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Abstract

The transponder with an electronic unit comprising an antenna coil (4) connected to a
chip module (5) embedded in a multi-layer laminate support (1) comprises at least one

flexible thermoplastic layer (2) disposed on both sides of the electronic unit wherein the

multi-layer laminate support further comprises a non-woven foil (3) with a grammage ol
less than 25 g/m-.
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Transponder embedded in a flexible multi-layer support

Field of the Invention

The present invention relates to a contactless transponder embedded in a flexible multi-layer
support, and more particularly, to the way such a transponder is mounted in a flexible multi-
layer laminate support. More specifically, the invention concerns the substrate structure to be
used to obtain extremely flexible transponders, while keeping the mechanical stability and
the stress resistance of classical rigid laminated structures. Inlays for contactless smart cards
or for any other laminated structures in which the transponder has to be embedded are one

of the particular embodiments of the invention.

State of the art

Contactless information carriers such as contactless |IC cards have been an expanding
technology for years and are now developing into a mature market. One of the most
important technical tasks one is faced with is how to simplify the production steps and reduce

the unit costs.

Contactless |ID cards have been produced for many years on a large scale by using muiti-
layer lamination techniques. One early example of such techniques is given in DE4337921,
where a card inlay is produced in a first lamination step. Cover or protection sheets are then
added during a second lamination step to obtain the finished card product. This two-step-

process, with inlay production first, has been widely extended to the manufacture of all kinds

of transponder products.

The primary function of the inlay packaging is to protect and hold together the active
elements of the transponder, meaning at least an |C chip (or module) and an antenna coll
connected together. However, such an inlay presents a surface and an appearance quality
that are not sufficient to meet market requirements. For this reason, inlays are mostly
submitted to a further packaging process, for example by lamination as cited above, in order

to form an end product suitable for the market.

Inlays are, for example, produced by arranging the transponder, comprising an IC chip and

an antenna coil connected together, on a first plastic foil, covering it with a second plastic foil,

followed by overall hot lamination. Typically, PVC or identical material is used as foil
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material. Alternatively, a transponder can even be delivered arranged on the first foil

substrate, without any laminated coverage layer.

By using smoother plastic such as polyurethane (PU) or polyethylene terephthalate glycci

(PET-G) and other equivalent materials, one can produce thinner or more flexible

transponders, but at the cost of weakening its stress resistance and its mechanical solidity.

Independent of their shape, inlays, cards or others similar products, there is a real need on

the market to produce low cost transponders on substrates as flexible as possible, but at the:

same time keeping a high degree of protection of the transponder integrity.

One response that has been used in the past is to insert one or sevefal non-woven material
foil(s), for example made of paper, in the laminated structure. Some examples of this
technique can be found in patent applications EP0913268, JP20051.8'2389, EP0570784 or
JP2000251042. '

An option for such a manufacturing process is to begin by applying or forming the antenna con
the non-woven substrate. This step can be achieved by printing or etching techniques, but
with great constraint on the quality of the substrate, that must have a minimal density and

surface quality.

Alternatively, one can transfer an existing conductive pad as a wire. Such techniques are
described in the documents EP1352551, EP08800754, JP11204358 or JP2002342730, in

which applications with non-woven substrates are explicitly mentioned.

None of the prior art documents mention the problem that for example lamination with
additional plastic layers (PCV, PU, PE,...), requires a certain porosity and thickness, in order
to allow the plastic material to penetrate into the non-woven structure and achieve a better
adhesion. None of these documents mention low thickness and high porosity as preferable
requirements for the use of an non-woven substrate for the transponder. In addition, almost
‘evanescent” foils have been apparently considered as not reliable substrates for

transponders.

Summary of the invention

One aim of the invention is to provide an improved, in particular a more flexible transponder.
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Another aim of the invention is to provide a transponder inlay that is easy to manufacture and

to use, as well as reliable.

A further aim of the invention is to provide a transponder with a substrate structure that
allows easy sticking, sewing or fixing of additional materials, as for the example the

lamination with further cover material such as PVC, PETG, EVA, PC, Teslin, paper, ...

A further aim of the invention is to provide a transponder with a smooth laminated substrate

material that shows almost no shrinkage after the lamination.

A further aim of the present invention is to provide an improved manufacturing method for

such transponders.

The electronic unit of a transponder comprises essentially a transponder chip connected fo
an antenna usedfor contactless communication with an external reader. References in the
present application to chip or chip module indicate the structure comprising the integrated
circuit with RFID functionalities that has to be bound to the antenna. In this application, the

expression chip or chip module will be used in an equivalent manner.

Accordingly, an idea of the invention is to provide a transponder with its electronic unit
embedded in a multi-layer laminate support comprising at least a thermoplastic layer
disposed on both sides of the electronic unit and to add to the structure at least one non-
woven foil with a grammage of less than 25 g/m? positioned in direct proximity of at least one
of the said thermoplastic layers. It was a surprise for the applicant to note that such a thin
and porous (almost evanescent) non-woven foil could drastically improve the characteristics

and qualities of the multi-layer laminate support.

There are many advantages to such a structure. The transponder is fully embedded in a very
flexible and solid structure. Using smooth polyurethane (PU) for the thermoplastic foils for
example Is possible. A surprising advantage is that the smooth thermoplastic material is
effectively strongly reinforced by the very thin non-woven foil(s). The laminated result can
absorb stresses and shearing forces. It is resistant to plastic deformation and returns to its
initial shape after being bent for example. Another very surprising effect due to the
embedded non-woven fibres is that the shrinking factor during and after the lamination of the

thermoplastic material used is almost negligible. This allows the lamination to be carried out

at high temperatures to avoid mechanical stress on the module and vyield loss. More
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generally, it is very important to prevent curling or other deformation of the transponder

geometry.

in a preferred embodiment of the invention, the non-woven foil has a grammage of less than
10 g/m?.

A preferable type of material chosen for the non-woven foil substrate has long and natural
fiores. In an embodiment, the fibres have a diameter of less than 25 micrometer. Also, the

fibres length should preferably be approximately 2 to 10 mm. Of course, these values are

only illustrative and may be varied according to circumstances.

The foll colour should also be natural so that after the lamination the fibre is nearly invisible.
This kind of material is used to manufacture tea bags for example. Of course, other
equivalent materials may be envisaged for the same purpose. Preferably, such substrates
are waterproof and even boil-proof. This means that the fibre and the bonding are not

sensitive to water, even boiling water or heat.

As can be understood from the present specification, the notion of non-woven foil should te
understood as broadly meaning a non woven fabric such as sheet or web structures bonded
together by entangling fiber or filaments (and by perforating films) mechanically, thermally or
chemically.

In a specific embodiment, the presence of a non-woven structure on the exterior side(s) of
the laminate significantly facilitates the adhesion (by lamination for example) of a further
cover layer. In such a case, the non-woven structure will reinforce the lamination interface,
as it can easily be fully penetrated by the two lamination materials. Accordingly, this

procedure overcomes one of the weaknesses of the laminated structures known in the art.
When a thicker and more dense non-woven structure is used as an interface, it can become

a de-lamination weakness point, if not fully penetrated by the lamination material.

In a preferred embodiment of the invention, the electronic unit is mounted on a flexible core
layer that is incorporated in the centre of the final multi-layer laminate structure.

In a further aspect of this embodiment, the non-woven foil is arranged between the two
thermoplastic layers. Alternatively (or additionally), a non-woven foil can be disposed outside

of each thermoplastic layer.
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In another embodiment, non-woven foils and soft thermoplastic layers are combined
on both sides of the electronic unit in order to form an embedding patch. Preferably,
the embedding patch comprises a very thin layer of soft thermoplastic material

disposed between two of the non-woven foils. Such patch can be thinner than 100

micrometers.

In a further aspect of this embodiment, one of the patch layers has a surface area
smaller than the antenna surface, but larger than the surface of the chip module. In
case the multi- laminate support comprises additional laminate layers showing a
(punched) window in order to accommodate the chip module, the patches could be

adapted in order to extend just over the size of the windows.

In one embodiment, there is provided a transponder with an electronic unit
comprising an antenna coil (4) connected to a chip module (5) embedded in a multi-
layer laminate support (1) comprising at least a thermoplastic layer (2) disposed on
both sides of the electronic unit and at least one porous non-woven foil (3) with a
grammage of less than 25 g/m2 disposed in direct proximity of at least one of said

thermoplastic layers.

In another aspect, the non-woven foils can comprise special design features such
as colour for marking or openings. If a special tamper-proof marking is necessary
one can print a sign (a coloured watermark) on the foil, which then appears on the
middle of the laminated sheets as a sign. Also, one can use the foil with some
especially long coloured fibres (security fibres). It can be inserted partially or

comprise an opening, if the fibre in specific foil parts is not desired.

The invention further relates to the manufacture of the transponder. Preferably, the

multi-layer laminate support is assembled as a stack and then laminated together
5
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with the electronic unit inside the stack. This resuits in a planar laminate structure
where the non-woven foils are at least partially embedded in the filling material. As
the non-woven foils are very thin and porous, the filling material can easily penetrate
them. This makes the lamination much easier and less time and energy consuming
than with a thicker and denser paper structure for example, as indicated In the state

of the art mentioned above.

In one embodiment, there is provided a method of manufacture of a transponder of
the invention, the method including the step of arranging the non-woven foil (3), the
thermoplastic layers (2) and an electronic unit (4,5) in a stack, such that at least one
of said thermoplastic layers (2) is disposed on each side of the electronic unit (4,5),
and then laminating the stack to form a multi-layer laminate support embedding

totally the electronic unit.

Detailed description of the invention

It will be easier to understand the invention by means of a detailed description and

the following drawings in which:

Figure 1 shows a first embodiment of a stack arrangement of the elements of the
transponder according to the invention before lamination

Figure 2 shows a second embodiment of a stack arrangement of the elements of
the transponder according to the invention before lamination

Figure 3 shows a third embodiment of a stack arrangement of the elements of the

fransponder according to the invention before lamination

Da
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Figure 4 shows a fourth embodiment of a stack arrangement of the elements of the
transponders according to the invention before lamination

Figure 5 shows a fourth embodiment of a stack arrangement of the elements of the
transponders according to the invention after lamination

Figure 6 shows a fifth embodiment of a stack arrangement of the elements of the
transponders according to the invention after famination

Figure 7 shows a top view of the third embodiment with special cut-outs of the non-woven foll

Figure 1 shows a first embodiment of the multi-layer laminate support 1 of the invention
which comprises a chip module 5 to which an antenna coil 4 is connected by contact ends 4/,
said chip module and antenna being placed between two thermoplastic layers 2. According
to the invention, there is, in addition to the two thermoplastic layers 2, a further layer 3 which
is @ non-woven foil. This foil 3 is shown placed on top of the antenna 4 and module 5, but it

can of course also be placed underneath said antenna 4 and module 5.

The non-woven substrate 3 is very thin, in particular in comparison to the antenna coil. It is
made of non-woven long fibers put together in the form of a sheet and bonded, either
mechanically, by thermal bonding, by chemical bonding (binder, adhesive), by hydro-
entanglement, by needle felt, etc. In the present invention one envisages the use of a very
thin and very porous type of non-woven sheet, presenting long fibers and small quantities of
bonding material (if used). The non-woven foil defined herein differs from paper essentially in
the length of the fibers, as paper is generally made of much shorter, cellulose fibers. The
real difference is, however, the lack of hydrogen bond in the fibers of the non-woven foil.
which defines the solidity of the paper. By contrast, the solidity of the non-woven substrate is
essentially defined by the self-adhesive characteristic of the fibers, even if additional means

as cited above (thermal, binder, adhesive, ...) could be used for reinforcement purposes.

Preferably, the non-woven foil 3 is a foil with a grammage of less than 25 g/m®. This limit
corresponds to that for silk paper definition. Preferably one uses a non-woven foil with a
grammage of less than 20 g/m? and preferably with less than 10 g/m2 Of course, these are

llustrative values that should not be considered as a limitation in the scope of the present

Invention.

Another important characteristic of such material is that it is waterproof (due to the lack of

hydrogen bond). It can be put into water, and is even stable when boiled or ironed. This kind

of material is typically used to manufacture tea bags, filters, or cleaning paper for lenses for

example. It can also be defined as a non-woven fabric foil or non-woven gauze foil.
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An example of such a material is Dynatec 8,5/LCM of Papierfabrik Schoeller & Hoesch
GmbH & Co. It has a grammage of 8,5 g/m® and a thickness (calliper) of 35 micrometers. It
is made of fibres with a diameter of less than 25 micrometers. Of course, this is only a

specific example and other equivalent similar materials may be used.

The arrangement of figure 1 is then submitted to a lamination process. As the non-woven fcil
3 is very thin and porous, the filling material can easily penetrate, making the lamination
much easier. As there is no shrinking of the substrate during lamination, the temperature can

be very high. This prevents yield loss caused by mechanical stress on module.

Possible thermoplastic materials for the layers 2 are for example polyethylene

terephthalate glycol (PET-G) or polyurethane (PU; for ex. Walopur 4201 AU of Epurex).

Other equivalent matenals might of course be envisaged in the frame of the present

iInvention. Examples for lamination parameters for PU as thermoplastic material are 180 -
205 °C and 20 - 60 N/cm? in the heating circle.

It has to be noted that after the lamination, the non-woven foil 3 as such is almost no longer
detectable inside the laminated structure. In the case illustrated in figure 1, the “evanescent”

network of non-woven fibers is completely embedded In the thermoplastic material and the

continuation of its structure is very difficult to distinguish. As a result, the non-woven fibers
significantly reinforce the smooth thermoplastic material. The lamination thus generated is
able to absorb stresses and shearing forces. It is resistant to plastic deformation and goes
back to its initial form after being bent for example. One of the most important resulit of this
structure is that the shrinking factor of the filling material after the lamination will almost

disappear, due to the effect of the non-woven foils. This prevents curling or other

deformations of the transponder geometry.

Figure 2 shows another embodiment of a transponder according to the present invention. In
this embodiment, the chip module 5 and the antenna 4 are placed on a core layer 6, said
antenna 4 being connected to the module 5 through contact ends 4' on contact pads 7. This
assembly Is then laminated between two thermoplastic layers 2. Finally a layer of non-woven
foil 3 iIs added on each side of the thermoplastic layers 2 according to the invention. Of

course, in a variant, it is possible to add only one layer of non-woven foil 3 rather than two as

shown.
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In another variant, it is also possible to combine the first and second embodiment illustrated
in figures 1 and 2 and to use a first non-woven foil 3 placed between the two thermoplastic

layers (as in figure 1) and a second non-woven foil placed over one (or two) thermoplastic

layer(s).

Figure 3 illustrates a further embodiment of the present invention, where two non-woven foils
3 are placed between the two thermoplastic layers 2, one foil on each side of the module 5
and antenna 4. In this embodiment, as in the one illustrated in figure 2, the antenna 4 and the

chip 5 are placed on a core layer 6.

Any combination of the illustrative embodiments of ﬁgurés 1 to 3 can of course be envisaged

with the addition of a foil of non-woven material in any a designated position.

Figure 4 shows another embodiment of the transponder according to the present invention.
In this embodiment, the non-woven foil 3 and the soft thermoplastic layer 2 are combined to
form an embedding patch 10. In Fig. 4, the patch 10 comprises two non-woven foils 3 placed
on each side of the thermoplastic layer 2 (as illustrated in the enlarged detail of figure 4), but
it Is also possible to use only one non-woven foil 3 per patch. Such patches 10 are placed
directly on both sides of the electronic unit and aim to form a first embedding envelope
around it when they have been joined together after the lamination. Preferably, as shown in
the figures, the patches 10 should be very thin, less than 100 micrometers (thinner than the
wire diameter of the antenna wire). The thinner the better, in order to reduce the amount of

material.

One can also choose to reduce the surface size of the patches 10, or at least of one of them.
In the example shown in Fig. 4, the lower patch 10 is reduced approximately to the size of

the chip module 5 (just a little bit larger), and placed just below it. In such a configuration,
only the chip module 5 (and the extremities of the antenna wire 4 bonded to it) will be fully
embedded in the envelope due to having laminated the two patches 10 together. Depending
on the configuration of the stack to be laminated and the different materials used, any

alternative is possible: two small patches around the module, patches with a hole around the

module, etc.

The use of such patches 10 is particularly advantageous in such a special multi-layer

laminate support configuration as shown in Fig. 4. Two additional laminate layers 11 are:

disposed externally on each of the embedding patches. Each of these layers 11 show
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window 12 formed to accommodate parts of the chip module 5. The patches 10 are

dimensioned and positioned in such a way as to entirely cover the windows 12.

Figure 5 shows the transponder after the lamination of the stack arrangement of the Fig. 4.
The two layers 11 have been laminated together, embedding the antenna wire 4 and the

external (radial) parts of the patches 10. The windows 12 have been dimensioned in order to

match precisely the dimensions of the chip module 5. The central parts of the patches 10
form a thin encapsulation envelope around the chip module 5, that fix the module in the
laminated structure and protect the external faces of it. The cumulative thickness of the
layers 11 has been chosen to match the thickness of the module 5. This construction results
in a transponder with an electronic unit fully embedded in a multi-layer laminate structure just

as thin as the chip module 5 itself.

The laminate layers 11 can, for example, be made of paper, paper-like material, foamed
plastic or silica loaded polyolefin (Teslin). Such materials have the particularity of a porous
structure and need adhesive means to be laminated together. Accordingly, the patches 10
themselves can serve also as adhesive for such materials. In Fig. 4 and 5, the upper patch
10 has approximately the same dimension as the layers 11. After the lamination, the
thermoplastic material 2 and the non-woven material 3 have penetrated inside the two layers
11, and will ensure a long-term joining of the two layers 11. In such a case it is advantageous
when at least one of the patches 10 has the same surface area as the laminate layers 11. In
Figure 5, a space has been left between the two layers 11 and filled with patch material. This
Is only done to provide more clarity and an explanation. In reality, if the lamination has been

properly made, the two layers 11 will join together perfectly and the patch material will have

been absorbed at the interface of the two layers 11.

The laminate layers 11 can also be made of plastic material such as polycarbonate (PC),
polyvinyl chioride (PVC), etc. In such cases, no adhesive material is needed. and both
patches 10 could be dimensioned (if desired) relative to the size of the windows 12. In such a
case, the patches 10 will serve to encapsulate the chip module 5 and to hold it in the recess

formed by the two windows 12, almost like in a hammock, to use an image.

This can result in an extreme case as the embodiment represented in Figure 6. The windows
12 have been dimensioned much larger than the module 5. After the lamination, the module

Is held in position only by the envelope created from the two patches 10 (and also partially by

the two extremities 4' of the antenna wire 4 that are bonded to the contact pads 7 of the
maodule). Such an embodiment can be interesting when material such as PC is used for the
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layers 11. It is known that tensions are produced as a result of the various shrinking
characteristics of the material used for the support layer 11 and of the module 5 as a whole,
resulting in cracks or warps of the transponder (support). If the windows 12 are large enough,
no tension between the layers 11 and the module 5 will appear. Additionally, the patch 10
material, made by the non-woven foils 3 and the thermoplastic layer 2, is able to compensate
for the difference in shrinkage between the layers 11 and the module 5. Such a solution can

be highly interesting for the manufacture of (almost) full PC contactless cards.

In most cases, the voids remaining in the windows 12 as represented in Figure 6 are not
desired. Additional filling material, such as small sheets of thermoplastic material (i.e. PET-G
or PU), can be added to the stack arrangement prior to the lamination. This filling material
will melt during the lamination and fill the undesired voids. These voids could also be filled

afterwards by material injection for example.

The transponders represented in Fig. 5 and 6 show a very thin support, in fact as thin as the
module 5 itself, and can be sold in this way as inlays on the markets. One can also form a
card by adding multiple cover layers, either before the lamination, or with a second
lamination step. One can also produce dual interface cards (contact / non-contact), where

the top patch 10 should for example present cuts in order to leave the upper contact pads of
the module free.

Figure 7 shows the top view of a further embodiment of the non-woven foil 3 for example
from figure 1. In this embodiment, the foil 3 may comprise an opening 8 if one wishes to
avoid the use of such a material in a particular zone, and also a marked sign 9, for example
printed in colour as a security feature to protect the final product against forgery. Shown for
the sake of clarity is also the antenna 4 and a chip module 5.

Although the invention has been shown and described with respect to certain preferred

embodiments, it is obvious that equivalent alterations and modifications may be envisaged

by others skilled in the art upon the reading and the understanding of this specification and

the annexed drawings.

The application of the invention is not restricted to contactless cards. Many different uses of
transponders according to the invention are possible. Of interest are in particular applications

where the transponder has to be as thin as possible and at the same time able to endure

extreme environmental stresses.

[0
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Particularly advantageous is the use of the present invention for laminated structures in
which the transponder has to be embedded. A possible example are skis. Since this kind of
product presents a complex laminated structure and is submitted to strong environmental
stresses (pressure, torsion, extreme temperatures (from minus 50° ¢ to +80 °c).
Incorporating an external element in the laminated structure creates weaknesses and could
lead to de-lamination under extreme conditions. The use of a transponder according to the
invention has proven to be efficient to minimize such risks, in particular when the same
material (for example PU) is used for the thermoplastic material and for the layers of the ski

that are in direct contact with the transponder.

Other applications may of course be envisaged in combination with other objects since the

examples given above are for illustrative purposes.

List of numerical references :

1 multi-layer laminate support

2 soft thermoplastic layer

3 non-woven foil

4 antenna coil

4 contact ends of antenna

5 chip module

6 core layer

7 contact pad

8 window in the non-woven foil

9 printed sign on the non-woven foil

10  embedding patch
11 laminate layer

12 window

L
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WHAT IS CLAIMED IS:

1. Transponder with an electronic unit comprising an antenna coil (4) connected
to a chip module (5) embedded in a multi-layer laminate support (1) comprising at
least a thermoplastic layer (2) disposed on both sides of the electronic unit and at
least one porous non-woven foil (3) with a grammage of less than 25 g/m? disposed

In direct proximity of at least one of said thermoplastic layers.

2. The transponder of claim 1, wherein the non-woven foil (3) has a grammage

of less than 10 g/m?.

3. The transponder of claim 1 or 2, wherein the non-woven foil (3) is made of

long natural fibres of less than 25 micrometers diameter.

4. The transponder of any one of claims 1 to 3, wherein the thermoplastic layer

(2) is made of polyurethane or polyethylene terephthalate glycol.

5. The transponder of any one of claims 1 to 4, wherein it further comprises a

core layer (6) on which the electronic unit is mounted.

6. The transponder of any one of claims 1 to 5, wherein the non-woven foil (3) is

arranged between the two thermoplastic layers (2).

/. The transponder of any one of claims 1 to 6, wherein one of said non-woven

foils (3) is disposed outside of each of the thermoplastic layers (2) with respect to

the electronic unit.

12
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8. The transponder of any one of claims 1 to 7, wherein the non-woven foil (3)

comprises an opening (8) or a printed sign (9) or both.

9. The transponder of any one of claims 1 to 8, wherein the transponder
comprises an embedding patch (10) disposed on both sides of said electronic unit,
sald patch (10) being made by one of said thermoplastic layers (2) and at least one

of said non-woven foils (3).

10.  The transponder of claim 9, wherein each embedding patch (10) is made by

one of said thermoplastic layer (2) disposed between two of said non-woven foil (3).

11. The transponder of claim 9 or 10, wherein at least one of the embedding
patches (10) has a surface area smaller than the antenna coil surface area, but

larger than the chip module (5) surface area.

12. The transponder of any one of claims 9 to 11, wherein each embedding patch

(10) has a thickness of less than 10 meters.

13.  The transponder of any one of claims 9 to 11, wherein the multi-layer
laminate support comprises in addition at least one additional laminate layer (11)
comprising a window (12) to accommodate the chip module (5), and wherein one of

sald embedding patches (10) is placed over the window (12).
14.  The transponder of claim 13, wherein the additional laminate layer is made of

paper, paper-like material, foamed plastic, silica loaded polyolefin, polycarbonate or

polyviny! chloride.

13
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15.  The transponder of claim 13 or 14, wherein after lamination the chip module
(5) is held in the window (12) by the embedding patches (10).

16.  An object comprising a transponder as defined in any one of claims 1 to 15.

17.  Method of manufacture of a transponder of any one of claims 1 to 12, which
comprises the step of arranging the non-woven foil (3), the thermoplastic layers (2)
and an electronic unit (4,5) in a stack, such that at least one of said thermoplastic
layers (2) is disposed on each side of the electronic unit (4,5), and then laminating
the stack to form a multi-layer laminate support embedding totally the electronic

unit.

18. The method of claim 17, wherein the electronic unit is first mounted on a core

layer (6).

19. The method of claim 17 or 18, wherein an embedding patch (10) made by
one said thermoplastic layer (2) and at least one of said non-woven foil (3) is
disposed on each side of said electronic unit and that after the lamination at least

the chip module (5) of the electronic unit is entirely embedded into these two

embedding patches.

20.  The method of claim 19, wherein at least one of the embedding patch (10)
has a surface area smaller than the antenna coil surface area, but greater than the
chip module (5) surface area and is positioned to cover entirely the chip module (5)

surface area.

21.  The method of claim 19 or 20, wherein an additional laminate layer (11)

comprising a window (12) to accommodate the chip module (5) is disposed in the
14
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stack external to each of the embedding patches and wherein the embedding

patches (10) are dimensioned and positioned such to cover entirely the surface area
of the window (12).

22. The method of any one of claims 17 to 20, wherein the multi-layer laminate
support comprises in addition at least one additional laminate layer (11) comprising
a window (12) to accommodate the chip module (5), and wherein one of said

embedding patches (10) is placed over the window (12).
23. The method of claim 22, wherein the additional laminate layer is made of
paper, paper-like material, foamed plastic, silica loaded polyolefin, polycarbonate or

polyvinyl chloride.

24.  The method of claim 22 or 23, wherein after lamination the chip module (5) is
held in the window (12) by the embedding patches (10).

15
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Fig. 7
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