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Adjusting Parameters Associated with Leakage Signals

CROSS-REFERENCE TO RELATED APPLICATION
This apphcation claims benefit of U.S. Provisional Patent Apphication Seriul

X

No, /795,625, fded on Apnil 27, 2006, which is heveby incorporated by referenc

TECHNICAL FIELD
This invention relates to Radio Frequency Identification (RFID} Renders and,

more partioniarly, to adiusting parameters associated with leakage sipnals.

BACKGROUND

Passive UHE RFID {radio frequency wdentification} protocols reguive the fag to

be powsred by the reader’s fleld and to use the ficld to backsvatier information on the
same frequescy,  The technical term for such a system, where both the fransmit and

receive sections of the device are simultancowsly operating on the sanw freguency is
“homodyne”  One class of homodyne sysiems intends to only transant & pure
continuons sinusotdal wave {OWY signal while in the receive mode. UHF RFID veader
svetems are of this class. A challenge is presented to the homodyne systems when the
vepeiver section is not well isolated from the transmitter section,  Trapsmuter {TX}
leakage inio the receive (RX} path can be as much as 110 dB above the desired
backseattered vecetve signal. Such a high TX leakage to receive signad ratio leaves the

receiver seotion gquite susceptible to typical nonlinearities associated with standard cost

’J‘}

effective analog signal processing components.  Therefore an wnnsually bigh dynamie

range in the receiver section would be required.
Passive and semi-active (battery assisted} UHF RFID commuunications use raday
osy section (RUSY modidation to send data from the transponder to the reader. That
neans the reader iransmits a sinusoidal RF signal toward the transponder, Somwe of the
RF energy which hits the transponder reflects back to the reader. By modulating s
RS, the transponder is able 1o communicate data back to the reader,
This presents many design challenges, In particalar, the reader electronics must
be designed o receive a very weak signal while it is transmitting a very strong signal st
the same fregueney.  Whereas many other wircless communications schemes wse

frequency division wmultiplexing, the RFID reader cannot stice its own transimat feldd &
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being used gy 3 medivn for compumcations from transponder o reader, The trapsmit

signal may be 1 watt or mwre, while the receive signal for semi-active transponders

{those which only use the RF signal for comnmunications, not for power) may be as low
as 1 picowait (10°% wait 2 ord f _h For passive
as 1 peowatt {1077 walt), eg., 12 orders of magmtude loss power.  For passive

transponders the recetve simngi’h is usnally at least | nanowatt (G077 watt), which is still

SUMMARY

The present disciosure includes a system and method for adiosting parameters
gosociated with leakage signals. In some implementations, sn RFID reader inclndes an
RF atenna, a transmitter secion, & receiver section, a confrol wodule and a
cancellation nodse reduction (CNR) section, The transmitter section is coupled to the
R¥ antenna and operable 1o generate a hransmit signal {o be fransmutted by the RF
antenng. The recorver section s coupled to the RF antenna and opesable to receive 3
receive stgnal from the RF antenna. In addition, the recetver section further mchxdes a
de-rotation module and a control module.  The de-rotation modale is opeeable {0 de-
rotate, by 8, gn in-phase signal and guadratore signal associated with the leakage signal.
The control module is operable to generate control signals nsed o produce & signal for
reducing the leakage signal in a receive path of the reader. The ONR section s
operable to subiract the redaction signal from the leakage signal,

The details of one or more embodiments of the invention are set forth in the
accompanying drawings and the description below.  Other features, objects, and
sdvatages of the invention will be apparent from the descnption and drawings, and

from the clanns,

DESCRIPTION OF DRAWINGS
FIGURE 1 is a block diagram illustrating an example RFID reader
acoordance with some implementations of the present disclosure;
FIGURE 2 is a block diagram tllustrating an example mathematical mode] of
the reader in FIGURE |
FIGURE 3 is g flow chart illustrating an example method for estimating DC

offsets for baseband signals;

Tk
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FIGURE 4 15 g flow chart iustrating an exampie method for estimuating phase
sifsets for basebhand signals; and

FIGURE § is a fow chart illustrating an exampie method for reducing leakage
signal in a recetve path.

Like reference symbols in the various drawings indicate like elemants.

DETAILED DESCRIPTION
FIGURE 1 &5 an example RFID reader 100 for reducing loskage signal m a
receive path in accordance with some implementations in the present mvention. For
example, the reader 100 may reduce a DO offset andior phase offfet associated with
error signals used o compensate for leakage signal.  In general, a leakage signal s
interference generated from a tansmit signal that 13 added to 2 receive path
Transmutier leakage into the recetve path can be as much as 110 dB above the desired

backscatiered recetve signal. Such a high leakage signal {o receive signal raliv can

feave the basehand signals susceptible o typical nenbinesriticy associated with standard
cost offective analog signal processing components. 1o the case that @ reader has
perfect transmitter-to-receiver isolation, only the reflected signal from the transponder
would make i into the recetver. Leakage associated with the transmit sipgnad frequently
gonerates interforence in the receive signal and may resull from one or more sources
such as reflections off pther newby objects in the vichuty, internal cirenit reflections
cansed by noneideal impedance wmatching, and/or other sources. o some
ynplementations, the reader 100 offers approximately 40dB (4 ovders of magnitudy) of
isolation.  In clminating, minimizing or otherwise reducing the leakage signal, the
reader 100 may generate control signals that are guadrature modulated with a portion of
the fransmission signal to generate a cancellation signal, Le, a signal that when added
to a receive path can redoce leakage signals. In the process of generating the control
signals, the reader 100 may generate DC offsets anddor phase offsets that interfere with
the estimated control signals. In some implementations, the DO offsets and the phase
offsets may be reforred to as nuisance parameters, The DO offsets can include offsets

f the baseband signals that can result, for exampte, from amplifiers, anglog-to-digital
converters {»S\D{‘ and other elements in the reader 100, The phase offsets can inchude
offsets in the phase of the baschband signals that can result, for example, from

quadrature modulators, summers, low noise amplifiers, down conversion mixers,

tad
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baseband {ilers, and others. By compensating for such DC offsets and/or phase offsets,
the reader 100 may enhance, maximize, or increase the reduction in the leskage signal
in the recetve path,

Insome mnplemeniations, the reader 100 may estimate the transnat signal ass

x{1) = Arycos(2al 1 + g1y + &),

where A7) represemts slow amplitude variations, ¢{f) ropresents the oscillator phase
noise, and ¢ vopresents the phase angle of the transmit signal oot of, for axample, 3
power amplifier.  In addition to the receive signal in the reeetve path, the reader may
also inviude loskage signaly in the reccive path and the combination of these signals
may be expressed ast

s r{f) o+ o) A cos(RaBt + o) + K1) + B,
where #{1} 15 the receive signal from transponders and other RF environmental sigunals
and the rest may estimate the loskage signal from the transmutter, where, I some
inplementations, off) <1 and D < 8{) < 2 can represent siow variations in ransmit
{eakage amplitude and/or phase and both can vary slowly over time. During the course
of this description, the leskage current is desceribed in polar coordinates but may also be
described in other coordinates sach as rectangular.  In some implementations, the
leakage carrent may be expressed as a portion of an In-phase signal and 8 quadrature
stgmal, as dizcussed in more detail below,

In the ilhsirated mplementation, the reader 100 includes a camier-noise-
reduction {UNR) modale 102, a receiver module 104, and & trassmitter module 106,
The CNR module 102 includes any software, hardware, andfor firmware oporable to
reduce leakage signals in the receive path. For example, the CNR module 102 may add
signals to the receive path for canceling, minimizing, or otherwise reducing leakage
signals.  In the Mustrated implementation, the CNR meodule 102 includes g power
splitter 10§, a quadratore modulator 110, a summer 112, a dual digial-tocanalog
converter (DALY 114, and a calibration switch 116, The power splitter 108 splits or
otherwise divects a portion of the transmit signal to the quadrature modulator 1HL In
some inplementations, the portion of the transmit signal may be expressed as:

uliy =& - x(},

where & is & fixed small constant (g, b = 0.05). In addition to recetving a portion

of the fransmit signal, the guadrature modalater 110 recetves an in-phase control signad

4
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vy and g quadratwre control signal v (1), In some umplomentations, the control

signals may be polar controls. The quadrature modulator 118 can modulate the portion

of the transmit signal {e.g, #{)) and the baseband guadrature control signals ¥ {8} and

g

v {{} to generste a concellation signal for the leakape

signal, In some

e

nplementations, the quadrature modulator 110 mcludes g vector modulator,

in some unplementations, the gquadrature modulator 110

{2} = by, A, (Y cos2aF £ + () + O+ v (D sin{2aF s +

may estimate the

S+ &1}

where &, s a bixed smell constant {e.g, &, = 0.01). In some implementations, the

constant &, aceounts for the combined signal attenuation through the power splitter

(&} and the quadrature madulator 110, In the example expression

for the caneellation

signal, the quadrature modulator 110 uses the input #{f) to generate a 94 degroe shified

version {sing), then modulates the contrel signals v, () and v (7} onto these cosine and

sine carriers, respectively, to produce the cancellation signal.

Adter generating the cancellation signal, the quadraturg mo

3

10

L
s

duds 1Y direcis

cancellation signal {0 the summer 112, The summer 112 subtracis the cancellation

21

signal from the signal receivied from the recetver which includes the

¥

feakage signal. in

the example, the summer 112 subtracty the gquadrature modulator output signal ={n)

from the recsiver input ¥{¢) to produce s{f). In some implementations, the resulual

signal x() substantially equals the desired receive signal #{8), fe.,

the transmitter leakage is cancelled. The CNR module 102 ean represent the residual

in some implementations, the CNR module 102 includes the dual

DAC for converting

digital control signals o analoy control signals and directing the anelog control signals

io the guadrature modulator 110, In some implementations, the

contrd signals are

By

gencrated as & sampled data signal and these signals are passed through a dual digital-

to-analog converter (DAC) 1o create the analog contrel signals

modudator 110, 1 other words, the control signals v (1) and v {f} ¢

for the guadrature

can comprise digital

substantially all of
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signals recetved from the dual DAC 114, In some implementations, the controd signals
vi{#) and v {f} may be generated from analog control cireuitry. The calibration switch
116 can substantially provent mput signals infe the recetve module 14 when the DC
oifsets andior the phase offsets are estimated. The reader 100 adso inchudes a civculator
140, The oroulator 140 directs the transmit signals towards the antenng and also
diretts recerve signals from the antenna to the ONR module 102, The cireulator 140
could be replaced with & coapler or separate transmit and veceive antennas could be

used, commuondy known as 8 bi-sfatic anfenna configoration.

yord

he recarver modude 104 can include any software, hardware, and/or Brmware

DSP 130, For example, the receiver module 104 may convert an RE signal to a
bascband signal. I some tmplementations, the baschand signal is a low frequency
signal {e.g., BT 10400 K}‘i;‘{.}‘ In addition, the recetver module 104 may perform other

functions such as amphification, filtering, conversion between gnalog and digital

22

signals, and/tr othars,  The reeeiver module 104 may produce the baseband signals
using ¢ mixer and low pass filters. In the HHusirated implomentations, the veceiver
wmodule 104 includes a low noise amphifier (LNA) 118, a mixer 120, a low pass filters
(LPFS) 122 and 124, and a dual ADC 126. The LNA 118 receives the revidual signal
from the suramer 112 and amplifiers the residual signal in hight of the relative weakness
of the signal o the transmission signal. The mixer 120 mixes the residual signal with a

s =

signal received from a feguency synthesizer 128 to generate two component signals.

In the Hhusteated implomentation, the mixer 120 gencrates an in-phase signal and a
guadratore signal.  For example, the recetver module 104 can amplify the residual
signal {6} wsing the LNA 118 and then mix down the signal to bascband using @
combination of the guadrature mixer 120 and the LPFs 122 and 124, The LPFs 122
and 124 can reject the sut of band energy of transceivers in neighboring channels. In
doing so, the effect of out of band noise can be made refatively small through
intelligent sulection of band-Hmiting bascband filters. In some implementations, the

stpnaly generated from the down conversion niay be substantially estimated as:
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~ {isfi"F}-CL}s Gy +v {t}}wx gﬁgrﬁbii{ ¥~ o} sin ¢ ‘;‘i sty g }

+ s{Hycos{Iad N

and

“i“‘ai 3 wn(&{i}«i« é}f{;)}«- v {Osing{t) +v (Hcosg{) })
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hY

; Msm\« <43

ety sin 8{s }\iwﬂ@{f}mfgm cos S+ v, (1) sin ¢ }:}

S In this case, the following control signals v.{1) and v, {1} mayv be used 1o substantially
sliminate the loakage signal:
v i) = e} cosd()
and
I3& v, (1) = o} sin (1)
A number of primary and sccondary circult andior system impairments can limit
performance of the reader 100, To indicate this difference, the baseband signals, fe.,
the tnphase signal and the goadratwre signal, into the doal ADC 126 are denoted as
iy and £ () as compared with ¢} and e, {1},
15 The receiver module 104 passes or otherwise directs the baseband signals to the

digital signad provessor {DEP) 130, The DSP 130 can include any software, hardware,

andfor Srmware operable to process the residual signal. For example, the DSP 130

migy generate contrel signals for adjusting the cancellation signal used 1o compensate

for tfeakage signal. In some implementations, the DSP 130 compensates the haseband

M sionals for DO oifket andfor phase offset.  Ag mentioned above, the reader 100 may
Pl ¥

Y

include eloments that subiract DO offsets andfor de-rotate phase offsets In the baseband
signale. Otherwise, these offsets can reduce the efficacy of the cancelistron signal m
reducing the leakage signal, In other words, the DSP 130 may eliminate, minimize, or

otherwise reduce the DC offset andior the phase offset fo reduce error in the
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cancellation signal.  In the case of DO offset, the DSP 130 can, in some
implementations, subiract estimates of the DO offsets in the baseband sipnals such as
the in-phase signal and the gquadrature signal.  For example, the DSF {30 may
determine samples {e g, hundreds of samplesy of the DC offset for the baschand signals
and generate an average for each baseband signal based, at least in part, on the samples.
In this example, the DSF 130 may subtract the DC offset from the cowresponding
baseband signal during steady state. In regards to the phase offset, the DSP 130 may
introduce 2 phase shift in the baseband sigoals to minimize, clinnate, or otherwise

reduce the phase shift generated by the clements in the reader 100, In some cases,
varying a conirol value on one baseband signal {e.g., in-phase signal} can produce a
vhange on the other baseband signal {e.g. quadrature signal). This cross-coupling
between the two baschand signals can, in some implementations, lead to a more
complex control algorithm for compensating for the phase shift offset.

The tansmitter module 106 can inclode any software, hardware, andlor
firmware operabie to generale transniission signals for trapsponders.  In the iHustrated
implementation, the tansmitter module 106 includes a DAC 132, a LIF 134,
sanstission mixer 136 and & power amplifier 138, The DAC 132 recaives & digital

~

signal from the DSP 130 and converts the digital signal to aualog signals. For example,

pat

the digital signal can encode gueries for transponders to wdentify  assoviated

information. The DA 132 passes the analog signal to the LPF 134 fo attenuate higher
frequencies than a cutoff frequency from the analog sigoals. The LPF 134 passes the
analog signals to the tansmission mixer 136 to upconvert the baseband signals to an
RF signals, In this case, the transmission mixer 136 receives a signal from the
frequency synthesizer 128 and mixes this signal with the analog signal to generate the
RF signal. The power amplifier 138 amplifies the RF signal and divects the amplified
sower splitter 108, 1o some hnplementations, the power splitter 108 may
coanprise a coupler.

FIGURE 2 is a baseband equivalent model 200 of the UNR control leop of the
reader 100 in FIGURE 1. In particular, this baseband model 200 is mathematically a
substantially equivalent model of the veader 100 with the RE carvier vemoved. The
basehand model 200 includes the loops 202 and 304 which are associated with the in-
phase signal and the guadrature signal. A portion of the loops 202 and 204 include

assoviated control signals and are Hlusteated as the in-phase control signal v {8} and

o

)
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wadrature signal v, (1) discussed above.  As previously discussed, DO
offzots are mmpainments that result from the clements in reader 100 and wre typically
associsted with DC coupled applications.  Phase offsels are fmpainments that resulf
from the clements in reader 100 and are typically associated with RF and quadrature
bascband applications.

Regarding the DO offsets, the loops 202 and 204 are effectively DO coupled

foops and, as & resull, DO offsets in the signal paths can divectly effect the estimated

control signals vy and v {;} Such DO offsets are reprosented i the model 200 as

the DO offzets 20068 and 206b.  As discussed above, the DSP 130 chiminates,
mirdmizes, or ctherwise reduces these DO offsets from the loops 202 and 204, In the
tllustrated mplemontation, the DSP 130 welades a DC-offset-removal modale 308 W
subtract DC offsets from the in-phase signal and the quadrature signsl, o addition, the
module 208 may sample the baseband signals to estimate the DC offsets. For example,
the module 208 may take hondreds of samples o determing average DO offsets
subiract from the baschand signals,

Regarding the phase-shill offsets, the clements in the reader 100 can impart a
phase shift in the loops 202 and 204 and, as a resalt, this phase shift can divectly effect

the estimated control signals v {¢) and v {1} For example, the phase shift can be due

to guadesture modulator, savmer, low noise amplifier, down copversion mixer,

baschand filtering, and other clements. Such phase shifts in the loops 262 and 204 are
represented inthe model 200 as unknown phase shift 210 As discussed above, the

DSP 130 climinates, mindmizes, or otherwise reduces these phase-shift offsets from the
foops 202 and 204, In the ilfustrated huplementation, the DSP 130 inclndes a phase
rotation module 212 {o de-rotate the in-phase signal and the quadeature signal by angle

& In somes implementations, the de-rotation is performed by a standard complex

naaltiply of € ZH"“ o addition, the module 212 may sample the baseband signals to
estimate the phase-shift offsets, For example, the module 212 may take bundreds of
saraples to determine an average phase shift for each signal and de-rotate each signal in
aceordance with the associated averages.

In adidttion, the DSP 130 includes gains 214a-b and integrators 216a-b, The
gains 2ida-b allow the tracking bandwidth of the leakage cancellation system o be

adjusted. The gains 214a and 214b may generate a gain value on sach loop 202 and
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204, Inosomse tuplomentations, the gaws 214a and 214b generate gain valyes in light of
adesire for Tast convergence and loop stability. Further, the gain vahue can be adjusted
over fime to b large at first for quick approximation and then later made smaller to
Rprove geenracy 1 the final resulis. Lower gain values reduce the bandwidth of the
leakage cancellation system and make the system less responsive to noise signals, The
ntegrators 216a-b filter the orror signals to produce accurate vontrol ontputs,

The leakage path s illostrated o the model as the transmitter leakage function
218, This function 218, shown as a single cloment, typicaily resalts from s mumber of
leakage paths, one of which can be the circnlator 140, These leakage paths combine to
vield & composite fransmifter leakage function 218, The lenkage signal is often
stnusedd of some general sroplitude and phagse where each is generally a function of the
transmit fregueney. In some umplementations, the leakage signal can be an
unmodulated sinusoid, because the transmitter s frequently unmodulated during the
receive mode of operation. Though, the concept could be apphied suceessfully as well
with a relatively slowly moedolated transmit carvier being used duning receive
aperations.  As mentioned above, the leakage signal of interest could be viewed as a
sinusoid of some amplitude and phase and can be expressed in polar form.

FIGURES 3-8 gre flowchars Uustrating example methods 300, 400, and 3
for reducing  impairmenis  in baseband  signals  in accordance with  some
impleraentations of the presest disclosure,  Generally, method 300 describes an
example techaique for determining average DO offSets for the baschand signals.
Method 400 gonerally describes an example technigque for deterniining average phase

offsets for the baseband signals. Method 300 generally describes an example fochnigque
for adjusting bascband signals for DC offsety and phase offsets prior o determining
control signals sssociated with Jeakage signals. The reader 100 contemplates using any
appropriate combination and arrangement of Jogical elements implementing some or all
of the deacribed funetionality,

Regarding FIGURE 3, the method 300 begins at step 302 where a calibration
switch is opened. For example, the calibration switch 116 can be opened. At step 304,

control value outputs are set to zere. In the example, the control value cutputs v {8}

and v () genersted by the DSP 130 can be set to zerp. Next, at step a06, the C

offsets ave estimated for the in-phase signal and guadrature signal by taking seversl
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samples {e.g., hundreds of samples). Retuming to the example, the DSP 130 may take
several samples of the baseband signals and average the samples to determine the DU
offsots for cach baschand signal. The in-phase DC offset and the guadratwre DC offiset
are stored for use in the steady state control routine at step 308, As for the example, the
D offset romoval module 208 may subtract the DC offset averages from the haschand
sigoals while the reader 100 is in operation.

Refurring to FIGURE 4, the method 400 begins af step 402 where a calibration
switch is opened.  For exanmple, the calibration switch 116 can be opencd, At step 404,
control value outputs are set fo 8 known constant pon-zero valoe. In the example, the

control valae outputs  y, (1) and v {¢) generated by the DSP 130 cun be set to v {rp=1

b3
and v {£3=0. This example would ideally produce a baseband errvor signal with zero

guadrature signal i there were no phase shift. Next, at step 400, the DC offsets are

-

ase signal and quadrature signal by taking several saroples (s g,

fay

estimated for the in-ph
hundrods of samples) from ADC inpuots, averaging these samples, and subtracting the
previcusty estimated DO offsets. Returming to the example, the sanples for the phase
offset may be determined from the inputs to the ADC 126, At step 408, the phase shift
offset for the baschand signals may be cstimated as the arclangent of the ratio of the
quadratare-phase response o the in-phase response. The estimated phase shift offsets
are stoved for use in the steady state control routine at step 410, As for the example, the
phase rotation module 212 may de-rotate the baseband signals in accordance with the
estimated phase shafl,

Referring to FIGURE 5, the method 500 begins at step 502 where ostimates of
the DO offsets of the haschand signals ave estimated {this step was previonsly detatled

N

in Figure 3} For example, the DSP 130 may estimate the DC offsels for the m-phase

ional and the quadrsture signsl by averages several samples. At step 504, the phase

faud

1227

g
kY

shift offsets wre estimated {this siep was previously detatled in Figure 4). For example,

the phase shift offsels may be measured from the inputs of ADC 126 and taking the
average of several samples of the measured shifts. Next, at step 306, the calibration
switch iz closed o allow input signaly. 1 the example, the calibrabion swiich 116 may
be closed to allow the input signal 1o be processed by the reader 100 The ADC nputs
ave measured at step 508, For example, the inputs to the doal ADC 126 can be

measured. Al step 510, the estimated DC offsets are subtracted from the measured
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ADC ioputs.  Rewrning © the example, the DC-offset-removal wodude 208 may
subiract the estimated DC offsets from the baseband signals. Nexs, at step 312, the
wputs are rotated by the estimated phase shift to decouple the two control §mps. As o
the example, the phase rotation module 212 may dewrotated the bassband signals using
the estimated phase shift, At step 514, a gain 15 applied to the DC compensated, phase
offsct de-redated, baschand error sigonals, which can represent the control loop “ervor”™
signals, The gained crror signals ave integrated to produce new conirol signals at step
Sta. For example, the integrators 216a and 216b may integrate the gained wrror signals
o generate the control signals v {6} and v {}. The integrated signals are sent to &

DAC at step 518, In the sxample, the integrators 216a and 216b may send the control

&

signals v {1} and v {#) to the dual DAC 114, At step 520, a period 1 allowed for the
CNR circuit  settle with the new control values, It the system s still operating at
decisional step 322, the methad 500 retums to the step 508, (herwise, execation of
method 340 ends.

A number of embodiments of the invention have been described. Neverthelesy,
i will be anderstood that various modifications may be made without depariing from

the spirit and scope of the imvention.
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WHAT I5 CLAIMED IS

1. A RFH reader comprising:

g RF antenng;

a transnutter section coupled to the RF antenna and operable to generate
a transmit signal to be transmitted by the RE antenna;

a receiver section coupled to the RF antenna and operable to receive a
recpive sigral from the RY antenna, the receiver section further comprising

a de-rotations module operable to de-rotate, by 8, an in-phase

signal and guadvature signal associated with the leakago signal; and

a vontred module operable to generate control signaly used to produce &

2

sipnal for reducing the leakage signal in 8 receive path of the reader; and
(

a carrier noise reduction {CNR] section operable to subtract the reduction signal

from the leakage signall

2 The RFID reader of claim 1, further comprizing a DO offset modole
operable to subtract DO offsets fom the in-phase signal and the gquadratore signal

aszoctated with the leakage signal.

3. The RFIDY reader of claim 2, whergin the control signals fir the
reduction signal are detenmined aller the in-phase signal and quadrature signal

%

associated with the leakage signal are de-rotated and the DC offsets are subiracted.

=3 The RFID reader of dlaim 2, further comprising a DC offset estimation
moduie operable to determine g plurality of samples of the DO offsets of the in-phase

n

signal and the quadrature signal associated with the leakage signal and determine the

estinated DC oifSets based, at least in part, on the average of the sampies,

or of claim 2, wherein the DU offsets are subtracted from

.,,,,
o
W
wy
e}
b
The

& RF)

the in-phase signal and the quadrature signal afier downconverting the RF to the me-

e

3, T

phase signal and the quadrature signal.
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&, The RFID reader of claim 1, further comprising a phase estimation
module operable (o determine a plurality of samples of the phase oifset of the in-phase
signal and the quadrature signal associated with the leakage signal and determing the

de-rotation angle based, at least in pard, on the average of the samples.

P

7. The RFID reader of claim 1, wherein the leakage signal is reduced by

f

pyver 2048,

R The RFHY reader of claim I, wherein the de-rotation angle is based, at
10 lesst in part, on a phase offset assocated with the in-phase signal snd a phase offset

associated with the quadratore signal,

8. The RFID reader of claim 1, further compnising a guadrature modulater

operable 1o receive the control signals and a portion of a fransmisston signal to generate

1§ the reduction signal,
1, The RFID reader of clatm I, wherein the in-phase signal and the
quadrature signal are de-votsted after downeonverting the RF signal o the m-phase
signat and the quadrature signal,
il Amethod, comprising:
trapsraitiing an RE signal w an interrogation zone;
downeonverting an RF signal on a receive path o an {n-phase and & gquadrature
signal
25 determining 8 phase-shift offset associated with leakage signals from the

1

transnufied R¥E signal;
de-rotating the w-phase signal and the quadrature signal using the determine
phase~-shift olfset;
generating control signals used to produce @ signal for reducing the leakage
30 signsl in the receive path based, at least in part, on the de-retated in-phase signal and
tha de-rotated guadrature signal; and

o

ubtracting the reduction signal from the leakage signal.

P

[
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2 he method of claim 11, further comprising:
determuning DO offsets of the in-phase signal and the quadrature signal; and
sublracting the DC offsets from the in-phase signal and the guadrature signal

associated with the leakage signal.

i3, The method of claim 12, wherein the control signals for the reduction
signal are determined afier the in-phase signal and quadrature signal associated with the

fcakage signal are de-rotated and the DO offsets are subtracted,

P4 The method of claim 12, wherein the DC offSets are determined based,
at least i part, on a plurality of samiples of the DC offsets of the in-phase signal and the

¥
guadrature signal associated with the leakage stgnal.
15, The method of claim 12, wherein the DC offsets ave subtracted from the
in-phase signal and the quadralure signal aller downconverting the RF signal to the -

phase signal and the quadrature signal.
1, The method of claim 11, wherein the phase-shift offset iy determined,
based at least in par, on a plurality of samples of the phase-shift ofiset of the w-phase

signal and the quadrature signal sssociated with the leaksge signal.

17, The methed of claim 11, wherein the leakage signal is reduced by 20.dB

B
4
g

eals

7"»
%

O 8

18, “Themethod of claim 11, wherein the de-rotation angle is based, at least
i part, on a phase-shifi offset associated with both the in-phase signal and a phase

offser associnted with the quadrature sigoal.

19, The method of elaim 11, further comprising generating the redustion
signal based, af least in parl, on a portion of the transmission signal and the control

signaly,
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28, The method of claim 11, wherein the n-phase signal and the quadeatore

signat are de-votated after downconverting the RF signal to the in-phase signal and the

guadratore signal
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