WO 02/ 101677 PCT/ US02/ 15528 FI ELD CREATION I N A MAGNETI C ELECTRONI C

ARTI CLE SURVEI LLANCE SYSTEM TECHNI CAL FIELD 5 The invention rel ates
gener al | ywoomzgemarity systens and, nore particularly, to PelTarsoe/osmne
surveillance systens. BACKGROUND Magnetic electronic article surveill ance
(EAS) systens are often used to prevent 10 unauthorized renoval of
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system The EAS system nmay i ncl ude, %or exanpl e, an array of magnets or an
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general , the exigalst ilomllpy aythosized Frrayal fcariisleg Bamsthe profeeiad asep. anigonze

control ling ?)ersonnel 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.e., 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 activated, 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 desensitizing 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



magnetic field for use with electronic article surveillance (EAS) markers.

Unli ke WD 02/101677 PCT/ US02/ 15528 -2 conventional systens that may
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advant ages includi ng i nproved narker detection over conventional systens in
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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



I n anot her enbodi nent, the invention is directed to a nmethod including 30
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FI GS. 4A and 4B are graphs illustrating exanpl e output signals generated by
the EAS systemto produce magnetic fields. 20 FIG5 is a graph illustrating

an out put signal generated fsééRﬁ? ‘WN a magnetic field
for desensitizing a nmar ker.ﬁérlgﬁg)l S a f%(ngglgpth ugt%r ating an exanpl e
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illustrating anot her example e nment of a 25 drive unit. DETAILED
DESCRI PTI ON_ article surveillance (EAS) system configured according to the invention.

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 illustrating 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 affixed to a

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



FIG 1 is a block diagramillustrating a system2 in which a user 4.
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target i ntendltenpityaadarigniation, goprols a gumperof cugenipulsgs within be estppbyigralmar ker
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control unit CBntrol unit 6 may also adjust the target intensity based on a type of article to which
the electronic marker 4 is affixed. Control unit 6 may, for example, calculate a lower
20 target intensity 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 intensi.ty. 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,



to dynamcally adjust the target intensity for magnetic field 7 based on a
sensed 25 intensity of magnetic field 7 or previously generated nagnetic
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non-renovabl e nedia for storage of information such as jnstructions, data
structures, progr é;ﬁqgghgplég}nqyrmcludeacomputer-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 cﬁrrent 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 devices 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 orientation, processor 12 deactivates the first set of current switching devices
and activates a second set of electronic current switching devices to drive the signal

through the coil in the opposite direction. In this manner, control unit 6 can control the
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fllows from energy is captured from 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 22B by enabling control line C2. In this mode, current flows from VDC through device
22B, 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.
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coil 8 creates etic fjeld 7 Vi ng i.ntensit based on the

anpl i tude of S’cgﬁgl W&@ﬁ?wﬁde%@d Fgﬁgl%aﬁl%}ajig%lgﬁr?}ﬁs’tﬁ%_  fiECY e ct i on
in - which thediE ieWhich % llilﬁ@éégiftﬁé)%dé'reﬁt %ﬁgesﬁlzd%eg bver &n Mbre

illustrating an exanpl e output signal eherat e drive unit 16 (FIG

2) to sensit ispeifiatyapmetssarel)? nedudes theldnplitides e pulaest 32/anter tignertyr shertertiog f or
detection by [EAS system 3, .In parficul .FI 4 .plots the current of

ot ot o gnaesrearie ey By ARt el oflt-drey By BBl b BEast AR e T e 1o
FIGS. o 3. WebRedpdRdig Culténk/sWHeRing deviBes 207 27 GordBBRERY0AS BIRh#KShanher, the

processor 12 selectively activates and deactivates the first and second
set of cur r efitmeqgriod Homy Teitoy T & examplepisshorgrahan e gaearesiod fomeTo wulpdn

signal 30 hayj] rali f 2 hr. 1 ol | ect i, vel.y.
referred to é’ggg?)lg?&sﬂél;é ngf %30%%?){ %Q?%‘?@F%@u eﬁygié%’que?%i/sugg?qu\t/@tIlgurksgeeggnt at
deacti vat i ngig 9o, efthHegévibusyliechi ng devi ces 20, 22 at cal cul ated tines,
processor 12 can %enerate the output signal 30 to follow a desired

3do

profile. Signal igeneraterontray signalr30p REogpiser 1 haciivatgy thegfirshyeb el swsrenh whi ch
the a i tudeg; of: CLLN e ' -

speci ﬁgcal I y?ag%gég%?&éﬂrpgéﬂﬁgm?%%ﬁrﬁ%ﬁ?#ﬁ%ﬁé{tgysg??ﬁa@@?egy rutti me by
shorteni ng tigaalcmdreaspng cimant duflyw clyroligh afil & @ Pl Stey time &, prégessaetiRvat i ng
and deactivating the 10. correspondin urrent switchi.ng deviceg 20, 22 for
shorter peri GERENVpLSs the; férs??&ﬁﬂé ‘{“ef‘h@%tcﬁ'i“fge‘féﬁf&eﬁ FHYHRE e t"l'ar,ol’ff{i?rm

exanpl e, 1s $BA3PhntlRAME PEattWATBh BREIARetiORd TRigtPdWing tRrough coil 8.
After generating current pulse 33, processor 12 activates the second set of

20 current switching devices 22 at a time T, 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 T 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/d¥) is substantially constant,

30 according to the following equatidn:

di

V=L—+iR,
dt



one enbodi nent, processor 10 cal culates a duty cycle of each subsequent
pulse 32 that is 92% of the previous pul se. To generate output signal 30,
processorwbanAacis7vates the first set of current 15 sw tchoTgievisees 20 at
atime To, forming a first current pulse 32 within the output signal and
causing current to flow through coil 8 (FIG 3). At a time Ti, processor 12

o dr op- 1 om'™ bigt' s B PomBel e AR FGRER ol SRR E Wger

f1 owi ng throwdgtresdses ht bnskiht RkesgR NRE Rlahig. THisHAS naRY b8 tantakes Rich@@gsOr 12
activates the second set of 20 current switching devices 22 at a tine T3,
fornming a seé’@ﬁ@véﬁmaélﬁﬂrdﬁtﬂcg‘én 35 and causing current to flow through coil
8 in an opp05|te t1of . At i nt
74, "processor 12 AbarEr boBt ATk MR 10, e cP it BYRR dendlenfiuP T
20, causi ng cbyrmaﬂaér Iowhkroppatken b0 seajsossd tauniagheta fidldr®. The wiiengticoffthent i s no

| onger flow n oil 8. Not abl y I ncregse and suhsequent
decrease of é&nﬁgmpquee ygpar Eﬂﬁ)elsgillmgnaf t@ﬁa%%tlaﬁ ?&W‘Wé@ﬁ%‘f rate of
change. I'n otheheNOLLA7 MdtheRke bt &%%Mtﬁ@@tﬁ?en@ﬂgm (ﬁ@?‘?ﬁll igh Becaus_e
substantially Iinear fashion fromTo To T1 and from Tl to~12, respectively.
Unl i ke convenhd ateadf dR@hgecofitbeputput sigrtal prodhead by driveusuti Ibaik syrstintibldy dri ve
unit 16 outputs i ch te of chan he curr

t
Cai 1 dty 1o e arReeh R ERaldsa iban ryPRERER AT H5HHG Bhua i on:
V=Ldt HR, WOdeeredded.6Bécdusd Lohodhnie Bh8ed nét compéhdatdifol B §h§l vabmEbilityc@rar ed to
Ldi/dt. As a result netic field 7 increases and ecreases ‘at const ant
rates in |i kéhm@ﬁmthe}%?@ of magnetinfickdiV aptsuybrre] det¢ctias the presepeoobmarkar ker
det ecti on. ']0%8 hggddet ect a sensitized marker 10, control unit 6 senses
a signal emtted E{‘P mar ker 10 when marker 10 is exposed to magnetic

field 7. The st rerlg'fa.dildlﬁf)n td@ﬁtrol&ir@tr(aﬂnajbﬂﬂdﬂﬁlﬁd whhgthaBilafifer 10 id ®néitizedgit i on of
the location of marker 10 with magnetic field 7 and the rate of change

of the curredEsFgarhbpses PBW%@PPIWOHtB@MG%SIg@%@rQ@P%d By markend@ dhe t he
out putysi gnak, ﬁﬁﬁ&ﬁ&'&?ﬁexﬁ%f drsiong MRikd ﬂ;g 2 nParRM PR fél%gﬁg gﬁ:ﬁﬁi%ﬁ‘%ed lé])h
3ses a

st rengt h of t si gna t vary gnetic
the rate of change of a surroundmg magnetic ﬁeld Because the rate of change of the

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 38A 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, ATs, 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,



10 decreases. Because control unit 6 need not conpensate for signal
variability due to changes in the slope of nagnetic field 7 versus tine,
det ect i ngwohe/ipreesence of marker 10 is sinplified. |n adecoiuse/1ssent rol
unit 6 may determ ne whether marker 10 isgsensitized or desensitized based
on the harnonic content of the signal produced by marker 10. The 15 I
har noni ¢ content. of .a .signal..emtted b rker.. h ver . can be greatly
af fected by :Dﬁléeﬁrcéatl éordp%egrﬁgﬁ&@r%‘é‘é g‘%ﬁﬂ@uﬂ%"ﬂﬁc%@)%l& Frle‘él}e&f:y Because t he
rate of chang@e@bgatios ﬁemJﬁlﬁjdEiv%irﬁei’d greaters gedl shongii Fe¢sived ifomlBAS Snarker
substantially constant, the harnmonic content does not vary due to .

i ncreases andOdeaarrazgnetc ifigldvh yriueh may bepamarilyased forsengitizing g desensitizing 6
can nore read] t r <4 St j . | L1 d 20
dosensi t1 zod bterd8L B padBEARoR A Abl etk L ARENSRRLLIS AR o
followss a siintesedatiah fietd oy eyingarDC sugdy veltagt MBC (HIGS34B i s a graph

I llustrating anot (Iaa:;[ exanpl % ut put signal 36 generated by drive unit 16

g
(FIG 2). Processof 42 5@ &Rl lupatingan Fxamarle Quibupeignalidygeaerated byrdrivet  and
second set o r | | ' & he
output of gnalSe SEh 2 e P PR L o ARG Gl
col | ecti vel y 10eflemagdetizs markeul & proc8Sor llhselqzwuwrhywtmatcs qndﬂmstwates(l)}ze ﬁrgt
generated pul ses 38 to have subst ' equa ni tudes 37 an
Subst ant 1 al | SO GUFeH rAET BRI RE TElE .6 Bt Larouimi a4 B B ur r en
swW t ching deyingRSuddR 482 2ot @n¥fYouth\R signBEAD BFdcestdr I activaled the/YIdt sefft
bet ween subsqufgnt étpklglgsgg _3;$Cg@aftf ec:t\r a tqéglg'ﬁ%rrghf otr Esggsagihgggesggnal
36, and hence&uGHIYECBOSUREcC ta tree T, dopure cumentey :
Thi s enbodi meqp, n R90RAR LARH AL BRI BRGNS AVObAbRg ARRLERE 0! se
| ocal i zed at 5 I’fl Ut ar requenti es. Sys 9 y !n%d?pdrgﬁé é?r_ itry
simlar to dedctieatddite firbt seOofu@dCSvitchitly R¥REPLE, cadéing Blr@ént @PdopTront i el d
having a high frequeqcy, WD 02/ %1016'77 PCT/ tU_SOZ/ 15528 -9 benefi le%l for
i nt er rogat i n§eakx vt egointd2 af whishtinpeenreent ismrdongeg Hoping hemel coil 8.
EAS morier 10 1 hirris adabEel iyl O R e Eim e 4 oFobBRRM o GEEAST 11O
sensiti zing ayﬂﬂerdésﬂrmidréazihgmagﬂanid(ﬁéld T0 Fot exemtjdartyi paposes) méferehceliziniade te¢ an

al so change the effective frequency of the 5 interrogation field by varying
a DC supply \98@%\%}5“@%&0???@43).

Initially, 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 to 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 identification (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
TIMEon and a deactivation time TIMEqgr for the current switching devices of drive

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



FIG5 is a graph illustrating an exanpl e output signal 49 generated by
drive unit 16 (FIG 2) to desensitize (magnetize) marker 10, and thereby
deact i vatwomankmsr7 10. To nagnetize marker 10, processor PZTasomeisevel y
activates and deactivates the first set _gf current sw tching devices 20
(FIG 3) to generate the output signal 49 to have a 10 single pulse 48. To
generate output signal 49,. progessor 12 activates, t first set current
swi t chi ng de\PFQ?éESOEég QFteﬁn‘an?rﬁﬁ*fB‘meJ%Wﬁﬁf‘ﬁu??rﬁgbo‘ggﬂogn@%ﬁ§8ﬁ%8 within
the output sigR@hgdduRMEskAIGERD pfoME ©8). DAtput SghdlBOVIFIGSYifbr ample, a
point T1l, processor 12 deactivates the first set of current sw tching
devi ces 20, dauspredileinrwhich amymbenpf qurisnt puydees |32 4ftemmate in palagisy, yieldme at ~whi ch
time current is | on fl.ow rough coil 8. 15 FIG6 is a flow chart
i |lustrating c&ﬂelgglf%1ngaei{?%aémgnflﬂg%}eo:&%ti on of the EAS system 3 when
creating magneti c Has&d 6h the diRtticnsepmtasor IRWeRotedy actefasssahe frst or seackel de0
output signal 30 of FIG 4. Initially, processgor 12 calcul ates, a peak

, 5 2
anpl i t ude 33 of surrergwitchiag devieesetth 2puMere specaliepllyele dstyeguprgntdhgough cailg; ¢

for magnetic ;f ia?;ilrg dfrebtR prdc@ssﬁﬁﬁf Eﬂv'a]feg thel St %@5%&??\5ﬁcl§r@g Al es LU RS

processor 12 nay consider“a nunmber of factors inc ng a neasured drive
vol t age VDC, deivégaiontrol knec@hhighu(6 &) untih theactvaioar EVERi Hay elapsad (42). dnt ype
article to which nmarket, 10 is affixed, and se intensiti of
previously g SHEFHPRe g 49T eé‘amPIeeF}WsaFf_“é?éwBé’é%ernf@g%O’éWé.]t"T °8al

confi gw atl P%xgﬁétﬁiﬁ%ﬁmﬁd&?% oRedSEI2 dBabiMNatihe fifsPEet oP¥@RBt8witthiggudes the
type of nedia being processed, such as audi o tapes, videotapes, 25 books,
conmpact di scsleviaed2Q bedtiving costeoltling§ 1HAS (6§)sunginits deactivatine dikMiBordias

check-out node, i hg EAS syst to verif he.st.at us rker 10,
and setting @%@S@%inﬂ’s‘uqcﬂt %‘ﬁﬁ%ﬁi—}lbf%rceé‘égip#g t%octegcqv tt1|98§1 e?g%lg%pf 5§ tihsency
(RF) informatg,or frommmrker 10. In determning the target peak anplitude,
processor 12 may, for exanple, read a radio frequency identification
(RFID) tag fixed tAftengenereting depnlsainiihg first potagisy, presesror 42 detsEmmes yhether

par aneters f ensitizi ng. ok S I 5L Z] . t . on
t he caﬁ%ul at gée %&i?e%(r%m gg%erga%ﬁﬁ %’Z)teélrt% ﬁg%ﬁlgﬁn fa%géll qgf%%’\lttslg?rtgnﬁﬁlﬁ%gm and
a deacti vat i QRe progessTIOMRSHpfley 33 fer extnipe)thas wh bmplitnde Belomcedefmed dr i ve

unit 16 in order to generate a current pul se having the cal cul ated peak
(54). Next, WONORYmAQhrapeing Pesyossenbb stopgengrabag rigolplsss Ines a

direction for whigh h%We(/&mhﬁgi%E’tl a‘?ngﬂn?d’g Ha81h8HGH r&Rhdd the minimum level,

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

20 corresponding activation time TIMEqy and a deactivation time TIMEogr (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 TIMEoy has elapsed (64). In current pulse 32B, for
example, the activation time TIMEoy equals T4- T3. Upon expiration of TIMEon,

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 exemplary 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



according to the desired signal profile (56). Qutput signal 30 of FIG 4,
for exanple, has a profile in which a nunber of current pul ses 32

al t ernat ewor2poiéarity, yielding current flow in alternatiPpag/u$nz/esses ons. 5
Based on the directions, processor 12 sel ggtively activates the first or
second set of current swi tching devices 20, 22. Mre specifically, to

drive current,_thrqu coil 8.1n g.first di | O, . : tivates
the first setthgplaﬁi?? Poeﬁfer%e\ﬁno{ ghaig?lglc ée\}?scoefgn%?%é@ﬁ&}m ?{/lﬁ%glg@g%#ﬁ It ine Cl1
hi gh (58) untretidéd@aretfomat ket IAMEOMnb aackdsaspecified Ainimtuin tavel. Similprly,se
32A, for exanple, the activation tinme TIMEON equal s, T1l. Upagn 10hﬂ,exm?r ation
of TINMEON, prebacdesensitzingnmparkespsecessos 12 mayicorie! driveircpit 16 1o sieat Mg

devi ces 20 by YA : k: i e i i :
TIVEGRE has BftkoeBEsbf faedeiCcll i hthlr M HighecMadhGRC ot e Ul
deact i vt i on the nsidihMezDkfoe theaharkeiTi8aches tod srecifigd meaxamiomgevdle pul se in the

first polarity, processor 12 determn.nes et her .15 the target .peak
anpl i tude has dr opP&s FNger¥ t?‘ﬁﬁ?ﬁrglgvé?\{%%%a%t&? n?afrfg?&flgtﬂger llﬁtg'?%s t he
process. Curr&ptroPHk sfiglsto fif10) EAS 878 3 chdénsuife MaPihie initiReriebibjectedtefithared

m ni mum | evel , causing Processor 12 to stop generating the series of pulses
32. |f, howevemimumdicldnpepsssannis ohtain eherfiesiretoesylet Progesserel? maY termiate the

I I, 1 ' :
ampt i ude. (5ol BRERER I RRATRER il B d il Rk

deacti yati on jhienEtyhdviEGEradthéed. I n this iteration, Processor 12 may el ect
to drive current through coil 8 in a second di tion (56) by driving
Sielp o

control line C2 hil abdlityde fipglyconinel tapmarrstis o8 MRy AdtageRi ng

devi ces 22 (fmluuﬁg'ew&@d Al dapihilli G Bsicpd AL Desh @ﬂ))zﬁ)pifd}irﬁh!tref}ﬁ”t
pul se 32B, for exdnple, the activation tinme TI MEON equal s T4- T3. Upon
expi ration ofthdbdvieONyel2H rpsidwd yaloe. Ferthbemote, nathefsatutes nsaydwrad vamageohis sur r ent

swi t chi ng devi ces 22 driving. control line.C w (68) until the

deacti vati on W?’%ﬁ'ﬁ’-’ﬂﬂﬁiﬁ@%r%‘iﬂw Wj‘r.d"}grfnfweg‘:%ﬁkﬁner, processor 12 nay
repeat jshe processpip 74§ R sERhfutia Qid@kdn® UlusFhteipadnotRY EXdin$10 @mBbdiniBAt 6f £LuUr r ent
pul ses according to a desired profile. The above-describe process is for

exenpl ary purgrosamit 79riatingluges qepagdior y8 Boparglsl titroby8. Hnthis gmbedinent, For
exanpl e, proc I titi - / rate
magnet ¢ 11 ol GLapiS ARy plofRE ol ighf TRl Rt G biaFe oFRGE Rl AN HiERE

mar ker i ndi cagapacitonds, ddnsingeapuetadfi¢le Site tsbnatahirerphightfeequatidies. Ingdss an
accept abl e

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.



| evel . When sensitizing the marker, processor 12 may control drive circuit
16 to subject WO 02/101677 PCT/ US02/ 15528 -11 the narker to a series of
magnet i ¢ Woebkdeilecof hi gher and higher intensities until thecTreser/disas val ue
for the marker drops and reaches a specifjgd mnimumlevel. Simlarly,

when desensitizing a marker, processor 12 may control drive circuit 16 to
subj ect the 54? fo a series of magnetic fields having higher and higher
magnetic intensities until 5 the residual value for the narker reaches to a
speci fi ed maxi. numAesgarattscontprsinganner, with the ability to interrogate

the marker and the ability to contro he magnetic field, EAS system 3 can
ensure that the ndr9edtocEals gnagnely ﬁteLii {oﬁélterﬁ%mgrmlﬁli‘f"?élle@r?f%é‘%@ y to

obtain the degheAfnt&sidtder; Processor 12 nmay terminate the process when the
targeted |l evel has been reached or when a maximumlinmt on field 10
intensify has been doiwitedmprisiegabitentisyitchingidgeics oomtpubla signel mviprgeriec
field offers man(% adlvanttoagrtlaesr iziniggﬁl ucﬂén denhanced detection capabilities if
all markers & & ?8&5?‘& 164 pr frRt |33 the sane | evel of residual val ue.

Furthernore, such Jfgagrimesableprob@sady agitadeaiplinides oNtelpalsss By hdtivagay the
regul ations regarding magnetic fields. 15 FIG 7 is a schematic di agram

i |1 ustrati ng capertsanichingidsviccephibadrsnunpfor an agliyajiengdyrations t hat i ncl udes
capacitor 78 in parallel with coil 8. In this enbodinent, drive unit 76
may provide an output signal having one or nore current pulses to charge
capaci tr 78,2. causlihegppaghusiof clafm é| whéteinadhe et ofi atireera tswiteliiyig ldejbes

frequencies. In this _manner, drive.unit 76 may be yseful .in generaling
mmgnet i o 11 clXBEPHSE LEP Y1 190 ssbo LB B CRTEH LG PRne Fised FaTRBAS NG,
therefore, def&etiongclbiflchpictiRRtcFAR HREKRHes the fiR% 8R€ MconV8étioPERc/ENOdI Ment s
of the invention have been described. These and other enbodinents are

W t hi n t he scupentsvitchmgfdsyicosMorggnetatei the siggd 02/ 101677 PCT/ US02/ 15528 - 12-
CLAIMS: 1. An apparatus conprising: a coil to create a magnetic field for
interacting with an electronic article

15 3. The apparatus of claim 2, wherein the processor selectively activates the first set

of electronic current switching devices to drive the signal through the coil in a first
direction, and the second set of electronic current switching devices to drive the signal

through the coil in a second direction.

20 4. The apparatus of claim 1, wherein the processor controls the drive unit to vary

time durations between subsequent pulses.

5. The apparatus of claim 1, wherein the processor controls the drive unit to
generate the signal as a decaying signal in which the pulses have decreasing duty

25 cycles.

6. The apparatus of claim 5, wherein the processor decreases each subsequent duty

cycle by a constant percentage of the preceding duty cycle.

30 7. The apparatus of claim 5, wherein the processor decrease each subsequent duty

cycle by a varied amount.



surveillance marker; 5 a drive unit conprising current switching devices to
out put a signal having one or nore pulses for energizing the coil; and a
pr ogr ammewbe2poweessor to control anplitudes of the pul seechysaziisesat i ng
the current swtching devices of the drijpge unit for an activation
duration. 10 2. The apparatus of claim1l1l, wherein the set of current

swi tchi ng deyices,., conprises.a .first, a ) I C.. UL | ent
swi t chi ng degi ces?he\ﬂ@éﬁtﬁs ?fncgalmp ’&he%és}% Fhe(s%g?geg olsr\%tg @8150 eieva eggé"glﬁcgl%é
deacti vat es #hgcdsisush thanehcheabseguae duyfcyeleés appaotimatety 92 %ruf tisaprecddingg
devices to generate the signal. 15 3. The apparatus of claim 2, wherein the
processor seﬁ@é’tcb"alély activates the first set of electronic current
switching devices to drive the signal through the coil in a first
direction, and the second set of electronic current switching devices to
drive tshe signal Thénppagitus biclgioi 1, wherein sheqorises of thecsignahcauge a gurrdttie
apparatus of claim1l1l, wherein th rocessor, controls th rive unit to vary
time durati oﬂg‘)‘lﬁ’é’t%@?f\(mmg@ai?eq@ d%ﬁqegs&a_ Subs aﬁﬁgfl%ﬁ%xg&aéf@gesof claimi,
wherein the processor controls the drive unit to generate the signal as a
decayi ng signal in which the pulses have decreasing duty 25 cycles. 6. The
appar at us of 1@/ ai #heappenatnepfclainel prisees sy praesssarLongols dasdivsidid@ent duty
cycle by a constan erc 3 i : :

appar at us-of SRRk GREPY SR Riail ITaBAERE ARGt o BT R6re BndrmirklRey
cycle foy a vasil &6l 85800d staldo A2/chOrbEa theSIY. US02/ 15528 - 13 8. The appar at us
of claimb5, wherein the processor controls the current switching devices
such that each subsequent duty cycle is approxinmately 92% of the preceding

duty cycl e. 9. j i i |
uty cy 1. F?gﬁgﬁﬁpﬁ&@aﬂ? 1 G/ Rdr&th the OB sShrtal et U ﬁg%%t lersiie f&i gna

cause a current e coil to increase and decrease substantial ly
const ant r at e mdghetid fieldegmdaoatrols thef drivieainih bhsedwrethe icalculatedgargeteintensity.
controls the drive unit to generate the signal by sequentially placing the
drive unit in a first state to energize the

15 12.  The apparatus of claim 11, wherein the processor calculates the target intensity
based on at least one of a configuration parameter, a type of article to which the
electronic marker is affixed, a sensed drive voltage and a detected intensity of a

previously generated magnetic field.

20 13.  The apparatus of claim 1, further comprising a sensor coupled to the processor
to detect an intensity for the magnetic field, wherein the processor controls the drive

unit in response to the detected intensity.

14.  The apparatus of claim 13, wherein the processor calculates a peak amplitude of

25 each pulse based on the detected intensity.

15.  The apparatus of claim 1, wherein, based on the detected intensity, the

processor determines a number of the pulses for the signal.

30 16. A method comprising:
generating a signal having one or more current pulses by selectively activating

and deactivating current switching devices; and



10 coil and a second state to de-energize the coil. 11. The apparatus of
claim1, wherein the processor calculates a target intensity for the
magnet i ¢ Woekdownd controls the drive unit based on the calcauisat/esg ar get
intensity. 15 12. The apparatus of claimgll, wherein the processor
calculates the target intensity based on at | east one of a configuration
paraneter, a type.,of..arti i . t [ & A I ,
sensed drive vol tgﬁ‘ém rtlléf %b%é%ﬁe)rg%df ?or%t @%ep%{%%&lgéﬂ C%Fg%!déﬁ’g fd;éragt;ﬁg ‘gi?ﬁejd
magnetic fi ehfleledPonidartiClessuayildanat umrlak. cl aim 1, further conprising a
sensor coupled to the processor to detect an intensity for the magnetic
field, wherein the processor controls the drive wunit in response to the
detected intensit A f ki i hbridebQa @RS Or
cal cul ates a?geakfg?r%]%lﬂ%o-g ecga?rﬂqgévggrgﬁl gbetqjlllﬁ?eﬂ%g%em Oﬁ&f‘rﬂgn%egt e@tﬁﬁe%

i ntensisty. 18urafitws Eppwesnatubsequentqivdsesn 1, wherein, based on the detected
intensity, the processor determ nes a nunber of the pulses for the signal.
30 16. A nmethod conprising: generating a signal having one or nore current
pul ses by seligcti gk nedfdd ofaldifd 6, afereliegmbiaviag tetsi@ial anprisesidearbasiy

devi ces; and WO 02/101677 PCT/US02/ 15528 -14 driving the signal through a
coi | to genefutyeyalepafihemuises fonradycsa derrangdigndg with an el ectronic
article surveillance marker. 17. The nmethod of claim 16, wherein generating
the signal conprises varying tine 5 durations between subsequent pul ses.
18. Th@® net hool of Tak aiethobGf cldier 1, furthenesmprisigg:t he si gnal conpri ses
decreasing duty cycles.of the pulses to produce a decaying signal. 10 19.
The method of ci affsemBint glﬁ-grﬁg}e fg’Bﬁﬁrci“gF’ﬁ u St?éf’gfhﬁisfﬁnﬁ adprofile for the
current pul ses of f)hgi\elPRGlatidEhdRh&R/atiMe e flehivs¥itdRthgadedicdeaddotdiad | Ng
the current switching dévices according to a decay profile. 15 20. e
met hod of cl & ald@y pidfdeei n determining a profile conprises calculating a
duty cycle for each pulse, and further wherein selectively activating and
deactivating

15 20.  The method of claim 19, wherein determining a profile comprises calculating a

Q

duty cycle for each pulse, and further wherein selectively activating and deactivating
the current switching devices comprises sequentially activating and deactivating the

switching devices to generate the pulses according to the calculated duty cycles.

20 21. The method of claim 16, wherein generating the signal comprises increasing

and decreasing the current of the signal at substantially constant rates.

22. The method of claim 16, further comprising:
calculating a target intensity based on at least one of configuration parameters, a
25 type of item to which the electronic article surveillance marker is affixed, a sensed
drive voltage, and detected intensities of previously generated magnetic fields; and
selectively activating and deactivating the current switching devices based on

the calculated target intensity.

30 23. The method of claim 16, further comprising:
detecting an intensity for the magnetic field; and

generating the signal based on the detected intensity.



the current swi tching devices conprises sequentially activating and
deactivating the switching devices to generate the pul ses according to the
cal cul at eodatiyieecycl es. 20 21. The method of claim 16, wheceiusogeises ati ng
the signal conprises increasing and decrgasing the current of the signal
at substantially constant rates. 22. The nethod of claim 16, further
conprising: calculating a,target . intensity based,on at,.l

configuratio %par a @gt??d 8P°181§1 g%/'p‘%heé?m #%%gt{n(%qh Pl gltbr?ggdﬁne@? ?S{r%lgtgd

article survehleh@RreniRH%eoritiolidid dngituded of eesRerendifiilses basdd aghe dected
detected intensiti'es of previously generated nmagnetic fields; and

sel ectively dotensitit-i ng and deactivating the current switching devices based
on the calculated target intensity. 30 23. The nmethod of claim 16, further
conprising: detecting an intensity for the magnetic field; and generating
the sigpal bazed donhdhethdébéchea 16,fugheicomprisibeg@anti@lli6g thep@TlgE0D¢urBBL 8

-15 24. The nethod of claim 23, er.ei enerati. t he signal based on the
detected i ntREHSSS Withiny rsf%’égb*ﬁﬁeﬁg?H}CI({éFthegr}BtleP?B'ges of the current pul ses
based on the detected intensity. 5 25. The nethod of claim 16, further

conprising controlling the nunber of current pulses within the signal
based on the 2fet ecTledmethpénéilaim 106vheTein gaparhiing e signal qpmBisesgantroflng

generating the 51gg@%B,é%ger@u%e%fﬁ?lge%{gggeﬁéntagpﬁ 3Pl fe 49 S thE Iafécﬁ%'ﬁi{: %@fcle

pul ses based BWP e electronic artic

survei hbance dmvdiBinck makdriixeffixe®7. An apparatus conprising a first and
second set of electronic current swtching devices to output a signal
havi ng one or nore pulses to create a magnetic field for changing a status

of an electrogpjc agfi, éa?atﬁ%’EXﬁﬁlgﬁﬁggﬁfﬁ%A‘E&{’ﬁg’g‘?&’?%c& c BrSR Switdifig 15

anpl i tudes based on activation tirons o irst and second sets of
el ectronic cdyvieesto swptitchdigial eving ese o28oreTHudsea ppeareatt asnagnetd fielhior7,

wherein the sets of i tches recei t ignal s f
el ot vel'y aQRpRERTRES ] AHPORA FHECLGEaTrkEn P Hge BUDFRIYS 20

15 amplitudes based on activation durations of the first and second sets of electronic

current switching devices.

28. The apparatus of claim 27, wherein the sets of current switches receive control
signals for selectively activating and deactivating the current switching devices.

20
29. The apparatus of claim 27, further comprising a sensor to detect an intensity for

the magnetic field.

30. A method comprising:
25 activating and deactivating a first set of current switching devices of an
electronic article surveillance system to drive a pulse of current through a coil to create
a first magnetic field oriented in a first direction; and
activating and deactivating a second set of current switching devices of the
electronic article surveillance system to drive a second pulse of current through the coil

30 to create a second magnetic field oriented in a second direction.

31. The method of claim 30, wherein the first direction is oriented opposite from the

second direction.



29. The apparatus of claim 27, further conprising a sensor to detect an
intensity for the nmagnetic field. 30. A nethod conprising: 25 activating
and deactweoakriiog7a first set of current sw tching devi ces pafT/tmo2/1kect roni c
article surveillance systemto drive a pujge of current through a coil to
create a first magnetic field oriented in a first direction; and
activating and deactivating a second set of current sw tching devices of
the electronic article surveillance systemto drive a second pul se of
current throuwgh thgheGRéthod Sfclhitn 30, Eatleer aompasingg nagnetic field oriented in
a second direction. 31. The nethod of claim 30, wherein the first direction
is ori ented opposicaleufatipgntarect peak amalitide &rithofrst pse2/ 101677

PCT/ USO02/ 15528 - : . of. - ' f cdg.gp &l Do
calculating a tar 32?%33%@%%% :cpﬁaggﬂft%r?é l?dﬁga |Fhsett£’d[r E{}Zefeak C f:du é{{?lng a
first agtivation tactieatingsdhe firsnsdt bé ctragny switgheag dengdsi fouthe firgtndtitatmottimeat i ng
the first set of current switching devices for the first activation tine.
33. The nethod of claim 30, further conprising: calculating a target peak
anpl i tude for3st he BRGRAAPHE QSinPS0, FukhedebinpAsiAg: the target peak anplitude
for the first pulse; 10 calculating a second activation tine based on the
target peak anpl i tcatéelapihg atiergetqsekaeppivds éor thargpcand pylse pngyfunkoref thel at i ng
set of current sw tchin Vi C f or e second activation time. 15 34.
The met hod oga%leté?eﬁg?g’,pg%ugir%tﬂ ret?é@ésgs%‘fsg’i ng: sequentially repeating the
activatong and deaalculstibiaGeendtabivdtionsimetided et thiedarget peak amplitude ff the

swi tching devices to produce a series of current pul ses, wherein the
current pul $eeondpdseadil i t udes that follow a decay profile; and
termnating the series:f : i decayed
to & 20 mni mm FeygrEp e B Al SRRrRHER IR ceb Kt e RN

i nstructions activamngana processor to:

15 34.  The method of claim 30, further comprising:
sequentially repeating the activating and deactivating of the first and second set
of current switching devices to produce a series of current pulses, wherein the current
pulses have amplitudes that follow a decay profile; and
terminating the series of current pulses when the amplitudes have decayed to a

20 minimum level.

35. A computer-readable medium comprising instructions to cause a processor to:
calculate a first target intensity for a first magnetic field; and
activate and deactivate a first set of current switching devices to drive a pulse of

25 current through a coil to create the first magnetic field having the target intensity.

36.  The computer-readable medium of claim 35, further comprising instructions to
cause the processor to:
calculate a second target intensity for a second magnetic field; and
30 activate and deactivate a second set of current switching devices to drive a
second pulse of current through the coil to create the second magnetic field having the

second target intensity and an orientation different from the first magnetic field.



calculate a first target intensity for a first nmagnetic field; and activate
and deactivate a first set of current swtching devices to drive a pul se of
25 curremvotiariolsgh a coil to create the first nmagnetic fi elcd/Usayissgst he
target intensity. 36. The conputer-readabje medi umof claim35, further
conprising instructions to cause the processor to: calculate a second
target intensity for a se etic field: |} .
deactivate a§lsz'econ egg?lpg%gg%rd g@%t% eg\l}vll%? 8??1%1{9% %@\r}? rctgés% C{% %ltp51>§?‘%znsgl%gg%%st)tﬁd

pul se of cur iceme thdpreugRottoe coil to create the second magnetic field

havi ng the second target intensi t¥, and an ori ent_atign %Ufferent fromthe
first magnetic fi &egpeniglomsped theractipeting adsleasiyating of the fipst apgd second set of
conput er - r eadghlt g (WRdhiAgdelictd @ R diRe alstfid R Tcu ORIl NondrB hd GlrdeAns Lo
cause the processor to: “sequentially repeat the activating and deactivating
of the $irst palsds saecantpldetes tHat falow 2decagprafdeiang devi ces to produce a
series of current pul.ses,, wherein the current ul ses, have | ifudes that
fol l ow a decay pré‘%)rf’]“é%eg’r‘?(fe’fl%sr i SHEER! Ryl Sdhiep Wéﬁﬂqﬁsgﬁf'e g?rﬁa?‘g%itov@nen t he
anpl i tudes haygimlasawed to a mninumlevel. 38. The conputer-readabl e

medi um of claim 35, further conprising instructions to 10 cause the
processor to detect an actual intensity of the first magnetic field and
generate subgequ ] . : t j i . The
conputer-rea gbl ee@tg Pﬁlhﬁ%? r%%gﬁgnn%@f&?(é?ﬂﬁﬁ%’gﬂnﬁtgﬁsﬁgﬁlg n*is'ﬁ%tq frﬁult:utf?{%rhségt o]
cause the preaesshs plooessad ouleticeart dveudl intadsity af get firstvhegietit fiehibaelgeaeratet

| east one of 15 configuration paraneters, a type of itemto which an

el ectronic nﬁl‘lkséﬂu‘?"ép&]ls?ﬁa%a‘? 0%%1%%?%‘@3 agfual/ Ye\?é‘ItX'age, and sensed act ual
intensities of previously generated magnetic fields.

39.  The computer-readable medium of claim 38, further comprising instructions to
cause the processor to calculate the first target intensity based on at least one of

15 configuration parameters, a type of item to which an electronic marker is affixed, a
sensed drive voltage, and sensed actual intensities of previously generated magnetic

fields.



