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(57) ABSTRACT

A current collector for an electrochemical cell. The current
collector comprises a polymer support film having a surface.
The current collector also comprises a conductive metallic
layer on at least a portion of the surface of the polymer
support {ilm, the conductive metallic layer having a first
thickness. The current collector further comprises a protec-
tive metallic layer on the conductive metallic layer. The
protective metallic layer has a second thickness less than the
first thickness and i1s adapted to protect the conductive
metallic layer against corrosion. Also provided are a method
of manufacturing such a current collector and an electro-
chemical generator comprising such a current collector.
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CURRENT COLLECTOR FOR POLYMER
ELECTROCHEMICAL CELLS AND
ECLECTROCHEMICAL GENERATORS THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application is a continuation of U.S.
patent application Ser. No. 10/329,364 filed on Dec. 27,
2002, which 1s hereby incorporated by reference herein.

FIELD OF THE INVENTION

[0002] The present invention relates to polymer electro-
lyte batteries and, more particularly, to current collectors for
use 1n polymer electrolyte batteries.

BACKGROUND

[0003] Rechargeable batteries manufactured from lami-
nates of solid polymer electrolytes and sheet-like electrodes
display many advantages over conventional liquid electro-
lyte batteries. These advantages include: lower overall bat-
tery weight; higher power density; higher specific energy;
and longer service life. In addition, they are more environ-
mentally friendly since the danger of spilling toxic liquid
into the environment 1s eliminated.

[0004] Solid polymer battery components generally
include: positive electrodes (commonly referred to as cath-
odes); negative electrodes (commonly referred to as
anodes); and an electrolyte separator which is capable of
permitting 1onic conductivity and which 1s sandwiched
between the electrodes. Moreover, a current collector can
also be associated with either one of the electrodes, espe-
cially the cathode.

[0005] In addition to acting as a mechanical support, the
current collector also conducts the flow of electrons between
the active material of the electrode and the battery terminals.
Current collectors have a tendency to corrode or form an
insulating film, which impairs the passage of electrons
between the collector and the active material of the elec-
trode, thereby increasing the internal resistance of the elec-
trochemical cell and reducing power density and cycle life
of such rechargeable batteries.

[0006] The current collector is also considered a passive
component of the electrochemical cell because 1t normally
does not generate energy. It simply provides a means for
conducting the electrical current generated by the electro-
chemical cell. It 1s therefore advantageous to reduce the
volume and weight of the current collector as much as
possible.

[0007] Thus, there is a need for a relatively light and thin
current collector which can better resist corrosion.

SUMMARY OF THE INVENTION

[0008] In accordance with a first broad aspect, the inven-
tfion seeks to provide a current collector for an electrochemi-
cal cell. The current collector comprises a polymer support
film having a surface. The current collector also comprises
a conductive metallic layer on at least a portion of the
surtace of the polymer support film, the conductive metallic
layer having a first thickness. The current collector further
comprises a protective metallic layer on the conductive
metallic layer. The protective metallic layer has a second
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thickness less than the first thickness and i1s adapted to
protect the conductive metallic layer against corrosion.

[0009] In accordance with a second broad aspect, the
invention seeks to provide an electrochemical generator
comprising at least one thin-film electrochemical cell. Each
one of the at least one thin-film electrochemical cell com-
prises at least one thin-film solid electrolyte disposed
between a film constituting an anode and a film constituting
a cathode, and a current collector associated with one of the
anode and the cathode. The current collector comprises a
polymer support film having a surface. The current collector
also comprises a conductive metallic layer on at least a
portion of the surface of the polymer support film, the
conductive metallic layer having a first thickness. The
current collector also comprises a protective metallic layer
on the conductive metallic layer. The protective metallic
layer has a second thickness less than the first thickness and
1s adapted to protect the conductive metallic layer against
COIrosion.

[0010] In accordance with a third broad aspect, the inven-
tion seeks to provide a method of manufacturing a current
collector for an electrochemical cell. The method comprises

[0011] providing a polymer support film having a
thickness;

[0012] coating a conductive metallic layer onto at
least a portion of the surface of the polymer support
film, the conductive metallic layer having a first
thickness; and

[0013] coating a protective metallic layer onto the

conductive metallic layer, the protective metallic
layer having a second thickness less than the first
thickness and being adapted to protect the conduc-
tive metallic layer against corrosion.

[0014] These and other aspects and features of the present
invention will now become apparent to those of ordinary
skill in the art upon review of the following description of
specific embodiments of the invention in conjunction with
the accompanying drawings.

BRIEF DESCRIPITION OF THE DRAWINGS

[0015] A detailed description of preferred embodiments of
the present mvention 1s provided herein below with refer-
ence to the following drawings, 1n which:

[0016] FIG. 1 is a schematic front view of a typical
vacuum metal vapor deposition apparatus for metal coating,
a substrate film;

[0017] FIG. 2 is a schematic cross sectional view of a

current collector 1n accordance with one embodiment of the
mvention;

[0018] FIG. 3 is a schematic cross sectional view of a
current collector 1n accordance with another embodiment of
the 1nvention; and

10019] FIG. 4 is a schematic perspective view of an
clectrochemical cell incorporating a current collector 1n
accordance with one embodiment of the invention.

[0020] In the drawings, the embodiments of the invention
are 1llustrated by way of examples. It 1s to be expressly
understood that the description and drawings are only for the
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purpose of illustration and are an aid for understanding.
They are not intended to be a definition of the limits of the
invention.

DETAILED DESCRIPTION

[0021] As previously mentioned, current collectors in
electrochemical (EC) cells are passive components that
transport currents generated by the chemical reaction
between the anode and the cathode. Current collectors also
act as mechanical supports for paste-like anodes or cathodes,
and as such should be as strong and as thin as practicable to
reduce the weight and volumetric penalty of the current
collector to the overall weight and volume of the EC cell.

10022] To achieve these goals, a current collector in accor-
dance with one embodiment comprises a polymer support
film having a thickness of between about 1 and 15 microns,
preferably less than about 10 microns, onto which 1s depos-
ited by vacuum evaporation a conductive metallic layer
having a thickness of less than 3 microns, and preferably less
than 1 micron. The conductive metallic layer 1s thereafter
protected against corrosion by a protective metallic layer
having a thickness of between about 5 and 500 nanometers,
and preferably less than about 100 nanometers.

[0023] The polymer support film is selected for its relative
thinness, 1ts tensile strength, 1ts low elongation, 1ts ability to
be metallized, and its stability over time. Polymer support
films exhibiting acceptable properties can comprise bi-
axially oriented polystyrene (BO-PS), polyethylene tereph-
thalate (BO-PET), polycarbonate (PC), polypropylene (PP),
polypropylene sulphide (PPS) and polyethylene naphthalate
(PEN). Such polymer support films are readily available on
the market 1n thickness ranging from 2 microns to 12
microns. They are also capable of withstanding the high
temperature of metal evaporation deposition and plasma
activated evaporation deposition. Finally, they display good
tensile strength such that the metallized current collector
may be processed 1n subsequent manufacturing steps to
make electrochemical cells.

10024] The conductive metallic layer may comprise any
metal exhibiting good electrical and thermal conductivity, as
well as low density and low cost. Suitable metals include
aluminum (Al), copper (Cu), silver (Ag), nickel (Ni), tin
(Sn) or alloys based on these metals. However, preferred
metals are aluminum and copper for their low cost and good
conductivity. The chosen metal may be vacuum vapor
deposited or plasma activated deposited onto the polymer
support film.

[0025] With respect to the protective layer, the latter is
clectronically conductive to allow movement of electrons
between the electrode active material and the conductive
metallic layer of the current collector. In addition, 1t also acts
to prevent degradation through corrosion or passivation of
the conductive metallic layer. This layer should be as thin as
possible and serves as a barrier between the corrosion or
passivation effect of the electrode material. The protective
layer preferably contributes to the electronic conductivity of
the current collector. The protective layer 1s preferably a
second metallic or metal oxide layer deposited onto the
conductive metallic layer. Metal vapor deposition 1s one
available technique to achieve such a layer. Most metals are
sufficiently conductive to allow easy electronic movement,
however few are adapted to resist corrosion initiated by the
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salts present 1n electrochemical cells. Suitable metals com-
prise silver (Ag), gold (Au), palladium (Pd), platinum (Pt)
and metal oxides derived from any suitable metal that can
form stable electronically conductive oxides such as SnQO.,
CrQO,, etc.

[0026] Suitable methods of depositing the conductive
metallic layer 1in thicknesses sufficient to permit the draining
of current densities (Imax/cm”) generated by electrochemi-
cal cells of average or large sizes include vacuum vapor
metallization and plasma activated evaporation deposition.
Vacuum vapor metallization 1s a low pressure, high tem-
perature (energy) process in which metal vapor i1s formed.
Vacuum vapor metallization generally occurs in three basic
modes. First, metal wire can be directed into a hot boat or
other container at high temperatures and low pressures
wherein the metal melt formed 1n the boat 1s converted 1nto
vapor. Secondly, electron beam excitation of a metal held at
low pressure and approximately ambient temperature can
cause the production of a pool of molten metal and a metal
vapor. Thirdly, the induction heating of metal 1n a susceptor
vessel can result in the production of useful quantities of
metal vapor at low pressure.

10027] FIG. 1 illustrates a vacuum vapor metallization
chamber 10 which 1s split into two separate zones, namely
a winding zone 12 and an evaporation zone 14. A roll of
polymer support film 16 such as for example BO-PET, 6 um
thick, 1s loaded 1nto position in the winding zone 12 whilst
the chamber 1s open to atmosphere. The polymer support
f1lm 16 1s loaded onto an unwinding roll 18, looped around
a processing cooling drum 20, and wound onto a winding,
roll 22. Once the polymer support film 16 1s loaded, the
chamber 1s closed and then evacuated to remove air, water
and any other unwanted gaseous substances that could
interfere with the metallization process. When the evapora-
tion zone 14 reaches the required operating pressure, usually
below 1 Torr and preferably less than 200 mTorr, an array of
evaporators or boats 24 located beneath cooling drum 20, 1s
heated to produce a molten metal pool and metal vapor. The
polymer support film 16 1s unwound onto the processing
cooling drum 20 and metal such as aluminum or copper 1s
fed onto each evaporator 24. The molten metal vaporizes
into the hot gas stream emerging from each evaporator and
1s thereafter condensed on the polymer support film 16
which 1s cooled by the cooling drum 20 thereby forming a
thin metal layer. The processing temperature of the cooling
drum 20 is about -15° C. to -30° C. which condenses the
vaporized metal onto the polymer support film 16 and
rapidly dissipates heat to prevent melt down of the polymer
support film 16, ensuring integrity of the metallized film.

[0028] Plasma may be used to enhance activation of metal
evaporation. As 1illustrated 1n FIG. 1, a plasma source 26
may be installed near the gas stream of evaporators 24. A
gas, or combination of gases, 1s 1njected into vaporization
zone 28 and 1onized between two electrodes. The remaining
liquid metal particles of the vaporized metal are completely
vaporized, thereby yielding a denser and more even coating
with the benefit that a lesser amount of metal 1s required to
achieve a conductive layer for a given current density.

[10029] As shown, a surface treatment system 30 may also
be used to treat the polymer support film 16 prior to metal
deposition 1n the evaporation zone 14. Surface treatment 1s
preferably done in the winding zone 12. Iomized gas 1s
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propelled onto the surface or surfaces of the polymer support
f1lm 16 to improve the adhesion of the metal coating onto the
polymer support {ilm 16 and to improve the consistency of
the metallized film as a barrier against oxygen transmission.
Surface treatment of the polymer support film 16 improves
the density and consistency of the metallized film.

[00030] In order to achieve a coating thickness of over 1000
A (0.1 um), the deposition rate of vaporized metal must be
relatively high and the speed of the polymer support film 16
should be slowed down proportionally. Heat build up within
the polymer support film 16 1s compensated by more effi-
cient cooling and heat dissipation of the latter in order to
prevent melt down.

[0031] As shown in tables 1 and 2 below, conductive
metallic layers of aluminum and copper featuring thick-
nesses of less than about 3.0 um were coated onto one side
of a BO-PET plastic support film. The maximum resistivity,
required for the conductive layer 1s about 0.2 £2/square to
drain the current density generated by medium to large
clectrochemical cells. The resistivity measured for the alu-
minum conductive layers were satisfactory from 0.39 um
upward and 1t may be extrapolated that a 0.3 um thick layer
would be adequate. The resistivity measured for the copper
conductive layers were satisfactory for thickness of 0.51 um
upward. Persons skilled 1n the art will however understand
that thicknesses other than those listed in the below tables
may also be suitable.

TABLE 1

Conductive Metallic Lavers of Al

Evap. Web Layer
Rate speed thickness Resistivity
Sample Nos. (g/min) (m/s) (1em) (€2/square)
1 1.3 0.1 0.390 0.16
2 1.3 0.05 0.78 0.09
3 1.3 0.025 1.560 0.05
4 1.3 0.013 3.000 0.03
5 1.8 0.25 1.080 0.05
6 1.8 0.05 2.160 0.05
7 2.5 0.1 0.750 0.05
8 2.5 0.075 1.440 0.05
[0032]
TABLE 2
Conductive Metallic Layers of Cu
Evap. Web Layer
Rate speed thickness Resistivity
Sample Nos. (g/min) (m/s) (m) (Q2/square)

1 4.3 0.25 0.21 0.25
2 4.3 0.1 0.52 0.12
3 4.3 0.05 1.03 0.07
4 4.3 0.025 2.06 0.05
5 5.9 0.14 0.51 0.1
6 5.9 0.07 1.010 0.05

[0033] Once the conductive metallic layer is coated or
deposited onto the polymer support film 16, the protective
layer 1s then applied onto the conductive metallic layer to
protect the latter from the corrosive and passivation effect of
the cathodic or anodic materials to be later coated onto the
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current collector. Preferred methods of depositing the pro-
tective layer 1n thicknesses ranging from about 5 nm to about
500 nm, and preferably less than about 100 nm, 1s either
thermal evaporation deposition and plasma activated evapo-
ration deposition or metal sputtering coating, which 1s well
known 1n the art. In one embodiment, the protective layer 1s
composed of silver (Ag) and has a thickness in the range of
10-50 nm thick. As mentioned above, however, other suit-
able metals such as gold (Au), palladium (Pd), platinum (Pt),
and metal oxides derived from any suitable metal that can
form stable electronically conductive oxides such as SnO.,
CrO;, may also be used.

10034] FIG. 2 illustrates a current collector 40 fabricated
in accordance with the above method. Current collector 40
comprises a polymer support film 42, a conductive metallic
layer 44, and a protective layer 46.

[0035] Preferably, the polymer support film 42 is coated
on both sides as 1llustrated in FIG. 3. As shown, the current
collector 50 comprises a central polymer support film 42. In
addition, current collector 50 also includes a first conductive
metallic layer 52 and a first protective layer 54 on one side
of the polymer support film 42, as well as a second con-
ductive layer 56 and a second protective layer 58 on the
other side thercof. A dual side current collector 50 as
illustrated in FIG. 3 allows electrode materials to be coated
on both of 1ts sides, thereby reducing by half the weight and
volume penalty of the polymer support film 42 1n a battery.

[0036] To further increase the conductivity of the current
collector and therefore reduce the required thickness of the
conductive metallic layers 52 and 56, a conductive polymer
support {ilm may be used. A conductive polymer support
film refers to any polymer support film which has been
doped with a sufficient amount of a conductive material, so
as to be conductive and therefore increase the overall
conductivity of a current collector as described above.
Advantageously, the imcreased conductivity may improve
the processability of the polymer support {ilm by increasing
its thermal conductivity and therefore 1ts ability to dissipate
heat through the cooling drum of the vacuum metallization
apparatus. Examples of particular polymers employed
include polyesters, polycarbonates, polyacrylates, polyeth-
ylenes, polypropylenes and the like. These polymers are
doped with a suificient amount of a conductive material to
render them conductive. Such conductive materials include,
by way of example, carbon powder, graphite, powdered
nickel, metal particles, and the like. Polymers characterized
by a conjugated network of double bonds like polypyrol and
polyacetylene may also be conductive and used as a polymer
support film 42.

10037] FIG. 4 illustrates a typical embodiment of a solid-
state, thin-film electrochemical cell which may be utilized 1n
the fabrication of a rechargeable electrochemical generator.
Electrochemical cell 70 includes a central metallized dual
side current collector 50 as described and 1llustrated 1n FIG.
3 (some details being omitted for the sake of clarity). A layer
of cathode material 72 1s coated or directly extruded onto
each side of current collector 50. Electrochemical cell 70 1s
of bi-face flat prismatic configuration 1n which a thin-film
solid electrolyte 74 1s disposed between films 76 constituting
anodes and the films 72 constituting the cathodes. A central
cathode current collector 50 1s disposed between each of the
cathode films 72. The anode films 76 arc laterally offset
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relative to the cathode current collector 50 so as to expose
the anodes 76 along a first edge 78 of the cell 70, and to
expose the current collector 50 along a second edge 80 of the
cell 70. In accordance with one specific embodiment of an
electrochemical cell 70, the anode films 76 are thin sheets of
lithium or lithium alloy; the cathode films 72 are usually
composites formed of a mixture of an active material such
as transitional metal oxide, an electrically conductive filler,
usually carbon particles and an 1onically conductive polymer
clectrolyte material.

[0038] A mono-face cell configuration may alternatively
be employed 1n which a one sided cathodic current collector
40, as shown 1n FIG. 2, 1s associated with a single anode/
clectrolyte/cathode element combination. In this configura-
tion, an insulating film 1s typically disposed between indi-

vidual anode/electrolyte/cathode/collector clement
combinations.
[0039] In accordance with one specific embodiment, and

with further reference to FIG. 4, electrochemical cell 70
includes solid polymer electrolytes 74 which constitutes an
lon transporting material, positioned between lithtum metal
anode films 76, and active vanadium oxide cathode films 72.
These film elements are fabricated to form a thin-film
laminated prismatic structure, which may include an insu-
lation film such as polypropylene film between each elec-
trochemical cell 70.

[0040] Thin-film electrochemical cells may also be pack-
aged 1n a “jelly roll” configuration so as to form a generally
cylindrical cell structure, a flat roll configuration, or a flat

stack configuration. Such configurations are well known 1n
the art.

[0041] Although various embodiments have been illus-
trated, this was for the purpose of describing, but not
limiting, the mvention. Various modifications will become
apparent to those skilled 1n the art and are within the scope
of this invention, which 1s defined more particularly by the
attached claims.

1. A current collector for an electrochemical cell, said
current collector comprising;

a polymer support film having a surface;

a conductive metallic layer on at least a portion of the
surface of said polymer support film, said conductive
metallic layer having a first thickness; and

a protective metallic layer on said conductive metallic
layer, said protective metallic layer having a second
thickness less than the first thickness and being adapted
to protect said conductive metallic layer against corro-
S101.

2. A current collector as defined 1n claim 1, wherein said
polymer support film 1s selected from the group consisting,
of polystyrene, polyethylene terephthalate, polycarbonate,
polypropylene, and polyamide.

3. A current collector as defined 1n claim 1, wherein said
conductive metallic layer i1s selected from the group con-
sisting of Al, Cd, Cu, Mg, N1 and Sn.

4. A current collector as defined 1n claim 1, wherein said
protective metallic layer 1s selected from the group consist-

ing of Ag, Pd, Pt, Sn and Cr.
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S. A current collector as defined 1n claim 1, wherein said
conductive metallic layer 1s coated onto said at least a
portion of the surface of said polymer support {ilm by metal
vapor deposition.

6. A current collector as defined 1n claim 1, wherein said
protective metallic layer 1s coated onto said conductive
metallic layer by metal vapor deposition.

7. A current collector as defined 1n claim 1, wherein said
protective metallic layer 1s a metal oxide layer.

8. A current collector as defined i claim 1, wherein said
polymer support film 1s electronically conductive.

9. A current collector as defined 1n claim &8, wherein said
polymer support film being electronically conductive com-
prises said polymer support film being doped with a suffi-
cient amount of a conductive material so as to be electroni-
cally conductive.

10. A current collector as defined 1n claim 9, wherein said
conductive material 1s selected from the group consisting of
carbon powder, graphite, powdered nickel, and metal par-
ficles.

11. A current collector as defined 1n claim 8, wherein said

polymer support film 1s a polymer having a conjugated
network of double bonds.

12. A current collector as defined 1n claim 1, wherein the
surface 1s a first surface, said conductive metallic layer 1s a
first conductive metallic layer, and said protective metallic
layer 1s a first protective metallic layer, said polymer support
f1lm having a second surface, said current collector further
comprising:

a second conductive metallic layer on at least a portion of
the second surface of said polymer support film, said
second conductive metallic layer having a third thick-
ness; and

a second protective metallic layer on said second conduc-
tive metallic layer, said second protective metallic layer
having a fourth thickness less than the third thickness
and being adapted to protect said second conductive
metallic layer against corrosion.

13. A current collector as defined 1n claim 1, wherein the
first thickness 1s less than about 3 microns.

14. A current collector as defined 1n claim 13, wherein the
second thickness 1s between about 5 nanometers and about
500 nanometers.

15. A current collector as defined 1n claim 14, wherein
said polymer support film has a third thickness, the third
thickness being between about 1 micron and about 15
microns.

16. A current collector as defined 1n claim 1, wherein said
conductive metallic layer 1s made of a first material and said
protective metallic layer 1s made of a second material
different from the first material.

17. An electrochemical generator comprising at least one
thin-film electrochemical cell, each one of said at least one
thin-film electrochemical cell comprising;:

at least one thin-film solid electrolyte disposed between a
film constituting an anode and a film constituting a
cathode; and

a current collector associated with one of said anode and
said cathode, said current collector comprising:

a polymer support film having a surface;
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a conductive metallic layer on at least a portion of the
surface of said polymer support film, said conductive
metallic layer having a first thickness; and

a protective metallic layer on said conductive metallic
layer, said protective metallic layer having a second
thickness less than the first thickness and being
adapted to protect said conductive metallic layer
against corrosion.

18. An electrochemical generator as defined 1n claim 17,
wheremn said at least one thin-film electrochemical cell
comprises a plurality of thin-film electrochemical cells
stacked together.

19. An electrochemical generator as defined 1n claim 17,
wherein the surface 1s a first surface, said conductive metal-
lic layer 1s a first conductive metallic layer, and said pro-
tective metallic layer 1s a first protective metallic layer, said
polymer support film having a second surface, said current
collector further comprising:

a second conductive metallic layer on at least a portion of
the second surface of said polymer support film, said
second conductive metallic layer having a third thick-
ness; and

a second protective metallic layer on said second conduc-
tive metallic layer, said second protective metallic layer
having a fourth thickness less than the third thickness
and being adapted to protect said second conductive
metallic layer against corrosion.

20. An electrochemical generator as defined 1n claim 17,
wherein said conductive metallic layer 1s selected from the
group consisting of Al, Cd, Cu, Mg, N1 and Sn.

21. An electrochemical generator as defined 1n claim 17,
wherein said protective metallic layer 1s selected from the
group consisting of Ag, Pd, Pt, Sn and Cr.

22. An clectrochemical generator as defined 1n claim 17,
wherein said conductive metallic layer 1s coated onto said at
least a portion of the surface of said polymer support film by
metal vapor deposition.

23. An electrochemical generator as defined 1n claim 17,
wherein said protective metallic layer 1s coated onto said
conductive metallic layer by metal vapor deposition.

24. An electrochemical generator as defined 1n claim 17,
wherein said protective metallic layer 1s a metal oxide layer.

25. An electrochemical generator as defined 1n claim 17,
wherein said polymer support film 1s electronically conduc-
five.
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26. An clectrochemical generator as defined 1n claim 25,
wherein said polymer support film being electronically
conductive comprises said polymer support film being
doped with a sufficient amount of a conductive material so
as to be electronically conductive.

27. An electrochemical generator as defined 1n claim 17,
wherein the first thickness 1s less than about 3 microns.

28. An clectrochemical generator as defined 1n claim 27,
wherein the second thickness 1s between about 5 nanometers
and about 500 nanometers.

29. An clectrochemical generator as defined 1n claim 28,
wherein said polymer support film has a third thickness, the
third thickness being between about 1 micron and about 15
Mmicrons.

30. A method of manufacturing a current collector for an
clectrochemical cell, said method comprising:

providing a polymer support film having a surface;

coating a conductive metallic layer onto at least a portion
of the surface of the polymer support film, the conduc-
tive metallic layer having a first thickness; and

coating a protective metallic layer onto the conductive
metallic layer, the protective metallic layer having a
second thickness less than the first thickness and being
adapted to protect the conductive metallic layer against
COIrosion.

31. A method as defined in claim 30, wherein coating a
conductive metallic layer onto at least a portion of the
surface of the polymer support film comprises coating the
conductive metallic layer onto the at least a portion of the
surface of the polymer support film by metal vapor deposi-
tion.

32. A method as defined in claim 30, wherein coating a
protective metallic layer onto the conductive metallic layer
comprises coating the protective metallic layer onto the
conductive metallic layer by metal vapor deposition.

33. A method as defined 1in claim 30, wherein the first
thickness 1s less than about 3 microns.

34. A method as defined 1n claim 33, wherein the second
thickness 1s between about 5 nanometers and about 500
nanometers.

35. A method as defined 1n claim 34, wherein the polymer
support film has a third thickness, the third thickness being
between about 1 micron and about 15 microns.
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