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COVPENSATI ON I N A DI RECT CONVERSI ON RECEI VER BACKGROUND Technic%L Field

[ 0001] The present disclosure is related generally to tel ecomuni bFEbagr
and, nore %E@Eﬂﬂ 2,{9')/1 to a systemand nmethod for direct current (DC)
of f set conpensati I'n a direct to baseband receiver. Description of the
Rel ated Art [0002] The conversion of a radio frequency (RF) signhal to a
baseband signal is part of the normal denodul ati on process. A conventional
radi o recei ver convert APPARSEUSIANBMETHOD FORNC OFFSED separ at e st ages.
The RF signal is fjir own converted to an _internediate frequency (IF)
signal. The IF si gﬁaﬁ?gNﬁﬁWHmmgﬁggmmNmm signal . The
advant age of conversion to an IF signal is that conventional filtering
maybe readily enpl oyed to renove undesirabl e signal conmponents. The use of

a two-stage process also mnim zesgj, (ﬁiﬁﬁfﬂb current (DC) signal present in
the Dbaseband. However, in a nobile tTel'ecomuni cati on environnent, the
additional <circuitry associated with the two-stage process is costly and
consunes additional electrical power, thus decreasing the useful

conmuni cat | ORchdi¢EFiety @ battery-operated device. [0003] A new conmuni cation
architecture, sonetinmes referred to as "direct to baseband" or "direct
conversation,"” elimnates the two-stage process by down converting the RF
si gnal di r ed®00]] Toe paeseitadistlosnreais sielatpdegentmfly to helscomiriumicusibnsngnd, eoreeed  f or
conversion to an | F. An exanple of this architecture is illustrated in the
functional Pettsulrly; e sistenr and nepthod fom dlirectcusrprt @6) Kifseineimpdesation imat enna 12

and a | ow naqj, se npjifier (LNA) 14. Those skilled in the an will appreciate
that the an(t‘)ié"ﬁﬁé"%?eéﬂ%}r@eﬁ’qzl a 21101

Description of the Related Axt

[0002] The conversion of a radio frequency (RF) signal to a baseband signal is part of
the normal demodulation process. A conventional radio receiver converts the RF signal
to baseband in two separate stages. The RF signal is first down converted to an
intermediate frequency (IF) signal. The IF signal is then down converted to the
baseband signal. The advantage of conversion to an IF signal is that conventional
filtering may be readily employed to remove undesirable signal components. The use of
a two-stage process also minimizes the direct current (DC) signal present in the
baseband. However, in a mobile telecommunication environment, the additional
circuitry associated with the two-stage process is costly and consumes additional
electrical power, thus decreasing the useful communication time in a battery-operated
device.

[0003] A new communication architecture, sometimes referrsd to as “direct to
baseband” or “direct conversation,” eliminates the two-stage process by down
converting the RF signal directly to baseband in a single step, thus eliminating the need
for conversion to an IF. An example of this architecture is illustrated in the functional
block diagram of FIG. 1 where a system 10 includes an antenna 12 and a low noise
amplifier (LNA) 14. Those skilled in the art will appreciate that the antenna 12 and



WO 20041021589 2 LNA 14 are designed to operate across an RF range. O her
associated circuitry (not shown) selects a predeterm ned RF channel ({,i e.
frequency) using, by way of exanple, filters and other tuning ci r cd E@Zﬂm
Details of the circuitry are known in the art and need not be descri bed
herein. [ 0004 2841t put of the LNA 14 is coupled to an input of a nixer
16. A local oscillator (LO 18 is coup?ed to another input of the m xer 16.
As those skilled in the art will appreciate, signal fromthe LO 18 m xes
with the si gNal 14 aenddsipaedty spekat® horbdiean RINAanbé. (O Qeditded Eiccultas@aand
output. The output of the mxer 16 is typically coupled to a | ow pass
filter 20. wHown}iseledts o predetonuinédSRE ghannel (he.xfequificy) uking) 6y Way affekamplee

| ow-pass filter 20 may sonetinmes be referred to as a direct converter
circuit 22. filters and gthgrtunisg cirpeitry.oetails of thp cirewitry rej knowo ip Ehscark andpepdbi | e
station nodem (NSM . for subsequent decoding. [0005] Those skilled in the
art will reé?fdﬁidf%mtbﬁ‘yflerﬁ?lher vari ations of the direct conversion

architectur r | so, possi,bl For .exanpl.e, a quadrature receiyver, such as
is comon f‘?@éﬁﬁ@e 8]'“?&@@3@@ B‘{és e fO(QD%W)“t Pgé‘ewg,' I‘fég"‘ﬂ\o m xers
and two | ocal | Qrs._that, have a at ur | at ,onshi. i th respect
to each ot hggmua?%mgts 1 ?%@?qﬁggg‘&tﬁ?ﬁﬁig'g &esrm%%{/géaﬁ@g‘oﬁ%ggg#\‘@l tg?i onship
with respec . '

ypi cal 1y i a) AP Sl FOR L s bR O BERE RUECUTLIBLERE et ver
al so i ncl udeNA Y td PHdRES thd bdsbihd duut.NORRE Loty b dhixF 16 %%1% Q
signals respectively. The | and Q signals are both passed to the (not
shown) for couphsierUeiaiv-fis® GRG0 Ahie RiruiltR QRMpHEAS the. mikOOEG theALO hRWad t he

di rect conversion architecture sinplifies circuitry, it is not wthout
potential désilgr-passifilies 38 maPsemetimdsibve refentl s asgikeccoateetdr vitcuit 241 Thet
conversion architecture is that the output of the direct converter 22 has a
hi gh direct ovlget efithe @)ypaspifilier?0 fiscowipledTioes enabilwestation m@lenf (MSMY fony

i nclude static DC levels as well as tinme- varying DC | evels. The sources of

static and EviFequeBYdaco@n®C of fsets include circuit nismatch, self-nixing

bet ween the kQ.18 and the LNG 14, &5 8L o2 M W aratons of the direct

conversion architecture are also possible, For example, a quadrature receiver, such as is
common in code division multiple access (CDMA) receivers, has two mixers and two
local oscillators that have a quadrature relationship with respect to each other. That is,
the Jocal oscillators have a 90° phase relationship with respect to each other. The output
of the quadrature mixers are typically identified as an I signal and a Q signal. The
quadrature receiver also includes two low-pass filters to independently filter the I and 0
signals respectively. The I and O signals are both passed to the MSM (not shown) for
subsequent processing in a known manner.

[0006] Although the direct conversion architecture simplifies cireuitry, it is not without
potential design problems. One of the problems associated with direct conversion
architecture is that the output of the direct converter 22 has a high direct current (DC)
offset level. These unwanted DC offsets may include static DC levels as well as time-
varying DC levels. The sources of static and time-varying DC offsets include circuit
mismatch, self-mixing between the LO 18 and the LNA 14, as well as external

interference sources. BEach of these potential sources of DC offset may vary with gain,



I nterference sources. Each of these potential sources of DC offset may vary
with gain, Z a FEB zoai WO 20041021589 3 frequency, tenperature, and other
transi ent operational conditions, such as signal fading. Failure t&8 FtB 7007
el imnate D&v8 360 /3%1%8""' Il result in degraded signal quality, limted

dynam ¢ rang O circuit saturation and increased power consunption.
Ther ef or e, can be appreciated that there is a significant need for an
appar at us and nmet hod to cancel DC offsets in a direct conversion

ar chi t ect ur frequenw, temperdtoee, tand hathetupansitat operatishah eoaditionsa ebdte ve signls and
ot her advantages as will be apparent fromthe follow ng detail ed

descri pti onfading. detweparelimingts DEefists vBRIremitSuMegRied Gigal jqualitydipiedat us and

met hod for direct current (DC) offset conpensation is provided for a radio

frequency (daﬁsamrfe@esq/@retnam apiradiop aed instsased power ecpsyaptian: Thesekae, it
conversion of an RF s to a basepband sjgnal. The appar tus corrprr ses an
anal og to EARQeRPregiy W&&}ﬂﬁ %‘)? “ﬁﬁi a?ﬁmﬂa“&ﬁ@g 9ddo eeehut put  of
t he direct @g rttégt{% and %grm%PDSB%ft ut . The ut ¢ led to a
counter to dgeacﬁﬁt? B&@E@F W?Pé‘g od to
generate a i I t he
ADC is a se%wgﬁddn? D@v yge%)%sq&qc]i]sﬁ A %I%Rnaoééﬂéotﬂn?/gg ﬁ%ﬁgﬁg

enbodi nment , ?PM &onprises a code converter coupled to a
counter to generate an offset co ectron val ue based on the count indicative
of the DC offset. In one enbodi ment the counter is permtted to count a
predeterm ned nunber of sanples with the predeterm ned nunber being a power
of two. For exanple, the count erBRIEF SitMMARY ed to permit a count of 64
sanples fromthe ADC. In one enbodinent, a code converter is an inverter to
i nvert the nost significant bit (MSB) fromthe counter to thereby generate
an offset correction val ue. [000911 The apparat us may further conprise a

digital to HE7bgn apryenscmd mety o cyment P opliteh compensatify at e an
anal og of fset, Gop pection req'my%s;ﬁ)egcgratha%ng% Ploct DOLERLIY 8.0l ldie O
conversion of an RF signal o a baseband signal. The apparatus comprises an analog to
digital converter (ADC), having an input coupled to the output of the direct converter,
and an ADC output. The ADC output is coupled to a counter to count data samples
from the ADC for a predetermined period to generate a count indicative of a DC offset.
[0008] In one embodiment, the ADC is a serial ADC. The ADC may be a delta-sigma
converter. In one embodiment, the apparatus further comprises a code converter
coupled to a counter to generate an offset cotrection value based on the count indicative
of the DC offset. In one embodiment the counter is permitted to count a predetermined
number of samples with the predetermined number being a power of two. For example,
the counter may be enabled to permit a count of 64 samples from the ADC. In one
embodiment, a code converter is an inverter to invert the most significant bit (MSB)
from the counter to thereby generate an offset correction value.
[0009] The apparatus may further comprise a digital to analog converter (DAC) coupled
to the counter to generate an analog offset correction value based on the count indicative

of the DC offset.



2 8 FEB 2007 WD 2004/021589 4 BRI EF DESCRI PTI ON OF THE DRAW NG S) [0010]
FIG 1 is a functional block diagramof a conventional direct-to- Z%Sﬁ@a@gg
receiver architecture. [0011]] FIG 2 is a sanple waveformil |l ustrati

of fsets res%{iiﬁ@? froma direct-to- baseband receiver architecture. [0012]
FIG 3 is a P8 bl ock di agram of a receiver architecture constructed
in accordance with the present discl oshre. [0013] FIG 4 is a functional

bl ock diagramillustrating the operation of a receiver built in accordance
w th the description proBRIBRDESCRIPTION OFIHHE BERAWINGES)a detail ed functi onal
bl ock diagramillustrating the operation of a coarse DC offset adjustnent
circuit built in accordance with the description provided herein. [0015]
FIG 6 is a flowhart operating illustrating the operatigon of a receiver
build in atQUEPHEK:d w&ltﬁl@‘%’ﬂgeb’@?km nt SoRemtingal odivect-ebpagbamb

DESCRI PTI O\IB%CO.MG%C : reviously discussed, direct current (DC) offsets a
serious pr oBfeENYFY by ect -t o- baseband recei ver architecture. The DC

of f set may | ar tine-varvypng.. h farm of _Fl 2 il.lustrates the
00 of fset pROBLLEES 20 o sriplasamEivet ivdlnd BY Seff Pratinstod acdisdfly
receiver. Ab?:{%ﬁﬂdq'ﬁce%?er&fchﬂ&ﬁn@’a‘wf ormis essentially a fixed DC offset
anplitude that 1 ncludes sorne small time-varying conponent. A typi cal

receiver i ﬁ‘ﬂpﬂi gﬁgllah{ dfler SRANre \Whdtiic a gain
control inpmdlggﬁgf'?e¥qt e tglg?ﬁl% a ste%f\ﬁ/virée fagﬁl on. ,eA portl%ﬁ%ﬂ of the
wavef or m i nafdofdande With the ipraabm discldgure.abr upt change in DC of fset anplitude
that results froma sudden change in the gain setting of the variable gain
anplifier. 013} FIG. 4ds pdiidctionel Bibck tiapiam itlasedtiag the apefatith ofa réckiversiuilat es a
slowy changing DC offset anplitude. 2 0 FE9 2001

in accordance with the description provided herein.

[0014] FIG. 5 is a detailed functional block diagram illustrating the operation of a
coarse DC offset adjustment circuit built in accordance with the description provided.
herein.

[0015] FIG. 6 is a flowchart operating illustraiing the operation of a receiver build in

accordance with the description contained herein,

DETAILED DESCRIPTION

[0016] As previously discussed, direct current (DC) offsets a serious problem in a
direct-to-baseband receiver architecture. The DC offset may be fixed or time-varying.
The waveform of FIG. 2 illustrates the DC offset problems that may be encountered by
a direct-to-baseband receiver. A portion 22 of the waveform is essentially a fixed DC
offset amplituds that includes some small time-varying component. A typical receiver
includes a variable gain amplifier (not shown), which has a gain control input to alter
the gain in a step-wise fashion. A portion 24 of the waveform in FIG. 2 illustrates the
abrupt change in DC offset amplitude that results from a sudden change in the gain
setting of the variable gain amplifier. Finally, a portion 26 of the waveform in FIG. 2
illustrates a slowly changing DC offset amplitude.



WO 20041021569 5 [0017] The anplitude of the DC offset nmay be related to
the gain setting wwthin the receiver. The abrupt change in DC off eF
results fromgain changes in the variable-gain anplifier. Ti me-ve@r%&/ %an
conponents of the DC offset may be caused by variations in tenperature,
receive fre&%#@ﬂ"ﬂ?ﬂ?/or signal fading. Tenperature changes typically
result in a slow change in the DC offset’. Changes in DC offset due to
frequency are the result of changes in the receive frequency. DC offset
changes due [00173 Theanplinde »f ths DC dikarayp be trélateDap phe gais setting withid ther oduces
time-varying DC offset with frequency conponents of up to tw ce the Doppler
frequency. TersiveC Bief abmupt eharige e DE€wifsetabsulis fibwr gairsetiangds dn thervaridpegahi on of
the direct to baseband receiver. [0018] As wi || be described in greater

det ai | her ei#wlifier: cEmervarying compangnts of ieddn o&setimay be eausqsh byseamiationsyn| osur e
has a very fast coarse grajn DC offset, cancellation circuit. A receiver
built in ac e ifguency spdor §igad)| 13dng e sTomsarivre Fhanges, tajcallym 100

illustrated in,the f ti I [ f Rl 3. Th t 00

e e+ IE SHHE R Wb SR el b o o
| . [

i ntenéed to%%@?%géiée%ﬁlsm%?%%&%&agvpgﬁﬁggpa g% d(l)lF %B@Fﬂg%‘% ¥Re

t el . . TP .

cont ol I or's, g e DBfbier Bt OBl dElcARHRRETIC i B Wfkey

signal  pr ocgmpenchts(dPaPId twisé fhk DopRetid@sncyd qdk O ifkering s beLendbEdNRr €, and

the like. The "present invention iI's not limted by the specific hardware

conmponent s ahtisfictsty bperafidindfahieditect-lochbadBahd R2eivgr0019] The system al so

i ncludes a nenory 104, which may include both read-only nenory (ROV) and

r andom acced8018 tsrwill(tRAlkcribEh én greater detallthergim,avieckieer bitisinraneirdapos withd dat a
to the CPU 102. A portion of the nmenory 104 may al so include nonvolatile

r andom acceshe preaant Wiscloggedias Aherys fast eqprse(@yain O yobisetadangellation eirwilt o as part
of a wireless comupi cation, device, such as a cellular, tel ephone, and

i ncludes a trPegisibRIlein aesordence ¥ith dhepresst tisgloseres smbedied i AsHSiEi 190 and

reception Ofi]lgs%[afaeﬂ 11? H;%rhﬁc%oﬁéidnﬂo%k%%%%ﬁbi. g_n a'he E}%Ec%eﬁﬂ) igur:]gdes a central
processing unit (CPU) 102, which controls operation of the system. Those skilled in the
art will appreciate that the CPU 102 is intended to encompass any processing device
capable of operating the telecommunication system. This includes microprocessors,
embedded controllers, application-specific integrated circuits (ASICs), digital signal
processors (DSPs), state machines, dedicated discrete hardware, and the like. The
present invention is not limited by the specific hardware component selected to
implement the CPU 102.
[0019] The system also includes a memory 104, which may include both read-only
memory (ROM) and random access memory (RAM). The memory 104 provides
instructions and data to the CPU 102. A portion of the memory 104 may also include
nonvolatile random access memory.
[0020] The system 100 is typically implemented as part of a wireless communication
device, such as a cellular telephone, and includes a transmitter 108 and a receiver 110 to
allow transmission and reception of data, such as audio communications, between the

system 100 and the remote location. The transmitter 108 and receiver 110 may be



system 100 and the renote location. The transmitter 108 and receiver 110 may
be 2 8 FEE 2007 WD 2004/021589 6 conbined into a transceiver 112, An
antenna 114 is electrically coupled to the transceiver 112, The o%@rﬁtﬁi?@@?
of the trangvra]%?wr 108, receiver 110 and antenna 114 are well known in the
art and nee ¥&>escri bed herein exgept as the operation of the

receiver relates specifically to the present invention. [0021] The system
100 al so includes a counter 120 and a count enable circuit 122. The counter
120 gener at éembingdinfe Rnkinsetivard1Bbf AnDoteynt $b4 iy adlestricalineconpled 4pithn of t he
counter 120 and count enable circuit 122 are described in greater detail

bel ow. [ 0023pnsgelverid 2 Jihg operation of fhetrgnspistes 4 0%; recsives AlQand anteang bldare dat a

f th 120 .t ffset ti I d th t data.
A digi tal -t FIRAMER St Aedpeed tinbs esSbo eesis cGob e B PBRITIT B i on
' [, whi i [ ' 110 t t f DC of f set.
[Sbggg] TheI Sar‘3 V(%Iul%{age\ékggcﬁ%‘#?ﬁg&%ﬁe%’%ge%ifﬁggz%t?% 00 gr 20{:{)5& edo'[ oget ﬁer Sgy a

bus system 'ﬁ&nm' Ibe§ [ fm&ﬂ? E&T%?E@ LD , and a
stat us signéﬁﬁlg@?n add|t+l(g)l$1 to easaacﬁ'?fta E)lus ﬁgcge ski #e I'n tbhgﬂgrt wil |
recogni ze t Rghntd120PiReraly St &l ABICHRY T SSDC dFet!9Rud. NRE %ﬁéraﬂiﬁiﬁ@lsthe

associ ated with, by way of exanple, the CPU 102 or the nenory 104, However,
for the sakeomftercl28/hd Yourk BubYerdidcoiy 20416 Géscribed in ighdates Hétall Bslown FIG 3 as the
bus system 128. [0024] One skilled in the art will appreciate that the
system 100 i[00223 A eddecbonverel (24 May de asedf torohvanihe dolntodatadfrarg rthercoumtdner t han
a listing of specific conponents. For exanple, although the counter 120,
count enabl d2@ito aubffsel XRregtion vabatchasesionghe equntl data. aA dligital-tes-ewalegebnvertert hr ee
separate blocks within the system 100, they may be, in fact, enbodied in one
physi cal corfPé&aA26 senseaiesan nalop gpireption pigndl; Which isprevided todhs regeiuer 118

I npl emrent the CPU 1%%0 hey may al so reside as program codes in the nenory
104, such cdReorst fog hted on by the CPU 102. The same considerations

apply to othee, T HRANERES chipbiiths oMb MGerh 06 ird Wufiba thsimed by 2 bus

system 128, which may include a power bus, a control signal bus, and a status signal

bus in addition to a data bus. Those skilled in the art will recognize that the bus

system 128 may also include internal buses associated with, by way of example, the

CPU 102 or the memory 104, However, for the sake of clarity, the various buses are

illustrated in FIG. 3 as the bus system 128.

[0024] One skilled in the art will appreciate that the system 100 illustrated in FIG. 3 is a

functional block diagram rather than a listing of specific components. For example,

although the counter 120, count enable circuit 122 and code converter 124 are illustrated
as three separate blocks within the system 100, they may be, in fact, embodied in one
physical component, such as a digital signal processor (DSF) used to implement the
CPU 102. They may also reside as program codes in the memory 104, such code being
operated on by the CPU 102. The same considerations apply to other components listed
in the system 100 of FIG. 3.

[0025] The operation of the system 100 may be better understood with respect to the
block diagram of FIG. 4, which illustrates the signal flow within the receiver 110. The

antenna 114 detects clectromagnetic energy, which is coupled to the LNA 14. The



[ 0025] The operation of the system 100 may be better understood with respect
to the block diagramof FIG 4, which illustrates the signal flow within
the receiver 110. The antenna 114 detects el ectronagnetic energy,zy\ﬁpt%@{mi}s
coupled to the LNA 14. The 2 8 FEB 2007 WD 2004/021589 7 output of the LNA
14 i s coupl E(RM)DH sgm xer 16, as is known in the art. The LO 18 is also
coupled to t 22191 6 and generates an output signal at baseband. The
baseband output signal is coupled to the | ow pass filter 20. [0026] In a
conventional circuit, the output of the lowpass filter is coupled to an
anal og-t o- diogfiphicdf thReODNAI 1435 coddléd to ¥Omixen 16 ras éxEigwniih)th€ g 0Tk EO!1 8 it he ADC
140 is a one-bit serial ADC. For exanple, a Delta-Signa serial ADC nmay be
used. The oualspaouplesttotthemiaC]d 4@l geperates ph evtputosignal Ab@sdbiahd. eThelbhBebahdr a
typical inplenentation, the ADC filter 142 nmay be inplenented as a

Del t a- Si gna opiput signabisfcpynled to thelwmasy filteg 2@onvent i onal DC of fset correction

circuit, the DC offset is neasured at the out@;% of é]he DC filter 142 and
further prod¥26bln & sogusmbippalcircuitythe routut of dhe lav-pess e dn&puplech i 88 awback

Che ADC 111 FoRomteAEgial comyeaPeiTal U by eSpBRt ettt KHE tapict  °°
11 1 BRORIFA IR CRErHA Rl S
par i oul ar1 95 bF Bl ARG Flrintf, O e BRSI GG iR ne Lo CRRMERE ™ P

anpl i t ude aro?th%ﬁ%ﬁﬁ‘é‘i%%ple?%@ﬁ%‘ﬂ&@f‘l&h?ggc' ca‘ﬂm%%‘ﬁg#t?@é{%gméo 'S

changed. I n a conventiona enentati on, arse t ment

circuit may e LOTReYRAMMdEnRdal PBelXSighlalls®ipagtiitgt Ment circuit to provide
a conbi ned DC of fset” corfection signal. [0028]p In sharp contrast to the

conventi onal[ﬁ@pﬁ@@ﬁ&hvehﬁ@asmel&ﬁbﬂ&&em@\dhdaﬁ, tBe DTG & dasiéd af the et
directly fromthe output of the ADC 140. This elimnates the slow response

time resultiontpuf obHthedPE ridter AA2 afid filvther’\dGcdssdd tor gehéidte A Dih affiet chitatibh s et
adjustnment circuit 146 is coupled to the out of the ADC 140 and derives a
measur e of signal [Iheodmwb@cksdfgg'alapmpﬂhi is Whreresonse digepef the fomdstion chpuile DC
of fset adjustnment circuit 146 is coupled to an adder 148 to effectively
cancel out dtecqusethodAld fidter 147 hanarelatiyglydong response time, the DC offset correction

circuit is a relatively long response time. This approach may be particularly
problematic when abrupt changes in the DC offset signal amplitude are experienced,
such as when the pain of the receiver 110 is changed. In a conventional
implementation, a coarse DC offset adjustment circuit may be combined with a fine DC
offset adjustment circuit to provide a combined DC offset correction signal.

[0028] In sharp contrast to the conventional approach, the system 100 provides a
measire of DC offset directly from the output of the ADC 140. This eliminates the
slow response time resulting from operation of the ADC filter 142, A coarse DC offset
adjustment circuit 146 is coupled to the out of the ADC 140 and derives a measure of
the DC offset signal amplitude. The output of the coarse DC offset adjustment circuit
146 is coupled to an adder 148 to effectively cancel out of the DC offset signal. Thus,
the DC offset adjustment circuit 146 generates a compensation or correction signal to at
least partially cancel the effects the DC offset in the received signal.

[0029] It should be noted that other conventional circuitry may be used to provide a fine
DC offset adjustment. As illustrated in the block diagram of FIG. 4, a fine DC offset

adjustment circuit 150 provides the fine offset adjustment. The operation of these fine



the DC of fset adjustnent circuit 146 generates a conpensation or correction
signal to at |least partially cancel the effects the DC offset in EE%
received signal. [0029] It should be noted that other conventi onal ir’L’@JWry
may be used_t o0 w,@vée a fine DC offset adjustnent. As illustrated in the
bl ock di agr PR 4, a fine DC offsggt adjustnent circuit 150 provides
the fine offset adjustnent. The operati®on of these fine 2 8 FEB 2007 WD
2004/ 021589 8 DC offset adjustnents is known in the art and need not be

descri bed i DCgiffeit mljustinénis {s knoendn khe arhandomdef ot b dédedbdd inegrédterafetadiet
adjustnment circuit 150 is coupled to the input of the ADC 140 via an adder
152. [ 0030]hetéin dheouiputod the findRC ofactadivsment ¢ixmit 150jisisnpledto theyimpetv be
explained in greater detail with respect to FIG 5. For the sake of

clarity, thefthg ARCOA0 My aneaddersd2ust nent circuit 150 (see FIG 4) is not
the coarse DC

of 150t "t ecniIIcbe areroR el the ol Diroreh AGGmeR: may fioR b BFRISTACRY i 1 cui t
Loy b GRRTRR SGuheR s i 5240 KO o Ml e g M, °
oo oo o Ml R R T L s el 5, PRGN e
el - St O Ens ERO BT E oy DR el s i e Gk BCOLN

val ue, the &meNb@istcheR difouit NA6 WHE YeSithplenfintdd ey ANH-IRE cdubfer 486, Whismab! ed

period, the value in the counter 160 is coupled to a code converter 164,
whi ch in t ugdhtroBedCiDwP boht lefable Circ@itt1al - The aclterdl 60Giay ah it ¢dupled td@ee The
out put of the DAC 166 is coupled to the adder 148, as descri bed above.
[0031] | n aocwputpif ilfel AACil40|aadrenintd fooa pafod ¢fdinmoeuntrell &by the seunt &uahlst nent
circuit 146, the count enable circuit 162 enables the counter 160 for a
predet er mi neiuiutfBer Wiben ghel¥s 140 dmat seal\BDC 450ch a5 BeltnSiemadADST ni ned
that it is convenient to use a binary _power of sanples. That is, enabling

the count er Camygriety theseRahmput dine ineAypled t gsqrntersingut linsaey the oyl 1804 ows a

simple inpl ﬁant%rﬁlgé lh%nABE 1:;[1'51 ucgﬁoa(.jI ﬁogclg Vo%g:;}u rval%gélthe counter 160 is incremented.
At the end of the count-enabled period, the value in the counter 160 is coupied to a code
converter 164, which in turn is coupled to a digital-to-analog converter (DAC) 166. The
output of the DAC 166 is coupled to the adder 148, as described above.
[0031] In a simplified implementation of the coarse DC offset adjustment circuit 146,
the count enable circuit 162 enables the counter 160 for a predetermined number of
samples from the ADC 140. It has been determined that it is convenient to use a binary
power of samples. That is, enabling the counter 160 for a number of samples equal to a
power of two allows a simple implementation of the code converter 164.
[0032] Those skilled in the art will recognize that the selection of the actual number of
samples measured by the counter 160 may be system-dependent. It has been found that
too few samples will result in overshoot and undershoot of the correction signal. If too
many samples are taken, the systemn response slows down to an unacceptable level. In
practice, it has been found that 64 samples from the ADC 140 provide a good sample

range, but does not slow the loop response time to an unacceptable level.



[ 0032] Those skilled in the art wll recognize that the selection of the
actual nunber of sanples neasured by the counter 160 may be _
system dependent. It has been found that too few sanples wll res@lﬁtFtianm]7
overshoot and undershoot of the correction signal. If too nmany sanples are
taken, the XX ¥ponse sl ows down to an unacceptable level. In
practice, it has been found that 64 sanples fromthe ADC 140 provide a good
sanpl e range, but does not slow the | oop response tinme to an unacceptable
level . 2 8 Eﬁ%]&éhﬁmiﬂ@f&%aﬁ@&ﬁ&%v&ﬁda@,%lﬂéﬁ%%b mweﬂﬁ?me%ﬂ? of
conveni ence, that 64 sanples are taken fromthe A 140, the counter 160

i ncrenent s 14G; tieconttey B0Liacremens its coumbvdhngsach limle Wdo@é valud Sf DR ReRRB4 by the
ADC. Exanpl es of operation of the coarse DC offset adjustment circuit 146
woul d be hebypthel ADEevExamhplexefgpesdion fof dwucname DE|affsst afjidtmar rcisy@ondé ng code
correction values are illustrated in Table 1 below. S |es Counter Val ue Code
Correction Valldebe hshpfiel. OSeweplc exangdes30f towNOV V08088 caBespondin®@dde 110000
16 48 110000 01Q000., 64 0_00000Q 100000 O 64 111111 011111 TABLE 1 [0034]
As can be sEMFFChORYAluesareillpgirated inTahle 1 belowhe coarse DC of fset adj ust ment
circuit 146 may be_easily inplenented and provides a fast response to
correct DC offgets in the relceived signal Hecause it is coupledidirectly to
t he out put of tlhe AB@npld® and| i sCoumter Valuewed byCade/Cdrtdctien Vaiaspor|se ti ne
(e.g., the respdoge QOf e JADC filter 142). [[00353 I n one exanpl § where the
ADC 140 producgs 632 evenlzg dilstrilpggopd val uds (Te.’, goghdgval ues hgvi ng a

| ogi ¢ one and 32 v4d ugs Nhgvi a bfsjof U) (e out pu{j@pol e counter 160
will be binary|3Z{g- g~ z8 dImar Y1¥ghoH€ Of lwuuo).oifmowu'e C erter 164

may 64 0 000000 100000
0 64 111111 011111
TABLE 1

[0034] As can be seen from the data in Table 1, the coarse DC offset adjustment circuit
146 may be easily implemented and provides a fast response to correct DC offsets in the
received signal because it is coupled directly to the output of the ADC 140 and is not
slowed by any filter response time (e.g., the response of the ADC filter 142).

{0035] In one example where the ADC 140 produces 64 evenly distributed values (..,
32 values having a logic one and 32 values having a logic 0) the output of the coumter
160 will be binary 32 (i.e., a binary value of 100000). The code converter 164 may
convert this logic value to a twos complement version for use with the DAC 166. In an
implementation where the counter 160 is enabled for a power of two samples (e.g., 64
samples), the code converter 164 may be implemented simply as an inverter to invert
the logic value of the most significant fit (MSB) from the counter. In the example
above where the counter value is 100000, inversion of the MSB results in a correction
value of 000000. Thus, the DAC 166 would not generate any correction voitage, which
is appropriate since the ADC 140 produced an equal numbers of 0s and 1s.

[0036] In another example, consider that the ADC 140 generated 64 samples in which
16 samples have a logic value of 1 and 48 samples have a logic value of 0. In this
example, the counter 160 would generate a count of binary 16 (i.e., 010000). Again, the



convert this logic value to a twos conpl enent version for use with the DAC
166. la an inplenentation where the counter 160 is enabled for a pqvgepmoj 07
two sanples (e.g., 64 sanples), the code converter 164 nay be inplenenfeg
sinmply as anﬁbr}g‘ﬁ;&{% gto invert the logic value of the nost significant fit
(MSB) fromthe counte In the exanpl e above where the counter value is
100000, inversion of the MSB results i a correction value of 000000. Thus,
the DAC 166 woul d not generate any correction voltage, which is appropriate
since the Aofe kéiveREOIBLCRUrAthE WISH td) YEHRAIS 2 VindsP cRtib® valb® @881 0dop anot her
exanpl e, consider that the ADC 140 generated 64 sanples in which 16 sanples
have a | ogi{¢eyahegtiof binapris).4 Fhis yatk ¢sproaided ® the DIAT Y68, which geBerated at hi S
exanpl e, the counter 160 would generate a count of binary 16 (i.e., 010000).
Agai n, the c@mectioEBignsdupMDInROthd tRRmt éfa thadaddeoldi®. converter 164 inverts the
M5B to generate a binary correction value of 110000 (i.e., a negative

bi nary 16).[06%]dn yai anether example, rdure e Gdsamples o6 theARE 148 mesulitio 48a
correction sigpal coupled into the systemvia_ the adder 148. [0037] In yet
anot her exaﬂlﬁ‘ggﬁ hirpg @ logie loands I parasles haying s dogpd; thebinasy oot pf 8 sanpl es

having a | ogic | d aml es .havin ogic Q bi nary output of the
countgr 16 Pgteﬁi%dﬁ&i@e%&edﬁs?%&@&l WSM% i"t‘@nﬁéﬁﬁ R nerate a

s or ovi deders R uBhoc e & postin® pinsll ROk chiit Sk b0l i <fgn
wher e the G Saos VaF Bk b0 ReRGH coliiion dRAZ b Tba i GIOMISE T 051

1 and no sapPAdker @ving a logic 0, the output of the counter 160 would be
binary 64. Those skilled in the art will appreciate that it takes 7 data
bits to rgpo3sidntyebindticy eunpld;Gvircthe 4tsamples Gravethe ADCLIAQ lrésiilttin talle nunber
of bits in the counter to sinplify the design and inplenentation.

Accor di ngl ysamples hindisg a togienimmd maamples having o logicl, tHeodhitpus of theicbarten 160i t s count
to a binary output of 111111 (i.e., binary 63). The code converter 164

i nverts thewouBBbe bingond. aThose siilledhinythe art mall iappreciata that itafked F1data bits to

represent binary 64. However, it is convenient to limit the number of bits in the counter

to simplify the design and implementation. Accordingly, in this uncommon case, the
counter 160 is limited in its count to a binary output of 111111 (i.e., binary 63). The
code converter 164 inverts the MSB to generate a binary correction value of 011111
(i.e., a positive binary 31), This value is provided to the DAC 166, which generates the
necessary correction signal coupled into the system via the adder 148. In the case where
none of the 64 samples has a logic 1 value, the output of the counter 160 is 000000 (ie.,
binary 0). Following inversion of the MSB by the code converter 164, the binary
correction value is 100000 (i.e., a negative binary 32). Those skilled in the art will
recognize that the examples provided herein are intended to illustrate operation of the
system 100 and are not intended as limitations. Other count lengths and cede correction
values can be used to satisfactorily implement the system 100.

[0039] The operation of the system 100 is illusirated in the flowchart of FIG. 6. Ata
start 200, the system 100 is under power and operational. In step 202, the system 100
initializes the counter 160. Initialization includes resetting the counter 160, and may



(i.e., a positive binary 31). This value is provided to the DAC 166, which
generates the necessary correction signal coupled into the systen?B/iF n bie
adder 148. In the case where none of the 64 sanples has a |logic 1 value,

t he out put of the counter 160 is 000000 (i.e., binary 0). Follow ng

i nversi on o"QHEREE%y the code converter 164, the binary correction val ue
I's 100000 (i.e., a negative binary 32)i1 Those skilled in the art wll
recogni ze that the exanples provided herein are intended to illustrate

ni ze ¢ hat i ded t0 | ]
count | engie SRR AT ou e ) &L Cilor GLAREES Rl pabOR 100 R wek 1)

| mpl ement. ety 06, 200 B hurkber @REEAblAN Of the system 100 is |
illustrated in the flowhart of FIG 6. At a start 200, the system 100 is

under pomegommi IO@Risidn 2062the syflerh 1100 1d6ld sabnpRes SHfeiRH BPthe ADC 6O deges t he
counter 160. Initialization includes resetting the counter 160, and may 2 8
FEB 2997 \WIZ2Q04f@he18DQ 160 gendrates & ogid ve, Hd readt ofipeision 20848 YESN hhe CPU
102 (see FIG 3) or the nmenory 104 for use as the counter. In step 204, the
count er 1606hdt saseythb bwsttm nO@AGhHts Ite ebanies I Ghin26H, 208 h & thy ADEH1 GDEnenates k s

sanpl es generated by the ADC 160 8see FIG 4). If the ADC 160 generates a
| ogi ¢ one, atlpgic para,the regilt ofdlepision A0S BN gudAle coynter 16 ignot Hgeemented. syst em
increments the_counter 160 in step_208. If the ADC 1 Oju%gner_at s ,alogic

zero, the MB4I]{n decigen 2L the ogtem J0QEetarmpines ik tha,samy pepived, i the
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code Convegﬁgfmilsﬁéﬁom ClodeS@nberter Clledr |VH89 dﬁ%ﬂgﬁ%@@@&a%@g}% can

be achi eve si ng another nunber of sanpl es. of two

sampl es i s $abRALEdan b 'RuRYVES SMlEBRHP nitAberlof Mnish. (RNBdmRERE £50vAd
described in the exanples above. [0042] If the current sanple is not the
final sanpleftwb mplesiIstleciéd, diaciysienn] 01ig nbslimikdn 4 salnples us desariBA0nr et ur ns
to decision 206 to anal yze the next sanple fromthe ADC 160. If

the examples above.

[0042] If the current sample is not the final sample, the result of decision 212 is NO and
the system 100 returns to decision 206 to analyze the next sample from the ADC 160. If
the current sample is the final sample, the result of decision 212 is YES. In that event,
the system 100 disables the counter in step 214 and converts the counter value in step
216. In step 218 the output of the code converter 164 is transferred to the DAC 166 and
the system 100 returns to step 202 to reinitialize the counter. The initialization at this
point may simply involve resetting the counter 160. Thus, the system 100 provides a
fast coarse DC offset compensation system.

[0043] The foregoing described embodiments depict different components contained
within, or connected with, different other components. It is to be understood that such
depicted architectures are merely exemplary, and that in fact many other architectures
can be implemented which achieve the same functionality. In a conceptual sense, any
arrangement of components to achieve the same functionality is effectively "associated”
such that the desired functionality is achieved. Hence, any itwo components herein

combined to achieve a particular functionality can be seen as "associated with" each



the current sanmple is the final sanple, the result of decision 212 is YES.
In that event, the system 100 di sables the counter in step 214 anq c§£yﬁ@ts
the counter value in step 216. In step 218 the output of the code @o e

164 is transferred to the DAC 166 and the system 100 returns to step 202 to
reinitializ&MW%QMter. The initialization at this point may sinply

I nvol ve resetting the counter 160. Thu$2 the system 100 provides a fast
coarse DC offset conpensation system [0043) The foregoing descri bed
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architectures can be | npl emented which achl ve the sanme functionality. In a

concept ual Hen&kas LRy "opdritip e&m&efed'obrc?mnem Slell) t& eihetBerith Aclieee
functionality is effectively "associated" such thgt t he desired

functi onal ithy désiredfulncionality. Hence, any two conponents herein conbined to
achieve a particular functionality can be seen as "associated with" each 2 8
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by those within the art that, in general, terms used herein, and especially

in the appem&ﬂer@inﬁmmsﬁ@laﬂym thednp clbings (agpbﬁuiwaahaapmdedaﬂmgeneral ly

I ntended as "open." terns (e.qg. e term"including" should be interpreted
are generally intended as “open? terms (e.g., the term “including” should be interpreted

as “including but not limited to,” the term *“having” should be interpreted as “having at
1east,” the term “includes” should be interpreted as “includes but is not limited to,” etc.).
It will be further understood by those within the art that if a specific number of an
introduced claim recitation is intended, such an intent will be explicitly recited in the
claim, and in the absence of such recitation no such intent is present. For example, as
an aid to understanding, the following appended claims may contain usage of the
infroductory phrases "at least one" and "one or more” to introduce claim recitations.
However, the use of such phrases should not be construed to imply that the introduction
of a claim recitation by the indefinite articles "a" or "an" limits any particular claim
containing such introduced claim recitation to inventions containing only one such
recitation, even when the same claim includes the introductory phrases "one or more" or
"at least one" and indefinite articles such as "a" or "an" (e.g., “a” and/or “an” should
typically be interpreted to mean “at least one™ or “one or more”); the same holds true for
the use of definite articles used to introduce claim recitations. In addition, even if a

specific number of an introduced claim recitation is explicitly recited, those skilled in



as "including but not limted to," the term"having"” should be interpreted
as "having at least,” the term"includes" should be interpreted as
"includes but is not limted to,"” etc.). It will be further under§30ﬁ$ ﬂ%]
those within the art that if a specific nunber of an introduced cl-ai
recitation bﬁ)hﬂ&ﬁq d, such an intent will be explicitly recited in the
claim and in the absence of such recitation no such intent is present. For
exanple, as an aid to understanding,lﬁhe fol |l ow ng appended cl ai ns may
contain usage of the introductory phrases "at |east one" and "one or nore"
to introdude =gl willfecoptird thal B recithiivaatiadd typhrallybeintdmetedio plsisdesss houl d not
be construed to inply that the introduction of a claimrecitation by the

i ndef i ni t ettar tacitéde guthbér (v.g., dg' barenirdcitatiomy op dtwo aeditationd,hiwithoubether ni ng such
introduced claimrecitation to inventions containing only One such

recit at i onmodifiers, tupisally means sifeas| tap aecitaligna.cs we empnerp@tionsdr y phrases "one
or nore" or "at least one" and indefinite articles such as "a" or "an"
(e.g., "a" and/or "an" should typically be interpreted to nmean "at | east
one,, or "one or nore"); the same holds true for the use of definite
articles used to introduce claimrecitations. In addition, even if a
specific nunber of an introduced claimrecitation is explicitly recited,
those skilled in 2 B FEE 2907 WO 2004/021589 13 the art will recognize
that such recitation should typically be interpreted to nean at |east the
recited nunber (e.g., the bare recitation of "two recitations,” w thout
other nodifiers, typically neans at |east tw recitations, or two or nore
recitations). 28 FEB 7007 14 |. An apparatus for DC offset conpensation in
a radio frequency (RF) receiver having a direct converter to permt direct
down conversion of an RF signal to a baseband signal, the apparatus
conprising: an analog to digital converter (ADC) having an input coupled to
the output of the direct converter and an output; and a counter coupled to
the output of the ADC to count occurrences of a particular



l ogic value in data sanples fromthe ADC for a predeterm ned period of tine
and thereby generate a count indicative of a DC offset. 2. The apparatus of
claiml, further conprising a code converter coupled to the counter?garg 207
t hereby generate an offset correction val ue based on the count indicative oq
the DC offset. 3. The apparatus of claim J4Ynherein the counter is enabled
to permt a predeterm ned nunber of sanples, the predeterm ned nunber being
a power of two. 4. The apparatus of claim3 wherein the code converter is an
inverter to invert the nost significant bit (MSB) fromthe counter to

t hereby generate the offset correction value. 5. The apparatus of claim 2,
further corpri sAngprparengfarC eifseh pempansatimie pradio frppmency Ripeesiver o t he

counter to ; j v 0, ount
i cat | vo SFRER B ARG, PeRhl Rtk SR Eiehn' Gl R FBRK P LA BRI A 1 o
a serial ABignal/the dpysaratppamadrisingof claim | wherein the ADC is a delta-sigm
converter. 8. An apparatus for DC of conpensation in radi o frequency
(RF) receiver Wh@faffgftadbﬁlﬁalgeqnve%ﬂ\ﬂéhs(ﬁavag BRI cqypled tp 3@&%’"&8 ther si on” of
an RF si gn@jredtQofvehBsaiaRbuiptt, 3@l . the apparatus conprising: an analog to
digital converter (ADC) having an input coupled to the output of the direct

converter and anceintggpupled fothe entphinfithegARE to npunt ocounsheas of @ patiisulaut put  of

t he ADC an filt.er Ut -an 200 16. a,coun .coupled to the
output or 108 Y Bigashitples RN RE ARC s A Petserind PN uighCifGed ' dat a
sanpl es fr geadriiea Abdnt irdicativebL4PCadffietied period of tine and thereby
generate a count indicative of a DC offset. 9. The apparatus of claim8,

further conprisi a code converter coupled to the counter to thereby
generate an: of f gﬁ?galﬂ’éﬁt‘é‘&ficg‘r‘l““vla}'ﬁ@eb%%‘s% aqede eiseies Goupledde & of the DC

of fset. counter to thereby generate an offset correction value based on the count indicative of the
DC offset.

3. The apparatus of claim 2 wherein the counter is enabled to permit a

predetermined number of samples, the predetermined number being a power of two.

4, The apparatus of claim 3 wherein the code converter is an inverter to invert the
most significant bit (MSB) from the counter to thereby generate the offset correction

value.

5. The apparatus of claim 2, further comprising a digital to analog converter (DAC)
coupled to the counter to generate an analog offset correction value based on the count

indicative of the DC offset.
6. The apparatus of claim 1 wherein the ADC is a serial ADC.
7. The apparatus of claim 1 wherein the ADC is a delta-sigma converter.

8. An apparatus for DC offset compensation in a radio frequency (RF) receiver
having a direct converter to permit direct down conversion of an RF signal to a baseband
signal, the apparatus comprising:

an analog to digital converter (ADC) having an input coupled to the output of the
direct converter and an output;

a filter having an input coupled to the output of the ADC and a filter output; and



10. The apparatus of claim9 wherein the counter is enabled to permt a
predet er m ned nunber of sanples, the predeterm ned nunber being a power of
two. It. The apparatus of claim 10 wherein the code converter is adbifb3elller
to invert the nost significant bit (MSl3) fromthe counter to thereby
generate the offset correction value. 12.{5An apparatus for DC offset
conpensation in a radio frequency (RF) receiver having a direct converter
to permt direct down conversion of an RF signal to a baseband signal, the
apparatus conprising: conversion means for converting an analog signal to a
di gital signal, 2¢umterconpled tithnoytpeired theasAPR o aopnt pprwrrenensof agartisulahe out put

G gnal ;e b eafiifs Rim BEDK. 1-REBREbASoF Bt dr kY R BB

si gnal andgémerat©nodunt talicatiseofd PE dffser ef rom for a predeterm ned period of
time to thereby generate a count indicative of a DC offset. 13. The

apparatus f clajm 12, further c ri si ng. conver,si on ans coupled to the
nggns for count ?h%aﬂpafapﬁé]rfgg‘{f"éeﬁ’%ﬁ‘i“é’"&pﬁlsﬁ‘?faﬁf’e EWVFg%tCiOBHlegéqp e based on
the count chilre@iHer®y Qbndritg alPofiedt L6 @éctior 4alud Bsed BR McXcusit Mbicsiv dtHe

wherein the means for counting is enabled to permt a predeterm ned nunber
of sanpl esDG¢fésehr edet er mi ned nunber being a power of two. 28 FE3207 |b 15.
The apparatus of claim 14 wherein the conversion nmeans is an inverter to

invert —thg, ”DS*rhﬁfgﬁ%%s(iﬁﬁahhiﬁwﬂé}@ﬁ}hefcroﬁﬁ%} i'&‘%%ﬁ@d?% éJeHﬁitQOU”“ ng to

t her eby generate set correction val ue. apparatus of claim
12, furt hepredetopminsd mgnbkr gf samhples) thegrsietenmined nsmbarbeinponpoevdriofigva di gi t al
signal to an analog signal, the digital conversion neans being coupled to

the means for counting.to ner.ate an anal of fset. correction val.ue based
on the codht i A RRATANS QfTaind O hetin B Codeleanvertsls sibipveilr (@R e,
conpensat i gfbst digraficantlbi@ (MSBY BBMANe (denler kEthelel P erdbpaté 1@ oFfset correction

value,

12.  An apparatus for DC offset compensation in a radio frequency (RF) receiver
having a direct converter to permit direct down conversion of an RF signal to a baseband
signal, the apparatus comprising:

conversion means for converting an analog signal to a digital signal, the
conversion means having an input coupled to the output of the direct converter and an
output generating an unfiltered output signal; and

means for counting configured to receive the unfiltered output signal and to count
data samples therefrom for a predetermined period of time to thereby generate a count

indicative of a DC offset.

13.  The apparatus of claim 12, further comprising conversion means coupled to the
means for counting to thereby generate an offset correction value based on the count

indicative of the DC offset.

14.  The apparatus of claim 12 wherein the means for counting is enabled to permit a

predetermined number of samples, the predetermined number being a power of two.



direct converter to permt direct down conversion of an RF signal to a
baseband signal, the nethod conprising: converting an anal og bas ﬁand
signal to a digital signal to thereby generate an unfiltered outg tF@ﬁéﬂhl;
and counting data sanples fromthe unfiltered output signal for a
predeterm ned period of tine to therebwégenerate a count indicative of a DC
of fset. 18. The nethod of claim 17, furthér conprising converting the count
indicative of the DC offset to thereby generate an offset correction val ue
based on the count indicative of the DC offset. 19. (The nethod of claim 17
wher ei n codpt i ngheiarraratysaficlaimil4 vdsein the copvepdemmeansdsaminvaigerdo jvedet er ni ned
nunber of %?HH : 4 raR r " r 0. The
met hod of clal Jr)rsﬁ%gn &Eﬁtﬁ’gﬁg@) ffrqngﬁl%é&%ﬁ ﬁ%/)@rr £ %&lﬂgﬁﬁmﬁ%\gﬁ 23 g%tfwégdgir‘? bi t
(MSB) of tkerretiontvaluedi cati ve of the DC of fset to thereby generate an offset
correction value based on the count indicative of the DC offset. 21. The

met hod of ai 7, further conprising converting, the count indicative of
the DC of ﬁé'et mtl'ée appargius (gﬁlaé'?‘gﬁafmb‘érgcﬁg}%'?l&géh I epnxprsipnpgagsforc or r ect i on
val ue basedoRrtina digiedl Bignalng iak ahdlyEsifial thedipialRbfiv@éion means being

coupled to the means for counting to generate an analog offset correction value based on

the count indicative of the DC offset.

17. A method for DC offset compensation in a radio frequency (RF) receiver having a
direct converter to permit direct down conversion of an RF signal to a baseband signal,
the method comprising:

converting an analog baseband signal to a digital signal to thereby generate an
unfiltered output signal; and

counting data samples from the unfiltered output signal for a predetermined

period of time to thereby generate a count indicative of a DC offset.

18. The method of claim 17, further comprising converting the count indicative of the
DC offset to thereby generate an offset correction value based on the count indicative of
the DC offset.

19.  (The method of claim 17 wherein counting data samples is enabled to permit
counting a predetermined number of samples, the predetermined number being a power

of two.

20.  The method of claim 19 further comprising inverting the most significant bit
(MSB) of the count indicative of the DC offset to thereby generate an offset correction

value based on the count indicative of the DC offset.

21.  The method of claim 17, further comprising converting the count indicative of the
DC offset to an analog signal to generate an analog offset correction value based on the

count indicative of the DC offset.



