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rel ates ING L1 0 security systens and, nore particul arl Lectronic
surveill ance sé/‘slt g}rrs. BACKGROUND Magnetic el ectronic arti C?‘g@g?%@? ance

(EAS) systens are often used to prevent 10 unauthorized renoval of articles
froma protected area, such as a library or retail store, A conventional

EAS syst em usual | y FIFUI@EREARTON N AMAGNETIC FLECTROANIGARTHCLEXi t  of
the protected area, nmarkers or tagsSHRVEIDAANGCE!S¥STEEMCcl es to be
protected, and a device to sensitize (activate) or desensitize (deactivate)
the markers or tags. Such EAS systens detect the presence of a sensitized
marker within the interrogation zonEEGHNHGAL & an appropriate security
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jpersonnel desgasidnizairvdilamrsiyeterngsi ng t he EAS system An EAS narker
typically has a signal producing |layer that, when interrogated by a proper
magnetic field, emts a signal detectable by the EAS system Markers of a
20 "dual status" type, i.e., markers eing sensitized and
desensiti zed, also have a signal bloc ‘?ﬁﬁlg?gj;m?hat can be selectively
activated and deacMagndtizceledt¥omic drhiele sangilbncd (EAR) systdnay/ae ofien asdd toqrexent i t

effectively prevents the signal producing |ayer from_ proyjding a sjgnal
that i 40 det ectn@Bihonggd Krmeva 06%@&&%‘% ’?E@#‘{ HER1TIER Z%H\{‘bmgh%dsm-
typically actj ' | ' :
marker near o SEMenBRRal 1596 bt Gh Bl ARG an ARpRRAGH otk BERR) RlEni
may i'‘ncl ude, dfdhe petaned &ea,anarkersay tags attagjredtts therartioles teeled protected, hnd fat
produces a magnetic field of .a .desired .intensity . .to ch e the state_ of the
si gnal bl ocki 'q°é9é?n§6thet(ﬁ‘éuY?é?)lPérdFS%’H§° &@Bﬁ\}\é%?)itgﬁma%%%feé&éﬁ@g use
of a high vol&aggmsRRIKE ﬂ&%éﬂeﬁc@&f’a Senks 268 mafI&S WitHDH tfeARREfogMion ZHHEGhaT
(RCL) circuit “for controll'ing the magnetic field when 30 sensitizing and
desensiii zi ngparforinemsapp8yividrRd¢ecutity agbinmrsuth ag smndimgean ausitble glainros decking
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R personnel desensitize the marker using the EAS system.
An EAS marker typically has a signal producing layer that, when interrogated
by a proper magnetic field, emits a signal detectable by the EAS system. Markers of a
20 *“dual status™ type, i.., markers capable of being sensitized and desensitized, also have
a signal blocking layer that can be selectively activated and deactivated. When the
signal blocking layer is actjvated, it effectively prevents the signal producing layer from
providing a signal that is detectable by an EAS detection system. Authorized personnel
typically activate and deactivate a magnetic EAS marker by passing the marker near a
25 magnetic field produced by the EAS system. The EAS system may include, for
example, an array of magnets or an electric coil that produces a magnetic field of a
desired intensity to change the state of the signal blocking layer of the marker. Many
conventional EAS systems make use of a high voltage power supply and a tuned
resistor-capacitor-inductor (RCL) circuit for controlling the magnetic field when

30 sensitizing and desensitizmg markers.

SUMMARY
In general, the invention is directed to techniques for creating and controlling a

magnetic field for use with electronic article surveillance (EAS) markers. Unlike
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RCL circuit or other circuit for generating the magnetic field, {hel0V 200

t echni quewgmedtpiétge of current switching devices to generapermssyg-.ls@d
having one or nore current pulses for creating the magnetic field. In one
enbodi nment, the invention is directed to aff electronic article surveillance

5 (EAS) system having, a coil to create a magnetic field for .interacting with
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driving the signal through a coil”to generate

advantages including improved marker detection over conventional systems in which

the rate of change of the coil current typically follows a sinusoidal or other non-linear

20 profile.

| In addition, the programmable processor within the EAS system may
dynamically adjust the current pulses of the output signal based on a number of factors
including one or more configuration parameters set by a user, a type of article to which
the marker is affixed, a sensed drive voltage and intensities of previously generated

25 magnetic fields. In this manner, the EAS system is able to generate magnetic fields
suitable for a variety of articles ranging from clothing to books to magnetically-
recorded videotapes, and can compensate for effects of the surrounding environment or
manufacturing variability.

In another embodiment, the invention is directed to a method including

30 generating a signal having one or more current pulses by selectively activating and

deactivating current switching devices, and driving the signal through a coil to generate

a magnetic field for interacting with an electronic marker. The method may further



a magnetic field for interacting wwth an el ectronic marker. The method may
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schematic diagramillustrating anot her exanpl e enbodi ment of a 25 drive
unit.) DETAILED DESCRIPTION FIG 1 is a block diagramillustrating a system 2

in which a user 4. interact BRIEFDESCRIECIONOEDRAWINGSUrvei |l | ance (EAS)
system 3 to detect or chan?e a state of, or 30 otherwise interact with, an

EAS marker 10. UseFIGs liag blackdiesrampllustragios an exaeplsremhpdinaenti of apslestiorisr 10
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15 FIG. 2 is a block diagram further illustrating the example EAS system.

FIG. 3 is a schematic diagram illustrating an example embodiment of a drive
unit of the EAS system.

FIGS. 4A and 4B are graphs illustrating example output signals generated by
the EAS system to produce magnetic fields.

20 FIG. 5 is a graph i!lustrating an output signal generated by the EAS system to
produce a magnetic field for desensitizing a marker.
| FIG 6 is a flow chart illustrating an example mode of operation of the EAS

system, |

FIG. 7 is a schematic diagram illustrating another example embodiment of a

25 drive unit.

DETAILED DESCRIPTION
FIG. 1 is a block diagram illustrating a system 2 in which a user 4 interacts with
an electronic article surveillance (EAS) system 3 to detect or change a state of, or
30 otherwise interact with, an EAS marker 10. User 4 may, for example, sensitize or
desensitize marker 10 when checking in or checking out, respectively, a protected
article (not shown) to which marker 10 is affixed. Marker 10 may be affixedto a

variety of different articles such as books, videos, compact discs, clothing and the like.



variety of different articles such as books, videos, conpact discs, clothing
and the like. WD 02/101677 -4 14 NOV 2005 PCT/ US02/ 15528 EAS sysm@mlmﬁ

i ncl udes @ oMoy unit 6 that energizes coil 8 to create apopaneiiw2gfield
7. Coil 8 may be any inductor capabl e of gﬁnerati ng a magnetic field 7. Coil
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for exanple, calculate a™lower 20 target In y for magnetically-recorded
vi deot apes t leach banreris pukss of thecouspiti signal. Mome speicifically, éontmy unit Satetermanegsar at e

| og-to-digjtal t. LAl t dri I d | ust
fhe ourrent deERbuttnsEYand pieHab QL iR atpret Do 7 wih bitherarole dgEmuyd ety
may i ncor por gh@nfigeaRPekediiih, 8MARIIESE nEABES & curfeht p@ises WithiBEb eI sigl) ust
the target intensity for magnetic field 7 based on a sensed 25 intensity of

magnetli fi elad welbas qoramplitudé, dugenelaarstpaianydor eachipallses Cauntrod unit 6 may
specifically, detector, 11 senses.an . ntensi.t f netic,field 7 and
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Intensity. Bageendbr rhb;%_ c&inﬁ?ﬂﬂatioﬁ%ﬁﬁhié%is tiam Hakastem 3 adjﬁﬂttﬁ@intdiﬁitj/. 6
may adj ust the output signal to increase or decrease the intensity of

magneti c fi elpntrol pRitdhingy alse adiust the targellintgnsity lespd onlgitypg of article to which

the electronic marker 4 is affixed. Control unit 6 may, for example, calculate a lower

20  targetintensity for magnetically-recorded videotapes than for books or clothing.
Control unit 6 may also incorporate an analog-to-digital converter (ADC) to sense a
drive voltage and adjust the current pulses based on the sensed voltage.

In addition, EAS system 3 may incorporate feedback that enables control unit 6
to dynamically adjust the target intensity for magnetic field 7 based on a sensed

25 intensity of magnetic field 7 or previously generated magnetic fields. More
specifically, detector 11 senses an intensity of magnetic field 7 and provides control
unit 6 a corresponding signal indicative of the sensed intensify. Based on the signal
received from detector 11, control unit 6 may adjust the output signal to increase or
decrease the intensity of magnetic field 7. In this manner, control unit 6 is able to

30 compensate for effects on magnetic field 7 due to the surrounding environment or
manufacturing variability.

FIG 2 is a block diagram illustrating the example EAS system 3 in further

detail. In the illustrated embodiment, EAS system 3 includes user interface 13,

s a signal“having one or nore -



30 conpensate for effects on magnetic field 7 due to the surrounding
environment or manufacturing variability. FIG 2 is a block di agyjy 2005

i1 ustratygg4bR7exampl e EAS system 3 in further detail. | strated
enbodi mant‘,a EAS system 3 includes user interface 13, WO 02??6&%@27&'{5 14 NOV
2005 PCT/ US02/ 15528 processor 12, drive rhiterface 14 and drive unit 16.
User interface 13 includes hardware and software for interacting with user
4. User i nt epfcessot 32 nhiveiinterfade 14 it deweampt £9. Wserdntepfass 13 inchidee hardwiarsut
for presenting,informati.on to. user. 4 nd. a keyboard, ke nouse
trackbal | cidd SHPBRRER Bleristimg Diendl DePri R e P ces BFRRE o SR dput
User 5 interfapeyh? offRY oftpal fdripréseffn OMforlatioRt6 us@ 4, Wad 8 kEPsbat & ke@pRCUL I NQ
in an operating environment provided by processor 12. The software nodul es
may present massenteakball, custommapelf crothaysudabde ipuk deviceforredening inpud YHeeri ng a
vari ety of menus. or Wi nd@ws.l%){ whi ch user 4 control.s and conf:ﬂ%;Jrest.EAS
systens, EABLEJaEdAmaY a5q inclyde ey mage sofbuie poules SxeeuiE At Qppruing

Processor 12ei@yonmdnt Bﬁ;vidéarb}ﬁ%mk@n 12T IRRANIPS oS B9y prédeff @oﬁéﬁﬁiﬁh@t y

of manufacturers such as Inté Cor poration, Cypress CorpoOration an

Mot or ol a | nctinp interfase or Bigrapiucaiwses interfeccechaying a varietppf menas cedingdews by
I nstruction set .co ti Rl SC) proc r, a conplex instruction set
conput i ng (CT”E(‘.ﬁh anggglggqlg a%cfc%}-gfguﬁsf%ﬁgsgﬁleﬁ% nhventional RISC processors or
Cl SC processors. EnPddielt 90 ndthinitddnetal RARUlArprécdstdradpd Ubrobsssbi peapor 12

may be 15 inplenented by dedi cated hardware, such as onhe or nore application
speci fl0c i nbegfonexannle.rangmbeddedprocessopfrom heariaty pEmanyfpctuss suchlasdntel 6
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storage of i I eddyie reddedingfuctiof sétudhipfifig (RESE) sbédssdry b @6mplekaastaition
nodul es, or 20 other data. The nenory nmay conprise random access nmenory

(RAM), r ead- satlopmptng (GISCRORgcessErmONariafip qeaiertionabRIMAprosessers afedi um
that can be pieesaadicoly BARIACER hehhalify QESOPAN b BORLL ISl bye Uni t
16 to output "a si'gnal’ having one’or nore edrfen pul'ses an 11Ves”S he

si gnalist hr oughipiefiiehted bly@legivatedibagdweare, | subh anenesomvecapphicathgigetificfiel d 7. In
particular, drive unit nprises a plyrality of current swtching

it 16 co
. devi ces for HRF&RISH cHERitsASIGIN Qa8 otheReiBelHYcoil 8. Drive unit 16 may

- conprise a number conee) unit 6 may include a computer-readable memory (not shown) such as,

for example, volatile and nonvolatile memory, or removable and non-removable media
for storage of information such as instructions, data structures, program modules, or
20 other data. The memory may comprise random access memory (RAM), read-only
memory (ROM), EEPROM, flash memory, or any other medium that can be accessed
| by the Processor 12. '
Processor 12 controls drive unit 16 to output a signal having one or more
current pulses and drives the signal through coil 8 to energize coil 8 and produce
25 magnetic field 7. In particular, drive unit 16 comprises a plurality of cim*ent switching
devices for driving current pulses through coil 8. Drive unit 16 may comprise a number
of N-Type MOSFET transistors for switching the current through coil 8.
In one embodiment, Processor 12 activates a first set of electronic current
switching dévices of drive unit 16 to drive the signal through coil 8 in a first direction,
30 thereby creating magnetic field 7 in a first orientation. To create magnetic field 7 in an
opposite onentation, processor 12 deactivates the first set of current switching devices
and activates a second set of electronic cwirent switching devices to drive the signal

through the coil in the opposite direction. In this manner, control unit 6 can control the



of N Type MOSFET transistors for switching the current through coil 8. In
one enbodi nent, Processor 12 activates a first set of electronicqigyoyenss

swi t chi ngwisewi/eag770f drive unit 16 to drive the signal thropghnbhss8gi n a
first direction, 30 thereby creating magneﬁtic field 7 in a first

orientation. To create magnetic field 7 in an opposite orientation,
processor 12 deactivates the first set of current sw tching devices, and

activates a swlosly aud ogentalien of magnetic fleld A by seleciysiy gelieingaad dsaciivabng ¢ he
signal thro bl o ' -] LOLY: g nt r ol
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conparators for, r?vi di.ng% ontr ol sig{%ls to drive unit 16 in response to
signal s recei'® URFPVEL SOELPTOPESOEl 45 3 is a schematic di agram
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this enbodi ment, drive unit 16 Inc S 0 rrent 10 swtching
devi ces 20 anib @PEABaystepmot.eksthis dizbaiimdemnt; dree mit &6 imcdwdes4wosatsoflcentntvel y

activate and deactivate using control lines O and G2 espectively, Based
on conﬁ ol If @gﬁﬂﬁﬁseﬂ anglo% égbvrpéﬁféq’r 1rnd e Tpteatace 32%8%@5%1"&3’
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20 and 22. More specifica ocessor can ri‘ve irnterface 14 to
enabl e cont r olindsi Cikearfd C2nebltage leley skifitis\2ZAAaniR 3B dpply suitabie wbltapes tethe

swi tching devi ces 20A and 20B. In this .nmode,. curren I fro DC t hrough
devi ce. 20A, FRGTBILRE Batss PheuTa: SuIChNE SeviPGE0 24 nke PRl 208 ¢o
G\D, thereby gioeakbnth eBIMesd Grlvt fhieidoe MRQ%n%ﬁé%hﬁ‘ﬁtliMﬂ%Yd #RPeby @6y Rite

20B, energy is captured frommagnetic fiel and the current flow through
coi | 718r ops. a figit setl eficurenpywitchingdevices 284 andt20Bat In thisgeedsm dugent fisfwsdtom ent

R L T Y e
direction, angNmkRehy %ﬁiiﬁ@n‘?ﬁ%&d@ﬁ@‘l_@z UpealRBYtivAimgdeyes 0eARRoRfield 7. -
I n an opposite orientation. Thus, in this exenplary enbodi nent, processor 12
and drive i ntendrgeis captueedhfrom magnetic field 7 and the current flow through coil 7 drops.
Similarly, processor 12 can activate a second set of current switching devices 22A and

20 228 by enabling control line C2. In this mode, current flows from VDC through device
228, through coil 8 in a second direction, and through device 22A to GND, thereby
creating magnetic field 7 in an opposite orientation.

Thus, in this exemplary embodiment, processor 12 and drive interface 14 can
alternatively enable control lines C1 or C2 for activation durations. In this manner,

25 processor 12 can selectively activate and deactivate the first and second set of current
switching devices 20 and 22 to direct drive unit 16 to output a signal having one or
more current pulses. In response, coil 8 creates a magnetic field 7 having an intensity
based on the amplitude of the current pulses and an orientation based on the direction in
which the current flows through coil 8.

30 FIG. 4A is a graph illustrating an example output signal 30 generated by drive
unit 16 (FIG. 2) to sensitize (demagnetize) marker 10, thereby activating marker 10 for
detection by EAS system 3. In particular, FIG. 4 plots the current of output signal 30

versus time. For exemplary purposes, reference is made to FIGS. 1-3.



alternatively enable control Iines O or C2 for activation durations. In
this manner, 25 processor 12 can selectively activate and deac?iﬁ}/&fmye
ive
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first and\,@&ﬁ?%ﬂm#t of current switching devices 20 and 22P‘t:.ﬂ,U‘j)
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pul ses 32. FurThernore, by selectively activating and deactivating the
current 5 swiprofiieig whivh thesamgituds ofthecirsnt pulees 32 desy oyeniimesMord2 can
generate the out

t,. Signal to follow a.desired, prqgfile. .Sign 0.
st rat es. TSP EEtRsord tdherd e plihaia e H2 o mp BY beiing ¢ ne
current pul sefke3éndffoniling\dity Eydi®of doh Euls&,piﬂﬁ,' Hy é_t@i'vhﬂm% PRPEQRHPAtink3he educes
the anplitudes of pul ses 32 ‘over tinme by shortening the corresponding duty

cycl e 80 eachcqmaspending eurrentygwiiehing devines 2(hd2 Jemshorignpemepst Ae thipmanner, the
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time period fégyenlSodiMent? procBssof 1@ callieds Bdoty cyloebsueh suBsdqiait pulsaBe thad
duty cycle of each subsequent pulse 32 that is 92% of the previous pul se.

To generate ot okthgREAVIQL, Plicocessor 12 activates the first set of
current 15 sw tChE@geﬁ?Xt}:%ﬁﬁ)gﬁggﬁﬁ} R h}o@@ssgpliz%8!%&%%8%ﬁ%#%&tof%ﬂﬁ5ﬁm pul se

32 within the outp S1 gna causing curren rough coil 8

(FIG 35. At switdhifig dévicasrocessmte Ty, foreifiag b ifivsticafrehiyguléd 3B withiatthebutpuy r ent
swi t ching devi,ces 20, causing current to dro,ﬁ from peak 33 until a time T2
.at which ti nesigia aBdcaysingeypriesh ietlow Uyapgiycaihd Gokkh 3dofit agimedks; procgspklat i ng

L R HEPRE TR B A Bl o B,
peak 33 until a time T, at which time current is no longer flowing through coil 8.
After generating current pulse 33, processor 12 activates the second set of

20 current switching devices 22 at a time T3, forming a second current pulse 35 and

causing current to flow through coil 8 in an opposite direction from the current flow of

\ pulse 33. At a point T4, processor 12 deactivates the second set of current switching
devices 20, causing current to drop from peak 35 until a time Ts when current is no
longer flowing through coil 8.

25 Notably, the increase and subsequent decrease of current flow of pulse 32 has a
substantially constant rate of change. In other words, current flow increases and |
decreases in substantially linear fashion from Ty to T; and from T, to T, respectively.
Unlike conventional RCL circuits that follow a sinusoidal profile, drive unit 16 outputs
a signal in which the rate of change of the current (di/dt) 1s substantially constant,

30 according to the following equatidn:

d

y=LZ 4R,
dt



causing current to flow through coil 8 in an opposite direction fromthe
current flow of pulse 33. At a point T4, processor 12 deactivatiellt #1089
second sew@é/musrrent switching devices 20, causing currenpCr@wsdy/ogzd rom
peak 35 until a time T5 when current is noglonger flow ng through coil 8.
25 Notably, the increase and subsequent decrease of current flow of pulse 32

has a substantially constant rate of .change. In other .war .current flow
i ncreases and? YYugh Byissimalic F‘gmi‘éﬂ}yﬂgiaﬁ@ﬂﬂt’%PB?%F&O%“?EF*‘F@ #d and
fromT, 10 T2dect&3fl bttt rateeh like nfaRhere i MR maHsladvahtayed shehiadil fol | ow a - ;

sinusoidal profile, drive unit 16 outputs a signal “in whicCh the rate of
change of thamprovesmarker deliegtiors substantially constant, 30 according to the

fol |l ow ti - V=Ldt+f R WO 02/ 101677 -8, 14 2005 PCT/.USQ2/ 15528 i
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advant ages including inproved narker detection. In order to detect a
sensitized nesigmal pi@iuced hy muarkemli(tis @ femtwnpfsheslogataén efunarked 10 Svithin mar ker 10
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8. Because the rate of change of thé output signal produced by dri've unit
16 i s subst antonstant thegirepigtinef the lsignek dogs gohvary as mageeiynfitlddbmsreasts andry as

tic field 7 i 0 . B trol .unj. d not
Companilic o' 1 cfectsasio BeaRre ol gnd faer S R iompDRits sor nepd vaptbibb dedfor i o
field 7 versu@lah'Fémn_tﬁeﬂeﬁ& bPfha icpﬁa&ez%%ueiirﬁ@als@&in%@,_eip?es%hé%f.ﬁbﬁc@r In

addi tion, control unit 6 may deferm ne whether marker 10 i s sensitized or
desensi ti zed Yhisgimplafiedhe harnoni c content of the signal produced by narker

10. The 15 harnonjc gontent of, a.signal, emtte a r k however . can
be great |y af  ect elf e epnge By AR geRfing Caetlespfitee s ROV arel a.
Because the radsensitizedab&EoR thel li@monidicBientotihe sighaPpredestdBy failée 10.NThe 16
I's substantially constant, the harnonic content 'does not vary due to

i ncr eat®s andiamepsoatent of asignal ¢ngitted by @ markeg hgweeeruéan begisathyvaffeated by 6
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output signal produced by drive unit 16 is substantially constant, the harmonic content
does not vary due to increases and decreases in magnetic field 7. As a result, control
unit 6 can more readily detect markers and distinguish between sensitized and
20 desensitized markers than conventional systems in which the rate of change follows a
sinusoidal or other non-linear profile.
FIG 4B is a graph illustrating another example output signal 36 generated by
drive unit 16 (FIG. 2). Processor 12 selectively activates and deactivates the first and
second set of current switching devices 20, 22 (FIG 3) to generate the output signal 36
25 having a plurality of pulses 38 A through 38E, collectively referred to as pulses 38. In
particular, processor 12 generated pulses 38 to have substantially equal magnitudes 37,
40 and substantially equal durations Tp. Notably, processor 12 can control current
switching devices 20, 22 to vary the time periods AT, AT,, ATs, AT, between
subsequent pulses 38 to affect a total time for the output signal 36, and hence change
30 the effective frequency of the output signal 36.
This embodiment can be particularly advantageous for avoiding ambient noise
localized at particular frequencies. EAS system 3 may incorporate circuitry similar to

drive unit 16 to produce, for example, an interrogation field having a high frequency,



20 desensitized markers than conventional systens in which the rate of
change follows a sinusoidal or other non-linear profile. FIG BN%U@S gr aph
5518

illustrat '\%?ofmﬂ%p,er exanpl e out put signal 36 generated by Pﬁ,ﬁ?&{ 16

(FIG 2). ocessor 12 selectively activates and deacti vates I'T'st and
second set of current switching devices 209-22 (FIG 3) to generate the

out put signal 36 25 having a plurality of pul ses 38A through 38E,
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‘between subsequent pulses 38 to affect a total time for the output signal
36, and hencemetkan$@ BoOadditeons témizeliuni & canplesrmbangs theteffeotivepfrequengnaf thee.

Thi s enpodi nent can._.be rticul.arl dvant ageou r j,di ng anbi ent- noi se
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6 can also change the effective frequency of the 5 interrogation field by
varyi n§0a DC sinplppyise 4B+ dg@enapae(qurmt signal 49, grocgssox 13 agtivaies thelfsttsetrfi ng an

E e o ek oS ASDREAEY oDl b et o 4 Grngec 20
mar ker 10, pr@ﬁp&%ﬁgnaﬁ@ amd ediisingeduyrefiCiol (Al B0 BCcddFRCAL ¥ pbis Ti,Rodesdoztl2 set
of current switching devices 20 (FIG 3)@5};) generate t he out put signal 49 to

have a 10 si ridfastiyalgsdbe figst setpffapmeptywt icgh gRafausing cyprsatioSispp from
activates the fir C SW | | ' o,
formng a fi r%{akézﬁ]rn Eg% f’g{ﬂﬁ‘ gé 4§ﬁ%htn%¥gn gpﬂ’cr)l:i}tel é}ﬁgﬁé}oéﬁggh}fguéin l(:gajusi ng
currengsto flow t hFi@ighs & @low dhartAllugtrapag ah eXampleaedssfupetationddald EX8t es t he
first set of current switching devices 20, causing current tgo drop from
.peak 47 unti | SYstepb? wherroregting magnetq igld 7y Fop pxemplapypyrppsss, referengengymeds ugh
~coil 8. 15 FI i rt illustrating an exanpl e node of operation
of the EAS s(gﬁs lgn%g;'qe/\#()aﬁy\%fr‘(ggti ng magnetic field 7. For exenplary purposes,
reference i s nmade Inftiaily, processor 12 calculates a peak amplitude 33 for the first current pulse

32A based on a target intensity for magnetic field 7 (52). In determining the target peak
20 amplitude, processor 12 may consider a number of factors including a measured drive
voltage VDC, one or more configuration parameters set by user 4, a type article to
: which market 10 is affixed, and sensed intensities of previously generated magnetic
fields, as described above. Typical configuration parameters that a user might set, for
example, includes the type of media being processed, such as audio tapes, videotapes,
25 books, compact discs, and the like, setting EAS system 3 in a check-in or check-out
mode, setting EAS system 3 {o verify the status of marker 10, and setting EAS system 3
in a non-processing mode to read radio frequency (RF) information from marker 10. In
determining the target peak amplitude, processor 12 may, for example, read a radio
frequency idéntiﬁcation (RFID) tag fixed to an article or media in order to determine
30 proper parameters for sensitizing or desensitizing the particular tag.
Based on the calculated peak, processor 12 determines an activation time
TIMEgn and a deactivation time TIMEqgr for the current switching devices of dnve

unit 16 in order to generate a current pulse having the calculated peak (54). Next,



output signal 30 of FIG 4. Initially, processor 12 cal cul ates a peak
anplitude 33 for the first current pulse 32A based on a target Thli®hdlliy
for magneww@ obméletly 7 (52). In determning the target peak Z@9&);hLige.
processor 12 may consider a nunber of fact grs i ncluding a maasureé drive-
vol tage' VDC, one or nore configuration pali Qheters set by user 4, a type
article to which market 10 is affixed, and sensed intensities of previously

gener at ed nagpcessor 12 deigamings adissetion kg wingheurreny sheuld floyrihrepghzoil$n
parameters th : ' f | di a
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and the |ike, hgei piofide pABhizy Sitimmber ofl carrai @alses B2 altermbredls polirity, yeldingset ti ng
EAS system 3 to verify the status of marker 10, and setting EAS system3 in
a non- pr ocessFHEEIEEN npltesatingsuestionsequency (RF) i nformation from narker
10. In cdetermnin r N

oxarpl > read a r ansct o) HscBheclR, pREBisol 17 el ANRET RNtk it of Hognd st
article or nedfeurtdnt ewitehing dedieb<201122¢ BRrespepificallytamieive carrbnrthesighicbil 8i ng
or desensitizing the particular tag. Based  on the cal cul ated peak, .processor
12 det er m nesineh figst dirgelian, pracessor 13 apiyatesthe fisst gebefiquiment shtehingdavisas20bys or

the current sw. i | C | V& . | s ' en a
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current should flow through coil 8 according to the desired signal profile
(56). @t put Sxpjriionzd T nePipcesser 12 deachivetes thefirshseh pbeumrentswilghngh a
nunber of cur . ' | ' j e flowin
alternating d?&e]%?si On@?@nﬁﬁg%ﬁﬁ@éﬂ?ﬁ?%I[bpﬁ@}@%ir}éi:’thgﬁﬁggéetg’ggrgn mﬂé’f"’%‘ﬁ vely
activates theelapsedt(70y. Benmret false 3DA, for exanplestheldebdtivgtidr vinecFIMBgrr 8gualdVbr e
specifically, to_ drive current through coil 8 in a first direction,
processor 12 detlvates the first set of current swtchi ng devices 20 by
driving control Ii [ o ) tih o : i j

(62). In current %fﬂeg egézr%\ﬁnég‘?%ﬁ%:‘?@h@%ﬁ%ﬁ%ﬁ%ﬁ% %g{e{%ﬁﬁ}lg%k@g%ggl S
T1. Updd 10 ete tagei peakaimplitvikhas dropuedde @mibimumdevel\24)emd; Hfesof terminatest  of

current switchin devices 20 .b rpving control |ine |.ow ( ntil the
deact i vation ;]1'3!\1&_ ; S.hGurrey iy (%)eggrpnl%glaqsra@,ﬂm&fpggbglgxa$eginegxanp| e, .
the deacti vat bffifuniFevt!, Wabdifig PROERESST 12 to stop generating the series of pulses 32. s

If, however, the target amplitude has not yet reached the minimum level,

processor 14 repeats the process by calculating a new target amplitude (52) and a

20 corresponding activation time TIMEqgy and a deactivation time TIMEqrr (54). In this
iteration, Processor 12 may elect to drive current through coil 8 in a second direction
(56) by driving control line C2 high to activate the second set of current switching
devices 22 (60) until the activation TIMEgy has elapsed (64). In current pulse 32B, for
example, the activation time TIMEgy equals T4- T3. Upon expiration of TIMEoy,

25 processor 12 deactivates the second set of current switching devices 22 by driving
control line C1 low (68) until the deactivation TIMEorr has elapsed (72). In this
manner, processor 12 may repeat the process to generate an output signal having one or
more current pulses according to a desired profile.

The above-describe process is for éxemplary purposes, and may be readily

30 modified by EAS system 3. For example, processor 14 may repetitively interrogate the
marker and generate magnetic fields of higher intensities until a signal received from
the marker indicates that the measured residual value of the marker meets an acceptable

level. When sensitizing the marker, processor 12 may control drive circuit 16 to subject



T3 - Ti. After generating the pulse in the first polarity, processor 12
determ nes whether 15 the target peak anplitude has dropped to aj Ny ri0h

level (74yG#016f; SO, terminates the process. Current pu%ﬁ%’é"ﬁ%@cessor

exanpl e, has an anplitude below a defined m ninum/ evel

12 to stop generating the series of pul seslB2. If, however, the t ar get
anplitude has not yet reached the mninmumlevel, processor 14 repeats the
process by calleuhakerlg wsenesof magasticdiebds afinighet 389 highdr mté@Bitiesuntibihendi ng
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processor 12 may repeat the process to generate an output signal havin one
or nore curreentrohthesmagneticdedd, FAS systend san @éﬁ"mﬁlﬁﬂf@ marker i§isabjectgd sath
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from the mar i ndicates that the neasured residual value of the marker

neets 3R accepitensity has bges achigyed sensitizi ng the marker, processor 12 nay
control drive circ ./
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hi gher int ensiﬂci&hgﬂﬁahcédtﬁetedtmlcdpa@ﬁhmhmﬂ fmrkehhaeﬂmn@n t(dapmexlamhly
reaches a spe ified m ni n desensj t| a marker,
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resi dual value for the marke reache to a speC| fied maximumlevel. In this
manner 15wi th the ablG.i1is 4 whemate dmgramlmsreatmamtheanuamhls eathiodimnent ofa
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'~ Processor 12 aﬁveaﬁmﬂ?atyeprbhaeaﬂb a3 gmﬁ@whg%neafﬁwr@&ﬂrawmseé@&ﬁ@a

reached or when a maximumlimt on _ . _
capacitor 78, causing magnetic field 7 to resonate at very high frequencies. In this

manner, drive unit 76 may be useful in generating magnetic fields for verifying a
20 _ change of state of an EAS marker and, therefore, detecting whether an EAS marker is
present.
Various embodiments of the invention have been described. These and other

embodiments are within the scope of the following claims.



10 intensity has been achieved. The ability to finely control the nagnetic
field offers many advantages, including enhanced detection capalji{ NGV 2885 i f
all markers are brought to approxinmately the sanme |evel of residual val ue.
Furt hernore, such features nmay be advamikgeous in markets wth heavy

regul ations regardi ng magnetic fields. 15 FIG 7 is a schematic di agram
illustrating anot her exanpl e enbodi nent of a drive unit 76 that includes
capaC|torvﬁ§uhnﬂ£ﬁﬁﬁléel with coil S. In this enbodinent, drive unit 76 nmay
provi de an output S|gnal havi ng one or nore current pulses to charge

capaci tor causing magnetic field 7 to resonate at very high frequenci es.

In this nner drive u 76 be usef ul enerati ng magnetic fields
for veri f? o & osgrmuiEmale e i O e AR Y CaAlse KO aro:
detecti ng whet BgEuigi a@ﬁ&tﬁﬁgekﬁ‘ﬁeﬂsﬁy f&raeﬁiﬁt'}hagn\éﬁE'ﬁ%}@ enbodi nents of the

i nventi on have been described. These and other enbodinments are within the
scope of the f attivata and denetivate a fivst y00f QoS swzclmatiewgesonapmdlancs witha A
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activation dur gilcwlBteansdcdrie: fcfﬁken@ﬁ@ﬁr&&ﬁ&hﬂd&n@ieﬁé fit)M; a6l cul ate a second
target intensity for a second nagnetic field; and activate and deactivate a

second set of @@rw@ﬂndﬁm@wwsmw g0 of PyrTant sWHelng deviggsin aacogé@@ﬁd
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magneti c fiied d sébaml palse bheurseat dirdughathg ebil iodreas teyseoorll magretic dieldliaviny
different fromthe first magnetic field, wherein the second pul se has a

second duthstseepnddamgehintengity epqo%n erignggpionidiffersntfrom fhe first mﬁénet@é'@%d
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The corrputer-rea Irumor Cclalm er conpri‘sing rnstructions to

cause t he sgoad pagedminable actvitiohidatdtivn aad drtsetdiel mogrianaidbiopaladtydeact i vati ng
of the first and second set of

2. The computer-readable medium of claim 1, further comprising instructions to
cause the processor to:

sequentially repeat the activating and deactivating of the first and second set of
current switching devices to produce the first pulse and the second pulse as a series of
current pulses, wherein the series of current pulses have amplitudes that follow a decay
profile; and

terminate the series of current pulses when the amplitudes have decayed to a

minimum level.
3. The computer-readable medium of claim 1, further comprising instructions to
cause the processor to detect an actual intensity of the first magnetic field and generate

subsequent pulses based on the detected actual intensity.

4. The computer-readable medium of claim 3, further comprising instructions to



current switching devices to produce the first pulse and the second pul se as
a series of current pulses, wherein the series of current pul ses 4h
anplitudes that follow a decay profile; and term nate the series of current
pul ses when the anplitudes have decayedi3-o a mninmumlevel. 3. The

conput er -readabl e medi um of claim 11, further conprising instructions to
cause the processor to detect an actual intensity of the first magnetic
field andcageaicrBeessitts eakle (RULAPRAATREAY ol diEhachethalgt ual
intensity. 4. The conputer-readable nmediumof "claim3, further conprising

i nst ruct i ordfigumtipa paEMEIS85 typdoLiden ¢o whishpnetastronic markerdib effixatica semeed i r st

target intensity based on.at |east one of .confiquration r ers, a type
of Ptem 1 Goumetes g aner armal iR Dr pErravipisl et ied RN Vo ¢ agh.
and sensed actual intensities of previously generated magnetic fields. 5.
The conputer-readabl e medi um of claim3, further conprising instructions to
cause t heSpr ocdbeepmpyectnaditie medivm efleim dfurther compsisingriastastiorsdocur r ent
pul ses ba / i j t - abl e
rect um or cais ik prbEet T B aeittes bPUE MR aht stton R RS RadERIT 2
to: cal culiridRictddakcaal inegity.anpl itude for the first pulse based on the first
programmabl e activation duration; and activate the first set of current
switching devices to achieve the target peak anplitude. 7. The

g dev _ _ | tude. |
caue ¢ hetor ocateedEp ey fellu of Yk F A0 Rk B HERAHEHBLC e

pul se as eaafsefietprotessdr tbhe target peak anplitude for the first pul se; and
activate the second set of current swtchi n& devi ces to achi eve the

cal cul at ed t ar gRleulatsadpreshpRax pmpdityds o the fis pyleg baspdn the firstprogrammable
conmput er - Laadabl guARdh.Upyof claim 1, further conprising instructions to
cause the processor to control a drive unit that drives the first and second
pul ses t hr oughactivaee theffirst s& of Tharestaniching-deeiaekadol aehivee thertagkt pdaki m 8,

wherein the {_nstructi ons cause the processor to control the drive unit by
sequent i aPP'1¥&cing the drive unit in a first state to

7. The computer-readable medium of claim 6, further comprising instructions to
cause the processor to:

calculate a target peak amplitude for the second pulse as a function of the target
peak amplitude for the first pulse; and

activate the second set of current switching devices to achieve the calculated target

peak amplitude for the second pulse.

8. The computer-readable medium of claim 1, further comprising instructions to
cause the processor to control a drive unit that drives the first and second pulses through

the coil.
9. The computer-readable medium of claim 8, wherein the instructions cause the
processor to control the drive unit by sequentially placing the drive unit in a first state to

energize the coil and a second state to de-energize the coil.

10.  The computer-readable medium of claim 1, further comprising instructions to



energi ze the coil and a second state to de-energize the coil. 10. The
conput er -r eadabl e nedi um of claim 1, further conprising instruct{ &N§V 2605
14NOV2006 - 14 cause the processor to sequentially repeat the activating and
deactivating of the first and second s&4- of current switching devices to
produce the first pulse and the second pulse as a series of current pul ses.
11. The conputer-readabl e nmedi um of claim 10, wherein the series of current
pul ses  cause the %Eéﬁ&to%@i&ﬂﬂﬁ'ﬂil R-?eeﬁ Qe a&i@aﬁﬁ?&ﬁ%ﬁcﬂaﬁng BF IeARS AY
substantially constant rates. 1Z. The conputer-readabl e nedi um of claim 10,
further ceeqonidsetnd currentrsydichingglevises areduceites rsbpwssand the serwndipnisnesa decay
profile far.the seri.es,of current pulses and to activate and deactivate the
first andsgg?éﬁﬁwggFRgpe%urrent swi tching devices according to the decay
profile. 13. The conputer-readabl e nmedi um of claim 10, further conprising
instructions to cause the processor to activate and deactivate of the first
and secondlset The cempuigrteadable tradiumy ofielping €, wherein der scaies pEcuseant palsesf

current p £asy . - dabl e
mect um of ST iR R Gin Uik ol G Aeub i ARG RERTD] 2
to decrease each subsequent duty cycle by a constant percentage of a
precedi ng gne of the duty cycles.  15. The conputer-readable nmedi um of claim

13, furthde corfpeicempyter-fradable _Pieé‘ﬁgn phelapy | COPpEISHgIRstRustigRTPeas e each
subsequen tfgﬁjééttﬂe ﬁr\ﬁ%s@oﬂ}ﬂ d%te‘ﬁﬁfdeeadde@&ﬂféple £bP the-légﬁescﬁmﬁteﬁ{eﬁﬂl&ﬁ%ﬁ k$ medium

of claim further conprising Ins lons to cause t processor to
decr ease eativatsanusdegetivite the tfirstawd lsecony sequircanemetaiching2Bvieks accoplirg®di ng

duty cycl e,
it the decay profile.

13. The computer-readable medium of claim 10, further comprising instructions to
cause the processor to activate and deactivate of the first and second set of current

switching devices to produce the series of current pulses to have decreasing duty cycles.

14.  The computer-readable medium of claim 13, further comprising instruction to
cause the processor to decrease each subsequent duty cycle by a constant percentage of a

preceding one of the duty cycles.

15.  The computer-readable medium of claim 13, further comprising instructions to

cause the processor to decrease each subsequent duty cycle by a varied amount.

16.  The computer-readable medium of claim 13, further comprising instructions to
cause the processor to decrease each subsequent duty cycle by approximately 92% of a

preceding duty cycle.





