi ti zedregupuics esf. t TheA/re coinvar tdirgi 2Dzes coneli ngdtdatkd present

invention. In another aspect, the nodul ated received signhal is digitized at
the plural i BPCEAVECyiSHGRY Gt o himbhch 2t Hom- ST AdreRR¥otBRY using a single

Al D converter. QQE%b%gﬁgﬁgﬁugﬁggggggﬁgéga%E§h$£e§?€%ﬁgﬁ¥§nagoBokocates t he

strongest interferi conpu oca resulting
spurious hargnni o% &l RJivEREecHinne Pl AUGUST 2002

According to yet another aspect of the invention, the
radio receiver adaptively converts an original frequency
of a modulated received signal to a digitization
frequency. An A/D converter digitizes the modulated
received signal at the digitization frequency. A
frequency controller controls the digitization frequency
such that spurious harmonics resulting from digitizing
an interfering signal at the digitization frequency do

not fall on a desired channel.l



12 digitization frequencies. Then, the present invention digitize
nodul at ed received signal at a digitization frequency that avoi(ﬁsiv{?b%.r 2002
spurious harnonics on a desired channel. There is a small possibility that
sone of the spurious harnonics of an interfering signal when digitized at
the first and second frequencies fl and f2 may coincide with each other
over a desired channel. Therefore, dithering may be used in connection with
the A/D diversity arrangement of the pregent invention to dither away the
hi gher order spurious harnmonics of an interfering signal, for exanple,

har moni cs hayimér | fEgehr&& d8hdt BakahR@gewo olfowes! JiadBHY CShve®f i8St ens
wi t h narrowband channel s, the nunber o? recei ver channels that can be

i nterfered wihl byeconacadpagehar froinc $hef fad liowisrS eldawyigitghah afe snal |
conpared to the high nunber of avail able channels, so it does not matter if
di thering | e sPEEf et $Ar ABRPEATRRE ac £ 2kEN & SANY UNC GOy Webanth8y st ens,
t he nunber o I h e | hterfer i ar r_gonpared to

t he | ower nd%g%?%@?g%é% |g%?ggéﬁghngﬂé?%sglﬁﬁsﬁgggfaf%PL%Fg?ﬁﬁgdither away
all but the dxgsief vehdapiPAtepleshefetare intetaromg is used in
conbination wwth the A/D diversity of the present invention to renove

hi gher order spurious harnmonics. Under this arrangenent, a dither signal is
i ntroduced the,inﬁut o% %Fe GID conversi on stage to dither away higher
order spuri QRS HatRbr?Rst REFE PERYPE*FIG 5, a bl ock di agram of an

exenpl ary basghangd ps 0ges550EKk28:136¢aKI0RY al ¢2R0 LHRA R (it uses
multiple A/D branches is shown. t hough any 01 AUGUST 2002 13 nunber of
A/ D br anchesadegntegeomat igetdincorpbeahasehand /pr acessart ed) )addwer&t ni@angenent
of FIG 4 includes two A/D branches that during concurrent sanpling
interval s sitRil$®RXRF§NE §PVERELPRe recei ved signal at the first
digitizatio equengy_ f . 0 I Qb i y f2. Mre
particularlg%iéhgybgée é%%gggo§2§§%§%2§qa%pgﬁég ?%gpgg%%%%ﬂ%ggsignal to two
separ ate A dstwnshest rigirst A/ D branch and a second A/ D branch. The
first A/D branch includes a first mxer 34, a first local oscillator 36,
and a first BNN® chnierd ediggramn@it FesydEang APDMHAC MINRIHEs atsecond

m xer 40, a second |ocal, osci to and a second A/ D converter 44. The

.l ator ~2,
first mxer 3% &%%t%%%t%880ﬁaeﬂﬁe§Féﬁ§r with a signal having first |ocal
oscillator freguencyspsoyidef BYabRen bEShnl A08 R3RIdHAP a0 rSinyl arly,
the second m xer 40 m xes the second |IF signal with a signal having a
second | ocaltosth¢ | presefit eduerayipnovi ded by the second | ocal oscillator
42. The first_and second | ocal oscillators frequencjes are sel ected such

that the firBtCand secdnbBlarki i2grasn ofr éqhaseand PLARPIPR0E a
frequency of t of Accordingl he, A i.5 1 a1 &5t 1 ocal
oscil |l ator S%f%bn%t?%ﬁéiéégh?i ?%t E)glree%l? r?((::;;; %gn\‘/:g% gr?%%r%égionvergggﬁhe
second | F fregmensyiéld bhoekf disgréngicfi aabiagedarelyermyeddor Sofii |l arly,
the second m xer 40 and second |l ocal oscillator 42 constitute a second
frequency coh%@rteraeeardisayvEet anptheacaspect Qfedhendresento a second
digitization, frequency fz. Under this arrangenent, one or nore frequency
synthesizersl%%?n%%OBSed together with one or nore 01 AUGUST 2002 14

m xers to sinmultaneously down convert the signals at the first and second
| ocal oscillator frequencies. In an exenplary enbodi nent, a w deband
recei ver naybPédeailed Descrépeiwnig a w deband nul ti channel signal for one
A/ D branch. For the other A/ D branch, a_one-channel_receiver na%euse a

| ocal osci | IBebRrEBaFOWFER -art aft &L W8 8@ i i%htd orrdiRqteReYVEKI y for
the receiver, ghannel 554031 2868 eﬁ%ﬁs A, sFﬁﬁgiﬁfg%éhtthe onechannel

| ocal oscillator and rts associated ranch are p in an stand-by node
for saving ppmeendubhngst BRownes Theatrddie alderinadt veo AlRrbraasshohs not
necessary. At a sanpling rate defined by the sanpling frequency fs, the
first A/D copventre 3Btdhpasi 1&s th&Powmegnniaf the FiFErsthi XErsegLiand t he

second A/D converter 44 digitizes the output of th%?se ond m xer 4Q. The
baseband pro%@ss%rsﬁéoﬁﬁoégé§&§qqﬂ§(iﬁqnﬁqg(ﬁ Rarehand (PEAGEEERENG ‘A D

nd protessér°26°Bodfs SEC ! o _
U gnal - Under™ o 45y Bnfleh KEnrtdIE che Bt A A0Sl T ChRter e 40 i s

applied to aahéir shtavddirahyr @ilgreguencyromsdirsd weehveackudaala first
guadrature |l ocal oscillator 46 and a first quadrature m xer 48) The first
gquadrature frequency converter converts the digitized nodul ated received
signal at the output of the first A/D converter 40 to the common frequency
fo. Simlarly, the output of the second A/D converter 44 is applied to a
second quadrature frequency converter, which includes a second quadrature

| ocal oscillator 50 and a second quadrature m xer 52. The second quadrature

ey oy " . = N o,



01 AUGUST 2002 15 the second A/D converter 44 to the conmon fr
well. First and second | ow pass digital filters 54 and 56 rem@gﬁﬁﬁﬁi%ﬁi
signals at outputs of the first and second quadrature frequency converters,
respectively. First and second error correcting and detecting bl ocks 58 and
60 process the digitized outputs of each A/D branch to determ ne an

associ at ed neasure of reception quality, for exanple, BER or T (I + N)
associated with each A/D branch. Digi ta#9 si gnal processing block 62
processes the digitized outputs of the Tirst and second A/ D converter

b h d lects th t _of ALD h t hat id bet t
Cecopt i on QUATETSSThat TRATLF-PHe SSERA AR brahcHOe 168 BBER Sel ect | on

diversity agng. i L kel ihgo i i d. XL um

| i kel i hood conbi n%?%%%ﬁﬁgeékagcgﬁg%tci%gﬁlgk E%én&gﬁeeﬂﬁhai n yé{me best
branch, basedempl&¥¢|etibodimdat ,t hihe trectin queseiher signaseofan branch is
added in phase with all other signals, nultiplied by a weighing factor,
usual | y t he2Rtgmg divergihyorrcApgeNentAlfiayr iagedling | Waerf erence
rejection conbining.,(lLRC .techni.que, which is.,an adaptive antenna

{ebhni que, eyt o8 ETRHES RadeR SVRC A SRR 14E PPEFLRES 1 o

nul | ed out pyag@pdENing it in an "anti phase” manner. It would be

appreci ated that under the enbodinment of FIG 5, the first and second | ocal
osci | | at or Lmeel Mecersedonshet BFe seles ipre- 14/ Dronmdesiam shageal6, the
first and second A/D converters éonsti tute the D conversjon, stage 28, the

first arid SebRd FHr BPuFBe Bedrlased macs'eth £t sWtbREi fute the
post-A/ D T 1 i on .digital signal
processi ng "g%loc 6 %g‘g%tg?t g?glgagﬁgﬁdi gita %r%%es%ngs@é%%%g j?;é Referring
to FIG 6, dotocknvkagsanhefl rebeikesekdrthdlr agiats 20r@ecDodang to

anot her aspect of the invention that uses a single A/D conversion branch is
shown. Unde?sehlkaephodigral, tehprprvdds B domadr sibhrekgagk eitxeinehe second

| F frequency, of .second | F_signal, f.f thrau ixer 64 with signals having
first and s%%bn‘ﬁhi'% al?dsi P?St’E}Ffﬁn&ﬁlu H‘cri%gs.a‘tﬂn er TR S ar rifﬁgerrent, a
local oscilfpkof ., 1f0st858MRECpr3avieRR RibreY HdIRsd Z8Fity St&0PhEol I ed to

generate the first and second | ocal oscillator frequencies

non- si nul t aneduwkiyed | reaehvketi pigred ,ndiddreriree MwppEeme synt hesi zer 66
provides the first local ,oscillataqr frequency dur.i a first sanpling
Phterval anPiFELCHHES BLINAhE OCoRATAICH HRLITH A YR PPRRERRY during a
second sa L 0g; 40k € whi 0GG - L rrent Lr sanpl i ng
Thterval T eh ey OhAL T T R T d s (R e, Ly Pl
frequency fsectidthE seagadidi gwhizdl iforrtfiearubnay- f@atesepathte sanpl i ng
intervals. The A/D conversion stage includes a_single A/D converter 68 that
non- concur rEREsYy B gFionas tRerrevdidged qsinfld atF tHignpt sPPahdR8econd
digitizati fr ngl uring.the . first d second, s i Ag-LNnterval s.
The post-A 4&:0%@55%‘%8%?6133 %%Ecl'ln% es%laaS qaa}gdjr%t%?rggjf r%%gééiﬁgy%onverter,
whi ch has afgeg@éntyr €, ], 0633 95Gid |Atsy wiiedngardniaghat urteNséeond?, that
converts the digitized output of the A/D converter at the first

di gi ti zat i oFF f segnahcysf eppadesetondhdi diasekandrprecgmenacy2p2 wbiche
common frequency.f;,. O coqurse, the ping s esj zer 01 AUGUST 2002
1766 and (EOLEAERE: HRe Pote CostMIdRIbRE R of LR TORF eROFGAINT
synchronousty petforasthel § k@SRt vad Ya £OWRE SHBRuREEed
reconversion functions. A digital filter block 74 digitally renoves

undesi red onépeisedf sigaaquadrature m xer block 72. A digital signal
processing block 76 determ nes the reception quality neasures at the first
and second Be§erriagi ba FA&guéncidedlackarfligagrammes deeebarabandt he digit al

[ | ' bl 76 d dul at th [ ' I '
di gi ti 2t i ORE PPEREGRCY Ot ASCPFONRICS STRATTocipt FOR ASFRRY. Under

anot her aspegleftibheiLnURBRIOLo Wik UMK NeshZernph conveekiohhecbieauency

of the local oscillator signal to nove the spurious harnonics away from a
desi red chamegl anAs/Bucbhnivieessiyint hesice 68 achd spast aAfbeqoerneysdomt r ol | er
that noves the spurious harnpnics away froma desired channel. For this
enbodi ment , SEREes§Ar hadrzér e itedl kgl RPFPFeEeing gFreet 3¢i-gi RS

synthesi zer ,LDDSh¢  invention uses an A/D diversity arrangement to



It would be appreciated that by increasing the nunber of A/D br
chance of avoiding spurious harnonics of an interfering signaloﬁggﬁgg§igﬁoz

t hereby reducing the possibility of having coinciding spurious harnonics on
a desired channel. Furthernore, the present invention can be used in a
radi o receiver that uses an antenna diversity arrangenent, where a
plurality of receiver branches provide the nodul ated received signal from
mul ti pl e propagation paths. Under this agrangenent, each receiver branch
may have dedi cated or shared A/ D branches. 01 AUGUST 2002 18 Table 1

bel ow sh i f_usabl e chapnel bandwidth, as . t f
Nyqui st band et REST S SPUTEHES fveht T ANt A& 6N SaReItna > har roni ¢

avoi dance” pRbhe@neld el 58N d KOl AP, cdabbeslonhawades 3 e -Randmdth
dependi ng gon the order of the spurious harnonics of the first colum. The

usabl e bandwirdtiore depdreshtdgmrotl Nyquhst thangre-AgDa comvetisdrorof t he
order of the harnmonics., In the last colum zf Table 1, "Hits' denotes the
nunber of pE&5EPEI &6irnWWEHCEY drs thekRienctee POP GRAVRIEWETWiSHas%e 8 har noni cs

Can oo 10 eSSBS LELE b B0 Webaflebyl, L8 ety an csconv

% . 10090333%-00UR A9V U +dZd Je80H@21B+420%n15 A%t I 4Rk/bitdfsdB Tabl e
1 Fromthe foregoing description it would be appreciated that the present

i nvention efifigédtiiveltycavdimtsysmeietisthat nenecofeetnifecierdanh si gnal s over
recei ver Ch%@ﬁ%&%'for example, by a predefined number of channel
spacings. At the A/D conversion stage 28, the received
signal is digitized at each one of the digitizatioﬁ
frequencies at a rate defined by a sampling frequency,
f,. In this way, the A/D conversion stage 28 digitizes
the modulated received signal during sampling intervals
that correspond to the sampling frequency f;,. As shown
in FIG. 3, after the A/D conversion stage 28, except for
frequencies around 0 and f./2, the same spurious
harmonics of an interfering signal digitized at two
digitization frequencies f, and f, are spread over
frequency spectrum with a constant offset. 1In FIG. 3
the spurious harmonics of an interfering signal at two
digitization frequencies f; and f, are shown by fj,., and
fararm: respectively. In the radio receiver 10, the
frequencies around 0 and f,/2 are not used as receiver
channels due to aliasing. At the post-A/D conversion
stage 30, the digitized outputs of the A/D conversion
stage 28 at each digitization freguency are reconverted
back to a single common frequency f,, preferably OHz.
For each digitization frequency, the digital signal

processing stage 32 determines a corresponding reception

quality measure. Based on corresponding reception



Specially the present invention is effective in avoiding | ow o

har noni cs, which are created by non linearities that span a su@gﬁgﬁqéJzooz
part of the A/D converter's input range and thus, cannot be renoved easily
by dithering. As expl ained above, the present invention my be conbi ned
with dithering, to renmove as many harnonics as possible. In this way, the
conbi nation of dithering with diversity arrangenent of 01 AUGUST 2002 19
i nvention significantly reduces the undigired effects of non-linearities in
A/ D converters. Accordingly, the present~invention avoids |arge scale
dithering resulting in lower cost dithering circuitry, Wth nultiple AAD
conver si on BahEREsNEAFHEES atl @acheqiths? etﬁﬁtﬂé%hééF§EF§nnay be used

12 O, g ahngh, BXPEOSLYE D O S st AL NORL NS, aveR! o,

been descri Wt nfy 10 a preferre i ment ,

those skillgeahnatle 2etbeWlld @R ROl alte 4 hdigyed zQUsoADdirELGahgns can be
made w t hout departing fromthe i nvention. Accordingly, the invention is

defined onlthdy phevidebowi bgtdleai measptirareuahieyidedanoaenbnatéeal |

eqUivalent%iigféfggtion frequency. As such, the baseband processor
20 constitutes a demodulator that demodulates the
modulated signal using a selected one of a plurality of
digitization frequencies. Alternatively, the modulated
received signal may be demodulated by combining signals
at different digitization frequencies, for example,
using maximum likelihood combining, based on C/N or
C/ (N+I) values.
In an exemplary embodiment, the pre-A/D conversion stage
26 converts the original frequency of the second IF
signal to a first digitized frequency f; and a second
digitization frequency f,. Preferably, the first
digitization fregquency f; and the second digitization
frequency f, are offset from each other by an offset
frequency f_se:; Which may have a predefined frequency
interval, typically, in the order of a few channel
spacings. With a sampling rate defined by the sampling
frequency f,, the A/D conversion stage 28 digitizes the
modulated received signal at the first digitization
frequency £, and at the second digitization frequency
£,,. For the first and second digitization of
frequencies f' and f,, the post-A/D conversion stage 30
reconverts the output of the A/D conversion stage back
to the common frequency f,. Then, the digital signal
processing stage 32 determines reception quality

measures associated with digitized outputs that



01 AUGUST 2002 - 20 CLAIMS 1. A radio receiver, conprising: a
conversion stage that digitizes a nodul ated recei ved signal toabﬁgﬁ$%§T§002
plurality of digitized outputs, each of said digitized outputs having a

di fferent frequency associated therewi th; and a denodul ator that

denodul ates the nodul ated received signal using a digitized output. 2. The
radio receiver of claiml, wherein the digitized output for denodul ati ng
the received signal is a selected one of;fhe plurality of digitized
outputs. 3. The radio receiver of clain1ﬁ wherein the digitized output for

demodul at i ng. Lhe Jmdul A ed. reopt ved skonalod sPLadised f gorbi ni ng

| east two digrt d out put s anong sai pIur 1%6d out put s.
frequenc1es £, and f, and demodulates the received signal

using the digitized outputs that correspond to a
digitization frequency that provides a better reception
quality than those corresponding to another digitization
frequency. Preferably, the reception quality measure is
determined based on one or a combination of received
gignal, noise, interference strength and/or bit error
rate (BER) that is associated with each digitization
frequency.

Referring to FIG. 4, in one aspect of the invention, the
modulated received signal is digitized at the plurality
of digitization frequencies simultaneously using a
plurality of A/D branches 21. The modulated signal is
applied to a bandpass filter 23 that simultaneously
couples the filtered modulated signal to mixers 25.
Mixers 28 mix the filtered modulated signals with local
oscillator signals that are generated by local
oscillators 27 at frequencies f and f+fi¢reee. A/D
converters digitize the outputs of the mixers 28 and
apply them to a digital signal processor (DSP) 31. As
described later in detail, the DSP 31 processes the
digitized outputs of the A/D converters 29 according to
the present invention.

In another aspect, the modulated received signal is
digitized at the plurality of digitization frequencies
non-simultaneously using a single A/D converter. Under
another arrangement, the present invention locates the
strongest interfering signal and computes the location

of resulting spurious harmonics at a number of



4. The radio receiver of claim1 further including a digital
processor that determnes a plurality of reception quality neagﬁQQ§SUST2°°2
associated with the plurality of the digitized outputs, wherein the
denodul at or denodul ates the nodul ated received signal using the digitized
outputs corresponding to a digitization frequency that provides a better
reception quality than that of another digitization frequency. 5. The
receiver of claiml, wherein the AID cog¥ersion stage digitizes the

nodul ated received signal at the pluralrfy of digitization frequencies
substanti al si mul t aneousl y 01 AUGUST 2002 - 21 6. The receiver of

cl ai m 5, m@ﬁiérlﬁlt%él%fe%ﬁ%%?mﬁ st ageSP ncFR8eBraSpRtr ARVERtdery D

branches cogﬁg éaﬂﬁ }ﬁﬁéﬁy'égdfé QUeDCY gggxg&tﬁgsﬁcoupled to a

correspondi ng pIu ality o conver ers, wherernt requency converters

convert an @riggitialatfilefentyuaicy h&&@@%ﬁa@dthecgpuedo&isgnal into the
plurality of digitization frequencies during concurrent sanpling intervals,
and mherelnh@ﬁﬁmwﬂﬁﬁmqq)ﬁ(ﬁeava@omw®mm@ls si mul taneously digitize the

dul at ed d t.h t t |. 7. Th
eco ver of "ORRAmE WABAn RIREHP D EORVEReF oRoBEaRE BTG ( PRS-

modul at ed rfl‘é‘%‘m%%(ic% Wla&tlﬁ%&f%y:[% ﬂéldhﬂéﬁ' éi‘ 5 g o Eie%:]ﬁe'?ﬁ{

substantial Iy non-sinultaneous celver amor ereln the

A/ D conver sifarsst agel |sa;dd:d23fxaecjm@wmyfpmrfzemayh&blmw tysi 8
original frequency of the nodul ated received signal into the plurality of

di gitizati of3FPeQidfE eyeat a derieaporRmge bt ur dhergferenofichesiment
R vog o RS Bc® el i ARLOMELS s gl A A85eL0S Pl 20

recei ved si gn uring e non-concurren sarrpl I I nt
recei ver of a@r&h@e&ed&h@fewhé herd s St ensye SONYAT L6 dELheW bwa9RHsSEeS a

hoppi ng synt hesi zer.
higher order spurious harmonics of an interfering
signal, for example, harmonics having larger order than
the two lowest harmonics. For systems with narrowband
channels, the number of receiver channels that can be
interfered with by coinciding harmonics of an
interfering signal are small compared to the high number
of available channels, so it does not matter if
dithering leaves a few harmonice intact. Conversely,
for wideband systems, the number of channels that may be
interfered with are larger compared to the lower number
of available channels, so it is preferable to dither
away all but the lowest two harmonics. Therefore,
dithering is used in combination with the A/D diveréity
of the present invention to remove higher order spurious
harmonics. Under this arrangement, a dither signal is
introduced at the input of the A/D conversion stage to
dither away higher order spurious harmonics.
Referring to FIG. 5, a block diagram of an exemplary

baseband processor 20 according to an embodiment that

o
uses multiple A/D branches is shown. Although any



01 AUGUST 2002 - 22 10. The receiver of claiml1l, wherein the ral.l
digitization frequencies are offset fromeach other by a prede8+ mﬁéiﬁ%z
frequency interval. 11. The receiver of claiml1, further including a
dithering circuit for introducing a dithering signal at the A/ D conversion
stage. 12. A radio receiver, conprising: a pre-A/ D conversion stage that
converts an original frequency of a nodul ated received signal into a
plurality of digitization frequencies; ;an A/ D conversion stage that
digitizes the received signal at each one of the plurality of digitization

frequenci es &ﬁbgrOV£dﬁ/8 BQQBEEB%”%%@gb%|§%% LY. 4 of dk%'tkéﬁﬂﬂQUHP“ts
processor 20, the arrangement of FIG. 4 includes two A/D
branches that during concurrent sampling intervals
simultaneously digitize the received signal at the first
digitization frequency f, and the second digitization
frequency f,. More particularly, the baseband processor
20 applies the second IF signal to two separate A/D
branches: a first A/D branch and a second A/D branch.
The first A/D branch includes a first mixer 34, a first
local oscillator 36, and a first A/D converter 38, and
the second 2/D branch includes a second mixer 40, a
second local oscillator 42, and a second A/D converter
44. The first mixer 34 mixes the second IF signal with
a signal having first local oscillator frequency
provided by the first local oscillator 36. Similarly,
the second mixer 40 mixes the second IF signal with a
signal having a second local oscillator frequency
provided by the second local oscillator 42. The first
and second local oscillators frequencies are selected
such that the first and second digitization frequencies
f, and f, have a frequency offset of fieee. Accordingly,
the first mixer 34 and first local oscillator 36
constitute a first frequency converter that converts the
second IF frequency f,, to a first digitization frequency
f,. Similarly, the second mixer 40 and second local
oscillator 42 constitute a second frequency converter
that convert the second IF frequency f;, to a second
digitization frequency f£,.
Under this arrangement, one or more frequency

synthesizers may be used together with one or more



a post-A/ D conversion stage that converts each one of the pIurﬁbi T 200
digitized outputs at the digitization frequencies to a common égﬁ%“§y, 2
and a denodul ator that denodul ate the received signal using a digitized
output. 13. The radio receiver of claim12, wherein the digitized output
for denodul ating the received signal is a selected one of the plurality of
digitized outputs. 14. The radio receiver of claim12, wherein the
digitized output for denodul ating the %ulated received signal is produced
by conbining at least two digitized ougg ts anong said plurality of
digitized outputs. 01 AUGUST 2002 -. 23 15. The radio receiver of claim
12 further PHEPER 7Y B1BRGFERPONSGNaLQIIL GBHTE Hate dehonat at 8k the

AR s e L

anot her di gekémplasn émpgaeneyic, a wideband receiver may be used
for receiving a wideband multichannel signal for one A/D
branch. For the other A/D branch, a one-channel
receiver may use a local oscillator signal with an
alternative digitization frequency only for the receiver
channels that are interfered with. Preferably, the one-
channel local oscillator and its associated A/D branch
are put in an stand-by mode for saving power during the
times that the alternative A/D branch is not necessary.
At a sampling rate defined by the sampling frequency £,
the first A/D converter 38 digitizes the output of the
first mixer 34, and the second A/D converter 44
digitizes the output of the second mixer 40. The
baseband processor 20 processes the outputs of the first
and second A/D converters 38 and 44 in digital domain to
demodulate the received RF signal. Under this
arrangement, the output of the first A/D converter 40 is
applied to a first quadrature frequency converter, which
includes a first quadrature local oscillator 46 and a
first quadrature mixer 48. The first quadrature
frequency converter converts the digitized modulated
received signal at the output of the first A/D converter
40 to the common freguency f,. Similarly, the output of
the second A/D converter 44 is applied to a second
quadrature frequency converter, which includes a second
quadrature local oscillator 50 and a second quadrature
mixer 52. The second gquadrature frequency converter

converts the digitized modulated signal at the output of



16. The receiver of claim 12, wherein the A/D conversion stage di gii.l
the nodul ated received signal at the plurality of digitizati gn qql &‘!éﬁ%@z
substantially sinultaneously. 17. The receiver of claim 16, wherein the
pre- A/ D conversion stage includes a plurality of frequency converters and
the A/ D conversion stage includes a plurality of A/D converters
correspondingly coupled to the plurality of frequency converters, wherein
the frequency converters convert an origjgal frequency of the nodul ated
received signal into the plurality of digitization frequencies during

concur rent s'raiquég(g h@tggléaggnggrq equlr eltq3 tg}ge péé'rﬁrﬁ+ﬁ %IF?%‘. éﬁﬁ%cgnve&g ters

si nul t aneous | gl |1 ze no ted recel ved si gna c‘bncurrent

sanpling i nt@éml s.Fi#8t dhe Eeeenensf o fﬂﬂgltdmefﬂlibf§|95@0§hdp~/ D
conversation stage includes a plurality of quadrature frequency converters

that are corﬁésnp@n@lvengssgumgpsedlg@atlme CWutPpipios ehetlpt uFarstyand A/ D
converters. 002 - 24 19. The receiver of claim 12, wherein

the A/D conv%$%?% %v% EaBPﬁ?tFf&gqﬁREXnﬂﬁH¥ﬁ¥&F¥%ce?%%RF%Fbﬁ%}yat t he
plurality OfFPthtéﬁ&téééoﬁgegHEB%'%%f%@%%fﬂ§ Zhd Yabohe S ! 'ﬁf&@ﬁgs'y 20.

The receiver of claim19 erein the pre-A/'D conversion stage I ncludes a
frequency coswesih@ret hatocosr¥ethe a@icdrigiethlodteatensy edch he/modul at ed
recei ved si into the plurality of digitization frequencies at a

cor r espondi agrc'prrl%b al P t§eberRbRec SR GOl A TIRF IR e arecerpdonhe A/ D

[ | pd I |y _di
Che. moaul at LTSRS VeHoS SRATPHEY | BEL S i eohall r ST i Eme.

intervals. 2e'lacH he/ eseaNeEh . Of peLaim2Qy: gher %fbéé@sﬂ%etbl%&cwversati on

stage includes a quadrature frequency converter coupled to the output of

the A/ D converoessse?. thidedigtitived @futcgzltmsrn@ﬁ) thhef of st tdmed f seqomdcy

converter co rises a hogp% %nthe5| 23. T e recelver f claim12,
Fope

wherein. t heAp‘Pu‘f%’PY??t% Steeltﬁfetrﬁ e PURHYE >t R oMD

branch that provides a better reception quality than
that of the other A/D branches f,. Both selection
diversity and maximum likelihood combination can be
used. Maximum likelihood combination uses a combination
of branches, mainly the best branch, based on C/(I+N).
Under this technique, the signal of a branch is added in
phase with all other signals, multiplied by a weighing
factor, usually the signal strength or C/(I+N).
Alternatively, interference rejection combinihg (IRC)
technique, which is an adaptive antenna technique, may
also be used. Under the IRC technique, interference is
nulled out by combining it in an "“antiphase" manner.

It would be appreciated that under the embodiment of
FIG. 5, the first and second local oscillators and
mixers constitute the pre-A/D conversion stage 26, the
first and second A/D converters constitute the A/D
conversion stage 28, the first and second quadrature

local oscillators and mixers constitute the post-A/D



further including a dithering circuit for introducing a ditherp

the A/ D conversion stage. 01 AUGUST 2002 - 25 25. A nethod for
denodul ati ng a nodul ated signal, conprising: converting an original
frequency of a nodul ated received signal into a plurality of digitization
frequencies; digitizing the nodul ated received signal at each one of the
plurality of digitization frequencies tofﬁrovide a corresponding plurality
of digitized outputs, each associated witth a different frequency; and
denodul ati ng the received signal using a digitized output. 26. The nethod
of cl ai m 25,cqiies s hophetdpgi Blzednduttpet digr teddnsdanatli myades siswei ved
signal is a sel ctgg one of the pl raILté OE digitized outputs._ 27. The
method of clBATSE< WREREF REPRESAIGrL FI84 6t PICESE S8 13 t he
recel ved S gate 5596 OBYCRYChY COBDALRG aliskeast Jiverd gddasthout puts
anong said plurality of digitized outputs. 28. The nethod of clalm?25
further incluhamséde 806 eacobrdener monangtaep aspledty off ttecepti on quality
measures associated with each one the digitized nodul ated received signals
at each one BIVeHel PR uERRFt YS6F @i §ilNE2at AIR FREYEEHREICSS bregichTHe met hod of
claim 25, wherein t dul ated recei.ved signal is digitized at. the
pIuraIityofs ?%%Uen ?@grstgéﬁaﬁ P8 lVSQFWU? &nggﬁ‘%y. conversion
stage mixes the second IF frequency of second IF signal

each other by a predefined frequency interval. 24. The receiver,qf i
1dugtindo?

f;r through a mixer 64 with signals having first and
second local oscillator frequencies. Under this
arrangement, a local oscillator, for example, a hopping
synthesizer, is controlled to generate the first and
second local oscillator frequencies non-simultaneously.
In a multiplexed manner, the hopping synthesizer 66
provides the first local oscillator frequency during a
first sampling interval and then provides the second
local oscillatory frequency during a second sampling
interval, which occurs non-concurrent to the first
sampling interval. In this way, the mixer 64 produces
the first digitization frequency f; and the second
digitization frequency f, at separate sampling intervals.
The A/D conversion stage includes a single A/D converter
68 that non-concurrently digitizes the received signal
at the first and second digitization frequencies during
the first and second sampling intervals. The post-A/D
conversion stage includes a quadrature frequency
converter, which has a quadrature local oscillator 70
and a quadrature mixer 72, that converts the digitized
output of the A/D converter at the first digitization
frequency f, and second digitization frequency f, to the

common frequency f,. Of course, the hopping synthesizer



01 AUGUST 2002 - 26 30. The nethod of claim25, wherein the |
received signal is digitized at the plurality of digitizationnB?ZHﬂ%ﬁgrggoz
substantially non-simultaneously at corresponding plurality of

nonconcurrent sanpling interval. 31. The nmethod of claim 30, wherein the
plurality of digitization frequencies are offset fromeach other by a
predefi ned nunber of channel spacings. 32. The nethod of claim30, further
including the step of introducing a dithering signal while digitizing the
nodul at ed recei ved signal
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to synchronously perform their respective frequency
conversion and reconversion functions. A digital filter
block 74 digitally removes undesired outputs of the
quadrature mixer block 72. A digital signal processing
block 76 determines the reception quality measures at
the first and second digitization frequencies f, and f,.
Once determined, the digital signal processing block 76
demodulates the received signal using a digitization
frequency that provides a better reception quality.
Under another aspect of the invention, the synthesizer
66 controls the frequency of the local oscillator signal
to %ove the spurious harmonics away from a desired
channel. As such the synthesis 66 acts as a fregquency
controller that moves the spurious harmonics away from a
desired channel. For this embodiment, the synthesizer
66 preferably comprises a direct digital synthesizer
({DDS) .

It would be appreciated that by increasing the number of
A/D branches the chance of avoiding spuridusnharmonics
of an interfering signal increases, thereby reaucing the
possibility of having coinciding spurious harmonics on a
desired channel. Furthermore, the present invention can
be used in a radio receiver that uses an antenna
diversity arrangement, where a plurality of receiver
branches provide the modulated received signal from
multiple propagation paths. Under this arrangement,
each receiver branch may have dedicated or shared A/D

branches.
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10%4| & () - (ABCDSUbC3(f |A9RidaRe80d| & ()- 9810%||& () - 104] 104| [104]| #
=10%4| & () {lf2g 109%4| & ())333 F10%4| &] (Lo0b& Vhij kz| H@B(f 10%4| & &s10p46 & () -
W10% & ()] 307 33% ~100% 0
4 30% ~100% 0
2+3 25% ~80% 2
| 2+3+4 20% ~57% 7
l 2+3+445 17% ~445% 13
Table 1

From the foregoing description it would be appreciated
that the present invention effectively avoids spurious
harmonics of interfering signals over receiver channels.
Specially the present invention is effective in avoiding
low order harmonics, which are created by non-
linearities that span a substantial part of the A/D
converter’s input range and thus, cannot be removed
easily by dithering. As explained above, the present
invention may be combined with dithering, to remove as
many harmonics as possible. In this way, the

combination of dithering with diversity arrangement of
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invention significantly reduces the undesired effects of
non-linearities in A/D converters. Accordingly, the
present invention avoids large scale dithering resulting
in lower cost dithering circuitry. With multiple A/D
conversion branches, multiple less expensive A/D
converters may be used instead of a single expensive A/D
converter.

Although the invention has been described in detail with
reference only to a preferred embodiment, those skilled
in the art will appreciate that various modifications
can be made without departing from the invention.
Accordingly, the invention is defined only by the
following claims which are intended to embrace all

equivalents thereof.
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CLAIMS
1. A radio receiver, comprising:
an A/D conversion stage that digitizes a modulated
received signal to provide a plurality of digitized
outputs, each of said digitized outputs having a
different frequency associated therewith; and
a demodulator that demodulates the modulated

received signal using a digitized output.

2. The radio receiver of claim 1, wherein the
digitized output for demodulating the received signal is

a selected one of the plurality of digitized outputs.

3. The radio receiver of claim 1, wherein the
digitized output for dewmodulating the modulated received
signal is produced by combining at least two digitized
outputs among said plurality of digitized outputs.

4. The radio receiver of claim 1 further
including a digital signal processor that determines a
plurality of reception quality measures associated with
the plurality of the digitized outputs, wherein the
demodulator demodulates the modulated received signal
using the digitized outputs corresponding to a
digitization frequency that provides a better reception

quality than that of another digitization frequency.

5. The receiver of claim 1, wherein the A/D
conversion stage digitizes the modulated received signal
at the plurality of digitization frequencies
substantially simultaneously.
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6. The receiver of claim 5, wherein the A/D
conversion stage includes a plurality of A/D branches
comprising a plurality of frequency converters coupled to
a corresponding plurality of A/D converters, wherein the
frequency converters convert an original frequency of the
modulated received signal into the plurality of
digitization frequencies during concurrent sampling
intervals, and wherein the plurality of A/D converters
simultaneously digitize the modulated received gignal

during the concurrent sampling interval.

7. The receiver of claim 1, wherein the A/D
convergion stage digitizes the modulated received signal
at the plurality of digitization frequencies

substantially non-simultaneously.

8. The receiver of claim 7, wherein the A/D
conversgion stage includes a frequency converter that
converts an original frequency of the modulated received
signal into the plurality of digitization frequencies at
a corresponding plurality of non-concurrent sampling
intervals, and a A/D converter that digitizes the
modulated received signal during the non-concurrent

sampling intervals.

9. The receiver of claim 8, wherein the frequency

converter circuit comprises a hopping synthesizer.
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10. The receiver of claim 1, wherein the plurality
of digitization frequencies are offset from each other by

a predefined frequency interval.

11. The receiver of claim 1, further including a
dithering circuit for introducing a dithering signal at

the A/D conversion stage.

12. A radio receilver, comprising:

a pre-A/D conversion stage that converts an
original frequency of a modulated received signal into a
plurality of digitization frequencies;

an A/D conversion stage that digitizes the received
signal at each one of the plurality of digitization
frequencies to provide a corresponding plurality of
digitized outputs;

a post-A/D conversion stage that converts each one
of the plurality digitized outputs at the digitization
frequencies to a common frequency; and a demodulator that

demodulate the received signal using a digitized output.

13. The radio receiver of claim 12, wherein the
digitized output for demodulating the received signal is
a selected one of the plurality of digitized outputs.

14. The radio receiver of claim 12, wherein the
digitized output for demodulating the modulated received
gignal is produced by combining at least two digitized
outputs among said plurality of digitized outputs.
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15. The radio receiver of claim 12 further

including a digital signal processor that demodulates the
received signal by selecting a digitized output
corresponding to a digitization frequency that provides a
better reception quality than another digitization
frequency.

16. The receiver of claim 12, wherein the A/D
conversion stage digitizes the modulated received signal
at the plurality of digitization frequencies

substantially simultaneously.

17. The receiver of claim 16, wherein the pre-aA/D
conversion stage includes a plurality of frequency
converters and the A/D conversion stage includes a
plurality of A/D converters correspondingly coupled to
the plurality of frequency converters, wherein the
frequency converters éonvert an original frequency of the
modulated received signal into the plurality of
digitization frequencies during concurrent sampling
intervals, and wherein the plurality of A/D converters
simultaneously digitize the modulated received signal

during the concurrent sampling intervals.

"18. The receiver of claim 17, wherein the post-A/D
conversation stage includes a plurality of quadrature
frequency converters that are correspondingly coupled to

the outputs of the plurality of A/D converters.
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20. The receiver of claim 19, wherein the pre-A/D
conversion stage includes & frequency converter that
converts an original frequency of the modulated received
signal into the plurality of digitization frequencies at
a corresponding plurality of non-concurrent sampling
intervals, and the A/D conversion stage includes a A/D
converter that non-simultaneously digitizes the modulated
received signal during the non-concurrent sampling time

intervals.

21. The receiver of claim 20, wherein the post-A/D

conversation stage includes a quadrature frequency

converter coupled to the output of the A/D converter.

22. The receiver of claim 20, wherein the

frequency converter comprises a hopping syntheaizer.

23, The receiver of claim 12, wherein the
plurality of digitization frequencies are offset from
each other by a predefined frequency interval.

24. The receiver of claim 12 further including a
dithering circuit for introducing a dithering signal at

the A/D conversion stage.
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comprising:

converting an original frequency of a modulated
received signal into a plurality of digitization
frequencies; digitizing the modulated received signal at
each one of the plurality of digitization frequencies to
provide a corresponding plurality of digitized outputs,
each associated with a different frequency; and
demodulating the received signal using a digitized
output.

26. The method of claim 25, wherein the digitized
output for demodulating the received signal is a selected

one of the plurality of digitized outputs.

27. The method of claim 25, wherein the digitized
output for demodulating the received signal is produced
by combining at least two digitized outputs among said
plurality of digitized outputs.

28. The method of claim 25 further including the
step of:

determining a plurality of reception quality
measures associated with each one the digitized modulated
received signals at each one of the plurality of

digitization frequencies.

29, The method of claim 25, wherein the modulated
received signal is digitized at the plurality of

frequencies substantially simuitaneously.



S10%#& () - S10%#t& ()-f S10%#t& ()- :10%t& ()- Y¥B10%t& ()-=u|[: NA41O

1098& () -f S10%#&' ()- S10%#& ()-f 10%#& ()- 10%t& ()- Y@L0%t&1 AUGUST 2002
Normal " "Headi ng 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c"

"Headi ng 53] c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A

"Default Paragraph Fontg V''-4<:| @FL. S"Y_ej mrwe| G

V(: bP[ip(zObcdef ghijkl U % *070=\ Cl g \ bhkGk\ kokkkkl npgr Kuuz{| } ~*mmopqgr st uvwx

yz{| }~6Ti mes New RonmanAri al Couri er New'h Root EntryWrdDocunent $;

" #$UR' ()*+,-./0123456789: ; - 26 -

<=>?@\BCDEFCGHI JKLMNOPQRSTUWWKYZ[\]"_" abcdef ghi j kl mopqr st uvwxyz{| } ~

30. The method of claim 25, wherein the modulated
received signal is digitized at the plurality of
digitization frequencies substantially non-simultaneocusly
at corresponding plurality of nonconcurrent sampling

interval.

31. The method of claim 30, wherein the plurality
of digitization frequencies are offset from each other by

a predefined number of channel spacings.

32. The method of claim 30, further including the
step of introducing a dithering signal while digitizing

the modulated received signal.



