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5 Backg;ound of the Invention
1. Field of the Invention
The present invention generally.relates to
packaging materials for products which are sensitive to
static electric fields and discharge, and more
10 particularly to a flexible, transparent film (and a
method of making the film) which shields against
electrostatic fields; and further resists triboelectric
generation of static charges and provides for the rapid
dissipation of such charges.

15 2. Description of the Prior Art
' Electrostatic discharge, as well as the mere

presence of a static electric field, can be extremely
detrimental to sensitive electronic parts. This is
particularly true of modern semiconductors and integrated

20 circuits which may be degraded or destroyed. by the
buildup of static electricity in the workplace.
Especially sensitive components can be severely affected
by an electrical potential as small as 50 volts, yet the
simple act of walking has been shown to triboelectrically

25 generate a potential of 30,000 volts or more.

One of the most common methods of protecting
electronic components is to store, ship and handle them
ﬁsing pouches, bags, tote boxes or other packaging
constructed of materials which provide shielding against

30 electrostatic fields and other electromagnetic |
influences. These materials may additionally provide for
the rapid dissipation of electrostatic charges which are
applied to the package, and/or include a coating which
ﬁrevents or minimizes triboelectric charging along the

35 surface of the package. The present invention is
directed to a film which may be fashioned into packaging
providing such protection, and to a method of making such
a film. : «

The most basic function_provided by these types
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5 a rather complicated process for creating a shielding
film is disclosed in U.S. Patent No. 4,645,566 issued to
Kato et al. A thermoplastic, synthetic pulp is mixed
with thermoplastic, composite fibers and conductive
fibers, resulting in a paper-type stock. This stock may

10 be formed into a web, and when it is heated and dried at
appropriate temperatures, the pulp melts, leaving a film
which has a network of conductive fibers dispersed

therein. Other processes uéing a pulp of polymeric and
conductive components are discussed in Japanese Patent

15 Application Kokai Nos. 60-210667, 60-257234 and 62-42499.

The use of a web carrier in creating a
conductive intermediate layer is common. 1In U.S. Patent
Nos. 4,939,027 and 4,983,452, both issued to Daimon et
al., a moldable static-shielding sheet is formed by first

20 obtaining a web of nonwoven fabric comprising conductive
fibers and thermoplastic fibers. The web may
alternatively be formed by irregularly twining a
conductive fiber with a hot-melt adhesive fiber. The web
is placed between two thermoplastic films and heated.

25 This bonds the films to the web, and further causes the
thermoplastic fibers in the web to melt and combine with
the films, leaving an imbedded layer of conductive
fibers. Other techniques utilizing a web or fabric are
shown in Japanese Patent Application Kokai Nos. 60-34099,

30 60,143699, 62-47200, 62-122300, 62-275727,and 62-276297.

In addition to providing electrostatic
shielding, these films may be treated to provide for the
rapid dissipation of static charges, and to further
minimize the triboelectric generation of such charges.

35 In accordance with the American National Standards
Institute EIA standard 541 ("Packaging Material Standards
for ESD Sensitive Items," published June 1988) the first
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: 5 composition which may be applied to a substrate, and
which causes the antistatic properties to migrate through
the substrate upon curing.
One product which combines the qgualities of
electrostatic shielding, static-dissipation and
i0 triboelectric charge.résistance is described in U.S.
Patent Nos. 4,154,344 and 4,156,751, both issued to Yenni
et al. Those patents describe a sheeting material which
is formed by first applying a conductive material, such
~as nickel, to one surface of a biaxially oriented polymer
15 substrate, namely, polyester. The exposed nickel surface
is then coated by a solvent process with a protective
layer. A film of heat-sealable material (polyethylene)
is extruded onto the opposite surface of the polQester
film. The extruded polyethylene may include antistatic
20 material (such as quaternary ammonium compounds), or be
further coated with such antistatic agents. Other
conductive materials, such as carbon-loaded plastics, may
be substituted for the metallic coating.
A similar product and process is described in
25 U.S. Patent No. 4,756,414 issued to C. Mott, except that
the conductive layer is provided between the heat-
sealable plastic and the second plastic layer. The
conductive layer is applied by either vacuum deposition
or sputtering techniques. The two plastic layers may be
30 joined using a thermosetting adhesive. See also Japanese
Patent Kokoku No. 38398/89. In U.S. Patent No. 4,875,581
issued to Ray et al., a dielectric material is interposed
between the two plastic layers and, in addition to a
conductive layer, the outer elastomeric layer of the film
35 includes additives which make it static-dissipative.
Even more complicated processes and resulting structures
are known, such as the film discussed in U.S. Patent No.
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Ply layer having a polyolefin and a copolymer of

ethylene-acrylic acid and ethylene-vinyl ace
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Babinec, the layers are joined using an adhesive or hot

5 roll lamination.
_ Another laminated film is disclose
Patent No. 3,888,711 issued to W. Breitner.
that film is primarily intended for use as a
window or alarm glass, Breitner notes that i
10 used for shielding against electromagnetic i
The lamination process used requires a knit
thermoplastic and conductive filaments which
to a sheet of thermoplastic material. The thermoplastic
filaments are preferably constructed of the

d in U.S.
Although
heated

t may also be

nterference.

of
is applied

same

15 materials as the thermoplastic sheet; the thermoplastic
filaments should at least be fusible with the sheet.

When the sheet is fed through hot rolls, the
thermoplastic filaments fuse with the sheet,
network of conductive filaments forming a pl

leaﬁing a
urality of

20 interconnected conductive paths. A cover sheet may be
laid on top of the network before hot rolling. Another
lamination technique (using conductive strands rather
than a web) is depicted in Japahese Patent Application

Kokai No. 60-81900.

25 Each of the foregoing techniques has its

disadvantages. First and foremost of these

'is the poor

transmission of visible light ("transmissivity") through

these films and packaging formed therefrom,

whether they

rely on metal coatings, carbon-loading or filament

30 networks. Previously, increasing transmissi

vity meant

‘sacrificing static-shielding ability. The best

transmissivity claimed by any of the foregoi

ng processes
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achieve at production levels. Furthermore,

while this
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5 fabrics or pulp, those processes are generally more
complicated and, hence, more expensive; they also often
produce hazardous metal dust. The resulting films
typically have even less transmissivity than metal
coatings, but such coating processes also add significant

10 expense. Pulp-type films are conductive through their
thickness, and so require additional process steps to
insulate their surfaces. As noted by Kato et al., films
resulting from these processes further have inferior
physical and chenmical bonding resulting in low tensile,

15 tear and surface strength.

A thin, conductive filamentary network would
overcome many of these problems but it has been difficult
in the past to apply such a network without the use of
webs or pulp. Breitner notes that applying metal strips

20 is labor intensive, but his process still requires a
special prefabricated knit (or special machinery to
directly apply filaments to the film). Breitner further
notes the difficulties in using very thin conductive

_ filaments, which would be preferable since'this would

25 enhance transmissivity through the network. ‘Anothér
problem with static-shielding films using filaments is
that the network must be relatively dense, which inhibits
transmissivity. For example, Daimon et al. ('027)
teaches that the network must have minimum density of 15

30 g/m?. Finally, interposing a conductive network between
two polymeric layers often results in wrinkles and/or
voids at the interference where the filaments lay. This
affects transmissivity and legibility, and may also
increase the likelihood of peeling.

35 Several of the above limitations have been
overcome by the process described in U.S. Patent

. Application Serial No. 07/270,532 (D. Koskenmaki),
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fiber with a hot-nelt adhesive fiber. The web is placed bet ,,nm,m'”"
thernoplastic filns and heated. This bonds _the filns to the

further causes the thernoplastic fibers inthe web to nelt and conbine with
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furt her strands of conductive material are squirted directly onto
5 a polymeric substrate, which may then be further
laminated. Nevertheless, the equipment necessary to
produce molten filaments is relatively expensive, and
presents clear hazards. Also, since the exemplary
laminated films of Koskenmaki create an interface at the
10 filamentary network, .they are more likely to have
wrinkles and/or voids, and more prohe to peeling at the
interface. Therefore, it would be desirable and
advantageous to manufacture a static-shielding film by
applying a very sparse network of thin conductive
15 filaments to a polymeric sheet to achieve improved
transmissivity and legibility, the filaments further
being suspended in a polymeric layer in such a manner
that there is no discernable interface surroundiﬁg the
filaments even though they form an essentially two-
20 dimensional conductive network. The filaments should

further not be applied in a molten state.

Summary of the Invention
The foregoing objective is achieved in a film

25 comprising a first layer of a carrier material which is
electrically insulative, flexible, trénspareht, and
dimensionally stable, and a second layer of a polymeric
material bonded to the first layer, the polymeric
material being electrically insulative, flexible,

30 transparent, and thermoplastic, there being a plurality
of conductive slivers embedded in the second layer
forming an essentially two-dimensional, conductive
network. The overall thickness of the film is relatively
thin, e.q., abdut 100 pum, and the sliver may be present

35 in an amount as little as 2 g/m?, resulting in a static-
shielding film which passes at least 70% of visible
light, and upwards of 85% of visible light. The slivers
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advantageously have a melting temperature above the
melting temperature of the polymeric material, and the
polymeric material further has a melting temperature
which is lower than the melting temperature of the
carrier material.

The film is constructed by a process in which
the slivers are applied to a sheet material having a
dimensionally stable layer and a thermoplastic layer, the
thermoplastic layer having a melting temperature which is
lower than the melting temperature of the dimensionally

‘stable layer. The slivers are applied to the surface of

the thermoplastic layer. A thermoplastic material which
is miscible with the thermoplastic layer is then extruded
in sheet form, laid over the slivers while the material
is still molten, and hot~rolled, causing the extruded
sheet and the thermoplastic layer to combine into a
single, homogenous layer. The slivers may be applied to
the sheet material using a mechanical deflector,.a
magnetic attractor, an electrostatic attréétor, or blown
onto the surface of the thermoplastic layer when the
layer is in a molten state.

Brief Description of the Drawings

The novel features and scope of the invention
are set forth in the appended claims. The invention
itself, however, will best be understood by‘feference to
the accompanying drawings, wherein:

o Figures 1A and 1B are side elevational views of
the process equipment used to manufacture the static-
shielding £ilm in accordance with alternative embodiments
of the present invention;

Figure 2 is an enlarged side elevational view
showing the lamination of the sheet material having
slivers thereon with the extruded cover sheet;

Figure 3 is a cross-sectional view of the
static-shielding film resulting from the process of the
present inventioh; and
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5 Description of the Preferred Embodiment
With reference now to the figures, and in
particular with reference to Figures 1A and 1B, two
methods of manufacturing a static-shielding film in
accordance with the present invention are depicted. The

10 three basic material.components of the film are a sheet
material 10 wound on a supply roll 12, a plurality of
conductive strands gathered together in a tow 14, which
may be provided on another supply roll 16, and a cover
sheet 18 which is extruded from a die 20.

15 The sheet material 10 comprises a first layer
formed of any electrically insulative and flexible
carrier material, preferably polymeric, and a second
layer formed of a second polymeric material whidﬁ is
electrically insulative, flexible, and'thérﬁoplastic.

20 The melting temperature of the second polymeric material
should be lower than that of the first polymeric
(carrier) material, and both layers should be essentially
transparent. 1In this regard, the term "transparent"
means passing at least 70% of visible light. Appropriate

25 polymers for the first polymeric material include, e.g.,
polyester, polypropylene or nylon. The firséipolymeric
material has preferably been made both biaxially oriented
and dimensionally stable, such as by stretching. The
second polymeric material may be selected from the

30 exemplary group consisting of low-density polyethylene,
linear low-density polyethylene, high density
polyethylene, ethylene methyl acrylate, ethylene vinyl
acetate, or ethylene ethylacrylate. Sheet material 10 is
advantageously very thin, in the range of 30 - 80 gm. In

35 the preferred embodiment, sheet material 10 is a
polymeric f£ilm known as SCOTCHPAR obtained from 3M, and
comprises a first layer of polyethylene terephthalate
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considerably, depending on the intended use of the film,
e.g., a small pouch or a large bag. For example, the
width may be in the range of 5 cm to several meters.
. The tow 14 may comprise a plurality of very
long conductive strands, or shorter slivers which are

10 intertwined to form a rope-like tow. The strands or
slivers should be very thin, i.e., a diameter no greater
than about 12 um. The strands or slivers may be formed
of various metals and alloys, including stainless steel,
silver or copper, or may be composite slivers formed of

15 an inorganic filament having a conductive coating
thereon. In the preferred embodiment, several identical
tows are used which may be obtained from Bekaert Steel
Wire Corp. of Marietta, Georgia, or Memcor Engineéred
Materials of Deland, Florida. Each of the tows comprise

20 a plurality of slivers having an average length,
depending upon the particular tow, of about 50 mm, 100 mm
or 200 mm, the slivers being staggered and intertwined to
form a cohesive rope of tow having a diameter 'in the
range of 8 - 15 mm. These tows have adequate tensile

25 strength to maintain their form if not handled too
roughly, i.e., they may be conveyed reasonablé'distancés
without tearing or undue stretching. For fabrication of
a film having a width of about 30 cm, four such tows are
used. .

30 The material for cover sheet 18 is a
thermoplastic polymer which may be extruded in sheet
form, and may be any of the materials listed above for
the second layer of sheet 10. The material for extruded
sheet 18 is preferably the same as the second polymeric

35 material used in sheet 10, and should at least be
miscible with the second polymeric material, as explained
further below. The preferred material for cover sheet 18
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is low density ﬁélyethylene, and is preferably applied in
a thickness in the approximate range of 20 - 80 pm.

With further reference to Figure 1A, it can be
seen that sliver tow 14 is fed through nip rolls 22 lying
above sheet material 10. The nip rolls preferably have a
diameter of about 2.5 cm and are placed about 2.5 cm
above sheet 10. The nip line is perpendicular to the
direction of travel of sheet 10. Sliver tow 14 is fed
through nip rolls 22 at a very slow rate with respect to
the rate of movement of sheet 10. For example, in order
to apply 3 grams of slivers per square meter, using a
sliver tow weighing about 0.67 grams per foot, onto a
sheet 10 that is one meter wide, the nip rate should be
about 1/70th of the rate of travel of sheet 10.

Although the slivers may be applied in a
regular pattern (including a grid pattern using a second
nip roll to apply a second layer of perpendicular
slivers), it is preferable to apply them in a random
distribution. In the process embodiment 6f'Figure 1A, it
is necessary to use a sliver tow in which the individual
slivers are at least 5 cm long and up to 20 cm in length,
as opposed to the embodiment of Figure 1B in which the
slivers or strands should be no longer than about 5 cm.
It is also preferable to heat sheet 10 sufficiently to
cause the second layer thereof to become tacky (e.g., by
using a hot roll 24 which melts the second layer), and
thereby improve the adhesion of the slivers to its
surface, but this is not necessary. Other means can be
used to make the surface of the second layer tacky, such
as applying an adhesive, but this may lead to peeling
problems. Alternatively, the slivers may become attached
to sheet 10 by mechanical means such as a pinch roll or a
deflector 26 which forces the slivers into contact with
sheet 10. As a further alternative, means may be
provided to electromagnetically attract the slivers to
sheet 10, such as magnetic or electrostatically charged
plate 28 underlying sheet 10. This technique, of course,

. in addition to a conductive |ayer, the outTfs SheetHas Been Replaced
el astonmeric |ayer of the filmincludes additives which make it

static-di ssipative. Even nore conplicated processes and resultiHlﬂ"l"ll
structures are known, such as the fiIn1dL§@ussed in U S. Patent N
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material . The thernopl aghéh the slivers are applied, they form an
essentially two-dimensional network, although the slivers
5 do overlap slightly to impart conductivity throughout the

network. After the slivers have been deposited on sheet
10, the sheet is fed through a group of three cylinders
30, 32 and 34. If sheet 10 has not been previously
heated (as by hot roll-24), then cylinder 30 should be

10 sufficiently hot to cause the second layer of sheet 10 to
melt; it should not, however, be so hot as to cause the
first layer of sheet 10 to melt. For the previous
exemplary materials of PET and polyethylene, the
temperature of hot roll 24 (or cylinder 30) should be in

15 the approximate range of 120 - 150 °C. Extruded cover
sheet 18 then bonds easily to the second layer of sheet
10 as they are pressed between cylinders 30 and 32 (see
Figure 2). Cylinderé 32 and 34 are preferably chilled to
stabilize the resulting film 36. Film 36 may be drawn

20 onto a take-up roll 37.

Referring now to Figure 3, since the material
forming cover sheet 18 is miscible with, and preferably
the same as, the second polymeric material of the second
layer of sheet 10, the two materials blend together to

25 form a single, homogenous layer 38. This thermoplastic
layer 38 is still strongly bound to the first‘layer 40 of
sheet 10. An important feature of the present invention
is the manner in which the slivers 42 are suspended or
embedded in the homogenous layer 38. By applying slivers

30 42 to a material which is miscible with the material of
cover sheet 18, the slivers may be suspended in the
resulting single layer without the creation of a
discernable interface surrounding the sliver network.
This minimizes wrinkles and voids in film 36, and

35 increases the film’s integrity.- Avoidance of another
interface also increases transmissivity.

The only difference between the processes of
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films and packagind, { OF "gY.  "HEL" QPbatAULeuddl®% pair of
5 'counterrotating rolls 46 which feed tow 14 through the
"~ rolls at a very precise feed rate. A pair of
counterrotating accelerator rolls 48, moving at a much
faster rate compared to feed rolls 46, pull or pinch off
slivers from the tow, which are then blown onto sheet 10
10 by a venturi-type blower 50 having side walls 52, such as
the TRANSVECTOR blower available from Vortec Corp. of
Cincinnati, Ohio. Blower 50 is provided with two air
hoses S51. _
In the preferred embodiment of Figure 1B, one
15 of the feed rolls 46 is constructed of stainless steel
and the other is constructed of'rubber; one of the
accelerator rolls 48 is also stainless steel and the
other is steel with a phenollc_coatlng. Plasma-coated
rolls having a very fine knurled surface'(but with a
20 hardness of about 80 R,) may have a longer lifer. Air
springs may be used to forcibly urge the roll pairs
together, providing an optimum nip force in the range of
20 - 90 newtons, for both feed rolls 46 and the
accelerator rolls 48. The accelerator rolls preferably
25 move at a rate that is around 350 times as fast as the
feed rolls. For example, when using slivers having a
diameter of about 8 um, feed rolls 46 may move at a
linear feed rate of about 5 cm/minute while accelerator
rolls 48 move at a rate of about 1,750 cm/minute. The
30 laminar air flow provided by venturi blower 50 is in the
range of 6 - 30 meters/minute. The air flow could be
increased, say up to 150 m/min., if a vacuum screen (not
shown) were used to convey the slivers to sheet 10.
Several variations of the above-techniques may
35 be used. For example, the cylinder 30, which may be
heated, may also be magnetized in order to further
attract slivers 42 and hold them on the second layer of
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provi de adequagReb®dhll.! | Bsd; The (¥ V¥d ihdy be deposited directly
' onto the extruded sheet 18 rather than on sheet 10. 1In
any event, use of the foregoing techniques for applying a
thin sliver network has tremendous cost advantages over
5 other methods, such as metallizing (vapor-coating) the
films. _ |
The film 36 resulting from this process
provides not only static-shielding, but also shielding
against electromagnetic interference (EMI). In order to
10 provide shielding against strong EMI signals, however, it
is necessary to provide a more dense sliver network,
although the amounts necessary are still much less than
that required by prior art techniques. For example, as
previously noted, Daimon et al. (/027) teaches that the
15 network must have minimum density of 15 g/m? to provide
EMI shielding. A film created in accordance with the
present invention requires less than 15 g/m’ of slivers to
provide equivalent shielding, and preferably has a
density of about 10 g/m?. If EMI is not a concern, but
20 protection is only required against static electrical
fields, then a density of 2 g/m? or less of slivers has
proven adequate.
Film 36 can be further modified by adding
antistatic/static-dissipative agents to the polymeric
25 compounds forming sheets 10 and 18, or by coating (using
conventional techniques) the outer surfaces of film 36
with such agents. Such agents are well known and
include, e.g., quaternary ammonium compounds. The
preferred antistatic compound is one sold by 3M under the
30 brand name FC170C (an octoperfluoro polyether
sulfonamide), and is volume-loaded into the.film in an
amount in the range of 0.1% - 0.4% by weight. Whether
the antistat is loaded or coated, transmissivity of film
36 is still at least 70%, and tests have shown that films
35 made in accordance with the foregoing processes have
transmissivity levels as high as 85%. Furthermore, film
36 can protect not only-electronic components, but also



-6- toread printed matter on the itemin the packagi ng, particularTy it —
the printing is not flush against the interior surface of THi€SHeét!Ha3 Been Replaced

Wth respect to filns formed using webs, fabrics or pulp, t
are generally nore conplicated and, hence, nore expensive; qﬂm&ﬂwﬂmmm&
produce hazardous metal dust. The resulting,films typically
transm ssivity than netal coatings, but suCh coating processes also add
significant expRPSRatBEiR1LYBE fhkPRuehtEORAUTH Way BOUMhieive to
electric fields/discharge, including chemicals and
pharmaceuticals. Film 36 may be formed into a variety of
packages, such as the pouch 54 shown in Figure 4. Pouch
5 54 is formed by longitudinally folding film 36, forming a
side 56, and simultaneously heat sealing the film along
two lines 58 and 60 transverse to the length of film 36
and cutting film 36 at sides 58 and 60. In this regard,
one of the two polymeric materials used in sheet 10
10 should be heat-sealable (e.g., polyethylene). Those
skilled in the art will appreciate the many other uses
for film 36.
Although the invention has been described with
reference to specific embodiments, this description is
15 not meant to be construed in a limiting sense. Various
modifications of the disclosed embodiment, as well as
alternative embodiments of the invention, will become
apparent to persons skilled in the art upon reference to
the description of the invention. For exémple, there are
20 several alternative methods for applying the slivers from
tow 14 to sheet 10 which are not discussed herein. Also,
the first layer of sheet material 10 may comprise a
carrier which is releasable from the polyméric material
forming the second layer thereof. Finally, the resulting
25 film 36 has other uses besides electrostatic shielding,
such as a susceptor for microwave ovens. If-is therefore
contemplated that the appended claims will cover such
modifications that fall within the true scope of the
invention. '



thlckness ﬂ |onal process steps t@ﬁﬂﬁﬁﬂfﬁf&the+F————
surfaces. m, ' ., films resulting fro t esteﬁag) sses;
further havé i nNferfior p yssca and chem cal bondi ng res isce
tensile, tear and surface strength. A thin, IE“I
filamentary network woul d overcone many of,ghese proble een

difficult in the past to apply such a netmork w t hout the use of webs or
pul p. Breitnepragh@s that applying netal strips is |abor intensive, but his

process still requires a special prefabricated knit (or special nachlnery
to directly apply f|Ianéh{§At@ﬁ¥h@df9fn¥akBP§|Fn@ﬂlﬂUﬁﬂﬁéﬁ1

difficulties sr&altald]en&eéwiﬁg £RadMEEhYE t:bh@&%tl WiHeC i teiyd d:fbe

.preferable since this woyld egnhance tran n1 [ throu h the et wor k.
znother lL afhihg fgrs %%v1ng éi Aﬁ second

5 - layers, said first layer formed of a carrier material
which is electrically insulative, flexible and
transparent, and said second layer formed of a polymeric
material which is electrically insulative, flexible,
transparent, and thermoplastic, the melting temperature

10 of said polymeric material being lower than that of said
carrier material;

applyihg a plurality of conductive slivers to
said second layer of said first sheet, forming an
- essentially two-dimensional, conductive network on said

15 second layer, said slivers having a melting temperature
above said melting temperature of said polymeric
material; and

laminating a second sheet to said second layer
of said first sheet, said second sheet being in a molten

20 state and formed of a material which is miscible with
said polymeric material whereby, as said second sheet is
laminated to said second layer, said second sheet and
said second layer become a homogenous, single layer, said
conductive network being suspended in said homogenous

25 layer.

2. The method of Claim 1 wherein said applying
step comprises the steps of:

providing means for electromagnetically
attracting said slivers;

30 feeding said first sheet over said attracting
means, with said second layer of said first sheet facing
upwards; and '

laying said slivers onto said second layer
prox1mate said attracting means.

35 3. The method of Claim 1 wherein said applying
step comprises the steps of:

drawiﬁg said first sheet over a cylinder with



probfenfmfth static-shielding filns using filanments is that
must be rel ati vel yrigedihes HadWeeReplabddi bi ts transm ssivity. For @'ﬁ!ﬁlm“mn”m

Dai nmon et al . ('027 t he network must have m ni
15 g/nferr]. Finall ﬂ E a conductive network between two
pol yneric | ayers oft mmlnkles \nd/ or voids at the interference
where the filanments lay. This affects tran ssivity and Iegibility and
may al so '“Créaiﬁbtf*i‘iéﬂ ‘i%e)ép‘%gf O%ahﬂ?eﬂ{)gt sheet cont fiﬂ@ss%[& he above
i mtations. have been overcone e process descri be ent
Appl i cation SeWldmdes, @H@@mqg h@%ngnﬁ’aﬁf}clently hot to melt

said second layer of said first sheet;

feeding a tow of sliver material through first
5 and second pairs of counterrotating rolls, said second

pair of rolls rotating faster than said first pair of

rolls, whereby said slivers are pulled away from said tow

at said second roll; and

blowing said slivers onto said melted second

10 1ayér of said first sheet.

4. The method of Claim 1 wherein said applying
step comprises the steps of:

providing mechanical means for deflecting said
slivers toward said first sheet;

15 - feeding said first sheet over said deflecting
means, with said second layer of said first sheet facing
upwards; and

laying said sllvers onto said second layer
proximate said deflecting means. '

20 5. The method of Claim 1 wherein said second
layer of first sheet is also in a molten state during
said laminating step.

6. The method of Claim 1 wherein said slivers
are applied to said second layer of said first sheet in

25 an amount not exceeding about 15 g/m?.

7. The method of Claim 1 wherein said slivers
are applied to said second layer of said first sheet in
an amount not exceeding about 2 g/m’.

8. The method of Claim 1 wherein said carrier

30 material is polymeric and is stretched prior to forming
said first sheet whereby said carrier material is
biaxially oriented and dimensionally stable.

9. The method of Claim 1 further comprising the
step of mixing an antistatic agent with either said

35 carrier material in said first sheet or said polymeric
material in said second sheet.



+6- assigned to M nnesota M'ning and Manufacturing Co. ; assi gnee of

the present invention. In that process, which probably rep”m ﬂ“"l“ﬁ"llll”“l
cl osest prior art, nolten strands of conductive materi al

directly onto a polynerlc substrate, which may then be furtfer®l ani ffat &d.
Nevert hel ess, the equi pnent necessary to,pfﬁﬂuce nolten filanents is
relatively expensive, and presents clear hazards. Al so, since the exenplary

10. The method of Claim 1 further comprising
the step of coating either said first layer of said first
sheet or said homogenous layer with an antistatic agent.

11. The method of Claim 1 further comprising

5 the step of forming said film into a package by:

folding said film to define a folded edge;

heat sealing said film along two lines which
are generally perpendicular to said folded edge, forming
two heat-sealed edges; and

10 cutting said film at said heat-sealed edges.

12. A film made in accordance with Claim 1,

said film passing at least 70% of visible light.

Thls Sheet Has Been Rep
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lani nated fil ms of—Kouskenmaki—create an interface at the fil """ -
network, they are . ek ni@ave winkles and/ or voids,zﬂﬂiﬂﬁhﬂ

to peeling at the ?Bgﬁlet . fore, it would be desirabl e L Il,,,HI”HsIﬂ,!"

advant ageous to rranE”Hﬂ lﬁ“ﬂ i c-shielding filmby applying a very

sparse network of t L fil ament,5 to a polymeric sheet to achieve
I nproved transmssivity and legibility, the filaments further being

i sbornabl & | ntort ace sub o BTy St AR Lot PG FrE0Iee o0
essential |y tvtatioeshiekdingonthe methodtepmprising fthensterssabal d
further not be applied ifpPaiRih§Na SEAES sheet having first and second
layers, said first layer formed of a first polymeric
5 material which is electrically insulative, flexible,
transparent and dimensionally stable, and said second
layer formed of a second polymeric material which is .
electrically insulative, flexible, transparent, and
thermoplastic, the melting temperature of said second
10 polymeric material being lower than that of said first
polymeric material;

drawing said first sheet over a first cylinder
with said first layer of said first sheet contacting said
first cylinder, said first cylinder being sufficiently
15 hot to melt said second layer of said first sheet;

' feeding a tow of sliver material through a pair
of feed rolls and a pair of accelerator rolls, said pair
of accelerator rolls rotating faster than said péir of
feed rolls, whereby said slivers are pulléd away from

20 said tow at a precise rate; _
| blowing said slivers onto said melted second
layer of said first sheet, forming an essentially two-
dimensional, conductive network on said second layer,
said slivers having a melting temperature above said
25 melting temperature of said second polymeric material;
and -
laminating a second sheet to said second layer
of said first sheet, said second sheet being in a molten
state and formed of said second polymeric material
30 whereby, as said second sheet is laminated to said second
layer, said second sheet and said second layer become a
homogenous, single layer, said conductive network being
suspended in said homogenous layer.



Summary of the Invention The foregoing objective is achieved in
film conprising aWSlShgth arRe@Iaced carrier material which is H m!l wl l”“l
i nsul ative, flexibl and di nensional |y stabl €,
| ayer of a pol yner ded to the first layer, the polynerlc

y

material being electrica |nsu ative, (4 ble, transparent, and
thernopl astic, there being a plurality of conductive slivers enbedded in

the second | ayer form ng n‘§s§f?ﬁ ﬂ%£¥?%&9idiﬂilatlv§+ ﬂ&fﬁéve

networ k. The overal] thic ness 0 misr e-g., about
100 [err]m afeuR¥dsinger nay be present in an amount as I|ttIe as 2

g/merr], resulting in aastiks€-180ee! 888 éafﬂ%'ﬁﬂt@ﬁﬁéfswﬁiche%t 70%
of VISIb|e||££¥ecé¥¥La ﬂ?rlgsgiatlgg?ff¥é§£gie, aggttrangpgééngs
5 a second layer of a polymeric material which is
electrically insulative; flexible, transparent, and
thermoplastic, said first layer being bonded to said’
second layer; and '
a plurality of conductive slivers suspended in
10 said second layer, forming an essentially two-
dimensional, conductive network, said slivers having a
melting temperature above the melting temperature of said
polymeric material. i
15. The film of Claim 14 wherein said carrier
15 material is polymeric and has a melting temperature
greater than the melting temperature of said polymeric
material.
16. The film of Claim 14 wherein eithef said
first layer or said second layer includes ah antistatic
20 agent.
17. The film of Claim 14 having a total
thickness no greater than about 100 um.
18. The film of Claim 14 which passes at least
70% of visible light.
25 19. The film of Claim 14 wherein said slivers
have an average diameter of about 8um or 1ess.
20. The film of Claim 14 wherein said slivers
are formed of a magnetic or paramagnetic material.
21. The film of Claim 14 wherein said polymeric
30 material is selected from the group consisting of low-
density polyethylene, linear low-density polyethylene,
high density polyethylene, ethylene methyl acrylate,
ethylene vinyl acetate, or ethylene ethylacrylate.
22. The film of Claim 14 wherein said slivers
35 are present in an amount less than 15 g/ml.
23. The film of Claim 14 wherein said slivers
are present in an amount not greater than about 2 g/me.

ili



-«7- advantageously have a nelting tenperature above the nelting
tenperature of the polyneric material, and the polyneric mat
has a nelting tenperature which is | ower than the mel ting t4 qﬂ" ﬂ““““
the carrier material.

=20-

24. The film of Claim 15 wherein said polymeric
carrier material is biaxially oriented and dimensionally
stable.

25. The film of Claim 24 wherein said polymeric

5 carrier material is selected from the group consisting of
polyester, polypropylene or nylon.

This Sheet Has Been Repl

[ I




7.

sheet material hashis eaHdBn@rkplemél |y stable |ayer and a ther ll"mu\M””

| ayer, the thernop aving a nelting tenperature I"
than the nelting th & mm‘t he di mensionally stable |ayer. Verss *
are applied to the surrace o e thernDpIQ?%Lc | ayer. A thernDpIastlc

material which is mscible with the thernop étic Iayer S then extruded in

sheet form laid overiﬂnbéll effeﬁgbhg tggaﬁgb ernDp fﬁ 5@ﬁiﬁgb and

hot-rol l ed, causing the extruded sheet &an ayer
conbi ne into aPHYHE -Lopgrinst shytic ¢H6°§F1@b@§9ﬁﬂﬁ&m?@&ﬁ#%%@ngé t he
sheet material using a nqghgﬂfggllg§gfechgblng FEH ihPiddSEGh@r . an

el ectrostatic attractor, or blown onto_the surface of the hernDpIastlc
| ayer when t he Sur aces, of a first polymerlc material which
5 electrically insulative, flexible, dimensionally stable
and transparent, said first polymeric material being
selected from the group consisting of polyester,
polypropylene or nylon;
a second layer, having first and second
10 suffaces, of a second polymeric material which is
electrically insulative, flexible, transparent, and
thermoplastic, and has a melting temperature which is
higher than the melting temperature of said first
polymeric material; said second polymeric material being
15 selected from the group consisting of low-density
polyethylene, linear low-density polyethylene, high
density polyethylene, ethylene methyl acrylate, ethylene
vinyl acetate, or ethylene ethylacrylate, and said second
surface of said first 1ayer-being-bonded:tb said first
20 surface of said second layer;

The filmis constructed by a process in which the slivers are ﬁﬁ#lea to=a

a plurality of stainless steel slivers
suspended in said second layer, proximate said first
surface thereof, forming an essentially two-dimensional,
conductive network, said slivers having a melting

25 temperature which is higher than the meltlng temperature
of said second polymeric material and further being
present in an amount not greater than about 2 g/m?; and

the film passing at least 70% of visible light.



l-ayer is.in a nolten state. Brief Description of the Draw-Rgs——-
The novel features and scope of the invention are set forth in. the ap ended

clains. ‘The invention itself, however, will best be under tm” “nmmh“ﬁ :
reference to the acconpanyi ng draw ngs, wherein: |g IHUIH
1B are side elevational views of the procesgyequi prment used to :
the static- shielding filmin accordance with alternative enbodlnents of

t'he present invention; Abéﬁﬁ%?@ gfigngdgggfgég@ﬂeside el evati ona
vi ew showi ng t he Ianinatgﬁ o{ et nai ayl,ng ﬁ %rs t her eon
with the extruded cover n' providing electrosta s

comprises a flrst layer of a carrier material and a

second layer of a thermoplastic, polymeric material, both
5 layers being electrically insulative, flexible and

transparent, and there further being a plurality of thin,
conductive slivers suspended in the second layer. The
slivers have a melting temperature greater than the
melting temperature of the polymeric material, and the

10 polymeric material has a melting temperature lower than
that of the carrier material. The film passes at least
70% of visible light.

The film is constructed by applying the slivers

to a sheet hav1ng a dimensionally stable layer and a

15 thermoplastic layer, the slivers being applied to the
thermoplastic layer, and then laminating a cover sheet
over the thermoplastic layer, the cover sheet being
formed of the same material as the thermgplastic layer.
The thermoplastic layer is heated to its melting point,

20 and the cover sheet is extruded and laminated in a molten
state whereby the cover sheet blends with the
thermoplastic layer to form a single, homogenous layer.
The slivers form an essentially two-dimensional,
conductive network which is suspended in the homogenous

25 . layer, and may be present in an amount as little as 2
g/m?.



Frgure 3 is a cross-sectional view of the statlc shielding filmresulting
om the proces e@ Bepidced NvVent i on; Fi gure 4
|s a perspective

?‘mﬂm",! m”lﬁmh made fromthe stati c-shi el di ng filmin

accordance with t
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meégnt I nventi on. Description of the Preferred Enbodi nent Wth

reference nowto the figures, and in particular with reference to Figures
1A and 1B, two nethods of manufacturing a static-shielding fi4{3dyBet Has Been Replaced

accordance with the present invention are ‘depicted. The three

materi al conponents of the filmare a sheet mat%/ al 10 wound ;ﬂlmﬂuﬂﬂul |||
roll 12, a plurality of conductive stran(j# gat hér t oget her i :

whi ch may be provided on anot her suppl Il 16, and a cover sheet 18 which
is extruded froma die 20. *""‘“ ee)” matexi al 10 conprises a

first layer fornmed of any electricg Ative any flexible

/6

/2




cérffe? t ePPALAGER SHEBEY pol gGeri c) and a seconj
second pgHyReriietiomt prdedl.. whioghgddas. el ectrical ly ins f(at?,
t her popl a¥t ieimThe nelged mg. tieppagapur g of the seco de'
shoul d bg- t

bot h | ayf¥sashodl d berees SNt fransparent. In thfs: Jregaard,-;t lgea t2rton paged ,
transpa{eptr OBARSCPASSI Ng a

""""" 0% of visible Ilght Appropri ate
pol ymer s “Tor—thefiy B 9 qﬁy
pol ypropyl ene or nyloggIrﬁb ﬁngl

made both biaxially orirented and dinensionally
stretching. The second polyneric material may be selected fr

exenpl ary: gr @ackArsird i 6F e | Dvvélesdn Y pol yethyl ene, linepr| | ow density
I hyl hi gh
potyethylene, hig density Field of the Invention 0 1 APR 1997

The present invention generally relates to
packaging materials for products which are sensitive to
static electric fields and discharge, and more
particularly to a flexible, transparent film (and a
method of making the film) which shields against
electrostatic fields; and further resists triboelectric
generation of static charges and provides for the rapid
dissipation of such charges.

1 Bwerng($anpdgbat....0f o bh derSt pol ymeric (baif
i

5™,

rop errﬁé}é“ '_ﬁ@&g .. ""!‘"
MJEMENT SHEET

2. Description of the Prioxr Art

Electrostatic discharge, as well as the mere
presence of a static electric field, can be extremely
detrimental to sensitive electronic parts. This is
particularly true of modern semiconductors and iritegrated
circuits which may be degraded or destroyed by the
buildup of static electricity in the workplace.
Especially sensitive components can be severely affected '
by an electrical potential as small as 50 volts, yet the
simple act of walking has been shown to triboelectrically
generate a potential of 30,000 volts or more.

One of the most common methods of protecting
electronic components is to store, ship and handle them
using pouches, bags, tote boxes or other packaging -
constructed of materials which provide shielding against -
electrostatic fields and other electromagnetic
influences. These materials may additionally provide for
the rapid dissipation of electrostatic charges which are
applied to the package, and/or include a coating which
prevents or minimizes triboelectric charging along the
surface of the package. The present invention is
directed to a film which may be fashioned into packaging

| providing such protection, and to a method of making such
a film.

The most basic function provided by these types



pol yneric filmknown as SCOTCHPAR obt ai ned from 3M and
| ayer of pol yethyl ene terephthal ate -2-
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ACFLAGEMENT SHEE!
pol yet hyl ene, ethyl ene nethyl acrylate, ethylene vinyl agetfate, or erhyten
ethyl acryl ate. Sheet material 10 is advantageously very thin, Hn Pqugfnge
of 30 - 80 [err]m In the preferred enbodi ment, sheet naterh% ‘16 S

Ay

pf+ses—a—firs

of films is protection from static electric fields. This

is typically achieved by forming a conductive layer on
the film or dispersing conductive materials therein,
which effectively creates a Faraday cage. An example of
a rather éomplicated process for creating a shielding
film is disclosed in U.S. Patent No. 4,645,566 issued to
Kato et al. A thermoplastic, synthetic pulp is mixed
with thermoplastic, composite fibers and conductive
fibers, resulting in a paper-type stock. This stock may
be formed into a web, and when it is heated and dried at
appropriate temperatures, the pulp melts, leaving a £ilm
which has a network of conductive fibers dispersed
therein. Other processes using a pulp of.polymeric and
conductive components are discussed in Japanese Patent
Application Kokai Nos. 60-210667, 60-257234 and 62-42499.
The use of a web carrier in creating a
conductive intermediate layer is common. In U.S. Patent
Nos. 4,939,027 and 4,983,452, both issued to Daimon et
al., a moldahle static-shielding sheet is formed by first
obtaining a web of nonwoven fabric comprising conductive
fibers and thermoplastic fibers. The web may
alternatively be formed by irregularly twining a
conductive fiber with a hot-melt adhesive fiber. The web
is placed between two thermoplastic films and heated.
This bonds the films to the web, and further causes the
thermoplastic fibers in the web to melt and combine with
the films, leaving an imbedded layer of conductive .
fibers. Other techniques utilizing a web or fabric are
shown in Japanese Patent Application Kokai Nos. 60-34099,
60,143699, 62-47200, 62-122300, 62-275727,and 62-276297.
In addition to providing electrostatic
shielding, these films may be treated to provide for the
rapid dissipation of static charges, and to further
minimize the triboelectric generation of such charges.
In accordance with the American National Standards
Institute EIA standard S41 ("Packaging Material Standards
for ESD Sensitive Items," published June 1988) the first -



(PET) and a second | ayer of polyethylene, the PET | ayer bei rﬁctpgéggMEyI SHEE]
[®err]mthick, and the pol yethylene | ayer being about 20 [efr]mt hi ck

yi.elding a total thickness of about 43 [err]m The width of $h&et! ABREBSZ
10 may vary consi derably, depending on the I nt ended use of |t film e.qg.,
a small pouch or a | arge bag. For exanple The width may bg in the range o

(0.

5cmto sever% ters ity of
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4 Syagiaty
very long cofl &%e%rlﬁhSngFr§%1 V& ?%Mﬁr%}t]a‘r"é + %??W"ﬁ%d to

forma rope- bnaethawlafﬁursﬂsandsenrealtmeas ﬁmmﬂstitaderyFéhln i.e., a
dharmter o BhgHit! B 2Bede N8LThTka RS g e gl AL a2,
copper, or nagabheGOMMEnusasﬁfv&nseiechﬂﬁnﬁbeam curable resin
composition which may be applied to a substrate, and
which causes the antistatic properties to migrate through
the substrate upon curing.

One product which combines the qualities of
electrostatic shielding, static-~dissipation and
triboelectric charge resistance is described in U.S.
Patent Nos. 4,154,344 and 4,156,751, both issued to Yenni
et al. Those patents describe a sheeting material which
is formed by first applying a conductive material, such
as nickel, to one surface of a biaxially oriented polymer
substrate, namely, polyester. The exposed nickel surface
is then coated by a solvent process with a protective
layer. A film of heat-sealable material (polyethylene)
is extruded onto the opposite surface of the polfester
film. The extruded polyethylene may include antistatic
material (such as guaternary ammonium compounds), or be
further coated with such antistatic agents. Other
conductive materials, such as carbon-loaded plastics, may
be substituted for the metallic coating.

A similar product and process is described in
U.S. Patent No. 4,756,414 issued to C. Mott, except that
the conductive layer is provided between the heat-
sealable plastic and the second. plastic layer. The
conductive layer is applied by either vacuum deposition
or sputtering techniques. The two plastic layers may be
joined using a thermosetting adhesive. See also Japanese
Patent XKokoku No. 38398/89. In U.S. Patent No. 4,875,581
issued to Ray et al., a dielectric material is interposed
between the two plastic layers and, in addition to a
conductive layer, the outer elastomeric layer of the film
includes additives which make it static~dissipative.

Even more complicated processes and resulting structures
are known, such as the film discussed in U.S. Patent No. -




: REFLAGEMENT SHE:,
an ihorganic filanment having a conductive coating thereon. MENT SHE&é'
enbodi nent, several identical tows are used which may be JoQt n€§§§‘ﬁ?
Bekagrt Steel Wre Corp. of Marietta, Ceorgia, or Menctor {E gl /
Materials of Deland, Florida. Each of the tows conprise g

slivers having an average | ength, dependi#g upon the. par{icular tow, of
about 50 mm 100 mm or 200 mm the slivers being staggereq anu—Tntertwned
to forma coHe$i0fe ¥Wpeissuedthalabinecdetinales Whicheuthhiezesfagtwot5 mm
These tows h t t n Lroformif not

piy al(i%ia rf‘a\}fﬁieé epéiyﬁi‘&%bn Qn&ah &a gﬁ% o

handl ed t oo rou% e conveyed rea st ances
wi t hout tear® 6@“ﬁﬂﬁﬁ¥¥&%%t%%%ﬂgan¢o¢th&EFPBaYF8H1o?cat?FPn1hﬁVlng a

wi dt h of abOBhﬁﬂhéﬁn i1 $pebs t 98 f6enddedsing an adhesive or hot
roll lamination.

Another laminated f£ilm is disclosed in U.S.
Patent No. 3,888,711 issued to W. Breitner. Although
that film is primarily intended for use as a heated
window or alarm glass, Breitner notes that it may also be
used for shielding against electromagnetic interference.
The lamination process used requires a knit of
thermoplastic and conductive filaments which is applied
to a sheet of thermoplastic material. The thermoplastic
filaments are preferably constructed of the same
materials as the thermoplastic sheet; the thermoplastic
filaments should at least be fusible with the sheet.
When the sheet is fed through hot rolls, the
thermoplastic filaments fuse with the sheet, 1eaﬁing a
network of conductive filaments forming a plurality of
interconnected conductive paths. A cover sheet may be
laid on top .of the network before hot rolling. Another
lamination technique (using conductive strands rather
than a web) is depicted in Japahese Patent Application
Kokai No. 60-81900.

Each of the foregoing techniques has its
disadvantages. First and foremost of these is the poor
transmission of visible light ("transmissivity") through
these films and packaging formed therefrom, whether they
rely on metal coatings, carbon-loading or filament
networks. Previously, increasing transmissivity meant
sacrificing static~shielding ability. The best
transmissivity claimed by any of the foregoing processes
is 60%, although this has proven very difficult to
achieve at production levels. Furthermore, while this
level of transmissivity allows a visual inspection of the
general condition of items contained in the packaging, it
does not provide adequate legibility, i.e., the ability

i
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for cover sheet 18 is a thernoplastic polynmer Whjch nmay be
extruded in sheet form and nmay be any of the materials |isfefd gbqv&:ﬁcﬁw
the second | ayer of sheet 10. The material for extruded sheptf 18 i :
preferably the sane as the second polyneric material used ijp sheet—16;—and
shoul d at | east be mscible with the second%ol yneric materjfi_al , as
expl ai ned further below. The preferred material for cover sheet 18
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to read printed matter on the item in the packaging,
particularly if the printing is not flush against the
interior surface of the film.

With respect to films formed using webs,
fabrics or pulp, those processes are generally more
complicated and, hence, more expensive; they also often
produce hazardous metal dust. The resulting films
typically have even less transmissivity than metal

‘coatings, but such coating processes also add significant

expense. Pulp-type films are conductive through their
thickness, and so require additional process steps to
insulate their surfaces. As noted by Kato et al., films
resulting from these processes further have inferior
physical and chemical bonding resulting in low tensile,
tear and surface strength.

A thin, conductive filamentary network would
overcome many of these problems but it has been difficult
in the past to apply such a network without the use of
webs or pulp. Breitner notes that applying metal strips
is labor intensive, but his process still requires a
special prefabricated knit (or special machinery to
directly apply filaments to the film). Breitner further
notes the difficulties in using very thin conductive
filaments, which would be preferable since this would
enhance transmissivity through the network. Another
problem with static-shielding films using filaments is
that the network must be relatively dense, which inhibits
transmissivity. For example, Daimon et al. (/027)
teaches that the network must have minimum density of 15
g/m*. Finally, interposing a conductive network between
two polymeric layers often results in wrinkles and/or
voids at the interference where the filaments lay. This
affects transmissivity and legibility, and may also
increase the likelihood of peeling.

Several of the above limitations have been
overcome by the process described in U.S. Patent
Application Serial No. 07/270,532 (D. Koskenmaki),
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robably represen c osest pé&or art, molten
strands of conductive material are squirted directly onto
a polymeric substrate, which may then be further

laminated. Nevertheless, the equipment necessary to
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produce molten filaments is relatively expensive, and
presents clear hazards. Also, since the exemplary
laminated films of Koskenmaki create an interface at the
filamentary network, .they are more likely to have
wrinkles and/or voids, and more prone to peeling at the
interface. Therefore, it would be desirable and
.advantageous to manufacture a static-shielding film by
applying a very sparse network of thin conductive
filaments to a polymeric sheet to achieve improved
transmissivity and legibility, the filaments further
being suspended in a polymeric layer in such a manner
that there is no discernable interface surroundiﬁg the
filaments even though they form an essentiélly two-

, dimensional conductive network. The filaments should
further not be applied in a molten state.

Summary of the Invention

The foregoing objective is achieved in a film
comprising a first layer of a carrier material which is
electrically insulative, flexible, transpareht, and
dimensionally stable, and a second layer of a polymeric
material bonded to the first layer, the polymeric
material being electrically insulative, flexible,
transparent, and thermoplastic, there being a plurality
of conductive slivers embedded in the second layer
forming an essentially two-dimensional, conductive
network. The overall thickness of the film is relatively
thin, e.g., about 100 pm, and the sliver may be present
in an amount as little as 2 g/m?!, resulting in a static-
shielding film which passes at least 70% of visible
light, and upwards of 85% of visible light. The slivers-
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sheef 10 that is one meter wide, the nip rate should be abo
rate of travel of sheet 10. Al t hough the slivers y be%af)aw e%d?n
a.regular pattern (including a grid pattern using a second rig r g
apply a second |ayer of perpendicular slivers), it is preferjabdleto_apply
themin a randomdistribution. In the proe@ss enbodi nent of [Figure 1A, it
IS necessary to use a sliver towin which the individual slivers—are—at
| east 5 cm | cagvansaggons 0 hawe A |eabthngatevppyssureo abeveetbedi nent of
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carrier material.

The film is constructed by a process in which
the slivers are applied to a sheet material having a
dimensionally stable layer and a thermoplastic layer, the
thermoplastic layer having a melting temperature which is
lower than the melting temperature of the dimensionally
stable layer. The slivers are applied to the surface of
the thermoplastic layer. A thermoplastic material which
is miscible with the thermoplastic layer is then extruded
in sheet form, laid over the slivers while the material
is still molten, and hot-rolled, causing the extruded
sheet and the thermoplastic layer to combine into a
single, homogenous layer. The slivers may be applied to
the sheet material using a mechanical deflector; a
magnetic attractor, an electrostatic attractor, or blown
onto the surface of the thermoplastic layer when the
layer is in a molten state.

Brief Description of the Drawings

The novel features and scope of the invention
are set forth in the appended claims. The invention
itself, however, will best be understood by‘reference to
the accompanying drawings, wherein:

Figures 1A and 1B are side elevational views of
the process equipment used to manufacture the static-
shielding film in accordance with alternative embodiments
of the present invention;

Figure 2 is an enlarged side elevational view
showing the lamination of the sheet material having
slivers thereon with the extruded cover sheet;

Figure 3 is a cross-sectional view of the
static-shieldinq film resulting from the process of the
present invention; and
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surface, but this is not necessary. Qther means can be used{tp make The
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surface of the second | ayer tacky, such as applying an adhe
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may .| ead to peeling problenms. Alternatively, the slivers may peco
attached to sheet 10 by nechani cal nmeans such as a pinch roj | *“or—=
defl ector 26 which forces the slivers int@8-contact with shept 10. As a
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present invention.

Description of the Preferred Embodiment

With reference now to the figures, and in
particular with reference to Figures 1A and 1B, two
methods of manufacturing a static-shielding £film in
accordance with the present invention are depicted. The
three basic material components of the film are a sheet
material 10 wound on a supply roll 12, a plurality of
conductive strands gathered together in a tow 14, which
may be provided on another supply roll 16, and a cover
sheet 18 which is extruded from a die 20.

The sheet material 10 comprises a first layer
formed of any electrically insulative and flexible
carrier material, preferably polymeric, and a second
layer formed of a second polymeric material whicﬁ is
electrically insulative, flexible, and thermoplastic.

The melting temperature of the second polymeric material
should be lower than that of the first polymeric
(carrier) material, and both layers should be essentially
transparent. 1In this regard, the term "transparent"
means passing at least 70% of visible light. Appropriate
polymers for the first polymeric material include, e.gqg.,
polyester, polypropylene or nylon. The firsﬁ'polymeric
material has preferably been made both biaxially oriented
and dimensionally stable, such as by stretching. The
second polymeric material may be selected from the
exemplary group consisting of low-density polyethylene,
linear low-density polyethylene, high density
polyethylene, ethylene methyl acrylate, ethylene vinyl
acetate, or ethylene ethylacrylate. Sheet material 10 is
advantageously very thin, in the range of 30 - 80 um. In
the preferred embodiment, sheet material 10 is a
polymeric film known as SCOTCHPAR obtained from 3M, and
comprises a first layer of polyethylene terephthalate
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paramagnetic material . -When the slivers are applied, f&p’mggy
essential ly two-di nensional network, although the slivers do ov L
slightly to inpart conductivity throughout t he network. After tnc SH--v-e+s
have been deposited on sheet 10, the she&P=i's fed through a droup of three
cylinders 30, 32 and 34. |f sheet 10 has not been previously heated (as Dy

‘hot roll 24),(REfEn a0 ih@&acaw! adsn e RRIYeEh¥hene héhe (?E:"éuls@f@ﬁe
'second | ayer pafirgh@@iout) 3 um thick, and the polyethylene layer being

about 20 um thick, yielding a total thickness of about 43
pm. The width of sheet material 10 may vary
considerably, depending on the intended use of the film,
e.g., a small pouch or a large bag. For example, the
width may be in the range of 5 cm to several metérs.

The tow 14 may comprise a plurality of very
long conductive strands, or shorter slivers which are
intertwined to form a rope-like tow. The strands or
slivers should be very thin, i.e., a diameter no greater
than about 12 uym. The strands or slivers may be formed
of various metals and alloys, including stainless steel,
silver or copper, or may be composite slivers formed of
an inorganic filament having a éonductive coating
thereon. In the preferred embodiment, several identical
tows are used which may be obtained from Bekaert Steel
Wire Corp. of Marietta, Georgia, or Memcor Engineéred
Materials of Deland, Florida. Each of the tows comprise
a plurality of slivers having an average length,
depending upon the particular tow, of about 50 mm, 100 mm
or 200 mm, the slivers being staggered and intertwined to
form a cohesive rope of tow having a diameter in the
range of 8 - 15 mm. These tows have adequate tensile
strength to maintain their form if not handled too
roughly, i.e., they may be conveyed reasonable distances
without tearing or undue stretching. For fabrication of
a film having a width of about 30 cm, four such tows are
used. )

The material for cover sheet 18 is a
thermoplastic polymer which may be extruded in sheet
form, and may be any of the materials listed above for
the second layer of sheet 10. The material for extruded
sheet 18 is preferably the same as the second polymeric
material used in sheet 10, and should at least be
miscible with the second polymeric material, as explained
further below. The preferred material for cover sheet 18
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t her nopl ast i cabove sheet material 10. The nip rolls preferably have a
diameter of about 2.5 cm and are placed about 2.5 cm
above sheet 10. The nip line is perpendicular to the
direction of travel of sheet 10. Sliver tow 14 is fed
through nip rolls 22 at a very slow rate with respect to

\ - the rate of movement of sheet 10. For example, in order

to apply 3 grams of slivers per square meter, using a
sliver tow weighing about 0.67 grams per foot, onto a
sheet 10 that is one meter wide, the nip rate should be
about 1/70th of the rate of travel of sheet 10.

Although the slivers may be applied in a
regular pattern (including a grid pattern using a second
nip roll to apply a second layer of perpendicular
slivers), it is preferable to apply them in a random
distribution. In the process embodiment of Figure 14, it
is necessary to use a sliver tow in which the individual
slivers are at least 5 cm long and up to 20 cm in length,
as opposed to the embodiment of Figure 1B in which the
slivers or strands should be no longer than about 5 cm..
It is also preferable to heat sheet 10 sufficiently to
cause the second layer thereof to become tacky (e.g., by
using a hot roll 24 which melts the second léyer), and
thereby improve the adhesion of the slivers to its
surface, but this is not necessary. Other means cAn be
used to make the surface of the second layer tacky, such
as applying an adhesive, but this may lead to peeling
problems. Alternatively, the slivers may become attached
to sheet 10 by mechanical means such as a pinch roll or a
deflector 26 which forces the slivers into contact with
sheet 10. As a further alternative, means may ke
provided to electromagnetically attract the slivers to
sheet 10, such as magnetic or electrostatically charged
plate 28 underlying sheet 10. This technique, of course,.
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essentially two-dimensional network, although the slivers
do overlap slightly to impart conductivity throughout the
network. After the slivers have been deposited on sheet
10, the sheet is fed through a group of three cylinders
30, 32 and 34. If sheet 10 has not been previously
heated (as by hot roll -24), then cylinder 30 should be
sufficiently hot to cause the second layer of sheet 10 to
melt; it should not, however, be so hot as to cause the
first layer of sheet 10 to melt. For the previous
exemplary materials of PET and polyethylene, the
temperature of hot roll 24 (or cylinder 30) should be in
the approximate range of 120 - 150 °C. Extruded cover
sheet 18 then bonds easily to the second layer of sheet
10 as they are pressed between cylinders 30 and 32 (see
Figure 2). Cylinders 32 and 34 are preferably chilled to
stabilize the resulting film 36. Film 36 may be drawn
onto a take-up roll 37.

Referring now to Figure 3, since the material
forming cover sheet 18 is miscible with, and preferably
the same as, the second polymeric material of the second
layer of sheet 10, the two materials blend together to
form a single, homogenous layer 38. This thermoplastic
layer 38 is still strongly bound to the first'layer 40 of
sheet 10. An important feature of the present invention
is the manner in which the slivers 42 are suspended or
embedded in the homogenous layer 38. By applying slivers
42 to a material which is miscible with the material of
cover sheet 18, the slivers may be suspended in the
resulting single layer without the creation of a
discernable interface surrounding the sliver network.
This minimizes wrinkles and voids in f£film 36, and
increases the film’s integrity.- Avoidance of another
interface also increases transmissivity.

The only difference between the processes of
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onto sheet 10 by a feeder- separator 44. This apparatus uses
counterrotating rolls 46 which feed tow 14 through the rol{s
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precise feed rate. A pair of counterrotatkdmy accelerator rfolls 48, noving

at a nuch

Figures 1A and 1B is the manner in which slivers 42 are
applied to sheet 10. In Figure 1B, slivers 42 are pulled
away from tow 14 and blown onto sheet 10 by a feeder-
separator 44. This apparatus uses a pair of
counterrotating rolls 46 which feed tow 14 through the
rolls at a very precise feed rate. A pair of _
counterrotating accelerator rolls 48, moving at a much
faster rate compared to feed rolls-46, pull or pinch off
slivers from the tow, which are then blown onto sheet 10
by a venturi-type blower 50 having side walls 52, such as
the TRANSVECTOR blower available from Vortec Corp. of
Cincinnati, Ohio. Blower 50 is provided with two air
hoses 51.

In the preferred embodiment of Figure 1B, one
of the feed rolls 46 is constructed of stainless steel
and the other is constructed of rubber; one of the
accelerator rolls 48 is also stainless steel and the
other is steel with a phenolic coating. Plasma-éoated
rolls having a very fine knurled surface (but with a
hardness of about 80 R) may have a longer lifer. Air
springs may be used to forcibly urge the roll pairs
together, providing an optimum nip force in the range of
20 - 90 newtons, for both feed rolls 46 and the
accelerator rolls 48. The accelerator rolls preferably
move at a rate that is around 350 times as fast as the
feed rolls. For example, when using slivers having a
diameter of about 8 um, feed rolls 46 may move at a-
linear feed rate of about 5 cm/minute while accelerator
rolls 48 move at a rate of about 1,750 cm/minute. The
laminar air flow provided by vepturi blower 50 is in the
range of 6 - 30 meters/minute. The air flow could be
increased, say up to 150 m/min., if a vacuum screen (not
shown) were used to convey the slivers to sheet 10.

Several variations of the above-techniques may
be used. For example, the cylinder 30, which may be
heated, may also be magnetized in order to further
attract slivers 42 and hold them on the second layer of
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In the preferred enbodi ment of Figure 1B-1l8re of the feed r¢lls 46 is
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an opti mum ni ghinrskivert hetwepgehat tremendous cost advantages over
other methods, such as metallizing (vapor-coating) the
films.

The film 36 resulting from this process
provides not only static-shielding, but also shielding
against electromagnetic interference (EMI). In order to
provide shielding against strong EMI signals, however, it
is necessary to provide a more dense sliver network,
although the amounts necessary are still much less than
that required by prior art techniques. For example, as
previously noted, Daimon et al. (’027) teaches that the
network must have minimum density of 15 g/m? to provide
EMI shielding. A film created in accordance with the
present invention requirés less than 15 g/m? of slivers to
provide equivalent shielding, and preferably has a
density of about 10 g/m?. If EMI is not a concern, but
protection is only required against static electrical
fields, then a density of 2 g/m’ or less of slivers has
proven adequate. '

Film 36 can be further modified by adding
antistatic/static-dissipative agents to the polymeric
compounds forming sheets 10 and 18, or by coating (using
conventional techniques) the outer surfaces'of £film 38
with such agents. Such agents are well known and
include, e.g., quaternary ammonium compounds. The
preferred antistatic compound is one sold by 3M under the
brand name FC170C (an octopérfluoro polyether
sulfonamide), and is volume-loaded into the film in an
amount in the range of 0.1% - 0.4% by weight. Whether
the antistat is loaded or coated, transmissivity of film
36 is still at least 70%, and tests have shown that films
made in accordance with the foregoing processes have
transmissivity levels as high as 85%. Furthermore, film
36 can protect not only electronic components, but also
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second | ayer QI is formed by longitudinally folding film 36, forming a
side 56, and simultaneously heat sealing the film along
two lines 58 and 60 transverse to the length of film 36
and cutting film 36 at sides 58 and 60. In this regard,
one of the two polymeric materials used in sheet 10
should be heat-sealable (e.g., polyethylene). Those
skilled in the art will appreciate the many other uses
for f£ilm 38.

Although the invention has been described with
reference to specific embodiments, this description is
not meant to be construed in a limiting sense. Various
modifications of the disclosed embodiment, as weli as
alternative embodiments of the invention, will become
apparent to persons skilled in the art upon reference to
the description of the invention. For example, there are
several alternative methods for applying the slivers from
tow 14 to sheet 10 which are not discussed herein. Also,
the first layer of sheet material 10 may comprise a
carrier which is releasable from the polymeric material
forming the second layer thereof. Finally, the resulting
film 36 has other uses besides electrostatic shielding,
such as a susceptor for microwave ovens. If is therefore
contemplated that the appended claims will cover such
modifications that fall within the true scope of the
invention.
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advant ages over ot her nethods; suc
1. A method of making a film which provides
static shielding, the method comprising the steps of:
obtaining a first sheet having first and second

CLAIMS:

layers, said first layer formed of a carrier material
which is electrically insulative, flexible and
transparentf and said second layer formed of a polymeric
material which is electrically insulative, flexible,
transparent, and thermoplastic, the melting temperature
of said polymeric material being lower than that of said
carrier material;

applying a plurality of conductive slivers to
said second layer of said first sheet, forming an
essentially two-dimensional, conductive network on said
second layer, said slivers having a melting temperature
above said melting temperature of said polymerlc
material; and

laminating a second sheet to said second layer
of said first sheet, said second sheet being in a molten
state and formed of a material which is miscible with
said polymeric material whereby, as said second sheet is
laminated to said second layer, said second sheet and
said second layer become a homogenous, single layer, said
conductive network being suspended in said homogenous
layer.

2. The method of Claim 1 wherein said applying
step comprises the steps of:

providing means for electromagneticaily
attracting said slivers;

feeding said first sheet over said attracting
means, with said second layer of éaid first sheet facing
upwards; and '

laying said slivers onto said second layer
proximate said attracting means.

3. The method of Claim 1 wherein said applying
step comprises the steps of:

drawing said first sheet over a cylinder with
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protection is Only r equiceed idgianHowtelt i£1 Bveet ha€adkial through first
and second pairs of counterrotating rollé, said second
pair of rolls rotating faster than said first pair of
rolls, whereby said slivers are pulled away from said tow
at said second roll; and

blowing said slivers onto said melted second
layer of said first sheet.

4. The method of Claim 1 wherein said applying
step comprises the steps of:

providing mechanical means for deflecting said
slivers toward said first sheet;

feeding said first sheet over said deflecting
means, with said second layer of said first sheet facing
upwards; and

laying said slivers onto said second léyer
proximate said deflecting means. '

5. The method of Claim 1 wherein said second
layer of first sheet is also in a molten state during
said laminating step.

6. The method of Claim 1 wherein said slivers
are applied to said second layer of said first sheet in
an amount not exceeding abbut 15 g/md.

7. The method of Claim 1 wherein said slivers
are applied to said second layer of said first sheet in
an amount not exceeding about 2 g/m’.

8. The method of Claim 1 wherein said carrier
material is polymeric and is stretched prior to forming
said first sheet whereby said carrier material is
biaxially oriented and dimensionally stable.

9. The method of Claim 1 further comprising the
step of mixing an antistatic agent with either said

J: carrier material in said first sheet or said polymeric
material in said second sheet.
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pol yet her sul én@aatég) ofaedatanzgoleg@ﬁe&o%% Q¢ Ny fdod MO f @i aFPLgt in

t he range of 1% - by wei ght her the antistat, is | opaded or
coated, transPReef\P¥ ySBF-df hPWPSG"P?SStllaIﬂeratwﬂtéhs%n Agistrtiesagentve

shown that films nade i niacenedaeeaod OF (e ihoredainthey aseRsess Ry e
the step of forming said film into a package by:

folding said film to define a folded edge;

heat sealing said film along two lines which
are generally perpendicular to said folded edge, forming
two heat-sealed edges; and

cutting said film at said heat-sealed edges.

12. A film made in accordance with Claim 1,
said film passing at least 70% of visible light.
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transmssivity | ex mm‘u“lmmrﬂ;ll 5% Furthernore, film S%Q%et}ﬁaghem aced
only electronic.c

-14- - any naterlaI§ of ihsthurfent’'s mhlch may be sensitive t
fiel ds/discharge, including chem cals and

-18-

i

|

i

13. A method of making a film which provides
static shielding, the method comprising the steps of:

obtaining a first sheet having first and second

layers, said first layer formed of a first polymeric

material which is electrically insulative, flexible,

transparent and dimensionally stable, and said second

layer formed of a second polymeric material which is

electrically insulative, flexible, transparent,

and

thermoplastic, the melting temperature of said second
polymeric material being lower than that of said first

polymeric material;

drawing said first sheet over a first cylinder
with said first layer of said first sheet contacting said
first cylinder, said first cylinder being sufficiently
hot to melt said second layer of said first sheet;

feeding a tow of sliver material'through a pair

of feed rolls and a pair of accelerator rolls, said pair

of accelerator rolls rotating faster than said pair of

feed rolls, whereby said slivers are pulled away from

said tow at a precise rate;

blowing said slivers onto said melted second

layer of said first sheet, forming an essentially two-

dimensional, conductive network on said second layer,

~said slivers having a melting temperature above said

melting temperature of said second polymeric material;

and

laminating a second sheet to said second ‘layer

of said first sheet, said second sheet being in a molten

state and formed of said second polymeric material

whereby, as said second sheet is laminated to said second

layer, said second sheet and said second layer become a

homogenous, single layer, said conductive network being

suspended in said homogenous layer.
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phar maceut gﬂmmwflll'lll\ﬁ\i!iﬁlﬂ be (et Sy ohiemagten cishas

f ol di.ng film 36, form ng a side 54, arnj kﬁf?ﬁ"lpﬂﬂeowly hgmﬂﬁmnﬂum l
lverse to the |ength

filmalong two |ines 58 and 60 tr
cutting film36 at sides 58 and 6(. In thms-regard one of the two
uld be heat-<seal able (e.g.,

polyneric materials used in sheet

pol yet hyl ene). Those skidl ex filmhgonr pravidixgpratatie shiebdingoet her uses
for film 36. lng.Although t he invention has been described with
reference to sp crﬁ enbodi ments, this description is not_neant to be

construed in a I|n1t|n@4ﬁ%ﬁ§$ layesustmadicarmiienmatering whishodsd

greﬂc)g(rjr:a ment, a3ewehlicd ¥ teidatdvevenrbediei@iie Ofaddeci aNgphtefL ;Wi | |

a second layer of a polymeric material which is
electrically insulative, flexible, transparent, and
thermoplastic, said first layer being bonded to said
second layer; and

a plurality of conductive slivers suspended in
said second layer, forming an essentially two-
dimensional, conductive network, said slivers having a
melting temperature above the melting temperature of said
polymeric material. )

15. The film of Claim 14 wherein said carrier
material is polymeric and has a melting temperature
greater than the melting temperature of said polymeric
material. _

16. The film of Claim 14 wherein either said
first layer or said second layer includes an antistatic
agent.

17. The film of Claim 14 having a total
thickness no greater than about 100 pm.

18. The film of Claim 14 which passes at least
70% of wvisible 1light.

p! 19. The film of Claim 14 whereln said slivers
= have an average diameter of about 8um or less.

20. The film of Claim 14 wherein said slivers
are formed of a magnetic or paramagnetic material.

21. The film of Claim 14 wherein said polymeric
material is selected from the group consisting of low-
density polyethylene, linear low-density polyethylene,
high density polyethylene, ethylene methyl acrylate,
ethylene vinyl acetate, or ethylene ethylacrylate.

22. The film of Claim 14 wherein said slivers-
are present in an amount less than 15 g/ml.

23. The film of Claim 14 wherein said slivers
are present in an amount not greater than about 2 g/m.



—_—

appafent t 0 personsThik n the art upon reference to the bRl | of
t-he 1 nvention For SﬂeLﬁgSh e} o several alternative m?@ﬂ&ﬂﬂ“ﬁ""m l”",
applying the sllversjni ! sheet 10 which are not dis e
herein. Al so, the fi ' eet material 10 nay conprise a carrier
which is rel easable fromthe polyneric nmatao+al form ng the second | ayer
thereof. Finally, the resulting film 36 has other uses besides
el ectrostatic shiel ding,24sucthast dlsust eplainf15 whereinveabdepslyherie
t herefore con ed t the, £nge e
nodi ficati onséggztig# ?‘\ ﬁilh Jt%pg %’ég;sc%pelt%?x\%%é gﬁée‘?\ gﬁ_@ionally

stable.

25. The film of Claim 24 wherein said polymeric
carrier material is selected from the group consisting of
polyester, polypropylene or nylon.
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-;57 - | claim 1. Afilmfor providing static shielding, ponﬂ’.qjﬂg. |
afirst layer of a carrier material which is electrically m# , ,L"l'!“’l,s””

flexible, and transparent; a second | ayer of a honobgenous pol yne
mat eri al which is electrically insulative, flexible, transpar-
-21-

26, A flexible, transparent film providing
pfotection against static electric fields, comprising:

a first layer, having first and second
surfaces, of a first polymeric material which is
electrically insulative, flexible, dimensionally stable
and transparent, said first polymeric material being
selected from the group consisting of polyester,
polypropylene or nylon;

a second layer, having first and second
surfaces, of a second polymeric material which is
electrically insulative, flexible, transparent, and
thermoplastic, and has a melting temperature which is
higher than the melting temperature of said first
polymeric material, said second polymeric material being
selected from the group consisting of low-density
polyethylene, linear low-density polyethylene, high
density polyethylene, ethylene methyl acrylate, ethylene
vinyl acetate, or ethylene ethylacrylate, and séid second
surface of said first layer being bonded to said first
surface of said second layer;

a plurality of stainless steel slivers
suspended in said second layer, proximate said first
surface thereof, forming an essentially two-dimensional,
conductive network, said slivers having a melting
temperature which is higher than the melting temperature
of said second polymeric material and further being
present in an amount not greater than about 2 g/m?;. and

the film passing at least 70% of visible light.
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ent = and thernoplastic, said first |ayer being bonded to said second

Iayer

and said second | ayer

having a nelting tenpéerature which i s

| oner t han that of said carrier material; and a pl mlshgeymgi;eenReplaced
over | appi ng conductive slivers sus- pended in said sec
formng an essentially t wo- di nensi onal , conductive net Imm

slivers

of said polyneric nmaterial.

having a nelting tenperature above the nelting

L.

2. Theghil mof claim1l wherein either said

first layer or said second | ayer includes an antistatic agent. 3. The
filmof charpBEY TRANSPARENTHILMKFORELECTROSTATIC SHIELDING AND [err]m
4. The {4#gTHODH GFMKKIN(WSUUH pasm at least 70% of visible light.

Abstract of the Disclosure

A film providing electrostatic shielding
comprises a first layer of a carrier material and a
second layer of a thermoplastic, polymeric material, both
layers being electrically insulative, flexible and
transparent, and there further being a plurality of thin,
conductive slivers suspended in the second layer. The
slivers have a melting temperature greater than the
melting temperature of the polymeric material, and the
polymeric material has a melting temperature lower than
that of the carrier material. The film passes at least
70% of visible light.

The £ilm is constructed by applying the slivers
to a sheet having a dimensionally stable layer and a
thermoplastic layer, the slivers being applied to the
thermoplastic layer, and then laminating a cover sheet
over the thermoplastic layer, the cover sheet being
formed of the same material as the thermoplastic layer.
The thermoplastic layer is heated to its melting point,
and the cover sheet is extruded and laminated in a molten
state whereby the cover sheet blends with the
thermoplastic.layer to form a single, homogenous layer.
The slivers form an essentially two-dimensional,
conductive network which is suspended in the homogenous
layer, and may be present in an amount as little as 2
g/m’.

¥
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5. The filmof claim1 wherein said slivers have an aver age di aneter of

abow, 8 [err]mor

pol yet hyl ene, et
et hyl ene et hyl acty

present in an a
wherein said sli
g/mMerr]. 10. T

is biaxially ori

| ess.

al' €. .

i, o5

he

filmaoaf clai

rial
§+ene—_LLneaL_LOMqunsity pol yet hyl ene, high density

1EE tﬁCEﬁENTISH@E&Iate, ethyl - ene vinyl acetate, or

19 g/ merr].

n U wherein said pgyeeE

ent ed and di nensi gnal |y stabl e.

6. The filmof claim1l wherein said slivers are
formed of a magnetic or paranagnetlc mat eri al .
wherein said pol yneric mate-
| ow-density pol ye

7. The filmof claiml
is selected fromthe group consisting of

filmof claiml1l wherein said slivers are

9. The filmof claim1l

I n an anount not greater than about 2
/ M A




11. The filmof claim 10 wherein said polyneric car- rier material is
sel e'b} ed fromthe group consisting of polyester; polypropylene or nylon.
-16 3
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12: Afilmfor providing static shielding, conpri-si-ng;-

8-t £S5t tayer-of-a...
:‘flrst polymeric material which is electricall . SEE8%$ bl €5
dimensionally stable  and transparent; a secb g see@nﬁ—’!‘i
honogehous p(»lﬁfncewve- ——fat-er4 al - which is el ect ¥ HY ; el pageu W3
flexible, iKaksipar e, bEhid] t her nopllasti c, ana ha '-.tiﬁ).:}t'p ng ..... 0 p”w’s. .
t emperature which n&rﬂ,@v\sr thah the nelting tem“ ruiper at upegedf. sal gadedrst |
pol ymeri ¢ matertatsard-first | ayer bei ng ¢ bonded to said second | ayer; +
and a plurality of conductive slivers suspendegin. sak ek i_h,,;_a;}equ | ayer,
form ng an essent [ glayn:t wo- di nen- sional , condtctive -hetworks s=ar»»d»--—-—-

slivers further 3 ADGIRIfGY ESVdiING s%ﬂtiéfﬁhli'élﬁxﬂg.t cotrgatsingf han about

a first layer of a carrier material which is electrically
insulative, flexible, and transparent;

a second layer of a homogenous polymeric material
which is electrically insulative, flexible, transpar-
ent, and thermoplastic, said first layer being
bonded to said second layer; and said second layer
having a melting temperature which is lower than
that of said carrier material; and

a plurality of overlapping conductive slivers sus-
pended in said second layer, forming an essentially
two-dimensional, conductive network, said slivers
having a melting temperature above the melting
temperature of said polymeric material. S

2. The film of claim 1 wherein either said first layer or
said second layer includes an antistatic agent.

3. The film of claim 1 having a total thicknss Bo
greater than about 100 pm.

4. The film of claim 1 which passes at least 70% of
visible light. :

5. The film of claim 1 wherein said slivers have an
average diameter of about 8 pm or less.

6. The film of claim 1 wherein said slivers are formed
of a magnetic or paramagnetic material.

7. The film of claim 1 wherein said polymeric mate-
rial is selected from the group consisting of low-density
polyethylene, linear low-density polyethylene, high
density polyethylene, ethylene methyl acrylate, ethyl-
ene viny! acetate, or ethylene ethylacrylate.

8. The film of claim 1 wherein said slivers are present
in an amount less than 15 g/m?.

9. The film of claim 1 wherein said slivers are present
in an amount not greater than about 2 g/m-.

10. The fiim of claim 1 wherein said polymeric carrier
material is biaxially oriented and dimensionally stable.

11. The film of claim 10 wherein said polymeric car-
nier material is selected from the group consisting of
polyester, polypropylene ar nylon.
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29/ nferr], and the fil mnaq'nna at Jpast 70% of visible | i ght. 13.
The fil m-of claim 1 vers have a nelting tenperature above
t he el ting tenpera ll!ﬁ “ﬂa"' d polynmeric material. 14. The film
of ¢laim12 wherein rs wrerlc material is- selectedfromthe

group consi sting of pol yes- ter, polypr@w ene or rrﬁﬁgr“‘ 15 < Thes Im of
claim 12 when said second poly- neric material is | §§i thi‘ -Q The

filmof claim12 wherein said slivers are forned off st ai RERIEE éteel ' 17.
A package made with the filmof claim12 by folding the filmto deflne a

fol ded edge, heat sealing the filmalong two |ines which are generally
per pendi cul ar

. A fum for providing static shielding, comprising;

a ﬁrsz layer of a first polymeric matenal which is
elecmca.lly insulative, flexible, dmcuxonally stable
and fransparent;

a second layer of a second homogenous polymeric
material which is electrically insulative, flexible,
transparent, and thermoplastic, and has a melting
temperature which is lower than the melting tem-
perature of said first polymeric material, said first
layer being bonded to said second layer; and

a plurality of conductive slivers suspended in said -
second layer, forming an essentially two-dimen-
sional, conductive network, said slivers further
being present in an amount not greater than about
2 g/m?, and the film passing at least 70% of visible
light.

13. The film of claim 12 wherein said slivers have a

melting temperature above the melting temperature of
' said 'second polymeric material.
14. Tae film of claim 12 wherein said first polymeric
. material is selected from the group consisting of polyes-
ter, polypropylene or nylon.

1S. The film of claim 12 wherein said second poly-
meric material is heat-sealable.

16. The film of claim 12 wherein said slivers are
formed of stainless steel.

17. A package made with the film of claim 12 by
folding the film to define a folded edge, heat sealing the
film along two lines which are generally perpendicular
to said folded edge, forming two heat-sealed edges, and
cutting the film at said heat-sealed edges.

18. The film of claim 12 wherein said second poly-
meric material is selected from the group consisting of
low-density polyethylene. linear low-density polyethyl-
ene, high density polyethylene, ethylene methyl acry-
late, ethylene vinyl acetate, or ethylene ethylacrylate.
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to said fol«ded__edge,,_i_gmg—{—ws— heat - seal ed edges, and cutting the film at
- Sad d heat - seal e filmof claim12 wherein said second

‘pol y- -meric mateﬁlm mumumnm fromthe group consisting of |owdensity

, potyethylene, |inear lowrdendsity polyethyl- ene, high density polyethylene,

et hyl'ene nethyl acry- late, ethylene yinyl acef ; t-hykeﬁe-:
et hyl acryl ate. : . L-afglg SEKE, 185 BEEM

REPLAL‘..,

19. A flexible, transparsnt film providing protection

against static electric fields, comprising;

a first layer, having first and second surfaces, of a first
polvmeric material which is electrically insulative,
flexible, dimensionally stable and transparent, said
first polymeric material being selected from the
group consisting of polyester, polypropylene or
aylon;

a second layer, having first and second surfaces, of a
second polymeric' material which is electrically
insulative, flexible, transparent, and thermoplastic,
and has a melting temperature which is lower than
the melting temperature of said first polymeric
material, said second polymeric material being
selected from the group consisting of low-density
polyethylene, linear low-density polyethylene,
high density polyethylene, cthylene methy! acry-
late, ethylene vinyl acetate, or ethylene ethylacry-
late, and said second surface of said first layer being

- bonded to said first surface of said second layer;

a plurality of stainless steel slivers suspended in said
second layer, proximate said first surface thereof|,
forming an essentially two-dimensional, conduc-
tive network, said slivers having a melting temper-
ature which is higher than the melting temperature
of said second polymeric material and further being
present in an amount not greater than about 2
g/m-=; and

the film passing at least 70% of visible light.
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19: A flexible, transparent film provi di ng. prot ection agai nSTERMAGEMENT SHEET

el ectricsfields, comprising; afirst | ayer “havi ng f| rst and second
surfaces, of a fi rs SLERELE s

i nsul ati ve, fle lll" "m !I!Bﬁ[ﬂ id SG
first polyneric nater a €l ng st n“@ fsed ..
pol-yester, pol ypropyl ene or nyl on| a seconéi #a __f i d ,"Fs*f‘ nénﬁd
second surfaces, of a second pol yneric mater i afb/: s ! s BEee -1 e abEys ...

i nsul ative, flexible, transparent and thernopl as; j ¢ rUsuEet  paged m i paged -

I claim: IO iy CA L Lo N & o N e |

1. A film for providing static shielding, compnsmg,

a first layer of a carrier material which is electrically
insulative, flexible, and transparent;

a second layer of a-homogenous polymeric material
which is electrically insulative, flexible, transpar-
ent, and thermoplastic, said first layer being
bonded to said second layer; and said second layer
having a melting temperature which is lower than
that of said carrier material; and

a plurality of overlapping conductive slivers sus-
pended in said second layer, forming an essentially
two-dimensional, conductive network, said slivers
having a melting temperature above the meltmg
temperature of said polymeric material.

2. The film of claim 1 wherein either said first layer or

said second layer includes an antistatic agent.

3. The film ofclaxmlhavmgatotalthlckn&no

greater than about 100 pm.

4. The film of claim 1 which passes at least 70% of

visible light.

5. The film of claim 1 wherein said slivers have an

average diameter of about 8 um or less.

6. The film of claim 1 wherein said slivers are fonned

of a magnetic or paramagnetic material.

7. The film of claim 1 wherein said polymeric mate-

L rial is selected from the group consisting of low-density
. polyethylene, linear low-density polyethylene, high
density polyethylene, ethylene methyl acrylate, ethyl-

ene vinyl acetate, or ethylene ethylacrylate.
8. The film of claim 1 wherein said slivers are present

in an amount less than 15 g/m2.

9. The film of claim 1 wherein said shvers are present

in an amount not greater than about 2 g/m?.

10. The film of claim 1 wherein said polymeric carrier
material is biaxially oriented and dimensionally stable. -
- 11. The film of claim 10 wherein said polymeric car-'
rier material is selected from the group consxsnng of
polyester, polypropylene or nyion L
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and Has a nelting tenperature which is |ower than t he mBEPLAGEMENT SHEET
tenperatlure of said first polyneric material, said second polyneric
met eri al bei ng. sel ected fromthe group conS|st|ng of | ow densi

oW density —————
pol yet hyl ene, |inear .| owd-'density pol yet1 yl ene, hi gh den [w umu"uul,”

pol yet hyl ene, ethylene met hyl acry- ate, ethylene vinyl l"n
et hyl ene et hyl acry- ~late, and said second surface of said first" | dy i
bei ng bonded to said first surface of said second | ayer; a pIurallty
of stainless steel slivers suspended in said second | ayer, proxi mate
said first surface thereof, formng an essentially two-di nmensional,
conduc- tive network, said slivers having a nelting tenper- ature

whi ch is higher than te ature sai d secqQnd pol yneric
mat eri al ang further iag ﬂgﬁm fof Pf gstancsluemm » compnising;. Pty
first layer of a first polymeric material which is
elecmcally insulative, ﬂexible, dzmenslona.lly stable
and transparent; " _

a second layer of a second homogenous polymenc
material which is electrically insulative, flexible,
transparent, and thermoplastic, and has a melting
temperature which is lower than the melting tem-
perature of said first polymeric material, said first
layer being bonded to said second Iayer; and -

" a plurality of conductive slivers suspended in snd
second layer, forming an essentially two-dimen-
sional, conductive network, said slivers further
being present in an amount not greater than about
2 g/m?, and the film passing at least 70% of visible
light. . :

13. The film of claim 12 wherein said slivers have a
melting temperature above the melting tmpmmre of
said second polymeric material. :

14. 1 ne film of claim 12 wherein said first polymau:
material is selected from the group counsisting of polyes-
ter, polypropylene or anylon.

18. The film of claim lzwhereznsadsecondpoly-
meric material is heat-sealable.

16. The film of claim 12 wherein said slivers ‘are
formed of stainless steel.

L 17. Apackagemademththeﬁlmofclumlzby
folding the film to define a folded edge, heat sealing the
film along two lines which are generally perpendicular
to said folded edge, forming two heat-sealed edges, and
cutting the film at said heat-sealed edges. :

18. The film of claim 12 wherein said second poly-
meric material is selected from the group consisting of
low-density polyethylene, linear low-density polyethyl-
ene, high density polyethylene, ethylene methyl acry-
late, ethylene vinyl acetate, or ethylene ethylacrylate.
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present |n an amount not greater than about 2 ' g/nerr]; BRBLACEMIENT SHERT
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- 19. A flexible, transparent film providing protection
‘against static electric fields, comprising;

a first layer, having first and second surfaces, of a first
polymeric material which is electrically insulative,
flexible, dimensionally stabie and transparent, said
first polymeric material being selected from -the

_ grtlmp consisting of polyester, polypropylene or.
nylon;

a second layer, having first and seeond surfaces, of a
second polymeric material which is electnally
insulative, flexible, transparent, and therm

N and has a melting temperature which is lower than
the melting temperature of said first polymeric
material, said second polymeric material being
selected from the group consisting of low-density
polyethylene, linear low-density polyethylene,
high density polyethylene, ethylene methyl acry-
late, ethylene vinyl acetate, or ethylene ethylscry-
late, and said second surface of said first layer being

- bonded to said first surface of said second layer;
.a plurality of stainless steel slivers suspended in said
second layer, proximate said first surface thereof,
forming an essentially two-dimensional, conduc-
tive network, said slivers having a melting temper-
ature which is higher than the melting temperature
of said second polymeric material and further being
present in an amount not greater than about 2

N g2/m?; and

the film passing at least 70% of visible light.
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A FLEXIBLE, TRANSPARENT FILM FOR ELECTROSTATIC SHIELDING AND
METHOD OF MAKING SUCH FILM

Abstrac the Disclos

A film providing electrostatic shielding
comprises a first layer of a carrier material and a
second layer of a thermoplastlc, polymerlc material, both
layers being electrically 1nsulat1ve, flexible and
transparent, and there further being a plurality of thin,
conductive slivers suspended in the second layer. The
slivers have a melting temperature greater than the
melting temperature of the polymeric material, and the
polymeric material has a melting temperature lower than
that of the carrier material. The film passes at least -
70% of visible light.

The film is constructed by applying the slivers
to a sheet having a dimensionél}y stable layer and a
thermoplastic layer, the slivers being applied to the
thermoplastic layer, and then laminating a cover sheet
over the thermoplastic layer, the cover sheet bging
formed of the same material as the thermoplastic layer.
‘The thermoplastic layer is heated to its melting point,
and the cover sheet is extruded and laminated in a molten
state whereby the cover sheet blends with the
thermoplastic layér to form a single, homogenous layer.
The slivers form an essentially two-~dimensional,
conductive network which is suspended in the homogenous
layer, and may be present in an amount as little‘as 2
g/m?.

REPLACEMENT SHEET

Figure 3
- - | [:'.’ 8 APR ?QBEL/

L




