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(57) Abstract: The present invention relates to an electrically conductive metal composite embroidery yarn and embroidered circuit
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composite embroidery yarn and embroidered circuit for smart textiles which can be used as power supply and signal transmission
lines. The present invention provides an embroidered circuit which consists of a metal composite embroidery yarn and a dielectric
fabric substrate, wherein the electrically conductive metal composite embroidery yarn is embroidered on the dielectric fabric sub-

strate to form a circuit.
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[DESCRIPTION]
[Invention Title]

ELECTRICALLY CONDUCTIVE METAL COMPOSITE EMBROIDERY YARN AND EMBROIDERED

CIRCUIT USING THEREOF
[Technical Field]

The present invention relates to an electrically conductive metal
composite embroidery yarn and embroidered circuit using thereof, and more
particularly, to an electrically conductive metal composite embroidery yarn
that can be used as power supplies and signal transmission lines for smart
textiles and embroidered circuit using thereof.

[Background Art]

Smart interactive textile systems refer to an intelligent textile

system that provides a smart environment for users by responding and reacting

spontaneously to outside stimulus. In order to achieve smart interactive

textile systems, there needs to be a textile infrastructure where sensors,

actuators, power sources and data processing and communication devices are
electrically interconnected. And further, these electrical devices should be
applicable to textiles.

An electronic circuit is a closed path formed by the interconnection of
electronic components through which an electric current can flow. The PCB, or
Printed Circuit Board is at present a widely used electronic circuit, in
which a conductive line or signal line is wet—etched on a dielectric
substrate. PCB is sturdy, inexpensive and highly reliable, but it is rigid
and heavy with space limitations. The FPCB or Flexible Printed Circuit Board
improves these drawbacks by using copper-foiled polyimide films which bend
flexibly. The FPCB, having advantages of being easy to form detailed
patterns, flexible, light-weighted and of occupying less space, is widely
applicable to display-related products such as LCD and PDP modules, etc.
However, its complex manufacturing process leads to increased production cost
and a harmful working environment. Moreover, its limited flexibility causes

the copper foil to break after excessive deformation. Meanwhile, a project on



<4>

<5>

<6>

WO 2009/017362 PCT/KR2008/004439

stretchable electronics, or STELLA which is carried out by the EU for use in
healthcare, wellness and functional clothes, has integrated electronics in
stretchable parts and products. Stretchable electronics integrate electronic
components, energy supply, sensors, actuators, or display and switches on a
stretchable substrate such as silicon or polyurethane. However, the method
does not involve textile processing and thus is not applicable in many
applications of smart textiles.

U.S. Patent Publication No.2006-0289469 discloses a flexible circuit
that overcomes the shortcomings of the PCB or FPCB and works properly as part
of wearable electronics. This prior art proposes materials embroidered with
silver-coated nylon yarns and a flexible circuit made by etching silver-
coated nylon fabrics in any desired shape. The circuit is flexible, light-
weighted, and attachable to clothes. However, the silver-coated textiles have
limitations in reducing the electrical resistance to a desired level.
Therefore in order to reduce electrical resistance, a number of metal-coated
fibers should be used or multiple layers of the fabric should be stitched.
That is, the circuit consists inevitably of thick lines or thick patches, as
the conductive yarn is too thin to provide desired conductivity.
Consequent ly, when applied to clothes or other textiles, the circuit has poor
washing and abrasion durability. And when the silver—coated yarns are coated
with PVC for electric insulation, the circuit can not be directly used as an
embroidery yarn but only used as an applique.

Thus a need exists for an electrically conductive embroidered circuit
that has low electrical resistance with washing and abrasion durability, and
adequate strength to maintain electric capability under external force.

[Disclosure]
[Technical Problem]

The object of the present invention is to provide an embroidered
electrical circuit made of metal composite embroidery yarn which has
electrical conductivity, durability and embroidering processibility that

smart textiles demand, and a dielectric fabric substrate, and smart
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interactive textile systems using thereof.
[Technical Solution]

In order to solve the above problems, according to the preferred
embodiment of the present invention, an electrically conductive metal
composite embroidery yarn is prepared by: the first process in which one or
more metal filaments are wound in a covered state afound the surface of fiber
yarn to have a plurality of twists per meter; the second process in which the
fiber yarn wounded with one or more metal filaments in the first process is
twisted in S direction to have a plurality of twists per meter; and the third
process in which the two or more of twisted yarns in S direction are plied
together in Z direction to have a plurality of twists per meter, wherein the
conductive material is insulated.

According to another preferred embodiment of the present invention, the
insulation is an enamel coating.

According to another preferred embodiment of the present invention, the
metal filament can be covered with multifilament yarns of 30 deniers or less
for protection.

According to another preferred embodiment of the present invention, the
conductive metal composite embroidered yarn comprises: fiber yarns; and one
or more insulated metal filaments which are plied into the fiber yarns with a
plurality of twists per meter, wherein the insulation is an enamel coating.

According to another preferred embodiment of the present invention, the
metal filament is a copper filament.

According to another preferred embodiment of the present invention, the
fiber yarn is polyester.

According to another preferred embodiment of the present invention, DC
resistivity of the conductive metal composite embroidery yarn is 5.0Q2/m or
less.

According to another embodiment of the present invention, a conductive
embroidered circuit consists of a metal composite embroidery yarn and a

dielectric fabric substrate, in which the metal composite embroidery yarn is
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embroidered on the dielectric fabric substrate.

According to another embodiment of the present invention, the warp or
weft of the dielectric fabric substrate is monofilament, and the weaving
density of the weft is similar to that of the warp.

According to another embodiment of the present invention, the
electrically Conductive metal composite embroidered circuit is characterized
by the metal composite embroidery yarn which is prepared by: the first
process in which one or more metal filaments are wound in a covered state
around the surface of fiber yarn to have a plurality of twists per meter; the
second process in which the fiber yarn wounded with one or more metal
filaments in the first process is twisted in S direction to have a plurality
of twists per meter; and the third process in which at least two or more
strands of S-twisted yarns in the second process are plied in Z direction to
have a plurality of twists per meter.

According to another embodiment of the present invention, the
electrically conductive metal composite embroidered circuit is characterized
by the metal composite embroidery yarn which is prepared by: the first
process in which fiber yarn is wound in a covered state around the surface of
one or more metal filaments to have a plurality of twists per meter; the
second process in which at least two or more strands of the metal filaments
wounded with the fiber yarn in the first process are plied together in Z
direction to have a plurality of twists per meter.

According to another embodiment of the present invention, the metal
filaments may be silver, copper and stainless steel with a diameter range of
0.0lmm to O.lmm.

According to another embodiment of the present invention, the metal
filaments are insulated.

According to another embodiment of the present invention, the
insulation is an enamel coating.

According to another embodiment of the present invention, the metal

filaments can be covered with multifilament yarns of 30 deniers or less for
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protection.
[Advantageous Effects]

The embroidered circuit using electrically conductive metal composite
embroidery yarn of the present invention improves the shortcomings of the PCB
or the FPCB in terms of flexibility, low weight, eco-friendliness,
productivity, and design when applied to ordinary garments and other
textiles. In addition, it significantly improves electrical conductivity and
durability, compared to an embroidered circuit using a metal-coated fiber.

[Description of Drawings]

Fig. 1 is a graph showing the results on measurement of the DC
resistance of the electrically conductive metal composite embroidery yarn in
Example 2.

Fig. 2 is a graph showing the stress-strain curve of the electrically
conductive metal composite embroidery yarn in Examples 1 and 2, which is
measured using the INSTRON 5543 apparatus in accordance with the ASTM D2256
(Test method for breaking load(strength) and elongation of yarn by the single
strand method).

Fig. 3 shows one example of the electrically conductive metal composite
embroidery yarn for use in an embroidered circuit.

Fig. 4 shows one example of the embroidered circuit of the present
invention.

Fig. 5 shows one example of the embroidered circuit of the present
invention.

Fig. 6 shows one example of the embroidered circuit of the present
invention.

Fig. 7 is a graph showing frequency impedance inductance of the
embroidered circuit in Example 5.

[Mode for Invention]

Hereinafter the present invention will be described in detail with

reference to drawings and embodiments.

The metal composite embroidéry yarn of the present invention may adjust
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the type of metal, the number of plied strands and plying methods to thereby
provide electrical and physical capabilities of the conductor that the smart
interactive textile systems require. The metal composite embroidery yarn used
herein comprises metal filaments, and fiber yarns that protect and support
the metal filaments. The metal composite embroidery yarn may be prepared by
tWo methods. In one method, the metal filaments are plied to appear on the
surface of the metal composite embroidery yarn. In the other method, the
metal filaments are plied to be disposed in a relatively regular position
inside the metal composite embroidery yarn.

In the first method for preparing the metal composite embroidery yarn
of the present invention, the metal filaments are plied around the surface of
the fiber yarn with about 20~1000TPM to prepare covered and twisted one—ply
yarns. Then two or more of the covered and twisted one-ply yarns are plied
with 200~1000TPM in the opposite direction of that one-ply yarn. More
specifically, the metal composite embroidery yarns are prepared by: the first
process in which one or more strands of metal filaments are wound in a
covered state around the surface of the fiber yarn to have a plurality of
twists per meter; the second process in which the fiber yarn, around which
the metal filaments are wound, is twisted in S direction to have a plurality
of twists per meter; and the third process in which two or more of the
twisted yarns with S twist in the second process are plied in Z twist to have
a plurality of twists per meter.

In the first process, the metal filaments, which are wound around the
fiber yarns, have 20 to 400 twists per meter. In the second process, the
fiber yarns have 100 to 1000 twists per meter when twisted in S direction,
and preferably 100 to 1000 twists per meter when plied in Z twist in the
third process.

In the second method for preparing the metal composite embroidery yarn
of the present invention, fiber yarns are covered with 300 to 2000 twists per
meter on the metal filaments as a core to prepare a plurality of one-ply

yarns, which are then plied with 100 to 1000 twists per meter in the opposite



<35>

<36>

<37>

<38>

<39>

WO 2009/017362 PCT/KR2008/004439

direction of the one-ply yarn.

More specifically, the metal composite embroidery yarn of the present
invention is prepared by: the first process in which one or more strands of
the fiber yarns are wound in a covered state around the surface of one or
more of metal filaments; and the second procesé in which multiple metal
filaments, around which the fiber yafns are wound, are plied in Z twist to
have a plurality of twists per meter.

Using the metal composite embroidery yarn prepared in the first method
enables high—quality embroidery, and the product using thereof has great
strength and durability. And it is also preferable for the products that
require ohmic contacts with metal composite yarns. The second method can be
used for an electric circuit that demands high electrical homogeneity, in
which uniformity of the distance between metal filaments and the electrical
resistance is required, though the manufacturing processibility may be
degraded.

The fiber yarns of the present invention may preferably use but not
limited to polyester, nylon, silk, cotton, etc.

The metal filaments used herein are highly conductive metal filaments
such as silver, copper, stainless steel, etc. An electrically conductive
thread that has the electrical conductivity of a metal may be used as it is,
or an insulated electrical conductive thread may preferably be used. The
insulation method may include fully covering the conductive yarn with PVC
coating or nonconductive yarns by braiding, or coating with enamel, etc. The
present invention may preferably use the metal filaments coated with enamel.
The electrically conductive metal composite embroidery yarn using the enamel-
coated metal filaments are the closest to ordinary sewing thread or
embroidery yarn in terms of appearance and mechanical properties. In
addition, the enamel-coated metal filaments are the least expensive in the
market and easy to produce. The number of strands of metal filaments may be
properly adjusted according to different uses thereof.

The metal filaments may be covered with multifilament yarns of 30
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deniers or less to protect the metal from possible damage during an
embroidering process. The protection yarns may preferably be, but not limited
to, polyester. ‘

The thickness of the electrically conduct ive metal composite embroidery
yarn prepared may be determined by the thiékness of a single filament of the
metal and a fiber yarn and by the number of yarné used during the plying
process.

The thickness of the fiber yarn of the present invention is preferably
in the range of 50~300 deniers. And the thickness of a single strand of the
metal filament is preferably in the range of 0.0lmm~0.1lmm. The thickness
thereof may properly be adjusted depending on the type of materials or uses.
Specifically, in the case of transmission lines for clothing, silver-plated
copper filament coated with enamel may be used in the thickness range of
10~50 tm, and preferably in the range of 10~100 /m for interior textiles.

The embroidered circuit using the metal composite embroidery yarn of
the present invention may be formed by using the metal composite embroidery
yarn and a dielectric fabric substrate. The metal composite embroidery yarn
is prepared to match the -electrical characteristics that the smart
interactive textile system demands and to maximize the signal transmission
efficiency. The dielectric fabric is used as a substrate to maintain an
embroidered construction of the metal composite embroidery yarn. The metal
composite embroidery yarn may be prepared by adjusting the yarn processing
conditions in order to accommodate the required electric conductivity,
workability and thickness. The embroidered circuit designed considering the
capability of the metal composite embroidery yarn thus produced may be useful
in various applications of smart interactive textile systems, such as
resistive heating fabrics, textile antennas, textile power and signal
transmission lines, textile sensors, textile keyboards and switches, textile
display and communication devices, wearable electronics, etc.

The substrate material for embroidery used herein may be knitted, woven

and nonwoven fabrics prepared by using dielectric materials such as nylon,
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polyester, acryl, spandex, cotton, wool and silk, etc. The metal composite
embroidery yarn of the present invention is prepared by covering and twisting
two different yarns having quite different properties, that is, superfine
metal filament yarn and relatively thicker ordinary yarn. Therefore, in order
to manufacture a smart textile product that requires homogeneous electric
capability, such as an antenna circuit, the embroidered circuit using metal
composite embroidery yarn should have a uniform appearance and stable
structure. In this case, a fabric substrate which has high dimensional
stability, and is durable enough to maintain an embroidered construction of
the metal composite embroidery yarn should be used. Especially, the material
should not hamper the movement of the user and should be thin so as to be
applied to a smaller and low weight product. For this purpose, the warp or
weft of the fabric is preferably a synthetic fine monofilament of 10~20
deniers. In addition, the fabric substrate used herein should preferably be
of high density of 150 to 300 threads per inch so that the elongation of the
material can be minimized. Also the warp and the weft of the material should
be produced with similar weaving density to achieve uniform tensile strength
in the both directions.

The embroidered circuit using metal composite embroidery yarn may be
produced as shown in Figs 4, 5 and 6. The embroidered circuit using metal
composite embroidery yarn may be formed by embroidering suitable circuit
patterns on the fabric substrate according to its usage. For example, various
forms of quilted anti-static materials, fashionably designed power supply
lines, resistive heaters, spiral sensors, fractal shaped antennas, keypads,
switches, etc. are possible. The circuit patterns designed in consideration
of circuit factors, such as impedance, inductance and capacitance may be
produced in its minute forms and sizes to the extent of 0.2mm, by using
precision computer embroidery techniques currently used in the textile
industry. In the case of using a metal composite embroidery yarn that
comprises enamel-coated metal filaments, the overlapped embroidery stitches

enable air bridges, thereby allowing various forms of textile loop antennas.
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Hereinafter, the present invention will be described in further detail
with examples. The examples can be modified and it should not be construed
that the scope of the present invention is limited thereto.

Example 1 '

Preparation of electrically conductive metal composite embroidery varn

for smart textiles

A strand of ename! coated silver-plated copper filament having a
diameter of 0.040mm (DC resistance: 13.6 Q/m) is covered with 150TPM around
the surface of a strand of polyester yarn 75d/36f. And this enamel coated
silver-plated copper filament covered polyester yarn is twisted in S
direction with 700TPM. Three strands with S twist are plied together in Z
direction with 550TPM. The DC resistance of the electrically conductive metal
embroidery yarn thus prepared is about 4.69Q /m.

Example 2

Preparation of electrically conductive metal composite embroidery varn

for smart textiles

A silver-plated copper filament having a diameter of 0.040mm (DC
resistance: 13.4Q/m) is covered with 150TPM around the surface of a strand
of polyester yarn 75d/36f. And this silver-plated copper filament covered
polyester yarn is twisted in S direction with 700TPM. Three strands with S
twist are plied together in Z direction with 550TPM. The DC resistance of the
electrically conductive metal composite embroidery yarn thus produced is
about 4.6Q /m.

Example 3

Preparation of electrically conductive metal composite embroidery varn

for smart textiles

Using a strand of silver-plated copper filament having a diameter of
0.040mm (DC resistance: 13.7Q/m) as a core, three one-ply strands, prepared
by covering polyester yarn with 800TPM, are plied together in Z twist with
450TPM. The DC resistance of the electrically conductive metal composite

embroidery yarn thus produced is about 4.782/m.
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Example 4

Manufacture of textile transmission line

The metal composite embroidery yarn prepared in Example 1 is stitched
with the stitch size of 2mm at intervals of 0.8mm on an ordinary polyester
fabric. The DC resistance of the textile transmission line thus produced 1is
about 1.5Q/m.

Example 5

Manufacture of circular, spiral textile inductor

A silver-plated copper filament having a diameter of 0.040mm (DC
resistance: 13.7Q/m) is covered with 150TPM around the surface of a strand
of polyester yarn 75d/36f. And this silver-plated copper filament covered
polyester yarn is twisted in S direction with 550TPM. Three strands with S
twist are plied together with 400TPM in Z direction to prepare a metal
composite embroidery yarn. The metal composite embroidery yarn thus prepared
is then computer-embroidered on a polyester fabric whose warp and weft have
similar tensile strength, thereby producing a textile inductor that controls
electromagnetic waves. The inductance, resonance frequency and phase of the
textile inductor thus produced are shown in table 1 and in figure 7.

[Table 1]

construction Inductance( |Resonance Phase( ° )
Outside Number  of|Distance uH) frequency(MH
diameter (mm) [turns(times) {between z)
lines(mm)
40 6 2 1.44 53.64 78.21
Example 6

Manufacture of rectangular, spiral textile inductor
A silver-plated copper filament having a diameter of 0.040mm (DC

resistance: 13.7Q/m) is covered with 150TPM around a strand of polyester

yarn 75d/36f. And this silver-plated copper filament covered polyester yarn
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is twisted in S direction with 550TPM. Three strands with S twist are plied
together in Z direction with 400 TPM to prepare a metal composite embroidery
yarn. The metal composite embroidery yarn thus prepared is then computer-
embroidered on a polyester fabric whose warp and weft have similar tensile
strength, thereby producing a textile inductor that controls electromagnetic
waves. The inductance, resonance frequency and phase of the textile inductor

thus produced are shown in table 2 below.

[Table 2]
[construction Inductance( |Resonance Phase( ° )
Length(mm) |Number of|Distance nH) frequency (MH
turns(times) |between 2)
lines(mm)
52 7 1.6 3.382 52.6 85.02
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[CLAIMS]
[Claim 1]
1. A method for producing.conductive metal composite embroidery yarn,
comprisingi‘
the first process in which one or more metal filaments are wound in a
covered state around the surface of fibér yarn to have a plurality of twists

per meter;
the second process in which the fiber yarn wounded with metal filaments

in the first process is twisted in S direction to have a plurality of twists
per meter; and

the third process in which two or more of the twisted yarns in S
direction are plied in Z direction to have a plurality of twists per meter,

wherein the metal filament is insulated.

[Claim 2]

The method for producing conductive metal composite embroidery yarn

according to claim 1, wherein the insulation is an enamel coating.
[Claim 3]

The method for producing conductive metal composite embroidery yarn
according to claim 1, wherein the metal filament 1is covered with
multifilament yarns of 30 deniers or less for protection.

[Claim 4]

A conductive metal composite embroidery yarn comprising:

fiber yarns;

and one or more insulated metal filaments which are plied into the
fiber yarns with a plurality of twists per meter,

wherein the insulation is an enamel coating.

[Claim 5]

The conductive metal composite embroidery yarn according to claim 4,

wherein the metal filament yarn is a copper filament.
[Claim 6]

The conductive metal composite embroidery yarn according to claim 4,
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wherein the fiber yarn is polyester.
[Claim 7]

The conductive metal composite embroidery yarn according to claim 4,
wherein the DC resistance of the conductive metal composite embroidery yarn
is 5.0Q/m or less. | | R .

[Claim 8]

An embroidered circuit comprising a metal composite embroidery yarn and
a dielectric fabric substrate,

wherein the metal composite embroidery yarn is embroidered on the
dielectric fabric substrate.

[Claim 9]

The embroidered circuit according to claim 8, wherein the warp or weft
of the dielectric fabric substrate is monofilament and the weaving density of
the weft is similar to that of the warp.

[Claim 10]

The embroidered circuit according to claim 8, wherein the metal
composite embroidery yarn is produced by: the first process in which one or
more metal filaments are wound in a covered state around the surface of fiber
yarn to have a plurality of twists per meter; the second process in which the
fiber yarn wounded with metal filaments in the first process is twisted in S
direction to have a plurality of twists per meter; and the third process in
which two or more of the S-twisted yarns are plied in Z direction to have a
plurality of twists per meter.

[Claim 11]

The embroidered circuit according to claim 8, wherein the metal
composite embroidery yarn is produced by: the first process in which fiber
yarn is wound in a covered state around the surface of the one or more of
metal filaments to have a plurality of twists per meter; the second process
in which at least two or more strands of the metal filaments wounded with the
fiber yarn in the first process are plied together in Z direction to have a

plurality of twists per meter.
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[Claim 12]

The embroidered circuit according to claims 10 or 11, wherein the metal
filaments are. silver, copper or stainless steel with a thickness of a single
strand in the range of 0.0lmm to O.lmm.

[Claim 13i
The embroidered circuit according to claims 10 or 11, wherein the
metal filaments are insulated.
[Claim 14]

The embroidered circuit according to claims 10 or 11, wherein the

insulation is an enamel coating.
[Claim 15]

The embroidered circuit according to claims 10 or 11, wherein the metal

filaments are covered with multifilament yarns of 30 deniers or less for

protection.



WO 2009/017362

[DRAWINGS]

Resistance

1.000
0.900
0.800
0.700
0.600
0.500
0.400
0.300
0.200
0.100
0.000

stree( 5, ,N/mm?

PCT/KR2008/004439

1/ 4
,:,.:r,v,@
@ woe-Resistance(ohm)
—@--Resis./Length
(ohm/cm)
) TN ) SR
8 10 12 14 16 18 - |
Length(cm)

example1

-——- example2 .

{ T | ¥ ] T : | | | l

T I | ' | l

0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16

strain(e,)



WO 2009/017362 PCT/KR2008/004439

2/ 4

[Figure 3]
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[Figure 7]
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