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FIGURE 2 
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FIGURE 4 
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FIGURE 7 
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FIGURE 8 
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METHOD OF MAKING HEAT-SHRINKABLE 
EMI/RFI SHIELDING MATERIAL 

RELATED APPLICATION 

[0001] This application claims the bene?t of copending 
US. Patent Application Serial No. 10/108,517, entitled 
Heat-Shrinkable EMI/RFI Shielding Material, ?led Mar. 29, 
2002, the subject matter of is herein incorporated by refer 
ence. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a material for 
shielding electromagnetic interference (EMI) and radio fre 
quency interference (RFI) betWeen an electrical conductor 
or bundle of conductors and the environment. Speci?cally, 
the material of the present invention is heat-shrinkable to ?t 
With any siZed Wire, cable, data or signal line, antenna, or 
other electrical conductor. The shielding material of the 
present invention can also be used With non-tubular, irregu 
larly shaped electronic devices. 

BACKGROUND OF THE INVENTION 

[0003] Modem electronic devices generates electromag 
netic radiation With the electronic circuitry and transmission 
lines of the equipment. The radiation often develops as a 
?eld or as transients Within the radio frequency band of the 
electromagnetic spectrum, i.e., betWeen about 10 kHZ and 
10 GHZ, and is termed “electromagnetic interference” or 
“EMI.” This radiation is knoWn to interfere With the opera 
tion of other proximate electronic devices. 

[0004] To mitigate EMI effects, shieldings having the 
capability of absorbing and/or re?ecting EMI energy may be 
employed to con?ne the EMI energy Within a source device 
and to insulate that device or other target devices from other 
source devices. The shielding provides a barrier that is 
inserted betWeen the source and other target devices. The 
shield typically is an electrically conductive housing that is 
grounded. For electrical Wire, cable, cord or other conductor, 
EMI shielding is often provided by enclosing the conductor 
Within an electrically conductive conduit or housing. 

[0005] A less cumbersome shielding can be accomplished 
by covering the Wire or cable With a shielding layer Woven 
or braided of a metal Wire or other electrically conductive 
?bers. For example, US. Pat. No. 5,483,020 to Hardie et al. 
discloses a cable having parallel conductors surrounded by 
an insulating layer. The cable is then EMI shielded by a 
braided metal shield of a plated electrical conductor. 

[0006] US. Pat. No. 5,477,011 Singles et al. discloses a 
loW-noise signal transmission cable that employs an insu 
lative layer that is bonded to a surrounding shield layer via 
an adhesive. The shield may be a braided metal, conductive 
polymer, or Wrapped foil layer. 

[0007] US. Pat. No. 5,293,001 to Gebs discloses a ?ex 
ible, shielded cable assembly. The assembly includes a 
?exible metal conductor, a dielectric layer positioned about 
the conductor, and a ?exible metallic shield disposed about 
the dielectric. The shield preferably employs a thin metallic 
foil and a metallic braid, ribbon, or tape disposed about the 
foil. 

[0008] US. Pat. No. 5,043,530 to Davies discloses a 
shield cable Which includes an internal conductive core With 
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1-4 Wire leads, each of Which are insulated With a Wrapping 
of an insulative tape. The voids betWeen the leads are ?lled 
With an amorphous elastomer. A shield layer is provided by 
braiding a silver-copper alloy Wire over the elastomer 
covered conductive core. The strands of the shield become 
embedded in the elastomeric material Which thereby ?lls the 
spaces in the braided structure. A barrier of an insulative 
jacket surrounds the elastomer-covered shield and conduc 
tive core. 

[0009] US. Pat. No. 5,015,800 Vaupotic et al., discloses a 
controlled impedance transmission line that consists of a 
?exible cable having a side-by-side pair of conductors. The 
conductors are surrounded by respective inner and outer 
dielectric layers. A braided Wire shield surrounds the dielec 
tric layers, Which shield, in turn, is surrounded and pen 
etrated by an exterior jacket. 

[0010] US. Pat. No. 4,639,545 to Pithouse et al. discloses 
a conductor that is surrounded by a dielectric. A fabric in the 
form of a tubular sleeve is Woven or positioned around the 
conductor. The fabric may include a conductive metal Warp 
and a recoverable polymeric Weft, Which Weft is recovered 
to secure the fabric through engagement With the dielectric. 

[0011] US. Pat. No. 4,376,229 to Maul et al. discloses a 
?exible, shielded electrical conduit. The conduit includes a 
?exible tubing, a ?exible electrical shielding disposed 
Within the tubing, and an axially compressed, radially 
expanded elastic Woven retainer Which forces the shielding 
into continuous contact With the tubing. The shielding may 
be provided as a Weave of electrically conductive ?laments. 

[0012] Proposals have been made to provide shielding for 
Wires, cables, lines, and the like in the form of a tubular, 
heat-shrinkable outer layer Within Which is received a con 
ductive inner layer. For example, US. Pat. No. 3,576,387 to 
Derby discloses a heat-shrinkable shield formed of an outer 
layer of a heat-shrinkable tubing having a thin layer of a 
metal-?lled polymeric matrix bonded to the inner surface 
thereof. The shield may be sheathed over an insulated Wire 
or cable, and then heated to shrink the outer layer of the 
shield over the insulation of the Wire or cable. 

[0013] US. Pat. No. 5,106,437 to Lau et al. discloses a 
conformable electromagnetic radiation suppression cover 
for a re?ecting structure. The cover includes a tubular outer 
layer of an electromagnetic radiation absorber formed of a 
nonconductive composite With one or more kinds of dissi 
pative particles dispersed in a shrinkable dielectric binder. 
An inner sealant layer is employed to ?ll any voids betWeen 
the absorber and the structure. A thin metallic foil may be 
bonded betWeen the sealant and the absorber as a ground 
plane. 

[0014] US. Pat. No. 4,555,422 to Nakamura et al. dis 
closes a magnetic shielding article that includes a heat 
shrinkable outer layer of a thermoplastic polymeric material 
and an inner layer of a magnetic shielding layer. The 
shielding layer may be formed of a thermoplastic material 
?lled With a poWdered ferrite. 

[0015] US. Pat. No. 4,915,139 to Landry et al. discloses 
another heat-shrinkable tubing article. Such article is formed 
of an outer layer of a tubular, heat-deformable material 
having a thermoplastic melt liner that is bonded to the inner 
surface thereof. A ?ber reinforcement layer is disposed 
betWeen the melt liner and the shrink tubing. 
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[0016] US. Patent No. 6,005,191 to TZeng et al. discloses 
a heat shrinkable jacket for EMI shielding. The jacket 
comprises a conductive inner layer, a thermoplastic inter 
layer, and a heat shrinkable outer layer. The thermoplastic 
interlayer bonds the conductive inner layer to the heat 
shrinkable outer layer When the jacket is heated. The con 
ductive inner layer can be a nonconductive fabric and a 
conductive metal foil formed of copper, aluminum, or 
another metal, or as a combination or blend of conductive 
and nonconductive ?bers. 

[0017] A representative commercial heat-shrinkable tub 
ing shielding is marketed under the name CHO-SHRINK® 
by the Chomerics Division of Parker Hanni?n Corp., 
Woburn, Mass. The shielding is formed by coating a con 
ductive compound onto the outer surface of a heat-shrink 
able tube. Another such product is manufactured by Ray 
chem Corp., Menlo Park, Calif., as a heat-shrinkable tube 
electroplated With an outer layer of a conductive metal. 

SUMMARY OF THE INVENTION 

[0018] An object of the present invention is to provide an 
improved EMI/RFI shielding material that is ?exible and 
easy to manufacture, provides signi?cant Weight savings, 
and can be trimmed simply, Without requiring special equip 
ment. 

[0019] A further object of the present invention is to 
provide a heat-shrinkable EMI/RFI shielding material that is 
capable of conforming to the shape of the object being 
shielded. 

[0020] The shielding material of the present invention 
comprises a heat-shrinkable Woven fabric that is coated With 
a conductive material. The conductive material can be silver, 
nickel, Zinc, cobalt, tin, lead, platinum, gold, carbon, graph 
ite, or alloys and miXtures thereof. 

[0021] A further object of the present invention is to 
provide methods of making the heat-shrinkable EMI/RFI 
shielding material. The method comprises 1) providing a 
heat shrinkable Woven fabric, 2) coating the heat-shrinkable 
fabric With a conductive slurry; and 3) drying the conductive 
slurry. After the drying step, a conductive substance remains 
on the surface and, preferably, the interior, of the heat 
shrinkable Woven fabric to produce an EMI/RFI shielding 
material that is capable of conforming to the shape of the 
object being shielded. 

BRIEF DESCRIPTION OF THE FIGURES 

[0022] The folloWing detailed description of the preferred 
embodiment of the invention Will be better understood When 
read in conjunction With the appended draWings. For the 
purpose of illustrating the invention, there is shoWn in the 
draWings embodiments that are presently preferred. It 
should be understood, hoWever, that the invention is not 
limited to the precise arrangements and instrumentalities 
shoWn. In the draWings: 

[0023] FIG. 1 shoWs the embodiment of the invention 
Where the conductive substance is applied only on one 
surface of the heat-shrinkable Woven fabric. 

[0024] FIG. 2 shoWs the embodiment of the invention 
Where the conductive substance is applied on both surfaces 
of the heat-shrinkable Woven fabric. 
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[0025] FIG. 3 shoWs the method of making the EMI/RFI 
material Where the conductive slurry is applied to only one 
surface of the heat-shrinkable Woven fabric. 

[0026] FIG. 4 shoWs the method of making the EMI/RFI 
material Where the conductive slurry is applied to both 
surfaces of the heat-shrinkable Woven fabric. 

[0027] FIG. 5 shoWs the embodiment of the invention 
Where the conductive substance is located on the surface and 
is absorbed into the interior of the heat-shrinkable Woven 
fabric. 

[0028] FIG. 6 shoWs the use of the EMI/RFI material for 
shielding a cable Where the material has only one surface 
covered With the conductive substance. 

[0029] FIG. 7 shoWs the use of the EMI/RFI material for 
shielding a cable Where the material has both surfaces 
covered With the conductive substance. 

[0030] FIG. 8 shoWs the use of the EMI/RFI material for 
shielding a cable Where the conductive substance is located 
on the surface and Within the heat-shrinkable Woven fabric. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS OF THE 

INVENTION 

[0031] In the draWings, like numerals are used to indicate 
like elements throughout. Certain terminology is used for 
convenience only and is not limiting. The Words “top” and 
“bottom” designate directions in the draWings to Which 
reference is made, but are not intended as limitations on the 
scope of the invention. 

[0032] A ?rst embodiment of the invention is depicted in 
FIG. 1, Which shoWs a heat-shrinkable Woven fabric 2 With 
a conductive substance 4 on the top surface. A second 
embodiment is depicted in FIG. 2, Which shoWs a heat 
shrinkable Woven fabric 2 With a conductive substance 4 on 
the top and bottom surfaces. 

[0033] The conductive substance 4 is deposited directly on 
the surface(s) of the heat-shrinkable Woven fabric. FIGS. 3 
and 4 describe the steps involved in the coating process for 
the ?rst and the second embodiments, respectively. The 
process comprises the steps of 1) providing a heat-shrink 
able Woven fabric 2, 2) coating the heat-shrinkable Woven 
fabric 2 With a conductive slurry 6, and 3) drying the 
conductive slurry 6 to leave a conductive substance 4 on the 
surface(s) of the heat-shrinkable Woven fabric 2. In a pre 
ferred embodiment, the Woven fabric is sufficiently porous 
that the slurry is absorbed into the fabric. Upon drying, the 
conductor not only coats the surface(s) of the fabric, but also 
the pores and gaps in the interior of the Woven fabric. This 
preferred embodiment is illustrated in FIG. 5, Where the 
conductive substance 4 is located on the surface and Within 
the heat-shrinkable Woven fabric 2. 

[0034] The heat-shrinkable fabric 2 of the present inven 
tion is preferably Woven from strands of polymeric materials 
characteriZed as heat-shrinkable. These polymeric materials 
include, but are not limited to, rubbers such as neoprene and 
silicone; oriented amorphous or crystalline thermoplastics 
including polyole?ns such as polyethylene, polypropylene, 
polystyrene, and the like; vinyls such as polyvinyl chloride 
and polyvinyl acetate; polyamides; ?uoropolymers such as 
polytetra?uoroethylene; polyesters such as polyethylene 
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terephthalate; and copolymers and blends thereof. Preferred 
materials are polyole?n and polyester. In general, materials 
of such type exhibit plastic memory. When the material is 
cross-linked, oriented, or otherWise residually stressed into 
an expanded shape, it is suf?ciently elastic to contract, 
constrict, or shrink to recover to a pre-expanded shape When 
raised to a predetermined temperature alloWing intra-chain 
movement and the release of the residual stresses. For 
example, the material may inherently possess suf?cient 
crystallinity to exhibit the desired thermal response, or may 
require cross-linking or the addition of another polymer or 
copolymer to exhibit the desired response. The “shrink” 
temperature should be above normal room temperature of 
about 25° C., and typically Will be betWeen about 95-225° 
C. Examples of heat shrinkable materials may be found in 
US. Pat. Nos. 2,027,962 and 3,086,242, both to Cook et al., 
the disclosures of Which are incorporated herein by refer 
ence. 

[0035] The slurry 6 used to coat the heat-shrinkable Woven 
fabric 2 comprises a conductor, preferably in poWder or 
particulate form. The conductor can be metals or non 
metals. The metals can be, but are not limited to, silver, 
nickel, Zinc, cobalt, tin, lead, platinum, gold, and alloys and 
mixtures thereof. Appropriate non-metals can be, but is not 
limited to, carbon and graphite. Mixtures of the metals and 
non-metals are also appropriate conductor for the applica 
tion of the present invention. The slurry 6 can also comprise 
resins, solvents, and additives such as plasticiZers, antioxi 
dants, and ?exibiliZers. The resins can be, but are not limited 
to, acrylic, vinyl, polyester, urethane, and cellulose resins. 
The solvents can be, but are not limited to, alcohols such as 
iso-propyl alcohol, texanol, cyclohexanol, etc.; esters such 
as glycol ether DB acetate, ethyl acetate, n-butyl acetate, 
etc.; glycol ethers such as ethylene glycol methyl ether, 
ethylene glycol ethyl ether, ethylene glycol n-butyl ether, 
etc.; ketones such as acetone, isophorone, methyl ethyl 
keytone, etc.; terpenes such as alpha terpineol, pine oil, 
turpentine, etc.; naphthas such as stoddard solvent, mineral 
spirits, kerosene, etc.; cyclic hydrocarbons such as benZene, 
toluene, xylene, etc.; and mixtures thereof. The additives can 
be, but are not limited to, phthalates such as benZyl butyl 
phthalate and dibutyl phthalate, and mineral oil. Apreferred 
slurry comprises 40-60% (W/W) conductor, 5-20% (W/W) 
resin, 30-50% (W/W) solvent, and 0-5% (W/W) additive(s). 
The preferred conductor, resin, solvent, and additive are 
silver, acrylic resin, toluene, and benZyl butyl phthalate. 
Most preferably, the slurry comprises 10-15% (W/W) acrylic 
resin, 5-15% stoddard solvent, 18-28% toluene, 41-51% 
(W/W) silver, and 0-2% (W/W) benZyl butyl phthalate. 

[0036] The conductive slurry can be applied to the heat 
shrinkable Woven fabric by any knoWn method such as knife 
coating, roller coating, spraying, dipping, brushing, printing, 
or combinations thereof. Alternatively, the slurry can be 
poured over the heat-shrinkable Woven fabric and alloWed to 
dry. The method of application is generally chosen based on 
the process economics and the viscosity of the slurry. 

[0037] In a preferred embodiment of the invention, the 
EMI/RFI shielding material is prepared as a tube to be used 
as a shielding jacket for cable, Wire, antenna, or other 
electrical conductor or elongated article. The tube is gener 
ally formed from a planar sheet of heat-shrinkable Woven 
fabric by rolling the fabric into a cylinder and gluing or 
otherWise attaching the edges together. 
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[0038] The slurry can be applied to the fabric before or 
after tubular formation. For application after tubular forma 
tion, the slurry can be sprayed into the tube. Alternatively, 
the tube can be ?lled With the slurry; and then the excess 
conductive slurry is alloWed to How out of the tube leaving 
a ?lm of the slurry on the inside surface of the tube. The 
outside of the tube can also be coated as Well if necessary. 
If both sides of the tube are to be coated, dipping is the 
preferred method of applying the slurry to the heat-shrink 
able Woven fabric. 

[0039] FIGS. 6, 7, and 8 shoW the use of the tubular 
EMI/RFI shielding material on a cable. FIG. 6 shoWs the 
EMI/RFI shielding With the conductive substance 4 on the 
inside of the tubular heat-shrinkable Woven fabric 2. The 
tubular shielding material covers a cable 8 to shield the cable 
from external EMI/RFI, and to shield the environment from 
EMI/RFI from the cable. FIG. 7 shoWs the tubular shielding 
With both the inner and outer surfaces coated With the 
conductive substance 4. FIG. 8 shoWs the tubular shielding 
Where the heat-shrinkable Woven fabric 2 is sufficient porous 
to absorb the slurry such that the conductive substance 4 is 
also deposited inside the fabric itself. In the case of the 
tubular con?guration, the EMI/RFI shielding tube is placed 
around a cable, Wire, antenna, or other electrical conductor 
or elongated article. The tube is then heated to shrink the 
heat-shrinkable Woven material to a tight ?t around the 
cable, Wire, antenna, or other electrical conductor or elon 
gated article. 

EXAMPLE 1 

[0040] A slurry Was mixed to homogeneity using the 
proportions depicted in Table 1. 

TABLE 1 

F-10 acrylic resin from Rohm & Haas 130 grams 
Toluene 100 grams 
7E silver from Degussa 200 grams 
Santicizer 160 from Ferro Corp. 2 grams 

Total 432 grams 

[0041] First, the liquid components Were added and mixed 
to homogeneity using a mixer such as a Banbury mixer. The 
solid component (silver) are then added to the liquid mixture 
and stirred so that the solid particles are evenly distributed 
throughout. An EMI/RFI shielding Was made by dipping a 
heat-shrinkable Woven fabric into the slurry folloWed by air 
drying. 

[0042] The present invention has a major advantage over 
the prior art in that the Woven fabric provides a more ?exible 
material that is able to conform around irregularly shaped 
electrical instruments and apparatuses. Further, the fabric 
absorbs the slurry so that upon drying, the conductive 
material are not only located on the surface of the fabric, but 
also in betWeen the strands of the fabric, Which results in a 
superior performing shield. 

[0043] The invention has been disclosed broadly and 
illustrated in reference to representative embodiments 
described above. Those skilled in the art Will recogniZe that 
various modi?cations can be made to the present invention 
Without departing from the spirit and scope thereof. 
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What is claimed is: 
1. A method of making an EMI/RFI shielding jacket 

comprising the steps of 

a) providing a heat-shrinkable Woven fabric; 

b) coating said heat-shrinkable fabric With a conductive 
slurry; and 

c) drying the conductive slurry. 
2. The method of claim 1, Wherein the conductive slurry 

comprising a conductive metal, a conductive non-metal, or 
miXtures thereof. 

3. The method of claim 2, Wherein the conductive metal 
is selected from the group consisting of silver, nickel, Zinc, 
cobalt, tin, lead, platinum, gold, and alloys and miXtures 
thereof. 

4. The method of claim 2, Wherein the conductive non 
metal is graphite. 

5. The method of claim 2, Wherein the conductive slurry 
further comprising a resin. 

6. The method of claim 5, Wherein the resin is selected 
from the group consisting of an acrylic resin, a vinyl resin, 
and a polyester resin. 
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7. The method of claim 2, Wherein the conductive slurry 
further comprising a solvent. 

8. The method of claim 7, Wherein the solvent is selected 
from the group consisting of toluene, alcohol, acetone, and 
stoddard solvent. 

9. The method of claim 2, Wherein the conductive slurry 
further comprising an additive. 

10. The method of claim 9, Wherein the additive is 
selected from the group consisting of plasticiZers, ?exibi 
liZer, and antioxidants. 

11. The method of claim 1, Wherein said coating step is 
selected from the group consisting of dipping, brushing, 
printing, spraying, and roller coating. 

12. The method of claim 1, Wherein the heat-shrinkable 
Woven fabric is constructed of polyole?n, polyester, or 
mixture thereof. 

13. The method of claim I, Wherein the conductive slurry 
is absorbed into the heat-shrinkable Woven fabric. 


