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[57] ABSTRACT

A magnetic theft detection system marker 1s adapted to
generate magnetic fields at frequencies that (1) are har-
monically related to an incident magnetic field appied
within an interrogation zone and (2) have selected tones
that provide the marker with signal identity. The
marker is an elongated, ductile strip of amorphous fer-
romagnetic material having a composition defined by
the formula M Np»O X Y Z;, where M is at least one of
iron and cobalt, N is nickel, O is at least one of chro-
mium and molybdenum, X is at least one of boron and
phosphorous, Y is silicon, Z is carbon, “a’’-"f"" are 1n
atom percent, “a” ranges from about 35-85, “b” ranges

from about 0-45, “c” ranges from about 0-7, *'d” ranges

from about 5-22, “e” ranges from about 0-15 and *“f”
ranges from about 0-2, and the sum of d+e+f ranges
from about 15-235.

30 Claims, 5 Drawing Figures
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AMORPHOUS ANTIPILFERAGE MARKER

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion: matter printed in italics indicates the additions made

by reissue,

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation in-part of applica-
tion Ser. No. 032.196, filed Apr. 23, 1979 now U.S. Pat.

No. 4.298.862 issued Nov. 3, 1982.
BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to antipilferage systems and
markers for use therein. More particularly, the inven-
tion provides a ductile, amorphous metal marker that
enhances the sensitivity and reliability of the antipilfer-
age system.

2. Description of the Prior Art

Theft of articles such as books, wearing apparel, ap-
pliances and the like from retail stores and state-funded
institutions is a serious problem. The cost of replacing
stolen articles and the impairment of services rendered
by institutions such as libraries exceeds $6 billhon annu-
ally and is increasing.

Systems employed to prevent theft of articles gener-
ally comprise a marker element secured to an object to
be detected and instruments adapted to sense a signal
produced by the marker upon passage thereof through
an interrogation zone.

One of the major problems with such theft detection
systems is the difficulty of preventing degradation of
the marker signal. If the marker is broken or bent, the
signal can be lost or altered 1n a manner that impairs 1its
identifying characteristics. Such bending or breaking of
the marker can occur inadvertently during manufacture
of the marker and subsequent handling of merchandise
by employees and customers, Or purposely in connec-
tion with attempted theft of goods. The present inven-
tion is directed to overcoming the foregoing problems.

SUMMARY OF THE INVENTION

Briefly stated, the invention provides an amorphous
ferromagnetic metal marker capable of producing iden-
tifying signal characteristics in the presence of an ap-
plied magnetic field. The marker comprises an elon-
gated, ductile strip of amorphous ferromagnetic mate-
rial having a composition consisting essentially of the
formula M;N»OXsY.Zs, where M is at least one of iron
and cobalt, N is nickel, O is at least one of chromium
and molybdenum, X is at least one of boron and phos-
phorous, Y is silicon, Z is carbon, “a”-*f"" are in atom
percent, a ranges from about 35-85, b ranges from about
0—45, ¢ ranges from about 0-7, d ranges from about
5-22, e ranges from about 0-15 and f ranges from about
0-2. and the sum of d+e+f ranges from about 15-25.
The marker resists breaking during manufacture and
handling of merchandise to which 1t 1s secured, and
retains its signal identity when flexed or bent.

In addition, the invention provides a magnetic detec-
tion system responsive to the presence within an inter-
rogation zone of an article to which the marker is se-
cured. The system has means for defining an interroga-
tion zone. Means are provided for generating a mag-
netic field within the interrogation zone. An amorphous
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magnetic metal marker 18 secured te an article ap-
pointed for passage through the interrogation zone. The
marker comprises an elongated, ductile strip of amor-
phous ferromagnetic metal matenial having a composi-
tion consisting essentially of the formula M N;O, X-
/Y .2, where M is at least one of iron and cobalt, N 1s
nickel. O is at least one of chromium and molybdenum.,
X is at least one of boron and phosphorous, Y is silicon,
7 is carbon. “a"-*f" are in atom percent, “a” ranges
from about 15-85. “b" ranges from about 0-45, “c”
ranges from about 0-7, "d" ranges from about 5-22, “e”
ranges from about 0-15 and "{"" ranges from about 0-2,
and the sum of d+e+f ranges from about 15-25. The
marker is capable of producing magnetic fields at fre-
quencies which are harmonics of the frequency of an
incident field. Such frequencies have selected tones that
provide the marker with signal identity. A detecting
means is arranged to detect magnetic field variations at
selected tones of the harmonics produced in the vicinity
of the interrogation zone by the presence of the marker
therewithin. The marker retains its signal identity after
being flexed or bent. As a result, the theft detection
system of the present invention is more reliable in oper-
ation than systems wherein signal degradation 1s ef-
fected by bending or flexing of the marker.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be more fully understood and
further advantages will become apparent when refer-
ence is made to the following detailed description of the
preferred embodiment of the invention and the accom-
panying drawings in which:

FIG. 1 is a block diagram of a magnetic theft detec-
tion system incorporating the present invention;

FIG. 2 is a diagrammatic illustration of a typical store
installation of the system of FIG. 1;

FIG. 3 is an isomeric view of a marker adapted for
use in the system of FIG. 1;

FIG. 4 is an isomeric view of a desensitizable marker
adapted for use in the system of FIG. 1; and

FIG. 5 is a schematic electrical diagram of a har-
monic signal amplitude test apparatus used to measure
the signal retention capability of the amorphous ferro-
magnetic metal marker of this invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to FIGS. 1 and 2 of the drawings, there 18
shown a magnetic theft detection system 10 responsive
to the presence of an article within an interrogation
zone. The system 10 has means for defining an Interro-
gation zone 12. A field generating means 14 is provided
for generating a magnetic field within the interrogation
-one 12. A marker 16 is secured to an article 19 ap-
pointed for passage through the interrogation zone 12.
The marker comprises an elongated, ductile strip 18 of
amorphous, ferromagnetic metal having a composition
consisting essentially of the formula MNsOXaY Ly,
where M is at least one of iron and cobalt, N is nickel,
O is at least one of chromium and molybdenum, X 1s at
least one of boron and phosphorous, Y is silicon, Z is
carbon, “a”-"f" are in atom percent, “a” ranges from
about 35-85, “b” ranges from about 0-45, “c” ranges
from about 0-7, “d” ranges from about 3-22, “e” ranges
from about 015 and *f* ranges from about 0-2, and the
sum of d +e+f ranges from about 15-25. The market 1s

capable of producing magnetic fields at frequencies
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which are harmonics of the frequency of an incident
field. Such frequencies have selected tones that provide
the marker with signal identity. A detecting means 20 is
arranged to detect magnetic field variations at selected
tones of the harmonics produced in the vicinity of the
interrogation zone 12 by the presence of marker 16
therewtthin.

Typically, the svstem 10 includes a pair of coil units
22. 24 disposed on opposing sides of a path leading to
the extt 26 of a store. Detection circuitry, tncluding an
alarm 28, is housed within a cabinet 30 located near the
exit 26. Articles of merchandise 19 such as wearing
apparel, appliances, books and the like are displayed
within the store. Each of the articles 19 has secured
thereto a marker 16 constructed in accordance with the
present invention. The marker 16 includes an elongated.
ductile amorphous ferromagnetic strip 18 that is nor-
malily 1n an activated mode. When marker 16 is in the

10
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In accordance with a preferred embodiment of the
invention, an amorphous ferromagnetic metal marker 15
provided. The marker is in the form of an elongated,
ductile strip having a composition consisting essentially
of the formula M N4O.X,Y . Z,;. where M is at least one
of tron and cobalt, N is nickel. O is at least one of chro-
mium and molybdenum, X is at least one of boron and
phosphorous, Y is silicon, Z is carbon, “a”-"f" are in
atom percent, "a" ranges from about 35-85, “b" ranges
trom about 0-45, “*¢" ranges from about 0-7, **d" ranges
from about 5-22, “e” ranges from about 0-15 and "“f
ranges from about 0-2, and the sum of d+e+f ranges
from about 15-25. The marker is capable of producing
magnetic fields at frequencies which are harmonics of
the frequency of an incident field.

Examples of amorphous ferromagnetic marker com-
positions within the scope of the invention are set forth
in Table I below:

TABLE 1
Composition PETL‘[E!_I_I
Ni Mo B

Co

l]

Fo S

_—'—_——__——______

Fe—Ni—Mo—13

Fe—Ni—P
Fe—Ni—B
Fe—B
Fe—Mo—B

Co—Fe—Mo—B-—5j

weight % 2.0 —
M

activated mode, placement of an article 19 between coil
units 22 and 24 of interrogation zone 12 will cause an
alarm to be emitted from cabinet 30. In this manner, the
system 10 prevents unauthorized removal of articles of
merchandise 19 from the store.

35

Disposed on a checkout counter near cash register 36 40

Is a deactivator system 38. The latter is electrically
connected to cash register 36 by wire 40. Articles 19
that have been properly paid for are placed within an
aperture 42 of deactivation system 38, whereupon a
magnetic field similar to that produced by coil units 22
and 24 of interrogation zone 12 is applied to marker 16.
The deactivation system 38 has detection CIFCUILTY
adapted to activate a gaussing circuit in response to
harmonic signals generated by marker 16. The gaussing
circuit applies to marker 16 a high magnetic field that
places the marker 16 in a deactivated mode. The article
19 carrying the deactivated marker 16 may then be
carried through interrogation zone 12 without trigger-
ing the alarm 28 in cabinet 30.

The theft detection system circuitry with which the
marker 16 is associated can be any system capable of (1)
generating within an interrogation zone an incident
magnetic field, and (2) detecting magnetic field varia-
tions at selected harmonic frequencies produced in the
vicinity of the interrogation zone by the presence of the
marker therewithin. Such systems typically include
means for transmitting a varying electrical current from
an oscillator and amplifier through conductive coils
that form a frame antenna capable of developing a vary-

ing magnetic field. An example of such antenna ar-.

rangement is disclosed in French Pat. No. 763,681, pub-
hshed May 4, 1934, which description is incorporated
herein by reference thereto.
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alom ©; 30 — & 2 | K — —
weight ¢ 45 — 47 4 4 — —
B atom % 392 — 402 — 6.2 13.4 —_—
weight 9 43123 — 46.67 — .12 BB}
atom 7% 4() — &) — 20 — —
weight % 466 — 489 _— 35 _ -
atom ¢ 79.7 — — — 20G. 3 — _—
wetght 7% 9538  — — — .62 — —
atom % 77.5 — — 2.5 20 — —
weight % 9047 — — 301 452 — —
atom 9 5.5 67.5 — 2 12 — | 3

6.19 80 —_ 1.86 7.34

Examples of amorphous metallic alloy that have been
found unsuitable for use as a magnetic theft detection
system marker are set forth in Table Il below:

TABLE II
e e e e

Composition Percent

Example 1} Example 2
Ni Atom - 71.67 Ni Atom % 65.63
Weight % 84.40 Weight 9% 76.97
Cr Atom 9 5.75 Cr Atom 9% 11.55
Weight %% 6 Weight % 2.0
B Atom % [2.68 B Atom % 11.58
Weight % 2.75 Weight 9% 2.5
St Atom % 7.10 St Atom % 7.13
Weight % 4 Weight 9% 4
Fe Atom % 2.23 Fe Atom % 3.14
Weight 2.5 weight % 3.5
C Atom % 25 C Atom % 12
Weight % 06 Weight % 03
P Atom % 032 P Atom % —
Weight % 02 Weight 9 —
S Atom P 031 S Atom %% e
Weight % 02 Wewght % —
Al Atom % 093 Al Atom % —
Weight % 03 Weight % —
Ti Atom % 052 Ti Atom % —_
Weight % 05 Weight 9% —
Zr Atom % 027 Zr Atom % e
Weight % 05 Weight % —
Co Atom % 085 Co Atom %% 85

Weight 9% A Weight % 1.0

i - L R bl LA R L

The amorphous ferromagnetic metal marker of the
invention is prepared by cooling a melt of the desired
composition at a rate of at least about 105° C./sec, em-
ploying metal alloy quenching techniques well-known
to the glassy metal alloy art: see, e.g., U.S. Pat. No.
3,856,513 to Chen et al. The purity of all COmMPpOSItIons
is that found in normal commercial practice.
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A variety of techniques are available for fabricating
continuous ribbon. wire, sheet, eic. Typically. a particu-
lar composition is selected. powders or granules of the
requisite elements in the destred portions are melted and
homogenized, and the molten alloy is rapidly quenched
an a chill surface. such as a rapidly rotating metal cyhn-
der.

Under these quenching conditions, a metastable, ho-
mogeneous, ductile material 1s obtained. The metastable
material may be glassy, in which case there 1s no long-
range order. X-ray diffraction patterns of glassy metal
alloys show only a diffuse halo, similar to that observed
for inorganic oxide glasses. Such glassy alloys must be
at least 50% glassy to be sufficiently ductile to permit
subsequent handling. such as stamping complex marker
shapes from ribbons of the alloys without degradation
of the marker’s signal identity. Preferably, the glassy
metal marker must be at least 809 glassy to attain supe-
rior ductility.

The metastable phase may also be a solid solution of
the constituent elements. In the case of the marker of
the invention. such metastable, solid solution phases are
not ordinarily produced under conventional processing
techniques employed in the art of fabricating crystalline
alloys. X-ray diffraction patterns of the sohid solution
alloys show the sharp diffraction peaks characteristic of
crystalline alloys, with some broadening of the peaks
due to desired fine-grained size of crystallites. Such
metastable materials are also ductile when produced
under the conditions described above.

The marker of the invention is advantageously pro-
duced in foil (or ribbon) form, and may be used In theft
detection applications as cast, whether the material 1s
glassy or a solid solution. Alternatively, foils of glassy
metal alloys may be heat treated to obtain a crystalline
phase, preferably fine-grained, n order to promote
longer die life when stamping of complex marker shapes
is contemplated. Markers having partially crystalline,
partially glassy phases are particularly suited to be de-
sensitized by a deactivation system 38 of the type shown
in FIG. 2. Totally amorphous ferromagnetic marker
strips can be provided with one or more small magnetiz-
able elements 44. Such elements 44 are made of crystal-
line regions of ferromagnetic material having a higher
coercivity than that possessed by the strip 18. More-
over, totally amorphous marker strip can be spot
welded, heat treated with coherent or incoherent radia-
tion, charged particle beams, directed flames, heated
wires or the like to provide the strip with magnetizable
elements 44 that are integral therewith. Further, such
elements 44 can be integrated with strip 18 during cast-
ing thereof by selectively altering the cooling rate of the

10
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strip 18. Cooling rate alteration can be effected by

quenching the alloy on a chill surface that is slotted or
contains heated portions adapted to allow partial crys-
tallization during quenching. Alternatively, alloys can
be selected that partially crystallize during casting. The
ribbon thickness can be varied during casting 1o pro-
duce crystalline regions over a portion of strip 18.
Upon permanent magnetization of the elements 44
their permeability is substantially decreased. The mag-
netic fields associated with such magnetization bias the
strip 18 and thereby alter 1its response (0 the magnetic
field extant in the interrogation zone 12. In the activated
mode, the strip 18 is unbiased with the result that the
high permeability state of strip 18 has a pronounced
effect upon the magnetic field applied thereto by field
generating means 14. The marker 16 is deactivated by

33
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magnetizing elements 44 to decrease the effective per-
meability of the strip 18. The reduction n permeability
significantly decreases the effect of the marker 16 on the
magnetic field. whereby the marker 16 loses its signal
identity (e.g.. marker 16 is less able to distort or reshape
the field). Under these conditions, the protected articles
19 can pass through interrogation zone 12 without trig-
gering alarm 28.

The amorphous ferromagnetic marker of the present
invention is exceedingly ductile. By ductile 1s meant
that the strip 18 can be bent to a round radius as small as
ten times the foil thickness without fracture. Such bend-
ing of the marker produces little or no degradation In
magnetic harmonics generated by the marker upon
application of the interrogating magnetic field thereto.
As a result, the marker retains its signal identity despite
being flexed or bent during (1) manufacture (e.g., cut-
ting, stamping or otherwise forming the strip 18 into the
desired length and configuration) and, optionally, ap-
plying hard magnetic chips thereto to produce an on/-
off marker, (2) application of the marker 16 to the pro-
tected articles 19, (3) handling of the articles 19 by
employees and customers and (4) attempts at signal
destruction designed to circumvent the system 10.

Generation of harmonics by marker 16 i1s caused by
nonlinear magnetization response of the marker 16 to an
incident magnetic field. High permeability—low coer-
cive force material such as Permalloy, Supermalioy and
the like produce such nonlinear response in an ampli-
tude region of the incident field wherein the magnetic
field strength is sufficiently great to saturate the mate-
rial. Amorphous ferromagnetic materials have nonlin-
ear magnetization response Over a significantly greater
amplitude region ranging from relatively low magnetic
fields to higher magnetic field values approaching satu-
ration. The additional amplitude region of nonlinear
magnetization response possessed by amorphous ferro-
magnetic materials increases the magnitude of harmon-
ics generated by, and hence the signal strength of,
marker 16. This feature permits use of lower magnetic
fields, eliminates false alarms and improves detection
reliability of the system 10.

The following examples are presented to provide a
more complete understanding of the invention. The
specific techniques, conditions, materials and reported
data set forth to illustrate the principles and practice of
the invention are exemplary and should not be con-
strued as limiting the scope of the invention.

EXAMPLE |

Elongated strips of ferromagnetic material were
tested in Gaylord-Magnavox Security System #MX-
526 C. The composition and dimension of the strips
were as follows:

M
Strip
# Composition (Atom %) Dimensions (Cm) Matenial

M

1 FeoNggMo2B13 10.2 x .318 Amaorphous
2 (CogisFegrsy13Mo2B12813 10.2 x .318 Amorphous
3 Feg1CrSig sB12.s 10.2 x .318 Amorphous
4 FeupNuoBro 10.2 x .13% Amorphous
$  Conetic Permalloy —_ Crystalline

M__

The Gaylord-Magnavox system applied, within an
interrogation zone 12, a magnetic field that increased
from 0.08 Oersted at the center of the zone to 0.2 Oer-
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sted in the vicinity of interior walls of the zone. The
security system was operated at a frequency of 8 kHz.

Each of strips 1-5 were twice passed through the
SeCurity svstem interrogation zone paralle!l to the walls
thereof. The strips were then flexed to produce a de-
graded condition and passed through the interrogation
zone 12 as before. The results of the test are tabulated
below.

e ——— N T

Sy # Condinon of Matenal Achvated Alarm
W
I before bending yes
alter bending ves
] before bending Ve

after bending
R before bendimg

vES
Ves

aller bending yes
4 before bending yes
after bending YES
8 before bending Ve

afler bending no

M

EXAMPLE II

In order to demonstrate quantitatively the signal
retention capability of the amorphous antipilferage

20

. : . p
marker of the invention, elongated strips composed of =

ferromagnetic amorphous and crystalline materials
were prepared. The strips were evaluated to determine
thewr signal strength before and after flexure using a

8

disposed inside the applied field coil 104. The voltage
generated by the pick up coil 112 was fed into tunable
wave analyzer 114 comprised of a frequency selectable
band pass filter and a-c voitmeter. The band pass filter
was tuned to 5 KH:, an odd integer multiple of the drive
frequency generated by the oscillator generator 101.
The amplitude of harmonic response by the sample
marker 110 was measured with the wave analyzer 114
and indicated by an analog display. A dual channel
oscilloscope 116 was also used to graphically display
the applied and reradiated signal.

The harmonic generation test apparatus 100 was used
to test marker samples composed of materials identified
in Table 1I1. Each of the samples, numbered 1-13 in
Tabie I11 was 15 cm. long. The samples were placed
inside pickup coil 112 and applied field coil 104 and the
amplitude of harmonic response for each sample 110
was observed. Thereafter the samples were helically
wound around a 5-mm diameter mandrel to produce a
degraded condition, straightened and placed in pickup
coil 112 and applied field coil 104, as before. to observe
the amplitude of harmonic response produced thereby.
Finally, the samples were U-bent to a diameter of 22
times their thickness to produce a further degraded
condition and placed inside coils 112 and 104 to observe
the harmonic response thereof. The harmonic stgnal

amphitude retention capability of the samples is set forth
below in Table III.

TABLE III

e

Sampie

FBd.ﬂNiaﬁP].;Bh
FessB <
FeaoNiggMosB g

Feg7Co 4B 4S5
NispFesy
(Deltamax)

7 NigoFei1sMosx
(Supermalloy)

8 FesoNigoBap

9  FegB1384C;

I
2
3
4 CorrFegMo31B5Sis
5
6

Dimensions Harmonic Signal

Wdt. Thk  Before After Mandrel After
No.  Composition Structure mm m  Flexure Bend*® U-Bend*®
R o it stk
Amorphous 097 38 44 46 42
Amorphous 1.09 3] 86 88 78
Amorphous .85 61 |40 135 130
Amorphous 191 38 167 167 150
Amorphous [.73 46 140 140 115
Crystalline  2.26 58 J2 7 6
Crystalline 4.1 25 71 56 36
Amorphous |.68 5] 63 65 63
Amorphous 2.06 31 72 74 76
10 FegoBio Amorphous 97 3B 44 46 42
P FeigNispBrg Amorphous 1.30 5] 37 32 42
12 FegoCaP2 Amorphous 1.02 48 65 64 30
13 FersMoyByp Amorphous 145 46 50 50 45

*Helical Wrap on a 5.0-mm diameier mandrel |
**U-ben! to a bend diameter of 22 times ribbon thickness

harmonic signal amplitude test apparatus of FIG. 5. The
apparatus had an oscillator generator 101 for generating
a sinusoidal signal at a frequency of 1.0 KHz. Oscillator
generator 101 drove a power amplifier 102 connected in
series with an applied field coil 104 through a sampling
resistor 106. The current output of amplifier 102 was
adjusted produce a magnetic field of 1.0 Oerstead
within applied field coil 104. The voltage, V, across
sampling resistor 106 was measured by digital voltmeter
128, and the current, 1, in the coil 2 was calculated from
Ohms Law, I=V/R. There was no applied d-c field,
and the coil 104 was oriented perpendicular to the
earth’s magnetic field. Applied field coil 104 was con-
structed of 121 turns of closely wrapped, #14 AWG.
insulated copper wire. Coil 104 had an inside diameter
of 5.1 cm and was 45.7 cm long. Pick-up coil 112 was
constructed of 540 turns of closely wrapped #26 AWG.
insulated copper wire. The coil 112 had an inside diame-
ter of 1.9 cm. and was 7.6 cm. long. A sample marker
110 was placed in pick-up coil 112, which is coaxially

As shown by the data reported in Table II1, the sam-

50 ples composed of amorphous, ferromagnetic material,

55

65

applicant’s claims retained 90% of their original har-
monic amplitude after flexing and bending, whereas the
samples composed of crystalline materials having the
tradenames “Deltamax” and “Supermalloy” retained
less than 75% of the original harmonic amplitude after
flexing and bending.

Having thus described the invention in rather full
detail it will be understood that these details need not be
strictly adhered to but that further changes and modifi-
cations may suggest themselves to one having ordinary
skill in the art, all falling within the scope of the inven-
tion as defined by the subjoined claims.

What is claimed is:

1. For use in a magnetic theft detection system, a
marker adapted to generate magnetic fields at frequen-
cies that are harmonically related to an incident mag-
netic field applied within an interrogation zone and
have selected tones that provide said marker with signal
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identity. and retaining its signal identity after being
flexed or bent. said marker comprising an elongated.
ductile strip of amorphous ferromagnetic material hav-
ing a composition consisting essentially of the formula
M, N+:OXyY.Z; where M is at least one of tron and
cobalt. N is nickel. O is at least one of chromium and
molybdenum, X is at least one of boron and phospho-
rous. Y is silicon. Z is carbon. “a”-"f" are in atom per-
cent, “a" ranges from about 35-85, “b" ranges from
about 0-45. “c¢” ranges from about 0-2.5, "d"~ ranges
from about 12-20.3, “e" ranges from about 0-13 and “{"
ranges from about 0-2, and the sum of d+e+f{ ranges
from about 15-25.

2 A marker as recited in claim 1, said marker having
at least one magnetizable portion integral therewith, the
magnetizable portion having coercivity higher than that
of said amorphous material.

3. A marker as recited in claim 2, wherein said mag-
netizable portion is adapted to be magnetized to bias
said strip and thereby decrease the amplitude of the
magnetic fields generated by said marker.

4. A marker as recited in claim 2, wheremn said mag-
netizable portion comprises a crystalline region of said
material.

5 A marker as recited in claim 3. wherein said de-
crease in amplitude of magnetic fields generated by said
marker causes said marker to lose its signal identity.

6. In a magnetic theft detection system marker for
generating magnetic fields at frequencies that are har-
monically related to an incident magnetic field applied
within an interrogation zone and have selected tones
that provide said marker with signal identity, the im-
provement wherein:

a. said marker comprising an elongated, ductile strip
of amorphous ferromagnetic material having a
composition consisting essentially of the formula
M/N,OXsY.Zs, where M is at least one of iron
and cobalt, N is nickel, O is at least one of chro-
mium and molybdenum, X is at least one of boron
and phosphorous, Y is silicon, Z is carbon, “a’-tf"
are in atom percent, “‘a” ranges from about 35-85,
“b” ranges from about 0—45, “'c” ranges from about
0-2.5, “*d” ranges from about 12-20.3, “e” ranges
from about 0-13 and “f" ranges from about 0-Z,
and the sum of d+e~+f ranges from about 15-23;
and

b. said marker retains its signal identity after being
flexed or bent.

7. A magnetic detection system responsive to the
presence of an article within an interrogation zone,
comprising:

a. means for defining an interrogation zone;

b. means for generating a magnetic field within said

interrogation zone;

c. a marker secured to an article appointed for pas-
sage through said interrogation zone, said marker
comprising an elongated, ductile strip of amor-
phous ferromagnetic metal having a composition
consisting essentially of the formula M NOX-
4YZs, where M is at least one of iron and cobalt, N
is nickel, O is at least one of chromium and molyb-
denum, X is at least one of boron and phosphorous,
Y is silicon, Z is carbon, “a”-"f" are in atom per-

cent, “‘a” ranges from about 35-85, “b” ranges from

about 0—45, “c” ranges from about 0-2.5, “d” 65

ranges from about 12-20.3, "e” ranges from about
0-13 and “f” ranges from about 0-2, and the sum of
d+e+f ranges from about 15-25, said marker

1t

20

25

30

33

50

55

10

being capable of producing magnetic fields at fre-
quencies which are harmonics of the frequency of
an incident field:

_detecting means for detecting magnetic field varia-
tions at selected tones of said harmonics produced
in the vicinity of the interrogation zone by the
presence of the marker therewithin, said selected
tones providing said marker with signal identity
and said marker retaining said signal identity after
being flexed or bent.

8. For use in a magnetic theft detection sysiem, a
marker adapted to generate magnetic fields at frequen-
cies that are harmonically related to an incident mag-
netic field applied within an interrogation zone and
have selected tones that provide said marker with signal
identity, said marker comprising an elongated, ducule
strip of amorphous ferromagnetic material having a
composition consisting essentially of the formula M N-
40X 4Y . Zs, where M is at least one of iron and cobalt,
N is nickel, O is at least one of chromium and molybde-
num. X is at least one of boron and phosphorous, Y 1s
silicon. Z is carbon, *a"-"{"" are in atom percent, “a"
ranges from about 35-85, “*b™ ranges from about 0-4S5,
“c* ranges from about 0-2.3, "“"d" ranges from about
12-20.3, “e” ranges from about 0-13 and " ranges
from about 0-2, and the sum of d+e+f ranges from
about 15-25.

0. An article of merchandise having an amorphous an-
tipilferage marker secured thereto, said marker comprising
that as recited in claim 8.

10. An article of merchandise as recited in claim 9,
comprising book, wearing apparel or appliance.

1]. For use in a magnetic theft detection system, a
marker adapted to generate magnetic fields at frequencires
that are harmonically related 1o an incident magnetic field
applied within an interrogation zone and have selected
tones that provide said marker with signal identity. said
marker comprising an iron- or cobalt-based amorphous
ferromagnetic alloy comprising at least about 35 atom

40 percent of iron, cobalt, or mixture thereof, and said marker

having such ductility as to permit flexing or bending with-
out degradation of the signal identity thereof.

12 A marker as recited in claim 11, said marker com-
prising an at least 30% glassy strip of said iron- or coball-

45 based amorphous ferromagnetic alloy.

13. A marker as recited in claim 12, said marker com-
prising an at least 80% glassy strip of said iron- or cobalt-
based amorphous ferromagnetic alloy.

14. A marker as recited in claim 13, said marker com-
prising an iron- or cobalt-based amorphous ferromagnetic
foil adapted to be bent to a round radius, without fracture,
as small as ten times the foil thickness thereof.

15. 4 marker as recited in claim 11, said marker retain-
ing at least 90% of its original harmonic amplitude after
flexing or bending.

16. A marker as recited in claim 11, said marker com-
prising an iron- or cobalt-based amorphous ferromagnetic
alloy consisting essentially of the formula MaN pOXaYely:
where M is at least one of iron and cobait, N is nickel, O
is at least one of chromium and molybdenum, X is at least
one of boron and phosphorous, Y is silicon, Z is carbon,
“g”.4f agre in atom percent, “‘a” ranges from about
35-85, “b” ranges from about 0-435, 'c” ranges from about
0-2.5. “d” ranges from about 12-20.3, “‘e" ranges from
about 0-13 and “f" ranges from about 0-2, and the sum of
d + e+ f ranges from about 15-25.

17. A marker as recited in claim 11, said iron- or cobalt-
based amorphous ferromagnetic alloy comprising ar least
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one the clements boron, phosphorous. carbon. silicon, or
mixture thereof.

12

23. A marker as recited in claim 22, said marker com-
prising ai least one ordered row of said plurality of hard
186. A marker as recited in claim 17, said iron- or cobalt- magnetic chips. o | |

ﬂ . 24. A marker as recited in claim 11, said marker com-
based amorphous ferromagnetic alloy comprising an Fe- g . , .
Ni-Mo-B. Fe-Ni-P-B. Fe-Ni-B. Fe-B. Fo-Mo.B. Co-Fo. S prising a solid solution of said iron- or cobalt-based amor-
Y OmD. Pe -8, Fe-ivies, * i ‘ phous ferromagnetic alloy.
Mo-B-5t. Fe-C-5i-B. Fe-Co-B-Si or Fe-C-P glassy metal 25. A marker as recited in claims § or 11, said marker
allov.

comprising a ribbon or foil. wire, or sheet.
1Y 4 marker as recited in claim 11, said marker com-

26. A marker as recited in claim 25. said marker com-
prising at least one crystalline phase and at least one amor- 10 prising a ribbon or foil

phous phase. 27. A marker as recited in claim 25. said marker COM -
20. A marker as recited in claim 11, said marker com- Pr -'gmg a wire. | | o |
prising an amorphous ferromagnetic strip provided with ai 28. A4 m;r Ker as recited in claim 25. said marker com-
_ rising a sheet.
least one magnetizable element. prising . . .
21 4 L ted in claim 20 . ko 15 29. An article of merchandise having an amorphous
T mar er: as reciiea in ¢ am*f ' *Sm marker com- antipilferage marker secured thereto, said marker compris-
prising a plurality of hard magnetic chips. ing that as recited in claim 11
22. A marker as recited in ciaim 21. said marker com-

30. An article of merchandise as recited in claim 29

comprising book, wearing apparel or appliance
20 & | & x x

prising an ordered pattern of said plurality of hard mag-
netic chips.
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