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MANUFACTURING ELECTRICALLY CONDUCTIVE PATTERNS,
INCLUDING RADIO FREQUENCY IDENTIFICATION (RED) ANTENNAS
BACKGROUND OF THE ENVENTION Field of the Invention [0001] The
pasentisyeition relates to electrically conductive patternscaing seigsoss
particularly, to radio frequency identification (REID) antennas. Description
of Related Art 100021 REID devices, such as tags and labels having
REID antennas thereon, are currently being used to track a wide variety of
products and files. REID devices are beginning to be used ina numb?ir of
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expensive. Another known method includes depositing or printing conductive materials or

inks onto dielectric materials. These materials and inks are typically expensive and minor
manufacturing defects can result in disruptions of conductivity, Yet another method of
forming an electrically conduetive pattern inclhudes selectively electroplating the fop portion
of a substrate that corresponds to a pattern, and separating the conductive pattern from the
substrate. In this method, conductive ink, such as ink including carbon particles, is
selectively placed on the conductive substrate to facilitate plating of the desired pattern.
However, the process of electroplating a conductive pattern is a relatively slow and expensive
process,

[0005]  Accordingly, there is a need for a cost-effective process for depositing a conductive
pattern onto an RFLD label or tag which is both inexpensive and reliable.
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100061 Accordingly, we have developed a method of making an

electrically conductive patterned film, including the steps of providing a

layer of conductive metal adjacent a layer of release coating; providing a

pateneciadhesive layer adjacent a target substrate; contaatingpéheokaysr

of conductive metal and the patterned adhesive layer, such that a

corresponding portion of the layer of conductive metal contacts the

patterned adhesive layer; and the patterned adhesive layer stripping the

corresponding portion gof the | géi I | from the release
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invention; 1.00111 FIG. 3 is a schemati ram of. a flexographic priati .
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Afsssestionalviey Rfacemhined siiclisasineiging a base polymeric

material, a layer of release coating and a layer of conductive metal,

combined with a tagggsubsteiamnerrozdiesive Aayanimsaccordance
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embodiment of the present invention; ‘
§0010] FIG. 2 is a cross-sectional view of a target substrate and selectively deposited
patterned adhesive in accordance with an ex}'lbodiment of the present invention;

[0611] FIG. 3 is aschematic diagram of a flexographic printing process used in accordance
with an ernbodiment of the present invention;

[0012] FIG. 4 is a schematic diagram of a laminating process used in accordance with an
embodiment of the present invention;

J0013] FIG. 5 is a cross-sectional view of a combined structure including a base polymeric
material, a layer of release coating and a layer of conductive metal, combined with a target

substrate and an adhesive layer in accordance with an embodiment of the present invention;



[0014] FIG. 6 is a cross-sectional schematic view of a curing unit and a
combined structure in accordance with an embodiment of the present
invention; pots] FIG. 7 is a schematic diagram of a cuthig unit and
combined structure in accordance with an embodiment of the present
inveenioon;dB016] FIG. 8 is a cross-sectional view of the sepavatimonsoidie
combined structure into an electrically conductive patterned film and a
discard portion in accordance with an embodiment of the present
invention; [0017] FIG. 9 is a schematic diagram of a stripping process

di cordance with.an embodiment of the present invention; [0018
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pRt&ReRtdpyeRtion; and [0024] FIG. 16'is a cross-sectional view of a
ructure including a computer chip in direct contact with the conductjve
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[0621} FIG. 13 is a schematic representation of a target structure and computer chip in

accordance with an embodiment of the present invention;

[0022] FIG. 14 is a cross-sectional view of 2 structure including a computer chip in divect
contact with the conductive metal layer and a pressure-sensitive adhesive applivd to the
computer chip in accordance with an embodiment of the present invention; A

[6023] FIG. 15 is a perspective view of a computer chip for use in accordance with the
present invention; and

[0024] FIG. 16 is a cross-sectional view of a structure including a computer chip in direct
contact with the conductive metal layer and a pressure-sevsitive adhesive applied to the

computer chip in accordance with an embodiment of the present invention.

DESCRIPTION OF THE INVENTION
[0025] As shown in FIG. 1, a method of producing an electrically conductive patterned
metal film, such as an RFID aptenna, includes forming an intermediate structure 30 by
applying a layer of release coating 20 to a flexible layer of base polymeric material 22 and
depositing a layer of conductive metal 24 over the layer of release coating 20. In one
embodiment, the base polymeric material 22 can be polyolefin, such as polyethylene or
polyethylene terephthalate (PET), polyester or thermoplastic polyester, such as



metal film, such as an R_FLD antenna, includes forming an intermediate
structure 30 by applying a layer of release coating 20 to a flexible layer of
base polymeric material 22 and depositing a layer of conductive metal 24
over the layer of release coating 20. In one embodiment, the base
petymeneeaterial 22 can be polyoletin, such as polyethykereueteososeess
polyethylene terephthnlate (PET), polyester or thermoplastic polyester,
such as WO 2007/070391PCIMS2006/046933 polycarbonata,
polypropylene, biaxially oriented polypropylene (BOPP), polysulfone ora
combination thereof. The layer of base polymeric material 22 can be made
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the layer of conductive metal 24 can be deposited to a thickness of from
about 5 angstroms to about 30,000 angstroms or more. In another
embodiment, the layer of conductive metal 24 can be deposited to a
thickness of from about 5 angstroms to about 1,000 angstroms. The layer
of conductive metal 24 can be deposited at a rate of from about 5' to about
1,000' per minute. However, these thicknesses are merely examples, and
it will be appreciated that conductive patterns with a wide variety of other
thicknesses may be employed. '




[00281 Referring again to FIG. 1, in one embodiment, the optical density
of the layer of conductive metal 24 may be from about 1 optical density to
about 100 optical density. In another embodiment, the surface resistivity of
the conductive metal 24 may be from about 01)1 GlEvustinare to about
WooR@EiMysquare. It is recognized that the less resistaneerthatdisedayer
of conductive metal 24 has, the more efficient the resulting conductive
pattern will be, The deposition of the metal layer can be 50 angstroms to
30,000 angstroms or more. More specbScally, the metaI is deposited
between 200 angstroms and 1 000 an stroms For e th la er of
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the adhesive reservoir 46 is applledsto the target substrate 42, the target
substrate 42 is combined or laminated to the intermediate structure 30, as
shown in no. 1. The intermediate structure 30 and the target substrate 42
pass through a nip roller 58, wherein the adhesive reservoir 46 of the
target substrate 42 contacts the layer of conductive metal (shown in FIG.
1. as numeral 24) of the intermediate structure 30. A resulting combined
structure 60 is shown in FIG. 5, wherein the inteniiediate structure 30

including the base polymeric material 22, the layer of release coating .20
and the laver of condiiCtivve metal 24 ic ecomhbhined with the taraet




WO 2007/0703911'CT/US2006/046933 the curing unit 62, the uncured
portions 40a of the adhesive layer 40 become cured portions 40b. It is
also anticipated herein that the combined structure 60 may pass through
the curing unit 62 in an inverted position such that the target substrate 42
isvarenteslsadjacent the curing unit 62. [00341 As shown i Gsguooasyds9,
once the combined structure 60 has been.the combined structure 60
passes over the roller 66 and is subsequently fed through stripping roll 72.
As the combined structure passes through a stripping roII 72, the base
polymeric material 22, the layer of release coating 20, a
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74 can be joined to the computer chip 80, or other electrical component
through any conventional process, such as soldering, conductive
adhesives or conductive straps. In one embodiment, the electrically
conductive patterned film 74 can be fashioned and subsequently joined
with the computer chip 80 or other electrical component. However, in
another embodiment, as shovel in FIG, 14, it may he desirable to transfer
the computer chip 80 or electrical component to the layer of conductive
metal 24 prior to applying the energy curable adhesive layer 40. [0039f As

chown in EICC 14 the combiiter chin <O or elactrical comnonent can he



[0040] The soldering, welding or Connection with a conductive adhesive
or Conductive strap, between the electrically conductive patterned film 74
and the computer chip 80 or electrical component, may occur before
removal of the electrically conductive patterned film 74 from the release

CRAlNES4Rs 84, or alternatively, after the mincrval. It will Be-appieciaiesh
that the electrically conductive patterned film 74 be a separate article

requiring no connection to art electrical component. For example, the
electrically conductive patterned film 74 may be used as a decorative or
other visually distinctive item. [0041] In another embodiment, it may he
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IS . A‘method of'making au electnlcaléy conductive |

[?)(gﬁémgﬁ Wg}) FIG. 10, one of the performance characteristics of the release coating
20 of the intermediate structure 30 is that if must stay intact with the base polymeric material
22 during the releasing process and not transfer with the corresponding portions 70 of the
layer of conductive metal 24. . ‘ I
[0036] As shown in FIG. 11, conventional release liners 120 have previously been used in
foil decoration and foil transfer processes. However, during the releasing process, the
traditional release liner 120 is split between a metal layer 124 and a base layer 122. This
splitting effect of the release liner 120 causes a non-conductive coating, i.e., a portion of the
velease Hner 120 to ansfer with the metal layer 124, thereby rendering a suxface 134 non-
conductive. While this process is effective for other applications utilizing foil trausfer
techniques, it is not suitable for producing conductive metallized films or electrically
conductive patterns.
[0037] Accordingly, as shown in FIG. 12, it is understood that some adhesives 40 may not

have the necessary adhesion to fully pull the comesponding portions 70¢ of the layer of
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comprising the steps of: providing a layer of conductive metal (24)
adjacent a layer of release coating (20); providing a patterned adhesive
layer (40) adjacent a target substrate (42); contacting the layer of
conductive metal (24) and the patterned adhesive layer (40), such that a

CRYSsPRRERg portion (70) of the layer of conductive metal{gf3-sqnasts

the patterned adhesive layer (40); and utilizing the patterned

adhesive layer (40) to strip the corresponding portion (70) of the layer of

conductive metal (24) from the release coating (20). 2. The

method of claim 1, wherein the electrically conductive patterned film (74)
coadnriRAD A Rfefipre the release goafing 30 editrarsiiardirea ofhrer spbirers paterial
220f ceneldGiivBomekar(24)pganyiristseat 18 dst gpticd! coppetpghvendrte layer of
oA Betat 24 1o eﬂ’a&@@ methad:oh daim TaWhereindhe Jaye el adhesive 40.

conductive meta (24) asathl kness fro about5an str&}ﬁstq about
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emwbmmgf(zgammwm@%%nénopmt@%@mmgéﬁs Seyymdmer can be
4B Roliestehnayeib esnketonemprlyamide isiicerec £foxy-aenyRos, mil to
ab%léle Hglacryl ate, polyester acrylate, polyether acrylate esters of acrylic

acid, mono functignal acrylate. re g}p%mul tlona %te resins, or
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film 74 can be fashioned and subsequently joined with the computer chip 80 or other
electrical component. However, in another cmbodxment, as shown in FIG. 14, it may be
desirable to transfer the computer chip 80 or electrical component to the layer of conductive
metal 24 prior to applying the energy curable adhesive layer 40.
[0039]  As shown in FIG, 14, the computer chip 80 or electrical component can be directly
applied to the layer of conductive metal in a registered pattern vsing the strap method of
insertion. A pressure sensitive adhesive Jayer 40 can then be applied over the computer chip
80 or electrical component, disposed on the layer of conductive metal 24, layer of release
coating 20, and base polymeric material 22, in the shape of the desired conductive pattern.
This composite structure 82 can then be wound onto a second release liner 84 and later
dispensed onto a target substrate 86 using applied pressure, resulting in a complete RFID tag
being dispensed in the shape of the printed adhesive as illustrated in FIG. 13.
[0040] The soldering, welding or connection with a conductivé adhesive or conductive
strap, between the electrically conductive patterned film 74 and the computer chip 80 or
electrical component, may ocour before removal of the electrically conductive patterned film
74 from the release coatings 20, 84, or alternatively, after the removal. It will be appreciated
that the electrically conductive patterned film 74 be a separate article requiring no connection
to an electrical component. For example, the electrically conductive patterned film 74 may
be used as a decorative or other visually distinctive item.
{0041] In another embodiment, it may be advantageous to allow the release coating to
completely release with the corresponding portions of the layer of conductive metal to protect
the transferred pattern from scratching and oxidation. In this embodiment, the release coating

8



MCSLLP WO 2007/070391PCT11182006/046933 8. The
method of claim 7, wherein the layer of release coating (20) has greater
adhesion to the layer of base polymeric material (22) than to the layer of
conductive metal (24). 9. The method of claim 7, wherein the

layes0f base polymeric material (22) comprises at least opgaf-paVAIeH,
polyethylene. PET, polyester, thermoplastic polyester, polyearbonate,

polypropylene, hiaxially oriented polypropylene (ROPE), polysulfone or a
combination thereof. 10. The method of claim 1, wherein the
patterned adhesive layer (40) is in the pattern of a conductive pathwa}%
conplataky rlsesesIvGHEiafsOrTaRTeding Bretioatef e latHed vadyRIV EABT R ipnd 2
cdhgpatiamg @h as BRI antenfiease coating bR 2 Bheatrétipadeototainpdthod.
[me re'&é%ﬁ@&t%nﬁgg@g hegsive @%ﬁ%@é&‘@%ﬁ?ﬂ&ﬁﬁ%ﬁ@k&@ﬁ;ﬂ @"%ﬁ:ﬂfji involves
energy curable acrylate resins, esters of acrylic acid, mong ion N
PEIANG (b SEP R RO SR, T e SO G B Rt Sded o the

cdhptier sebisedtronmpolyeshin SR AR BPhoNTEtETS dFoMm G expRter ohip 80,
béFedhednetinodrof elaimcliywheesin:thia pattentiediadhesivetiayeritdBG. 16, the

conductive prongs or pins 87 may be positioned to penetrate the release coating 20 and the
layer of conductive metal 24 positioped adjacent the adhesive layer 40 and target substrate
42. In one embodiment, the chip 80 may be held in place with a second adhesive 91, or may
be attached to the target substrate by heat to melt a portion of the target substrate onto the
computer chip. Leads of the computer chip can be positioned to penetrate the release coating
20 and make contact with the layer of conductive metal 24.

foD43] The present invcnﬁ‘on has been described with reference to the preferred
embodiments, Modifications, combinations and alterations will occur to others upon reading
the preceding detailed description. It is intended that the invention be construed as including

all such modifications, combinations and alterations.



comprises a pressure-sensitive adhesive. 14. The method of

claim 1, wherein the target substrate (42) comprises an REID tag or label.
15. The method of claim 1, wherein the target substrate (42) comprié@@%’tm
least one of polyester, PET, polypropylene, polyolefin, polycarbonate or

RAIVSHPES1 16. The method of claim 1, further cemptigisgibhes
step of curing the patterned adhesive layer. 17. The method of

claim 16, wherein the step of curing comprises curing by at least one of a
convection oven, an ultra-violet curing lamp or an electron beam curing

unit 18. The method cif claim 1, further comprising the steps of
THR@SHEPNGS S8@HEPB3I81PCT/US2006/046933 providing an electrical

com onent 80) adjacent the layer of conductlve met
P ( ) A Jmetho:i of m%ng an electrically cenrﬁm’twe: patterned film (74),

comprising the steps oft

providing a layer of conductive metzl (24) adjacent a layer of release coating
(20

providing a patterned adhesive layer (40) adjacent a target substrate (42);

contacting the layer of conductive metal (24) and the patterned adhesive layer
(40), such that a corresponding portion (70) of the layer of conductive metal (24) contacts the
patterned adhesive layer (40); and |

utilizing the patterned adhesive layer (40) to sirip the corresponding portion
(70) of the layer of conductive metal (24) from the release coating (20).

2. The method of claim 1, wherein the electrically conductive patterned
film (74) is an RFID antenma. ‘ ‘
3. The method of claim 1, wherein the layer of conductive metal (24)

comprises at least one of copper, silver or aluminum.

‘ 4. The method of claim 1, wherein the layer of conductive metal (24) has
a thickness of from about 5 angstroms to about 1,000 angstroms.

5. The method of claim 1, wherein the layer of release coating (20)
comprises ot least ome of nitroceliulose, acrylic, epoxy, polyester, polyether, ketone,
polyamide, silicone, epoxy acrylate, si_Iicone acrylate, polyester acrylate, polyether acrylate,
esters of acrylic acid, mono functional acrylate. resins, multifunctional acrylate resins or
combinations of oligomeric acrylate polymers based on polyester acrylate or polyether

acrylate resins.

6. The method of claim 1, wherein the layer of release coating. (20 is
applied to a thickness of between 0.025 and 5.0 Ibs per 3,000 square feet.

7. The method of claim 1, further comprising a layer of base polymeric
material (22) adiacent the layer of release coating (20).
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contacting the ectricponent (80) and the patterned adhesive layer (40).
19. The method of claim 18, wherein the electrical component (80) is a
computer chip. 20. A method of making an RFID antenna, comphisii$g, the
steps of: providing a layer of conductive metal (24) adjacent a layer of

r&)g%? ng (20); directly applying an electrical compogies &) testhe

layer of conductive metal (24); pattern applying an energy curable
adhesive layer (40) in the shape of an RFID antenna to a target substrate
(42); laminating the energy curable adhesive layer (40) and the
layer of conductive metal (24), such that a corresponding portion (70) of

the layer ofgcondaﬁtwemethb@m&ata’é@qﬁé%@bﬁy FABRECAPHERR 20) bas

oriANS A0 And the layer dhe:enagnetitable-ashesivbdaye tid Qystrigpiogiuctive
trt'a?(?% respondlng portion (70) of the layer of conductive metal (24) from
eléase coating (20).

9. The method of claim 7, wherein the layer of base polymeric material
(22) comprises at least one of polyolefin, polyethylene, PET, polyester, thermoplastic
polyester, polycarbonate, polypropylene, biaxially oriented polypropylene (BOFPP),

polysulfone or a combination thereof.

10.  The method of claim 1, wherein the patterned adhesive layer 40y is in
the pattern of a conductive pathway.

11.  The method of claim 1, wherein the patterned adhesive layer (40) is in
the patiermn of an RFID antenna.

12.  The method of claim 1, wherein the patierned adhesive layver (40)
comprises at least one of energy curable acrylate resins, esters of acrylic acid, mono
fimctional acrylate resins, multifanctional acrylate resins, oligomeric acrylate polymers based
from polyester acrylate or polyether acrylate resins.

13. The method of claim 1, wherein the patterned adbesive layer (40)

comprises a pressure-sensitive adhesive.

14.  The method of claim 1, wherein the target substrate (42) comprises an
RFID tag or label.

15. The method of claim 1, wherein the target substrate (42) comprises at
least one of polyester, PET, polypropylene, polyolefin, polycarbonate or polysulfone.

16. The method of claim 1, further coinprising the step of curing the
patierned adhesive layer.

17. The method of claim 16, wherein the step of curing comprises curing
by at least one of a convection oven, an ulira-violet puring lamp or an electron beam curing

umit,

18.  The method of claim 1, further comprising the steps of:

11



21. The method of claim 20, wherein the electrical component (80) is a
computer chip. 22. The method of claim 20, wherein the
corresponding portion (70) of the layer of conductive metal (24) isfio3hef
shape of an RFID antenna. 23. An RFD device comprising: a

t%; %Os,%t)(?gfte (42); a patterned adhesive layer (40) adjggentdhRagtoss

substrate (42); and a corresponding portion (70) of a layer of conductive

metal (24) adjacent the patterned adhesive layer (40), the corresponding

portion (70) structured and arranged for release from a layer of release

coating (20). 24. The RFID antenna of claim 23, wherein the RFD device

is a tag or labelding an Z6ctAcmetiaebotrné@kingliancaldbariestsof sradisive metal
cRatgEned film (74), comprising: providing a layer of conductive metal

(24) adj aceo%%%('z%}égﬁh%féﬁé?r??a? c%(z)gptglxgn@@& and the patterned adhesive layer (40},

19. The method of claim 18, wherein the electrical component (80) is a

computer chip.

20. A method of making an RFID antenna, cornprising the steps of:

providing a layer of conductive metal (24) adjacent = layer of release coating
(20);

directly applying an electrical component (80) to the layer of conductive metal
(24

pattern applying an energy curable adhesive layer (40) in the shape of an
RFID antenna to a target substrate (42);

laminating the energy curable adhesive layer (40) and the layer of conductive
metal (24), such that a corvesponding portion (70) of the layer of conductive metal (24)
contacts the energy curable adhesive layer (40); and

the energy curable adhesive layer (40) stripping the corresponding portion (70}
of the layer of conductive metal (24) from the release coating (20).

21.  The method of claim 20, wherein the electrical component (80) is a

computer chip.

22. The method of claim 20, wherein the corresponding portion (70) of the
layer of conductive metal (24) is in the shape of an RFID antenna.

23.  AnRFID device comprising:

a target substrate (42);

a patterned édhesive layer (40) adjacent the target substrate (42); and

a corresponding portion (70) of a layer of conductive metal (24) adjacent the
paiterned adhesive layer (40), the corresponding portion (70) structured and arranged for

release from a layer of release coating (20).

24. The RFID antenng of claim 23, wherein the RFID device is a tag or
label.
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providing an adhesive layer (40) adjacent a target substrate (42);

contacting the layer of conductive metal (24) and the adhesive layer (40),

such that a corresponding portion (70) of the layer of conductive metal 51| p
(24) contacts the adhesive layer (40); and separating the

corresponding portion (70) of the layer of conductive 10metal (24) from

the relegse coglingdall-of mAGnd 4% BRGAEH éﬂﬁ'ﬂ&géﬂ\\/@ é‘ﬁgrm?d film (74),

electrically conductive patterned film (74) is an RFID antenna. 1527.A
naking an RFID antenna, comprising: providing a layer of
conductive metal (24) adjacent a layer of release coating (20); directly

applyinga0igiegteaal,ePmrensat80s s lovarL; éegﬂyﬁt!‘é‘i&‘@ﬂelease
(24); 20applying an energy curable adhesive layer (40) in th ape of an

REdarnteona to a target substrate (42); laminating the energy curable
adhesive layer (40) and the layer of conductive metal (24), such that a

correspeRriiaghpasHCAHEDi0é tagday a0 Phapdty eanpiak (AAneAstasss,
the energy curable adhesive layer (40); and PVICSLLP

contacting the layer of conductive metal (24) and the adhesive layer (40),
such that a corresponding portion (70) of the layer of conductive metal (24)
contacts the adhesive layer (40); and

separating the corresponding portion (70) of the layer of conductive

metal (24) from the release coating (20).

26.  The method of claim 25, wherein the electrically conductive

patterned film (74) is an RFID antenna.

27. A method of making an RFID antenna, comprising:

providing a layer of conductive metal (24) adjacent a layer of release
coating (20);

directly applying an electrical component (80) to the layer of conductive
metal (24);

applying an energy curable adhesive layer (40) in the shape of an RFID
antenna to a target substrate (42);

laminating the energy curable adhesive layer (40) and the layer of
conductive metal (24), such that a corresponding portion (70) of the layer of

conductive metal (24) contacts the energy curable adhesive layer (40); and
13
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stripping the corresponding portion (70) of the layer of conductive metal

(24) from the release coating (20). 28. The method of claim 27, wherein

the electrical component (80) is 5a computer chip. 29. An RFID devié\é(,:SLLp
comprising: a target substrate (42; an adhesive layer (40) adjacent the
target substrate (42); and 10 a corresponding portion (70) of a layer of

Conducéwgsﬂs?ﬁéﬁl@@o%@%ﬂﬁmﬁ BaRHVE Y6 #i0)allte SPgﬁgﬁm%etal

portion (7 ctured and arranged for release from a layer of release
¢0a§iAg A7 e release coating (20).

28.  The method of claim 27, wherein the electrical component (80) is

a computer chip.

29.  An RFID device, comprising:

a target substrate (42;

an adhesive layer (40) adjacent the target substrate (42); and

a corresponding portion (70) of a layer of conductive metal (24) adjacent

the adhesive layer (40), the corresponding portion (70) structured and arranged

for release from a layer of release coating (20).
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