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Description

Technical Field

[0001] The invention relates to the field of antennas
suitable for use in RFID (Radio Frequency Identification)
tags. The invention further relates to RFID tags compris-
ing such antennas, RFID tags that can e.g. be attached
to laundry items - for instance clothing and bed sheets -
used in hospitals or hotels.

Background Art

[0002] WO2014/204322A1 discloses an RFID tag par-
ticularly suitable for use as linen or laundry tag. The RFID
tag in a specific embodiment comprises a backing layer,
a first adhesive layer overlaying the backing layer, an
RFID transponder chip and an antenna overlaying the
first adhesive layer, and a second adhesive layer over-
laying the RFID transponder chip and the antenna. The
layers are laminated together, hermetically sealing the
RFID transponder chip and antenna within the RFID tag.
In a preferred embodiment, the antenna comprises an
elongated multi-strand stainless steel wire, e.g. having
49 strands. The wire is preferably between 0.3 and 0.5
mm in diameter, and encapsulated in a nylon or other
polymer insulation. It is mentioned that such a multi-
strand wire structure measuring 0.3 - 0.5 mm in diameter
with 49 strands was found to have sufficient flexibility and
was less prone to kinking than prior art antennas. The
antenna can be stitched to a reinforced adhesive layer
prior to lamination. The stitching may comprise a cotton,
polyester-cotton, or other substantially durable thread,
and preferably holds the antenna in position during lam-
ination and, in combination with the reinforced adhesive
layer, during subsequent use of the RFID tag.
[0003] US2,443,887 discloses an insulated electrical
conductor comprising a conductive core, e.g. copper
wire, enveloped by insulation comprising permeable ma-
terial, more particularly fibrous material such a paper, or
cotton, silk, nylon, rayon, glass fibers, asbestos, mineral
wool, etc., in thread, felted or fabric form. The permeable
material is coated and at least partly impregnated with a
wax-resin composition.
[0004] US6,727,197B1 discloses a knitted, woven, or
braided textile ribbon including fibers and having a length
and selvage edges and one or more transmission ele-
ments running the length of the ribbon in place of one or
more of the fibers and integrated with the fibers to trans-
mit data and/or power along the length of the ribbon.

Disclosure of Invention

[0005] It is an objective of the invention to provide an
improved RFID antenna for application on textile fabrics
and/or on apparel products and/or on other textile prod-
ucts. It is a specific objective of the invention to provide
an improved RFID antenna that provides better comfort

for the user, when using a fabric or apparel product pro-
vided with the RFID-antenna on a fabric.
[0006] The first aspect of the invention is an antenna
for use in an RFID tag. The antenna comprises an an-
tenna yarn comprising metal fibers. The metal fibers are
stainless steel fibers. The stainless steel fibers are pro-
vided to fulfil the antenna function in the antenna. The
antenna yarn is wrapped by at least one wrapping yarn
thereby covering the full surface of the antenna yarn or
of the metal wire or of the bundle of metal wires. The at
least one wrapping yarn comprises - and preferably con-
sists out of - electrically non-conductive fibers.
[0007] The at least on wrapping yarn wrapping the an-
tenna yarn creates an alternative electrical insulation of
the antenna compared to the prior art extrusion coated
antennas. It is a beneficial technical effect of the use of
the at least one wrapping yarn that a thinner antenna with
lower bending stiffness can be obtained compared to the
prior art version antenna which is extrusion coated. In
extrusion coating, a certain minimum coating thickness
is required in order to ensure that the full antenna surface
is covered with insulation coating. This is especially im-
portant when an antenna yarn is used, as the antenna
yarn has an irregular surface; the full surface needs to
be coated. The result after extrusion coating is a rather
thick antenna. Furthermore, the wrapping yarns result in
much less increase of the bending stiffness compared to
coated antennas.
It has been noticed that the at least one wrapping yarn
causes a compaction of the antenna yarn, reducing its
diameter. The wrapping yarn in itself is thin as well. The
compaction is even more present when using an antenna
yarn with low twist in the antenna yarn (low twist: e.g.
less than 200 turns per meter, or even less than 150 turns
per meter, or even less than 120 turns per meter) or when
using an antenna yarn without twist. Low twist antenna
yarns or antenna yarns without twist have certain volu-
minosity; the at least one wrapping yarn compresses and
compacts the antenna yarn. Thanks to its smaller diam-
eter and thanks to the lower bending stiffness compared
to coated antennas, the antenna provides better comfort
to users when the antenna is attached to fabrics, e.g. to
persons wearing apparel products comprising an RFID-
tag comprising antennas according to the invention. Such
person will be less aware of the presence of the antenna.
Therefore, the invention solves the problem of how to
provide an RFID antenna that provides better comfort to
users, when using a fabric or apparel product provided
with the RFID-antenna on a fabric.
[0008] In a preferred embodiment, the antenna com-
prises an antenna yarn comprising or consisting out of
stainless steel filaments; meaning the stainless steel fib-
ers comprise or are stainless steel filaments. More pref-
erably, the antenna yarn comprises or consists out of
twisted or cabled multifilament stainless steel fibers.
[0009] Preferably, the antenna yarn comprises or con-
sists out of stainless steel filaments; twisted with a twist
less than 200 turns per meter, more preferably less than
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150 turns per meter, even more preferably with a twist
less than 120 turns per meter.
[0010] Preferably; the stainless steel fibers - e.g. stain-
less steel filaments - have an equivalent diameter of less
than 20 mm, preferably of less than 15 mm; e.g. 14 mm
or 12 mm. The equivalent diameter of a fiber of non-cir-
cular cross section is the diameter of a circle with the
same area as the area of the cross section of the fiber
that has a non-circular cross section. As an example, the
antenna yarn can be a bundle of 275 stainless steel fil-
aments of 12 mm diameter, twisted with 100 turns per
meter length of the antenna yarn.
[0011] In a preferred embodiment, the antenna yarn is
a cabled or twisted yarn comprising two or more bundles
of stainless steel filaments, preferably wherein the twist
is less than 200 turns per meter, preferably less than 150
turns per meter, more preferably with a twist less than
120 turns per meter. Preferably, the stainless steel fila-
ments have an equivalent diameter of less than 20 mm,
preferably of less than 15 mm; e.g. 14 mm or 12 mm.
[0012] Preferably, the linear density of the antenna
yarn is less than 350 Tex, more preferably less than 250
Tex.
[0013] Preferably, the antenna yarn comprises at least
80 - and more preferably at least 200 - stainless steel
fibers (and more preferably stainless steel filaments) in
its cross section.
[0014] As an example, the wrapping yarn or wrapping
yarns is/are a multifilament yarn or is/are a spun fiber
yarn or is/are monofilament. Preferred multifilament
wrapping yarns are texturized multifilament yarns, e.g.
polyester multifilament yarns. More preferred are non-
entangled texturized multifilament yarns, because they
provide best coverage.
[0015] In a preferred embodiment, the at least one
wrapping yarn is at least one tape. A tape is a particular
type of monofilament yarn: a tape has a cross section
that is substantially flat, showing a thickness and a width.
For the invention, tapes are used that preferably have a
width over thickness ratio of the cross section of at least
10, preferably at least 15. Preferably, the width over thick-
ness ratio of the tapes is lower than 50, more preferably
lower than 35. Preferred is where the windings of the
tape are not overlapping, but touching each other in sub-
sequent turns of wrapping.
Such tapes in polyester, polyamide, polyolefin (e.g. pol-
yethylene or polypropylene) can be used. Polyester
tapes are preferred however, thanks to their interesting
combination of properties.
Preferred tapes have a cross section with a thickness
between 10 and 40 micrometer, more preferably between
10 and 25 micrometer, even more preferably between
12 and 25 micrometer.
Preferably the width of the cross section of the tape is at
least 100 micrometer, more preferably at least 200 mi-
crometer, even more preferably at least 300 micrometer.
Preferably the width of the tape is less than 500 microm-
eter.

Specific examples of cross sections of tapes that can be
used in the invention are e.g. 250 micrometer by 12 mi-
crometer, 350 micrometer by 12 micrometer, 370 mi-
crometer by 12 micrometer and 250 micrometer by 23
micrometer, e.g. in polyester.
[0016] Preferably, each of the at least one wrapping
yarns is wrapped around the antenna yarn with more
than 1000 turns per meter length of the antenna yarn;
more preferably with more than 2000 turns per meter
length of the antenna yarn. The wrapping yarn or wrap-
ping yarns can e.g. be one or more than one tape.
[0017] In a preferred antenna, the antenna yarn is
wrapped by a wrapping yarn in S-direction; and the an-
tenna yarn is wrapped by a wrapping yarn in Z-direction.
In such embodiments the wrapping yarns can each be a
tape. Preferably, the number of turns per meter length of
the wrapping in S-direction is the same as the turns per
meter length of the wrapping in Z-direction. The antenna
yarn can be wrapped by the wrapping yarns with more
than 1000 turns per meter length of the antenna yarn.
More preferably, with more than 2000 turns per meter
length of the antenna yarn.
A way of wrapping in Z- and in S-direction around the
axis of the antenna yarn is by wrapping part of the wrap-
ping yarns in S-direction and part of the wrapping yarns
in Z-direction around the axis of the antenna yarn. The
advantage of embodiments as described in this para-
graph is that a more stable antenna is obtained. Prefer-
ably, the antenna contains the same amount of wrapping
yarns wrapping in S-direction as in Z-direction, as the
result is the best stability of the antenna and as it enhanc-
es the coverage of the antenna yarn. For instance, the
metallic filament is wrapped by an even number of wrap-
ping yarns, wherein half of the wrapping yarns is wrapped
around the metallic filament in S-direction and the other
half in Z-direction. The benefit is a stabilization of the
antenna. For instance two wrapping yarns are used in
wrapping; one wrapping yarn is wrapped in Z-direction
around the antenna yarn, the other wrapping yarn is
wrapped in S-direction around the antenna yarn.
[0018] The direction of wrapping of yarns is indicated
by the capital letters S or Z. The wrapping is in S-direction
if when the wrapped yarn is held vertically, the wrapping
spirals slope in the same direction as the middle portion
of the letter S. The wrapping is in Z-direction if when the
wrapped yarn is held vertically, the wrapping spirals slope
in the same direction as the middle portion of the letter Z.
[0019] In the antenna yarn, the stainless steel fibers
can be present as stainless steel filaments or the stain-
less steel fibers can be present as fibers of discrete
length.
[0020] In a preferred embodiment, the stainless steel
fibers are present as filaments in parallel untwisted ar-
rangement. It is meant that that no twisting nor cabling
operation has been applied to the filaments, such that
the filaments lie substantially parallel to each other and
substantially parallel to the axis of the antenna yarn. Be-
cause of the lower bending stiffness of such antennas,
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such antennas provide even better comfort to users,
when using a fabric or apparel product provided with the
RFID-antenna on a fabric, as the user is less aware of
the presence of an RFID-antenna on the fabric.
In such embodiment, the antenna yarn is preferably
wrapped by a wrapping yarn in S-direction. More prefer-
ably, the antenna yarn is wrapped in S-direction by a
multifilament wrapping yarn, more preferably by a textur-
ized multifilament wrapping yarn, more preferably by a
non-entangled texturized multifilament wrapping yarn.
More preferably, the antenna yarn is wrapped in S-direc-
tion by a multifilament wrapping yarn with more than 1000
turns per meter length of the antenna yarn, more prefer-
ably with more than 2000 turns per meter length of the
antenna yarn. Preferably, the antenna yarn is wrapped
by a wrapping yarn in Z-direction. More preferably the
antenna yarn is wrapped in Z-direction by a multifilament
wrapping yarn, more preferably by a texturized multifila-
ment wrapping yarn, more preferably by a non-entangled
texturized multifilament wrapping yarn. More preferably,
the antenna yarn is wrapped in Z-direction by a wrapping
yarn with more than 1000 turns per meter length of the
antenna yarn, more preferably with more than 2000 turns
per meter length of the antenna yarn. Preferably, the
wrapping twists in S- and in Z- direction are the same in
terms of number of turns per meter length of the antenna
yarn. As an alternative to the use of multifilament wrap-
ping yarns, tapes can be used to wrap the antenna yarn.
[0021] In a preferred embodiment, the antenna yarn
comprises twisted or cabled multifilament stainless steel
fibers; preferably with a twist less than 200 turns per me-
ter, more preferably less than 150 turns per meter, even
more preferably with a twist less than 120 turns per meter.
The antenna yarn is wrapped by a wrapping yarn in S-
direction. Preferably, the antenna yarn is wrapped in S-
direction by a multifilament wrapping yarn, more prefer-
ably by a texturized multifilament wrapping yarn, more
preferably by a non-entangled texturized multifilament
wrapping yarn. Preferably, the antenna yarn is wrapped
in S-direction by a multifilament wrapping yarn with more
than 1000 turns per meter length of the antenna yarn,
more preferably with more than 2000 turns per meter
length of the antenna yarn. The antenna yarn is wrapped
by a wrapping yarn in Z-direction. Preferably the antenna
yarn is wrapped in Z-direction by a multifilament wrapping
yarn, more preferably by a texturized multifilament wrap-
ping yarn, more preferably by a non-entangled texturized
multifilament wrapping yarn. Preferably, the antenna
yarn is wrapped in Z-direction by a wrapping yarn with
more than 1000 turns per meter length of the antenna
yarn, more preferably with more than 2000 turns per me-
ter length of the antenna yarn. Preferably, the wrapping
twists in S- and in Z- direction are the same in terms of
number of turns per meter length of the antenna yarn.
[0022] Preferred stainless steel fibers, are manufac-
tured via the bundle drawing method. The stainless steel
fibers can be present as filaments (with filaments is meant
fibers of virtually unlimited length); or the stainless steel

fibers can be present as fibers of discrete length. Pref-
erably, the stainless steel fibers have a polygonal, more
preferably a hexagonal, cross section.
[0023] For the invention, with stainless steel is meant
a steel grade comprising at least 10.5% by weight of chro-
mium. Preferably, the stainless steel is stainless steel of
the 300 series or of the 200 series according to ASTM
A240.
[0024] Preferably, the stainless steel fibers - whether
fibers of discrete length or filaments - have an equivalent
diameter of less than 20 mm, preferably of less than 15
mm; e.g. 14 mm or 12 mm. Preferably, the stainless steel
fibers - whether fibers of discrete length or filaments - are
produced via the bundle drawing process, resulting in
the typical polygonal cross section of the stainless steel
fibers or filaments.
[0025] Preferably, the stainless steel fibers have a mar-
tensite percentage by weight less than 5%, preferably
less than 3%, more preferably less than 2%, more pref-
erably less than 1%, more preferably below 0.35%, more
preferably below 0.25%, more preferably below 0.1%.
Even more preferably, the stainless steel fibers are free
from martensite.
[0026] The prior art describes the use of stainless steel
wire antennas for RFID tags. Stainless steel wires have
an end drawn microstructure. An end drawn microstruc-
ture is a microstructure characterized by substantially
non-equiaxed grains. By drawing stainless steel wire (or
stainless steel fibers) the wire or fibers comprise a con-
siderable amount of martensite, typically the martensite
content ranges between 10 and 80 % by weight of the
stainless steel.
[0027] It is a surprising benefit of embodiments with
low martensite content in the stainless steel that - con-
trary to the prior art antennas - the RFID-antenna of the
invention does not interfere with medical devices, such
as MRI-scanners. Consequently, the RFID-antenna ac-
cording to the invention can be used e.g. for RFID-tags
on apparel products or bed sheets that are used in hos-
pitals in or around MRI-scanners, without disturbing the
medical images obtained by the medical devices.
Normally, better reading distance can be obtained by us-
ing a thicker antenna yarn or a thicker stainless steel
wire. However, this is contrary to a request for an antenna
that provides more comfort for the user. A combination
of a thin antenna that has an excellent reading distance
is obtained with such embodiments, thanks to the better
electrical conductivity of the antenna.
[0028] Martensite in stainless steel fibers can be de-
termined by means of optical microscopic observation of
the stainless steel after etching with appropriate etching
chemicals. Alternatively, presence and quantity of mar-
tensite in stainless steel can be determined by means of
X-ray diffraction (XRD). An alternative method is meas-
uring the saturation field via magnetic measurement, af-
ter which the mass percentage of the tested stainless
steel sample can be calculated via comparison with the
measurement value for 100% martensitic stainless steel.
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[0029] Preferably in embodiments wherein the marten-
site content in the stainless steel is less than 5% by
weight, more preferably less than 3% by weight, more
preferably less than 2% by weight, more preferably less
than 1% by weight, more preferably below 0.35% by
weight, more preferably below 0.25% by weight, more
preferably below 0.1% by weight, even more preferably
the stainless steel fibers are free from martensite; the
stainless steel in the antenna have an annealed micro-
structure. An annealed microstructure is a recrystallized
microstructure which comprises substantially equiaxed
grains. Annealing can be performed by a heat treatment
process in which the stainless steel is heated to above
its recrystallization temperature, maintaining a suitable
temperature during a certain period of time, and then
cooling. The annealing process removes martensite
formed during drawing of stainless steel fibers and re-
crystallizes the stainless steel, resulting in substantially
equiaxed grains.
[0030] For embodiments in which the martensite con-
tent in the stainless steel is less than 5% by weight, more
preferably less than 3% by weight, more preferably less
than 2% by weight, more preferably less than 1% by
weight, more preferably below 0.35% by weight, more
preferably below 0.25% by weight, more preferably below
0.1% by weight, even more preferably the stainless steel
fibers are free from martensite; it is also possible to obtain
the low martensite or martensite free stainless steel fibers
for the invention by annealing during a sufficient time
period at temperatures below the recrystallization tem-
perature. Martensite is then converted into austenite
without a complete recrystallization of the microstructure.
[0031] The stainless steel fibers can e.g. be made out
of stainless steel of the 300 alloy series or of the 200
alloy series according to ASTM A240 (and more specif-
ically according to ASTM A240 / A240M-15a, Standard
Specification for Chromium and Chromium-Nickel Stain-
less Steel Plate, Sheet, and Strip for Pressure Vessels
and for General Applications, ASTM International, West
Conshohocken, PA, 2015), e.g. alloy 316 or alloy 316L.
Preferably, the stainless steel fibers are made out of an
alloy comprising at least 12 % by weight of nickel.
More preferably, the stainless steel fibers are made out
of an alloy comprising at least 12 % by weight of nickel
and at least 16 % by weight of chromium; and preferably
between 2 and 2.5 % by weight of molybdenum.
Even more preferred is an alloy that has the same spec-
ification as alloy 316L (according to ASTM A240 / A240M-
15a) but with modified nickel content (between 12 and
15 % by weight), modified chromium content (between
17 and 18 % by weight) and modified molybdenum con-
tent (between 2 and 2.5 % by weight).
[0032] Preferably, the stainless steel fibers are out of
a stainless steel alloy comprising between 12 and 15%
by weight of nickel, between 17 and 18% by weight of
chromium, between 2 and 2.5% by weight of molybde-
num, less than 0.03 % by weight of carbon and less than
0.1% by weight of nitrogen. Such alloy is preferred be-

cause of its low amount of martensite in the end-drawn
microstructure of bundle drawn fibers.
[0033] Preferably, the stainless steel fibers comprise
or are made out of a high nitrogen austenitic stainless
steel (HNASS). A high nitrogen austenitic stainless steel
alloy is a stainless steel alloy comprising nitrogen content
of more than 0.4% by weight. HNASS steel grades stay
fully austenitic during the wire drawing or bundled fiber
drawing process; no strain induced martensite is formed
during the drawing process.
A first example of a HNASS steel grade that can be used
in the invention comprises 0.2 % by weight of carbon,
17% by weight of chromium, 0.05 % by weight of nickel,
0.53% by weight of nitrogen, 3.3% by weight of molyb-
denum and 10.50% by weight of manganese. A second
example of a HNASS steel grade that can be used in the
invention comprises 0.08% by weight of carbon, 21 % by
weight of chromium, 0.3% by weight of nickel, 1% by
weight of nitrogen, 0.7% by weight of molybdenum and
23% by weight of manganese.
[0034] The stainless steel fibers can be present in the
antenna yarn as filaments; or the stainless steel fibers
can be present in the antenna yarn as fibers of discrete
length. With filaments is meant stainless steel fibers of
virtually unlimited length. An antenna yarn comprising
stainless steel filaments can be provided as a bundle of
twisted parallel filaments, or as multiply (e.g. a two-ply)
twisted or cabled yarn.
With fibers of discrete length is meant that the fibers have
a finite length and in most cases a length distribution.
Antenna yarns out of fibers with discrete length can be
made by means of a yarn spinning process, e.g. ring
spinning. Antenna yarns out of fibers with discrete length
can be single ply yarns, or multiply (e.g. two ply) yarns.
Stainless steel fibers for use in the invention, whether
filaments or fibers of discrete length, can be made ac-
cording to the bundle drawing method, as is e.g. de-
scribed in US-A-2050298. Bundle drawn fibers have a
characteristic polygonal cross-section. Preferably, bun-
dle drawn stainless steel fibers for use in the invention
have an equivalent diameter of more than 4 mm, prefer-
ably of more than 10 mm; and preferably less than 30
mm, more preferably less than 20 mm; more preferably
less than 15 mm.
It is also possible to use in the invention single end drawn
stainless steel filaments. Such filaments have in most
cases a round cross section. Preferred are single end
drawn stainless steel filaments with cross section more
than 40 mm and preferably less than 100 mm, e.g. 50 mm,
60 mm or 80 mm. An example is a yarn consisting out of
24 stainless steel filaments of 50 mm diameter twisted
together with 100 turns per meter.
[0035] The second aspect of the invention is an RFID
tag comprising a transponder chip and an antenna as in
the first aspect of the invention. The antenna is coupled
to the transponder chip. The antenna can be inductively
coupled to the transponder chip.
[0036] Preferably, the RFID tag comprises a trans-
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ponder chip and two antennas as in the first aspect of
the invention. The two antennas are each coupled to the
transponder chip; the antenna can be inductively couple
to the transponder chip. Preferably, the included angle
between the two antennas is 180°.
[0037] A third aspect of the invention is an assembly
of a textile fabric and an RFID tag as in the second aspect
of the invention. The RFID tag is fixed onto the textile
fabric. The transponder chip can e.g. be fixed onto the
textile fabric by means of a laminating foil, or by means
of epoxy blob, or by means of glue. The antenna or an-
tennas can be fixed onto the textile fabric by means of
one or more stitching yarns.
[0038] Preferably the RFID-tag is fixed onto the textile
fabric such that the antenna forms on the textile fabric a
loop with overlapping ends. The transponder chip can be
present on the fabric inside the loop with overlapping
ends.
[0039] Preferably, the antenna is fixed onto the textile
fabric, so that the antenna undulates on the textile fabric.
[0040] Preferably, the antenna is fixed onto the textile
fabric by means of one or by means of more than one
stitching yarns.
[0041] A fourth aspect of the invention is an apparel
product, e.g. a gown, or a bed sheet, or a pillow cover or
a towel comprising an assembly as in the third aspect of
the invention.

Brief Description of Figures in the Drawings

[0042]

Figure 1 shows the cross section of an antenna for
an RFID tag according to the first aspect of the in-
vention.
Figure 2 shows the section in a plane through and
along the axis of an antenna for an RFID tag accord-
ing to the first aspect of the invention.
Figure 3 shows a textile fabric and an RFID tag fixed
onto the textile fabric.

Mode(s) for Carrying Out the Invention

[0043] Figure 1 shows the cross section 100 of an ex-
emplary antenna for an RFID tag according to the first
aspect of the invention. Figure 2 shows the section 200
in a plane through and along the axis of an exemplary
antenna for an RFID tag according to the first aspect of
the invention. The exemplary RFID-antenna has been
made using bundle drawn stainless steel filaments of 12
mm equivalent diameter out of 316L stainless steel (ac-
cording to ASTM A240). A parallel bundle of 275 stainless
steel filaments 110 has been twisted with 100 turns per
meter in order to obtain a twisted yarn; the antenna yarn.
A first wrapping yarn 120 is wrapped in Z-direction around
the antenna yarn. A second wrapping yarn 125 is
wrapped in S-direction around the antenna yarn. The
wrapping yarns 120 and 125 create a full coverage of the

surface of the antenna yarn. The example of figures 1
and 2 shows an antenna yarn wrapped in Z- and in S-
direction, however, it is also possible to perform the in-
vention using only wrapping in Z-direction or in S-direc-
tion; however wrapping in Z- and in S-direction is pre-
ferred.
[0044] Figure 3 shows a textile fabric 330 and an RFID
tag 340 fixed onto the textile fabric. The RFID tag 340
comprises a transponder chip 350 and an antenna 360
as in the first aspect of the invention. The antenna 360
is positioned undulating on the textile fabric and forms in
the middle of its length a loop 365 with overlapping ends.
The antenna 360 is inductively coupled to the transpond-
er chip 350. The RFID tag 340 is fixed onto the textile
fabric. The antenna 360 is fixed onto the textile fabric 330
by means of one or more than one stitching yarns 370.
The transponder chip 360 is fixed onto the textile fabric
by means of an, e.g. transparent, laminating foil 355. Al-
ternatively, the transponder chip can e.g. be fixed onto
the textile fabric by means of epoxy blob or glue.
[0045] A first example of an antenna for use in an RFID
tag comprises an antenna yarn, provided out of 90 stain-
less steel filaments of 14 mm equivalent diameter, twisted
together with a twist of 100 turns per meter. The stainless
steel filaments of the antenna yarn have been made using
bundle drawn stainless steel filaments out of 316L stain-
less steel (according to ASTM A240). The antenna yarn
is wrapped in S-direction and in Z-direction by 76 dTex
(= 7.6 Tex) non-entangled texturized polyester multifila-
ment yarns. The wrappings are done with 2250 turns per
meter length of the antenna yarn. The wrapping non-
entangled texturized polyester multifilament yarns cover
the full surface of the antenna yarn. The antenna has a
diameter of 0.23 mm.
[0046] A second example of an antenna for use in an
RFID tag comprises an antenna yarn provided out of 275
stainless steel filaments of 12 mm equivalent diameter,
twisted together with a twist of 100 turns per meter. The
stainless steel filaments of the antenna yarn have been
made using bundle drawn stainless steel filaments out
of 316L stainless steel (according to ASTM A240). The
antenna yarn is wrapped in S-direction and in Z-direction
by 167 dTex (= 16.7 Tex) non-entangled texturized pol-
yester multifilament yarns. The wrappings are done with
1250 turns per meter length of the antenna yarn. The
wrapping non-entangled texturized polyester multifila-
ment yarns cover the full surface of the antenna yarn.
The antenna has a diameter of 0.33 mm. Because the
antenna yarn deforms easily and compresses when be-
ing touched before wrapping, it is difficult to measure its
diameter prior to wrapping.
This antenna was compared with a prior art antenna with
the same antenna yarn but having a polymer coating
sheath instead of the wrapping yarns. The prior art an-
tenna with the polymer coating sheath has a diameter of
0.55 mm. Analysing the cross section of the polymer
sheath showed a coating layer thickness of 0.12 mm and
a diameter of the antenna yarn in the antenna 0.31 mm.
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The coating layer thickness 0.12 mm was the lowest coat-
ing layer thickness that could be applied for full coverage
of the surface of the antenna yarn with polymer. The
wrapped antenna also showed a lower bending stiffness
than the coated antenna.
[0047] A third example of an antenna for use in an RFID
tag comprises an antenna yarn provided out of 275 stain-
less steel filaments of 12 mm equivalent diameter, twisted
together with a twist of 100 turns per meter. The stainless
steel filaments of the antenna yarn have been made using
bundle drawn stainless steel filaments out of 316L stain-
less steel (according to ASTM A240). The antenna yarn
is wrapped in S-direction and in Z-direction by 76 dTex
(= 7.6 Tex) non-entangled texturized polyester multifila-
ment yarns. The wrappings are done with 2250 turns per
meter length of the antenna yarn. The wrapping non-
entangled texturized polyester multifilament yarns cover
the full surface of the antenna yarn. The antenna has a
diameter of 0.30 mm, indicating a larger compaction of
the antenna yarn in the wrapping operation than in the
second example, and the use of the thinner wrapping
yarn than in the second example.
[0048] In the three examples, 316L stainless steel (ac-
cording to ASTM A240) fibers have been used; however,
other stainless steel grades can be used in the invention.
[0049] Instead of non-entangled texturized multifila-
ment wrapping yarns, other yarns or tapes can be used
as non-electrical conductive wrapping fiber material.
[0050] Although wrapping in S- and in Z-direction is
preferred, wrapping in only one direction (S or Z) can be
used in the invention.
[0051] A fourth example of an antenna for use is an
RFID tag comprises an antenna yarn provided out of 275
stainless steel filaments of 12 mm equivalent diameter,
twisted together with a twist of 100 turns per meter. The
stainless steel filaments of the antenna yarn have been
made using bundle drawn stainless steel filaments out
of 316L stainless steel (according to ASTM A240). The
stainless steel filaments have been annealed at 1000 °C
to create an annealed microstructure of the stainless
steel filaments. The antenna yarn is wrapped in S-direc-
tion and in Z-direction by 167 dTex (= 16.7 Tex) non-
entangled texturized polyester multifilament yarns. The
wrappings are done with 1250 turns per meter length of
the antenna yarn. The wrapping non-entangled textur-
ized polyester multifilament yarns cover the full surface
of the antenna yarn.
The antenna was virtually free of martensite, as deter-
mined by measuring the saturation field via magnetic
measurement, and comparison with the measurement
value of stainless steel samples with known martensite
weight percentage to calculate the martensite weight per-
centage of the tested sample. An RFID-tag was made
comprising a transponder chip and such antenna. The
textile fabric with the exemplary RFID tag with the anten-
nas as described in the example has been tested on the
effect on MRI-scanner images. The effect was sufficiently
low such that it did not affect the MRI images negatively.

The antenna has a diameter of 0.33 mm. This antenna
was compared with a prior art antenna that has a polymer
coating sheath and an antenna yarn similar in construc-
tion as the fourth example but comprising stainless steel
filaments with an end-drawn microstructure. The prior art
antenna with the polymer sheet has a diameter of 0.55
mm. Analysing the cross section of the polymer sheath
showed a coating layer thickness of 0.12 mm and a di-
ameter of the antenna yarn in the antenna 0.31 mm. The
antenna of the fourth example showed improved reading
distance compared to the prior art antenna yarn with a
polymer coating. This improved reading distance is ob-
tained by the difference in conductivity: the antenna of
the fourth example has an electrical conductivity of 30
Ohm per meter length of the antenna, whereas the elec-
trical conductivity of the prior art antenna (with antenna
yarn with stainless steel filaments with end-drawn micro-
structure and with a polymer sheath) is 25 Ohm per meter
length of the antenna.
[0052] A fifth example of an antenna for use in an RFID
tag comprises an antenna yarn provided out of 275 stain-
less steel filaments of 12 mm equivalent diameter. The
stainless steel filaments are present in parallel untwisted
arrangement; this means as a bundle of untwisted, par-
allel stainless steel filaments. The stainless steel fila-
ments of the antenna yarn have been made using bundle
drawn stainless steel filaments out of 316L stainless steel
(according to ASTM A240). The antenna yarn is wrapped
in S-direction and in Z-direction by 76 dTex (= 7.6 Tex)
non-entangled texturized polyester multifilament yarns.
The wrappings are done with 2250 turns per meter length
of the antenna yarn. The wrapping non-entangled textur-
ized polyester multifilament yarns cover the full surface
of the antenna yarn.
[0053] Other wrapping yarns can be used than the
ones listed in the first, second, third, fourth and fifth ex-
ample. Advantageously, tapes can be used as wrapping
yarns. Specific examples of cross sections of tapes that
can be used in the invention are e.g. 250 micrometer by
12 micrometer, 350 micrometer by 12 micrometer, 370
micrometer by 12 micrometer and 250 micrometer by 23
micrometer, e.g. in polyester.

Claims

1. Antenna (360, 100) for use in an RFID tag,
wherein the antenna comprises an antenna yarn,
wherein the antenna yarn comprises metal fibers
(110);
wherein the metal fibers are stainless steel fibers;
characterized in that the antenna yarn is wrapped
by at least one wrapping yarn (120, 125) thereby
covering the full surface of the antenna yarn;
wherein the at least one wrapping yarn comprises
electrically non-conductive fibers.

2. Antenna as in claim 1; wherein the stainless steel
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fibers have an equivalent diameter of less than 20
mm; wherein the equivalent diameter of a fiber of
non-circular cross section is defined as the diameter
of a circle with the same area as the area of the cross
section of the fiber that has a non-circular cross
section .

3. Antenna as in any of the preceding claims, wherein
the antenna yarn comprises at least 80 stainless
steel fibers in its cross section.

4. Antenna as in any of the preceding claims, wherein
the at least one wrapping yarn is at least one tape.

5. Antenna as in any of the preceding claims; wherein
each of the at least one wrapping yarns is wrapped
around the antenna yarn with more than 1000 turns
per meter length of the antenna yarn.

6. Antenna as in any of the preceding claims,
wherein the antenna yarn is wrapped by the wrap-
ping yarn (125) in S-direction;
and wherein the antenna yarn is wrapped by a sec-
ond wrapping yarn (120) in Z-direction; wherein the
second wrapping yarn comprises electrically non-
conductive fibers.

7. Antenna as in claim 6; wherein the number of wrap-
ping turns of the wrapping yarn (120) wrapping the
antenna yarn in Z-direction are the same as the
number of wrapping turns of the wrapping yarn (125)
wrapping the antenna yarn in S-direction.

8. Antenna as in any of the preceding claims,
wherein the stainless steel fibers are present as fil-
aments; or wherein the stainless steel fibers are
present as fibers of discrete length.

9. Antenna as in any of the preceding claims 1 - 8;
wherein the stainless steel fibers are present as fil-
aments in parallel untwisted arrangement.

10. Antenna as in any of the preceding claims 1 - 9,
wherein the antenna yarn comprises twisted or ca-
bled multifilament stainless steel fibers; or
wherein the stainless steel fibers are present in the
antenna yarn as filaments in parallel untwisted ar-
rangement; and
wherein the antenna yarn is wrapped by the wrap-
ping yarn in S-direction; and
wherein the antenna yarn is wrapped by a second
wrapping yarn in Z-direction; wherein the second
wrapping yarn comprises electrically non-conduc-
tive fibers.

11. Antenna as in any of the preceding claims, wherein
the stainless steel fibers have a martensite percent-
age by weight less than 5%.

12. RFID tag (340) comprising a transponder chip (350)
and an antenna (360) as in any of the preceding
claims, wherein the antenna is coupled to the trans-
ponder chip.

13. Assembly of a textile fabric (330) and an RFID tag
(340) as in claim 12, wherein the RFID tag is fixed
onto the textile fabric.

14. Assembly as in claim 13, wherein the antenna (360)
is fixed onto the textile fabric (330) by means of one
or by means of more than one stitching yarn (370).

15. Apparel product or bed sheet or pillow cover or towel
comprising an assembly as in any of the claims 13
or 14.

Patentansprüche

1. Antenne (360, 100) zur Verwendung in einem RFID-
Tag,
wobei die Antenne ein Antennengarn umfasst,
wobei das Antennengarn Metallfasern (110) um-
fasst;
wobei die Metallfasern Fasern aus rostfreiem Stahl
sind; dadurch gekennzeichnet, dass das Anten-
nengarn durch mindestens ein Umwicklungsgarn
(120, 125) umwickelt ist, wodurch die vollständige
Oberfläche des Antennengarns bedeckt ist;
wobei das mindestens eine Umwicklungsgarn elek-
trisch nichtleitende Fasern umfasst.

2. Antenne nach Anspruch 1, wobei die Fasern aus
rostfreiem Stahl einen äquivalenten Durchmesser
von weniger als 20 mm aufweisen; wobei der äqui-
valente Durchmesser einer Faser eines nicht kreis-
förmigen Querschnitts als der Durchmesser eines
Kreises mit derselben Fläche wie die Fläche des
Querschnitts der Faser, die einen nicht kreisförmi-
gen Querschnitt aufweist, definiert ist.

3. Antenne nach einem der vorhergehenden Ansprü-
che, wobei das Antennengarn mindestens 80 Fa-
sern aus rostfreiem Stahl in seinem Querschnitt um-
fasst.

4. Antenne nach einem der vorhergehenden Ansprü-
che, wobei das mindestens eine Umwicklungsgarn
mindestens ein Band ist.

5. Antenne nach einem der vorhergehenden Ansprü-
che,
wobei jedes der mindestens einen Umwicklungsgar-
ne um das Antennengarn mit mehr als 1000 Wick-
lungen pro Meter Länge des Antennengarns gewi-
ckelt ist.
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6. Antenne nach einem der vorhergehenden Ansprü-
che,
wobei das Antennengarn durch das Umwicklungs-
garn (125) in S-Richtung umwickelt ist;
und wobei das Antennengarn durch ein zweites Um-
wicklungsgarn (120) in Z-Richtung umwickelt ist; wo-
bei das zweite Umwicklungsgarn elektrisch nichtlei-
tende Fasern umfasst.

7. Antenne nach Anspruch 6, wobei die Anzahl an Um-
wicklungswicklungen des Umwicklungsgarns (120),
das das Antennengarn in Z-Richtung umwickelt, die-
selbe ist wie die Anzahl an Umwicklungswicklungen
des Umwicklungsgarns (125), das das Antennen-
garn in S-Richtung umwickelt.

8. Antenne nach einem der vorhergehenden Ansprü-
che, wobei die Fasern aus rostfreiem Stahl als Fila-
mente vorliegen; oder wobei die Fasern aus rostfrei-
em Stahl als Fasern einer diskreten Länge vorliegen.

9. Antenne nach einem der vorhergehenden Ansprü-
che 1-8, wobei die Fasern aus rostfreiem Stahl als
Filamente in einer parallelen, nicht verdrillten Anord-
nung vorliegen.

10. Antenne nach einem der vorhergehenden Ansprü-
che 1-9,
wobei das Antennengarn verdrillte oder verdrehte
Mehrfilamentfasern aus rostfreiem Stahl umfassen;
oder wobei die Fasern aus rostfreiem Stahl in dem
Antennengarn als Filamente in einer parallelen, nicht
verdrillten Anordnung vorliegen; und
wobei das Antennengarn durch das Umwicklungs-
garn in S-Richtung umwickelt ist; und
wobei das Antennengarn durch ein zweites Umwick-
lungsgarn in Z-Richtung umwickelt ist; wobei das
zweite Umwicklungsgarn elektrisch nichtleitende
Fasern umfasst.

11. Antenne nach einem der vorhergehenden Ansprü-
che, wobei die Fasern aus rostfreiem Stahl einen
Martensit-Anteil von weniger als 5 Gewichts-% auf-
weisen.

12. RFID-Tag (340), umfassend einen Transponderchip
(350) und eine Antenne (360) nach einem der vor-
hergehenden Ansprüche, wobei die Antenne an den
Transponderchip gekoppelt ist.

13. Anordnung aus einem Textilgewebe (330) und ei-
nem RFID-Tag (340) nach Anspruch 12, wobei der
RFID-Tag an dem Textilgewebe befestigt ist.

14. Anordnung nach Anspruch 13, wobei die Antenne
(360) an dem Textilgewebe (330) mithilfe eines oder
mithilfe mehr als eines Heftgarns (370) befestigt ist.

15. Kleidungsprodukt oder Bettlaken oder Kissenbezug
oder Handtuch, umfassend eine Anordnung nach ei-
nem der Ansprüche 13 oder 14.

Revendications

1. Antenne (360, 100) à utiliser dans une étiquette
RFID,
l’antenne comprenant un fil d’antenne,
le fil d’antenne comprenant des fibres métalliques
(110) ;
les fibres métalliques étant des fibres d’acier
inoxydable ;
caractérisé en ce que le fil d’antenne est enveloppé
par au moins un fil d’enveloppement (120, 125), cou-
vrant ainsi toute la surface du fil d’antenne ;
l’au moins un fil d’enveloppement comprenant des
fibres électriquement non conductrices.

2. Antenne selon la revendication 1, les fibres en acier
inoxydable ayant un diamètre équivalent inférieur à
20 mm ; le diamètre équivalent d’une fibre de section
transversale non circulaire étant défini comme le dia-
mètre d’un cercle ayant la même surface que la sur-
face de la section transversale de la fibre qui a une
section transversale non circulaire.

3. Antenne selon l’une quelconque des revendications
précédentes, le fil d’antenne comprenant au moins
80 fibres en acier inoxydable dans sa section trans-
versale.

4. Antenne selon l’une quelconque des revendications
précédentes, l’au moins un fil d’enveloppement étant
au moins un ruban.

5. Antenne selon l’une quelconque des revendications
précédentes, chacun des au moins un fil d’envelop-
pement enveloppant autour le fil d’antenne avec plus
de 1000 tours par mètre de longueur du fil d’antenne.

6. Antenne selon l’une quelconque des revendications
précédentes,
le fil d’antenne étant enveloppé par le fil d’envelop-
pement (125) dans la direction S ;
et le fil d’antenne étant enveloppé par un second fil
d’enveloppement (120) dans la direction Z ;
le second fil d’enveloppement comprenant des fibres
électriquement non conductrices.

7. Antenne selon la revendication 6, le nombre de tours
d’enveloppement du fil d’enveloppement (120) en-
veloppant le fil d’antenne dans la direction Z étant le
même que le nombre de tours d’enveloppement du
fil d’enveloppement (125) enveloppant le fil d’anten-
ne dans la direction S.

15 16 



EP 3 360 079 B1

10

5

10

15

20

25

30

35

40

45

50

55

8. Antenne selon l’une quelconque des revendications
précédentes,
les fibres d’acier inoxydable étant présentes sous
forme de filaments ; ou les fibres d’acier inoxydable
étant présentes sous forme de fibres de longueur
discrète.

9. Antenne selon l’une quelconque des revendications
précédentes 1 à 8, les fibres d’acier inoxydable étant
présentes sous forme de filaments dans un agence-
ment parallèle non torsadé.

10. Antenne selon l’une quelconque des revendications
précédentes 1 à 9,
le fil d’antenne comprenant des fibres d’acier inoxy-
dable multifilaments torsadées ou câblées ; ou
les fibres en acier inoxydable étant présentes dans
le fil d’antenne sous forme de filaments dans un
agencement parallèle non torsadé ; et
le fil d’antenne étant enveloppé par le fil d’envelop-
pement dans la direction S ; et
le fil d’antenne étant enveloppé par un second fil
d’enveloppement dans la direction Z ; le second fil
d’enveloppement comprenant des fibres électrique-
ment non conductrices.

11. Antenne selon l’une quelconque des revendications
précédentes, les fibres d’acier inoxydable ayant un
pourcentage de martensite en poids inférieur à 5 %.

12. Étiquette RFID (340) comprenant une puce de trans-
pondeur (350) et une antenne (360) selon l’une quel-
conque des revendications précédentes, l’antenne
étant couplée à la puce de transpondeur.

13. Assemblage d’un tissu textile (330) et d’une étiquette
RFID (340) selon la revendication 12, l’étiquette
RFID étant fixée sur le tissu textile.

14. Assemblage selon la revendication 13, l’antenne
(360) étant fixée sur le tissu textile (330) au moyen
d’un ou de plusieurs fils de couture (370).

15. Produit d’habillement ou drap de lit ou housse
d’oreiller ou serviette comprenant un assemblage
selon l’une quelconque des revendications 13 ou 14.
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