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of the elements may be exaggerated relative to other elements for clarity. Further, where
15  considered appropriate, reference numerals may be repeated among the figures to

indicate corresponding or analogous elements.



Some portions of the detail ed description which follow are presented in
terms of algorithnms and synbolic representations of operations on data
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that throughoutn teefoslo@ahgd detatléd desdtiptioss inarsoust spetific migtaile rans st fotthas 15
"processing," "conputing,” "calculating,” "determning,” or the I|] kg,e refer

to the acrdsn tanprowideps dhemush @deﬁw@éﬁ%ﬂu?% theo inveghiont | Hgweyss & nyily

simlar e|leget c t] . GR it Rt adBh) ; qﬁ%;‘ gm dat a
represente eégst8§‘#1§)§i glgpy &sftr}%ﬁmg&g%cltnr%%i C, %Egﬁhtaértgﬁegg%ﬁ? ﬁl t 'eg
conputs ngpgidtanivithoapithéser speaifid/ detaibe mdni ether mhstanced) eweltkhewn smethbds;, | y

represented as physical quantjities wthin the co tin stem s ries,
20 regi st Brasedures ¢ERDANGETY 30 B‘F%tﬁmﬂe ﬁoaﬁsgag,de%ﬁgdﬁﬁ%scb@s d{‘r’gg%’) ay
devi ces. Pgs&p@ﬁggrggn%%gﬁhood that the present invention may be used in
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Direct Sequence Spread Spectrum (DSSS) and the like. 3 WD 2004/008629
PCT/ USZOOC# @1m@i£’ced that oug{xout e spec?iﬁcation (ﬂscussmns ut?hz\%)g terms such as

15 “processing,” “computing,” “calculating,” “determining,” or the like, refer to the action

and/or processes of a computer or computing system, or similar electronic computing
device, that manipulate and/or transform data represented as physical, such as electronic,
quantities within the computing system’s registers and/or memories into other data
similarly represented as physical quantities within the computing system’s memories,
20  registers or other such information storage, transmission or display devices.
It should be understood that the present invention may be used in variety of
applications. Although the present invention is not limited in this respect, the circuits
and techniques disclosed herein may be used in many apparatuses such as receivers of a
radio system. Receivers intended to be included within the scope of the present
25  invention include, by a way of example only, wireless local area network (LAN)
receivers, two-way radio receivers, digital system receivers, analog system receivers,
cellular radiotelephone receivers and a like.
Type of wireless LAN receivers intended to be within the scope of the present
invention include, although not limited to, receivers for receiving spread spectrum
30 signals such as for example, Frequency Hopping Spread Spectrum (FHSS), Direct
Sequence Spread Spectrum (DSSS) and the like.



Turning to FIG 1, a transceiver 100 in accordance wth an enbodi nent of
the invention is shown. The transceiver 100 nay conprise an antenna 101, a
recei ver W0200408628 transmtter 105. Al though the scopePofi/ush@3present
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anplifier 110, a denod tor 120, a calibration 5 networ 30, a nory
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and the like, may be used with some enbodi nenfs of the present invention.
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for exanple, a quadrature denodul ator, a direct conversion denodul ator and
the Iike. BEREHRE MEFMOYepdul ator 120 may denodul ate the received signal
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calibrated by calibration network 1 i bration network 130 nma
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presen ot, linmted i

o SenL APl it A S, YRR e PO AR
signal's receive signals over a wireless LAN network, if desired. However, it should be
| understood that for the simplicity and the clarity of the description, only the opefation of
receiver 102 will be described. In the first operation mode, amplifier 110 may receive a
signal from antenna 101. Amplifier 110 may amplify the received signal and output it to
20  demodulator 120. Demodulator 120 may be for example, a quadrature demodulator, a
direct conversion demodulator and the like. Furthermore, demodulator 120 may
demodulate the received signal and output I and Q signals.
In addition, the I and Q signals may be calibrated by calibration network 130.
Calibration network 130 may compensate for demodulator 120 impairments. Although
25  the scope of the present invention is not limited in this respect, demodulator impairments
may include imbalance in phase and imbalance in amplitude between I and Q signals
and the like. Furthermore, calibration network 130 may compensate for demodulator
120 impairments by manipulating the calibration parameters.
In addition, calibration network 130 may provide compensated I’, Q’ signals to
30  digital receiver module 160. Digital receiver module 160 may decode data and/or voice
from the compensated I’, Q’ signals, if desired. A detailed description of calibration
network 130 with reference to FIG. 2 will be given hereinbelow.



and the like. Furthernore, calibration network 130 nmay conpensate for
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15  scope of the present invention is not limited in this respect, memory 140 may be for

example, a shift register, a flip flop, a Flash memory, a read access memory (RAM),
dynamic RAM (DRAM), static RAM (SRAM) and the like. Furthermore, processor 150

may generate and/or store calibration parameters values in memory 140.
Although the scope of the present invention is not limited in that respecf,
20  processor 150 may start the calibration processes by setting an initial value to calibration

parameters a,g and a,.. For example, the initial values may be a,;=1, a,, =0. In

addition, processor 150 may remove the DC component of the I and the Q signals prior
to making the measurements, or may use other equivalent methods for removing the DC
component. Furthermore, processor 150 may generate calibration parameters by

25 measuring an average power of I’, an average power of Q’; and a correlation between

the I’ signal and the Q’ signal and may vary the values of calibration parameters a,; and

ay. until the average power of I' and the average power of Q’ signals converge to
substantially the same value. An example for this calculation may be described by

ZI?=30*. In addition, processor 150 may vary the values of calibration parameters ayg

30  and a,. until a product of I’Q’ converges to substantially zero. It should be understood



Al t hough the scope of the present invention is not limted in that respect,
20 processor 150 may start the calibration processes by setting an initial
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that in sone e ment s e present=invention, processor 150 nay vary

the values of gahiiiah B RRfBIBORESIRY! Bkl BY BRLARHENG: ¥AkiRS o8 Gipd 11

menory 140 or Dby operati

Ing th ol I ow ng et hod, at1‘6’ug$1 I't 'sRoul d be
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powerigof |' signaleaduyingad correlatiorbetiveen ExanipQé byt dubcidating, dbr dxXatdple, tthat nay
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cal cul ating, feumekEHY avhichhmay beexmessel wity ) Wi handhybe expressed with
YQ*Q ; 10 4. neasuring a correlation between |I' and Q by cal cul ating,
for exanpl e, tBecaleulanmg the' valids offvatibratioly pheumeigps essamd a).taecdrding tbGhe ; and
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> o
T zrrye-Creof
a, = 2.7

T Erye-Grof

Although the scope of the present invention is not limited in this respect,

15

processor 150 may be a digital signal processor (DSP), a reduced instruction set
computer (RISC) processor, a microprocessor, a micro-controller, a custom integrated
circuit to perform a predefined algorithm and/or method and the like. Furthermore,
20  processor 150 may use methods and/or algorithms to generate the calibration paramefers.
Detailed examples of such algorithms will be provided with reference to FIG. 3.

Turning now to FIG. 2, a calibration network 130 according to some
embodiments of the present invention is shown. Although the scope of the present
invention is not limited in this respect, calibration network 130 may include an in-phase

25 (1) module 210 and a quadrature (Q) module 250. More particularly, in this example, I

module 210 may not include calibration parameters and Q module 250 may include an

adder 265 and calibration parameters a,; and a,.. For example, in one embodiment of

the present invention, calibration parameters a,; and a,, may compensate for an

6



follow ng equations, if desired: ElI*Qarc - _ EI2*Q@ _(1*Q2 ~12 15 a,s _
VEI2 *EQR -~:1 *Q 2 Although the scope of the present invention is not
limted iwot2néswos@spect, processor 150 may be a di git alPCIIIpa@I3/opra€essor
(DSP), a reduced instruction set conputer (RI SC) processor, a
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a predefined algorithm and/or nethod and the |ike. Furthernore, 20

pr ocessor dadgiuiator Uk ifdasitodls and/ or al gorithns to generate the calibration
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the scope of the present invention is not limted in this respect,

cal i brsat i ewpwaedviem dezaodwgion RO ulacadditionn Qunadwle 250 may meripnlateibeland o

gquadrature (Q nodule 250. Mre particular]y, in this exangple, |  module
210 may nE Sighals uwith Galibgation; Eﬂﬁ%ﬁ?@nﬁtseﬂ‘i 4ral 1© PrOYIdee? 20 syl thatiBide an

adder 265 and calibration pataneters ars.and arc. For ex i n_one
ebodi mengrentae oA S e TR, Forpxanile e fiGrmestn R hs bereleari€ o,
may CoNpengahal £ thaY’ G RR0% ARBS AAnAGT/ WSAA8HLA 1ARIE 265 whe! AAcEe Of
anpl i tude and phase between the | signal and the Q signal outputted from
denodul at gianipafhtionf ret@s i ofeddliblatiop RRfAhdte8, a,| a8 dy) evithl theTRYind €Q &vigiald, he |
signal and output the I' signal. In this exanple the signal that is marked
as | mnd/ egspéctiveBy to pfoxidd Q° bigeall dvepvatl, infalteimatiee erbbaditnpntstod dhd present

denodul at or 120. | n addition, dul e 250 .Jmanipylate the I and
mvention other ca&lﬁ)ration ne%vg;f(s may be usggy 1 esn%H. altTOr example, 1@1 an

alternative calibration network, calibration parameters a,; and a,, may be included in I

module 210. However, it should be understood to one skilled in the art that
embodiments of the present invention are in no way limited to the calibration networks

15  described above and a different calibration network may be used with embodiments of
the present invention.

Turning to FIG. 3, a flow chart of a method of compensating an imbalance of
demodulator 120 is shown. Although the scope of the present invention is not limited in
this respect, the method may start with initializing the calibration parameters, for

20 example, a,, =0,a,, =1(block 300) and with providing a test signal s() (block 310).
As mentioned above, the test signal s(#) may be provided, in one embodiment of the
present invention, by processor 150 and in other embodiments by transmitter 105.
Furthermore, in some embodiments of the present invention, the test signal may be a
natural noise signal of receiver 102. Furthermore, the test signal s() may be

25  demodulated by demodulator 120. Demodulator 120 may output demodulated signals I
and Q (block 320). Processor 150 may measure an average power of the in-phase signal
and an average power of the quadrature signal (block 330). In addition, processor 150
may measure the correlation between I’ signal and Q’ and perform tests on the average
values of I’ and Q’ signals. The first test may be to check the average of the product of

30 I’Q’ (block 350). If the product of I'Q’ is different from zero, processor 150 may vary

the values of a,; and a,, until the product value converges to substantially zero (block



Q signals with calibration paraneters ars and arc, to provide a Q signal
that is substantially equal to the | signal. For exanple, the difference
i n anpl i twoeobketseen the | signal and the Q signal mapcChasaesBeisshan 1%
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test signal s(t) may be provided, in one enbodi ment of the present

i nvent i onovggtign.ocessor 150 and in other enbodi ments by transmtter 105.
Furthernore, in sonme enbodi nents of the present invention, the test signal
may be a natural noise signal of receiver 102. Furthernore, the test
signal s(t) may be 25 denodul ated by denodul ator 120. Denodul ator 120 may
out put denodul ated signals I and Q (bl ock 320). Processor 150 may neasure
an average power of the in-phase signal and an average power of the
guadrature signal (block 330). In addition, processor 150 nay neasure the
correlation between |' signal and Q and performtests on the average
values of |I' and Q signals. The first test may be to check the average of
the product of 30 1'Q (block 350). If the product of I'Q is different
fromzero, processor 150 may vary the values of ars and arc until the
product val ue converges to substantially zero (bl ock



7 WD 2004/ 008629 PCT/ US2003/ 019546 360). The second test may be to check
if the average power values of the |I' and Q@ signals provided by

cal i brat iwo 20etose62R 130 are substantially equal (bl ock ®8@)us2e03/01%deli ti on,
processor 150 may vary the values of ars and arc until average val ues of
"2 and .to substantially the same val ues (block 390). 5 Wile
certain f%hir%ceysmg{eg? 1e i nvention have been illustrated and descri bed

herei n, many nodi fications, substitutions, changes, and equivalents wll
now occur to those skilled in the art. It is, therefore, to be understood
that the appendedpphrail®omipeisingnt ended to cover all such nodifications and
changes as fall wthin the true spirit of the inventigon. 10 8 W)

2004/ 008629 PCT/ US2686alilredonpetwpsto quiput pn inrpbpse signal and.a qusdrafuge signal;
conprissi ng: a gﬁ#i brati on network to output an in-phase signal and a
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sane value. 2. The apparatus of claim?l, wherein the processor is further
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2. The apparatus of claim 1, wherein the processor is further able to vary one or
‘more of the calibration parameters until a product of the in-phase signal with the

.quadrature signal converges to substantially zero.

15
3. The apparatus of claim 1, wherein the calibration network is able to compensate
for impairments of the demodulator by manipulating the calibration parameters.
4. The apparatus of claim 1, wherein the demodulator comprises a quadrature
20 demodulator.

5. The apparatus of claim 1 further comprising:
a transmitter to provide a modulated test signal to the demodulator.



15 3. The apparatus of claim1l, wherein the calibration network is able to
conpensate for inpairnents of the denodul ator by manipul ating the

cal i brat iwo 2pew@sebers. 4. The apparatus of claim1l, wreTAiSR0030E9546
denodul ator conprises a quadrature 20 denodul ator. 5. The apparatus of
claim1l further conprising: a transmtter to provide a nodul ated test
signal tob6the daneibod gemprising: WO 2004/ 008629 PCT/ US2003/ 019546 6. A net hod
conpri sing: generati cal ' , rj power
of "an i nophase. st gRaferedly SUBHER BRLANESH bl B 4 Beg BafUE AR AT
correlation bei-pese difieal) Gn plverage Spayeal ofan dquatieate adigmil Lind s icgfralatiob 7.
The nmethod of c¢laim®6, further, conprising; varying one or nore of the

cal i bration paPstsesthe inmbase signgl gad the qypdraRige Signalphase signal and the
quadrat ure signal converges to substantially zero. 10 8. The method of
claim6, further conprising: varying one or nore of the calibration

paraneters unti overe of the illﬂ' i gnal and a power of the
quadraturg'si ggéfg%:e%}lo\\agorfﬁgi‘{no&subs gn‘?ﬁ%ﬁ?@' the sane value. 15 9. The
met hod of claim6, fafyidieond onpioks bfthe @@libation pAgnidies uhtlph podust (it and
t he quadrature signal by denpdul ating .a podul ated test signal. 10. The

met hod of cl ai A-Bhasgsignal #ndbe guadratyrorsignah eqnverssp i sibsgntiallizers er agi ng t he

i n-phase signal;

10 8. The method of claim 6, further comprising:
varying one or more of the calibration parameters until a power of the in-
phase signal and a power of the quadrature signal converge to substantially the

same value.

15 9 The method of claim 6, further comprising:
generating the in-phase signal and the quadrature signal by demodulating
a modulated test signal.

10.  The method of claim 6, wherein measuring further comprising:
20 averaging the in-phase signal;
averaging the quadrature signal; and
correlating between the in-phase signal and the quadrature signal.

10



averagi ng the quadrature signal; and correl ating between the in-phase
signal and the quadrature signal. 10 WO 2004/008629 PCT/ US2003/019546 11.
An appar avo0evp629si ng: a cal i brati on network to out putrCaruszonsphede si gnal
and a quadrature signal; a processor to generate calibration paranmeters by
measuring an average power of the in-phase signal, an average power of the
quadr at ur &l.si gAalappardtus cBmpoisingl at i on bet ween the in-phase signal and the

guadrature signal and vary_.on ar re.of. the. cal i brati ters
until the in-phase gicﬁhgrﬁnglhéet?vﬁg(tauoélgéﬂeal?ﬁ?lgghéssfglré&Aélgr?\a/@ragem?ggﬁﬁe’
substantially same wairg@sssértd geneliateesilibeation qracamaers dydmegating umavemgsm tt er
to provide a test signal to the calibration network. 10 12. The appar at us

of claim11, whewes af theeinphasesignsl, pm averaghee Welhplthe Aupdratpre gignakaiiq & at i on
ara ers unti . i n- i i . '
P onar conver gSur@aRbPftikeRiniionid sBIREMANIBathid bl o BEVEY U0 |

wher ei n the cabt bioaé bbtheralibvatibn paamblees umil denipepimsd signdl and theppiadrmt s of

t he denodul at or, by, mani pul at i ng th%&éal i bration parameters. 14. The
appar at us of cFigPRh cPRverggds thesubsiantialys30¢ %2188 ®npri ses a quadrature

dermodul ator. 20 1S5. ,The ARRARAUSrAl pbahim hnsHRF & Proviieth fes@aigmiitber is
able to provide sai 3' tesct 9&13 gnal rt 0 5‘t:phe dem)duI at or. iarll \?\D 2004?%%8629

PCT/ US2003/ 01 9%5ktecalibration network.
10

12.  The apparatus of claim 11, wherein the processor is further able to vary the
calibration parameters until a product of the in-phase signal with the quadrature

signal converges to substantially zero.

15 13.  The apparatus of claim 11, wherein the calibration network is able to compensate

for impairments of the demodulator by manipulating the calibration parameters.

14.  The apparatus of claim 11, wherein the demodulator comprises a quadrature
demodulator.

20

15.  The apparatus of claim 11, wherein said transmitter is able to provide said test

signal to the demodulator.

11



16. An article conprising a storage nmedi um having stored thereon
instructions that when executed result in: generating calibration

par amet erwOlzgo4m@86&ar i ng an average power of an i n-phasec3iupeel3/o1%n6 aver age
power of quadrature signal; and a correlation between 5 the in-phase
signal to the quadrature signal. 17. The article of claim 16, wherein the

i nstructi biis wAsraridole comprdsingra sterage esadium ibaving\storgd tigremmeinstructionethat t he
calibration paranmeters yntil .a product of the conpensated in-phase signal
and the corrpeng’g‘f‘?eﬂxeﬁl}?gr’ " signal converges to 10 substantially zero.

18. The article of gdiifinkCoaliBRRi0R ipaArdniers B! heshHRg an WERAE ¥E®EE 8Flad Ur t her

result in: varying one or nore of 'the calibration parameters until a power
‘of the in- phinsphasé signal, amavesagsqwaver of qeadeatingasignal; and agogelation betweeme t o
substantially ph 5 sane vtaﬁlue. 9. The aill‘ti cle of claim16, wherein the

i nstructions 3%“'@5%‘;03&11%@1?0 f ARIAPEE A generating the in-phase

signal and the quadrature signal by denodulating a nodul ated test signal.
20 20. The article of claim 16, wherein the instructions of neasuring when

executed 1§ urtRE afiRRWricldif: 1A WheRH M ifMRclithsPiRaexsblPlurtheAe8iIARE NY t he

guadrature signal; and 25 correl ati ng between the in-phase signal and the

quadr at ure signal . varging one or more of the calibration parameters until a product of the
compensated in-phase signal and the compensated quadrature signal converges to

10 substantially zero.

18. The article of claim 16, wherein the instructions when executed further result in:
varying one or more of the calibration parameters until a power of the in-
phase signal and a power of the quadrature signal converge to substantially the

15 same value.

19. The article of claim 16, wherein the instructions when executed further result in:
generating the in-phase signal and the quadrature signal by demodulating
a modulated test signal.
20

20.  The article of claim 16, wherein the instructions of measuring when executed
further result in:
averaging the in-phase signal;
averaging the quadrature signal; and
25 correlating between the in-phase signal and the quadrature signal.

12



