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(57) ABSTRACT 

A circularly knit garment is provided, the garment compris 
ing a circularly knit fabric body having an inner surface 
adapted to be disposed adjacent to a Wearer’s skin When the 
garment is Worn. The garment further includes at least one 
discrete electrically-conductive region formed at the inner 
surface of the body during the circular knitting thereof in 
such as manner as to contact the Wearer’s skin When the 
garment is Worn. The at least one electrically-conductive 
region is comprised of electrically-conductive threads, 
Wherein the electrically-conductive threads are knit into the 
body such that the electrically-conductive threads at the 
inner surface are con?ned to the at least one electrically 
conductive region. The at least one electrically-conductive 
region is further adapted to cooperate With the Wearer’s skin 
to conduct an electrical signal therebetWeen. An associated 
blank and a method of making such a garment are also 
provided. 



Patent Application Publication Jan. 15, 2004 Sheet 1 0f 8 US 2004/0009731 A1 

FIG. 1 



Patent Application Publication Jan. 15, 2004 Sheet 2 0f 8 US 2004/0009731 A1 

80 

FIG. 2 



Patent Application Publication Jan. 15, 2004 Sheet 3 0f 8 US 2004/0009731 A1 

'//////J, FIG. 3B 

120 

FIG. 3A 



Patent Application Publication Jan. 15, 2004 Sheet 4 0f 8 US 2004/0009731 A1 

190a 140 

/190b 

$1180 
200 V/ ' I 

200 

190a 150 



Patent Application Publication Jan. 15, 2004 Sheet 5 0f 8 US 2004/0009731 A1 

200 



Patent Application Publication Jan. 15, 2004 Sheet 6 0f 8 US 2004/0009731 A1 

180/ /////////////i “ma/x 
6513:1914 

B115 120 

100...’ @130 

130 

70 g _/100 

is 115 
100/3;% 110a 

12% ' 
11% 
2% - \?\ E 
21% 1 pk ‘ 

FIG. 6 



Patent Application Publication Jan. 15, 2004 Sheet 7 0f 8 US 2004/0009731 A1 

190a 

FIG. 7 



Patent Application Publication Jan. 15, 2004 Sheet 8 0f 8 US 2004/0009731 A1 



US 2004/0009731 A1 

GARMENT WITH DISCRETE 
INTEGRALLY-FORMED, 

ELECTRICALLY-CONDUCTIVE REGION AND 
ASSOCIATED BLANK AND METHOD 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to garments and, 
more particularly, to a substantially seamless garment hav 
ing at least one discrete and integrally-formed region of 
electrically-conductive threads for conducting an electrical 
signal to and from the Wearer’s skin. 

[0003] 2. Description of Related Art 

[0004] The human body emits signals Which may be 
detected by appropriate electronic devices. For example, a 
person’s heartbeat may be monitored by an electrocardio 
graph or, in a simpler situation, a person’s heart rate may be 
monitored by a heart rate monitoring device. HoWever, in 
either instance, one or more electrodes or other conductive 
patches must be applied in contact With the person’s skin and 
then connected by appropriate conductive leads to the moni 
toring device. This can often be a cumbersome, uncomfort 
able, or otherWise aWkWard process, particularly if the 
person is to remain clothed While the signals emitted by the 
body are monitored. For instance, the electrodes may be 
applied to the desired parts of the person’s body and then 
connected by Wires, the Wires running under and/or out of 
openings in the person’s clothing, to the monitoring device. 
In another example, a heart rate monitor may be applied and 
secured to a person’s chest, externally to a garment Worn by 
the person, and secured thereabout by a strap. Such short 
comings may be compounded if the person is to remain 
active and moving about While their body signals are moni 
tored. 

[0005] In some situations such as, for example, health and 
?tness or other recreational activities, focus may be placed 
on monitoring signals emitted by the body in order to attain 
and maintain a desired condition. For instance, a person may 
monitor heart rate during aerobic activity using a portable 
heart rate monitoring device. HoWever, When participating 
in such activities, the person may require that such a 
monitoring device be Well-secured and as unobtrusive as 
possible, With the electrodes being maintained in contact the 
skin With minimal, if any effort from the person. Further, 
emphasis may be placed on activity-speci?c clothing being 
comfortable With minimal bulk. In some instances, such as 
sports brassieres or tank tops, it may also be desirable for the 
garment to be substantially seamless. 

[0006] Accordingly, in furtherance of such desirable fea 
tures, electrically-conductive threads have been incorpo 
rated into the fabric of garments for providing electrical 
pathWays betWeen sensors and monitoring devices. Such 
garments are disclosed in, for example, US. Pat. No. 
6,315,009 to Jayaraman et al., US. Pat. No. 6,210,771 to 
Post et al., US. Pat. No. 6,145,551 to Jayaraman et al., US. 
Pat. Nos. 6,080,690 to Lebby et al., and 5,906,004 to Lebby 
et al. HoWever, in each of these patents, the fabric is Woven 
and the electrically-conductive threads for providing the 
electrical pathWays are present throughout the Weave. More 
particularly, the fabric is Woven from both conductive and 
non-conductive ?bers, With the conductive ?bers running 
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along one Weave direction and the non-conductive ?bers 
running along the other Weave direction perpendicularly to 
the conductive ?bers. HoWever, the fabric must then be 
formed into the garment, Wherein such a garment undesir 
ably includes one or more seams Where fabric ends are seWn 

together. In addition, the presence of the conductive threads 
throughout the Weave may render such a garment prone to 
receiving excessive noise or other unnecessary or undesir 
able signals due to the extensive area covered by the 
conductive threads. Further, since the conductive threads 
extend about both the inner and outer surface of such 
garments, the electrical signal conducted by the threads may 
also be prone to interference or unWanted signals from 
contact of the outer surface of the garment With external 
conductive objects. 

[0007] Thus, there exists a need for a fabric having local 
iZed areas of conductive threads for alloWing the formation 
of a garment providing selective contact of the conductive 
thread areas With particular regions of the Wearer’s skin. 
Such a fabric should desirably be formed so as to permit a 
substantially seamless garment to be made therefrom in 
order to promote Wearer comfort While reducing the need for 
seWing or other fastening procedures, as Well as the bulk 
associated With a connection of fabric ends, typically present 
or necessary at a seam. Where a localiZed area of conductive 

threads is provided, the conductive threads should be con 
?ned or otherWise restricted to that area so as to reduce 

interference or other unWanted electrical signals received by 
the conductive threads. The localiZed area should also be 
restricted to the inner surface of the garment so as to reduce 
the risk of interference or other unWanted signals from 
external conductive objects. The localiZed area of conduc 
tive threads should also desirably include one or more 
conductive leads extending therefrom so as to provide an 
electrical path for transmission of an electrical signal to and 
from the localiZed area, Wherein such conductive leads 
should be integrally formed With the localiZed area during 
the production of the fabric or garment. 

BRIEF SUMMARY OF THE INVENTION 

[0008] The above and other needs are met by the present 
invention Which, in one embodiment, provides a circularly 
knit garment, comprising a circularly knit fabric body hav 
ing an inner surface adapted to be disposed adjacent to a 
Wearer’s skin When the garment is Worn. At least one 
discrete electrically-conductive region is formed at the inner 
surface of the body during the circular knitting thereof in 
such as manner as to contact the Wearer’s skin When the 
garment is Worn. The at least one electrically-conductive 
region is comprised of electrically-conductive threads, 
Wherein the electrically-conductive threads are knit into the 
body such that the electrically-conductive threads at the 
inner surface are con?ned to the at least one electrically 
conductive region. The at least one electrically-conductive 
region is further adapted to cooperate With the Wearer’s skin 
to conduct an electrical signal therebetWeen. 

[0009] Another advantageous aspect of the present inven 
tion comprises a circularly knit blank for making a substan 
tially seamless garment. The blank comprises a fabric struc 
ture including a ?rst series of courses having an inner 
surface and an outer surface. The ?rst series of courses 
begins at a ?rst end of the fabric structure and extends 
toWard an opposite second end. A ?rst end of a second series 
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of courses is knitted to the second end of the ?rst series of 
courses and extends to an opposite second end. The second 
series of courses has an inner surface adapted to be disposed 
adjacent to a Wearer’s skin When the garment is Worn and an 
opposing outer surface. One of the inner and outer surfaces 
of the ?rst series of courses is con?gured to overlie the outer 
surface of the second series of courses to create a tWo-ply 
fabric structure. At least one discrete electrically-conductive 
region is formed at the inner surface of the second series of 
courses during the circular knitting thereof in such as 
manner as to contact the Wearer’s skin When the garment is 
Worn. The at least one electrically-conductive region is 
comprised of electrically-conductive threads, Wherein the 
electrically-conductive threads are knit into the second 
series of courses such that the electrically-conductive 
threads at the inner surface of the second series of courses 
are con?ned to the at least one electrically-conductive 
region. The at least one electrically-conductive region is 
further adapted to cooperate With the Wearer’s skin to 
conduct an electrical signal therebetWeen. 

[0010] Still another advantageous aspect of the present 
invention comprises a method of making a substantially 
seamless garment. A tubular blank is knitted by circularly 
knitting a ?rst series of courses to form ?rst tubular structure 
having an inner surface, an outer surface and opposing ends. 
A second series of courses is circularly knitted to one of the 
ends of the ?rst series of courses to form a second tubular 
structure. The second tubular structure has an inner surface 
and an outer surface, Wherein the inner surface includes at 
least one discrete electrically-conductive region formed 
thereWith during the circular knitting thereof. The at least 
one electrically-conductive region is adapted to contact a 
Wearer’s skin When the garment is Worn and cooperates With 
the Wearer’s skin to conduct an electrical signal therebe 
tWeen. The at least one electrically-conductive region is 
comprised of electrically-conductive threads knit into the 
second series of courses such that the electrically-conductive 
threads at the inner surface of the second series of courses 
are con?ned to the at least one electrically-conductive 
region. The at least one electrically-conductive region fur 
ther includes at least one conductive element eXtending 
therefrom. One of the inner and outer surfaces of the ?rst 
tubular structure is con?gured to overlie the outer surface of 
the second tubular structure so as to form a tWo-ply blank. 
The tWo-ply blank is then cut to de?ne peripheral edges of 
the garment and the peripheral edges of the tWo-ply blank 
are selectively seWn together. 

[0011] Thus, embodiments of the present invention pro 
vide a fabric having localiZed areas of conductive threads for 
alloWing the formation of a garment providing selective 
contact of the conductive thread areas With particular 
regions of the Wearer’s skin. Embodiments of the present 
invention also provide a fabric formed by a circular knitting 
process so as to provide a blank from Which a substantially 
seamless garment can be made. Wearer comfort is thus 
promoted While reducing the need for seWing or other 
fastening procedures, as Well as the bulk associated With a 
connection of fabric ends at a seam. The circular knitting 
process further alloWs the conductive threads to be con?ned 
or otherWise restricted to a localiZed area, and at the inner 
surface of the garment, so as to reduce interference or other 
unWanted electrical signals received by the conductive 
threads. In addition, the circular knitting process for forming 
the fabric alloWs one or more conductive leads to be formed 
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in the fabric so as to eXtend from the localiZed area and to 
provide a selective electrical path for transmission of an 
electrical signal to and from the localiZed area, Wherein such 
conductive leads can be integrally formed With the localiZed 
area during the production of the fabric or garment. There 
fore, embodiments of the present invention provide distinct 
advantages as detailed herein. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING(S) 

[0012] Having thus described the invention in general 
terms, reference Will noW be made to the accompanying 
draWings, Which are not necessarily draWn to scale, and 
Wherein: 

[0013] FIG. 1 is a schematic perspective vieW of a gar 
ment according to one embodiment of the present invention 
being Worn by a person. 

[0014] FIG. 2 is a schematic illustration of a single ply 
garment blank formed by a circular knitting process accord 
ing to one embodiment of the present invention. 

[0015] FIGS. 3A and 3B are cross-sectional vieWs of 
alternative embodiments of a single ply garment blank taken 
along line 3-3 of FIG. 1 illustrating an electrically-conduc 
tive region knit into the fabric according to the present 
invention. 

[0016] FIG. 4 is a schematic illustration of a tWo ply 
garment blank formed by a circular knitting process accord 
ing to one embodiment of the present invention. 

[0017] FIG. 5 is a schematic illustration of a tWo ply 
garment having an electrically-conductive region at the 
inner surface of the inner ply that includes a conductive 
element electrically connecting the electrically-conductive 
region to a pocket de?ned betWeen the inner and outer plies 
according to one embodiment of the present invention. 

[0018] FIG. 6 is a cross sectional vieW of a tWo ply 
garment taken along line 6-6 of FIG. 5 illustrating an 
electrically-conductive region knit into the fabric at the inner 
surface of the inner ply and electrically connected to a 
pocket de?ned betWeen the inner and outer plies according 
to one embodiment of the present invention. 

[0019] FIG. 7 is a perspective cut-aWay vieW of an 
as-formed tWo ply blank according to an alternate embodi 
ment of the present invention illustrating cut lines for a 
garment comprising a brassiere. 

[0020] FIG. 8 is a perspective vieW of the brassiere of 
FIG. 7 illustrating the con?guration of the garment. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0021] The present invention noW Will be described more 
fully hereinafter With reference to the accompanying draW 
ings, in Which preferred embodiments of the invention are 
shoWn. This invention may, hoWever, be embodied in many 
different forms and should not be construed as limited to the 
embodiments set forth herein; rather, these embodiments are 
provided so that this disclosure Will be thorough and com 
plete, and Will fully convey the scope of the invention to 
those skilled in the art. Like numbers refer to like elements 
throughout. 
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[0022] FIG. 1 illustrates an article of clothing (otherwise 
referred to herein as a “garment”) incorporating aspects of 
embodiments of the present invention, the garment being 
generally indicated by the numeral 10. Such a garment 10 
may comprise, for example, a sports bra, a t-shirt, a tank top, 
shorts, or the like, Wherein a tank top is particularly illus 
trated in FIG. 1. The garment 10 may be formed, for 
example, as a single ply or double ply structure. According 
to one particularly advantageous aspect of the present inven 
tion, the garment 10 is formed using a circular knitting 
process, Wherein a circular knitting process and a garment 
fabricated thereby are discussed, for example, in US. Pat. 
No. 6,287,168 to RabinoWicZ, Which is incorporated herein 
in its entirety by reference. 

[0023] A circular knitting process generally forms a tubu 
lar Woven fabric structure (otherWise referred to herein as a 
“blank”) that is then cut and seWn into the desired garment 
10 con?guration. That is, the tubular fabric structure may be 
used as a seamless encircling portion such as, for example, 
the body-encircling portion 20 of the tank top 10. HoWever, 
one skilled in the art Will also appreciate that a circularly knit 
tubular fabric structure may be adapted to any situation that 
may bene?t from a seamless encircling cover. Such a 
seamless cover promotes, for example, more comfortable, 
simpler, and reduced cost garments by reducing the amount 
of seams. After the tank top 10 is cut from the blank along 
appropriate cut lines, respective edges along the length of 
the blank may be seWn or otherWise secured together to 
form, for example, respective shoulder strap portions 30, 40. 
Accordingly, a garment 10 formed according to such a 
circular knitting process is substantially seamless. One 
skilled in the art Will appreciate that the garment 10 may be 
knit, for example, from various types and deniers of face 
yarns, Wherein the selection of the face yarns and the knit 
depend primarily on the desired characteristics of the fabric 
such as the hand, appearance, texture, or the like. Further, 
once the garment 10 is formed, additional features such as, 
for example, a pocket 50, may be de?ned by seWing or 
otherWise securing another piece of material to the garment 
10. 

[0024] FIG. 2 illustrates one embodiment of the present 
invention, Wherein a single ply blank 60 is formed according 
to a circular knitting process. As previously discussed, 
Where it is desired to monitor certain signals emitted by a 
person’s body, one or more electrodes or contact patches 70 
may be required to be in contact With the person’s body, 
sometimes in speci?c locations. Accordingly, in one par 
ticularly advantageous embodiment of the present invention, 
the one or more electrically-conductive contact patches 70 
are knit into the blank 60 during the circular knitting 
process, Wherein the contact patches 70 may be selectively 
placed in the blank 60 to correspond to particular locations 
on the garment 10, if desired. Each contact patch 70 is knit 
to include electrically-conductive ?bers suitable for use in 
the particular garment, such ?bers comprising, for example, 
conductive ?bers made by Philips and Which are believed to 
include silver. As shoWn in FIGS. 3A and 3B, each contact 
patch 70 is knitted into a discrete area of the blank 60, 
Wherein the conductive ?bers forming the contact patch 70 
are con?ned to those respective areas. That is, embodiments 
of the present invention generally do not have the conduc 
tive ?bers present throughout the entire fabric of the blank 
60. HoWever, as Will be described further herein, some 
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conductive ?bers may selectively extend outWardly from the 
contact patch 70 and along the blank 60 in some instances. 

[0025] According to particularly advantageous aspects of 
the present invention, a single ply garment 10, such as the 
tank top, includes an inner surface 80 that contacts the 
Wearer’s skin When the garment 10 is Worn and an opposing 
outer surface 90. The contact patch 70 may thus be knitted 
into the fabric so as to extend from the inner surface 80 to 
the outer surface 90, as particularly shoWn in FIG. 3A. 
HoWever, in some instances, the contact patch 70 may be 
knitted at or about the inner surface 80 Without extending 
through the fabric to the outer surface 90. In those instances 
Where the contact patch 70 is knitted at the inner surface 80, 
one or more conductive elements 100 may be connected to 
each contact patch 70 so as to extend therefrom through the 
fabric and to the outer surface 90, as particularly shoWn in 
FIG. 3B. Such conductive elements 100 may be formed 
from electrically-conductive threads that are integrally knit 
ted With the contact patch 70 during the circular knitting 
process. HoWever, in some cases, the conductive elements 
100 may comprise other materials or objects separately 
connected to the contact patches 70 folloWing the comple 
tion of the fabric and/or garment 10. As also shoWn in FIG. 
3B, the conductive elements 100 extend through the fabric 
and into the pocket 50 in some embodiments. 

[0026] Another particularly advantageous aspect of the 
present invention is directed to the garment 10 being 
engageable With a suitable electrical signal processing 
device 110 via the contact patches 70 and, in some instances, 
the conductive elements 100. Such a signal processing 
device 110 may be con?gured to receive a signal from the 
Wearer’s body and/or to transmit a signal to the Wearer’s 
body. In either instance, the signal processing device 110 
may also include a display 120 for displaying a representa 
tion of the signal. For example, the signal processing device 
110 may comprise a heart rate monitor for receiving a signal 
from the Wearer’s body, indicative of the Wearer’s heart rate, 
Wherein the signal may be processed by the heart rate 
monitor and displayed on an associated LCD screen. In 
another instance, the signal processing device 110 may 
comprise, for example, an electro-stimulation device for 
transmitting an electrical signal to the Wearer’s body for 
electrically stimulating the area of the Wearer’s body con 
tacted by the conductive patches 70, Wherein the intensity of 
the signal, the amount of signals transmitted, or the like may 
be indicated on an associated screen or other display 120. 
One skilled in that art Will further appreciate, hoWever, that 
the examples presented herein are for illustrative purposes 
only and are not intended to be restrictive With respect to the 
many devices Which may be implemented With the described 
garment Within the spirit and scope of the present invention. 

[0027] In order for the signal processing device 110 to 
receive/send the electrical signal, embodiments of the gar 
ment 10 further include one or more electrical connectors 
130 engaged With the end of each conductive element 100 or 
contact patch 70 extending through the fabric, Wherein the 
electrical connectors 130 and the signal processing device 
110 are con?gured to be mutually engageable, for example, 
through one or more contacts 115 on the signal processing 
device 110. Further, the signal processing device 110 may 
be, for example, directly connected to the electrical connec 
tors 130 or connected to the electrical connectors 130 by 
additional conductive leads. In some instances, the signal 
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processing device 110 may comprise separate portions 
capable of Wireless communication therebetWeen, Wherein a 
?rst device portion 110a may be directly engaged With the 
electrical connectors 130, While a separate second device 
portion 110b having a display 120 may be disposed apart 
from the garment 10 (See, e.g., FIG. 3B) and con?gured to 
communicate With the ?rst device portion 110a via Wireless 
communication technology. In other instances, the ?rst 
device portion 110a may be connected to the second device 
portion 110b by conductive leads 135 (See, e.g., FIGS. 5 
and 6). Further, in instances, for example, Where the signal 
processing device 110 is directly connected to the electrical 
connectors 130, it may also be desirable for the signal 
processing device 110 to be secured to the garment 10. As 
such, embodiments of the present invention are con?gured 
such that the contact patches 70 are connected to the 
respective electrical connectors 130 disposed Within the 
pocket 50 de?ned by the garment 10. The signal processing 
device 110 may then be held or otherWise secured Within the 
pocket 50, With the contacts 115 in engagement With the 
electrical connectors 130, so as to make the device 110 less 
obtrusive to the Wearer. 

[0028] As shoWn in FIGS. 4-6, the garment 10 may also be 
fabricated as a tWo ply structure, also using a circular 
knitting process. More particularly, FIG. 4 illustrates a tWo 
ply blank 60 formed by a circular knitting process. The blank 
60 includes a turned Welt 140 formed at one end and a turned 
Welt 150 formed at the other end to prevent the blank 60 
from unraveling and to facilitate handling of the fabric in 
subsequent fabrication processes as described beloW. The 
circular knitting process begins With the knitting of the 
turned Welt 140. A ?rst series of courses 160 is then knit to 
the turned Welt 140 so as to form a ?rst tubular structure 
de?ning one ply of the garment 10, the ?rst tubular structure 
including the features of the garment 10. The ?rst series of 
courses 160 terminates at a fold region 170 that de?nes the 
loWermost edge of the garment 10. Preferably, the fold 
region 170 is knit to be thinner than the remainder of the 
fabric and, in some instances, may be knit as a turned Welt. 
Next, a second series of courses 180 is knit to the end of the 
?rst series of courses 160 so as to form a second tubular 

structure as an extension of the ?rst tubular structure, the 
second tubular structure de?ning the second ply of the 
garment 10 and including the features thereof, in mirror 
image to the ?rst tubular structure and about the fold region 
170. At the end of the second series of courses 180, the other 
turned Welt 150 is knit before the blank 60 is removed from 
the circular knitting machine. 

[0029] The blank 60 is then folded about the fold region 
170 such that the second series of courses 180 overlies the 
?rst series of courses 160, Wherein the corresponding fea 
tures of the garment 10 de?ned by each of the ?rst and 
second series of courses 160, 180 are in registration. More 
particularly, the ?rst and second series of courses 160, 180 
each de?ne a common ?rst surface 190a inside the tubular 
structure and an opposing common second surface 190b. 
When folded about the fold region 170, the second surface 
190b of the second series of courses 180 is disposed over the 
second surface 190b of the ?rst series of courses 160. The 
fold region 170 thus de?nes the bottom edge of the garment 
10, such as the tank top, Wherein the ?rst surface 190a of the 
?rst series of courses 160 is con?gured to be disposed 
adjacent to the Wearer’s skin When the garment 10 is Worn. 
Where a seamless garment is desired, the folded blank 60 
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can then be cut along seW lines 200 de?ning the peripheral 
edges of the garment 10, Wherein, in some instances, the 
cutting may be performed in a machine that simultaneously 
seWs the cut edges of the tWo plies together along the seW 
lines 200 to create a ?nished edge of the garment 10. In some 
instances, the seWing of the tWo plies together may be 
selective and may be performed at the turned Welts 140, 150 
and/or the fold region 170. Still further, in other instances, 
decorative or elastic banding, for example, may be seWn into 
or along the cut edges as desired for the garment 10. 

[0030] In the alternative, the blank 60 may be formed in 
the circular knitting process as tWo plies, as shoWn in FIGS. 
7 and 8. That is, the blank 60 may be formed as a tWo ply 
tube by the circular knitting process such that blank 60 is 
removed from the knitting machine as tWo plies and the step 
of folding the blank 60, previously described, is not neces 
sary. For example, the knitting process may begin With the 
knitting of the ?rst series of courses 160 comprising the ?rst 
ply in a ?rst direction, toWard one interface 66 of the tWo ply 
blank 60. At the one interface 66, the knitting process 
continues toWard so as to form an edge 65 Which may 
comprise, for example, a turned Welt. When the desired 
length of the turned Welt 65 is attained, the knitting direction 
is then reversed so as to begin the knitting of the second ply. 
The second ply of the turned Welt 65 extends to a second 
interface 67, Whereafter the second interface 67 of the 
second series of courses 180 is knitted to the ?rst interface 
66. The knitting process then continues such that the second 
series of courses 180 extends aWay from the edge 65, and 
adj acently to the ?rst series of courses 160, so as to form the 
second ply of the blank 60. Upon completion of the knitting 
process, the common second surface 190b of both the ?rst 
and second series of courses 160, 180 are adjacent to each 
other, While the common ?rst surface 190a of the ?rst and 
second series of courses 160, 180 form the innermost and 
outermost surfaces of the blank 60, respectively. 

[0031] The ?rst and second plies may also be selectively 
knitted together during the knitting process, Where desired, 
so as to, for instance, stabiliZe the tWo plies and prevent 
movement With respect to each other. For example, the ?rst 
and second plies may be knitted together at the interfaces 66, 
67 such that the turned Welt 65 forms a band de?ning an end 
of the garment 10, the garment 10 comprising, for example, 
a brassiere, as shoWn in FIGS. 7 and 8 (HoWever, it Will also 
be appreciated that the as-knitted tWo ply blank 60 may be 
formed according to the described process such that the tWo 
plies are not knitted together, if desired.). Such a turned Welt 
65 may have a different knit pattern than the ?rst and second 
series of courses 160, 180 of the blank 60, for example, a rib 
knit in the turned Welt 65 and a jersey knit in the ?rst and 
second series of courses 160, 180, so as to provide a ?nished 
appearance along the end of the garment 10. The ?rst and 
second series of courses 160, 180 may then be cut and 
selectively seWn along cut lines 200 as previously described 
so as to form a tWo-ply garment. 

[0032] As more particularly shoWn in FIGS. 5 and 6, the 
contact patches 70 described in relation to a single ply 
garment can also be applied to either of the tWo ply garment 
formed by either method described above. More particularly, 
the implementation of the contact patches 70 are possible 
With either a tWo ply garment formed from a folded single 
ply or an as-knitted tWo ply garment. According to such 
embodiments of the present invention, the contact patches 
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70 may be knitted into the fabric at or about the ?rst surface 
190a of the ?rst series of courses 160 in the same manner as 

described for the single ply garment, since the ?rst surface 
190a is con?gured to be disposed adjacent to the Wearer’s 
skin When the garment 10 is Worn. In addition, a pocket 210 
for housing a signal processing device 110 may be de?ned 
and formed betWeen the ?rst and second plies by, for 
example, cutting a slit 220 through the second series of 
courses 180 de?ning the outer second ply and then seWing 
the ?rst and second plies together about the slit 220 and in 
the form of the pocket 210. Alternatively, as shoWn in FIG. 
8, the opening of the pocket 210 may be de?ned betWeen 
adjacent seW lines 200 or betWeen a seW line 200 of one ply 
and the series of courses of the other ply. The ?rst and 
second plies may then be seWn together in the form of the 
pocket 210 and about the opening thereof. 

[0033] One advantageous embodiment of a tWo ply gar 
ment 10 formed by a circular knitting and folding process 
according to the present invention is realiZed in the forma 
tion of the conductive elements 100 extending from the 
contact patches 70 into the pocket 210. For the ?rst series of 
courses 160 de?ning the inner ?rst ply, the contact patches 
70 may be knitted to extend from the ?rst surface 190a to the 
outer second surface 190b of the ?rst ply. In other instances, 
a conductive element 100 may be knitted to extend from the 
contact patch 70 at or about the ?rst surface 190a to the 
second surface 190b of the ?rst ply. Respective electrical 
connectors 130 may also be provided to engage the contact 
patch 70 or the conductive element 100 on the second 
surface 190b of the ?rst ply. HoWever, in some instances, it 
may be desirable or required that one or more of the 
electrical connectors 130 for engaging or otherWise connect 
ing to the contacts 115 of the signal processing device 110 
be located inside the pocket 210, but on the second surface 
190b of the outer second ply. In such instances, the blank 60 
may be appropriately con?gured during the circular knitting 
process such that the conductive elements 100, extending to 
the respective electrical connectors 130 in the pocket 210 
and on the second surface 190b of the outer second ply, are 
knitted into the fabric and along the blank 60, through both 
series of courses 160, 180 and across the fold region 170, in 
a continuous run. Thus, once the electrical connectors 130 

are operably engaged With the respective contact patches 70, 
the signal processing device 110 may be operably engaged 
With the electrical connectors 130 in the pocket 210 in the 
variety of manners as previously described. 

[0034] Many modi?cations and other embodiments of the 
invention Will come to mind to one skilled in the art to Which 
this invention pertains having the bene?t of the teachings 
presented in the foregoing descriptions and the associated 
draWings. For example, the tubular fabric structure formed 
by the circular knitting process may be slit along a longi 
tudinal line so as to open the tube into a ?at con?guration, 
Which may then be appropriately fabricated into the desired 
garment With one or more seams. Therefore, it is to be 
understood that the invention is not to be limited to the 
speci?c embodiments disclosed and that modi?cations and 
other embodiments are intended to be included Within the 
scope of the appended claims. Although speci?c terms are 
employed herein, they are used in a generic and descriptive 
sense only and not for purposes of limitation. 

Jan. 15, 2004 

That Which is claimed: 
1. A circularly knit garment, comprising: 

a circularly knit fabric body having an inner surface 
adapted to be disposed adjacent to a Wearer’s skin When 
the garment is Worn; and 

at least one discrete electrically-conductive region formed 
at the inner surface of the body during the circular 
knitting thereof in such as manner as to contact the 
Wearer’s skin When the garment is Worn, the at least one 
electrically-conductive region being comprised of elec 
trically-conductive threads knit into the body such that 
the electrically-conductive threads at the inner surface 
are con?ned to the at least one electrically-conductive 
region, the at least one electrically-conductive region 
being further adapted to cooperate With the Wearer’s 
skin to conduct an electrical signal therebetWeen. 

2. A garment according to claim 1 Wherein the body is 
substantially seamless. 

3. A garment according to claim 1 further comprising an 
electrical signal processing device in communication With 
the at least one electrically-conductive region and con?g 
ured to receive the electrical signal from the Wearer’s skin. 

4. A garment according to claim 1 further comprising a 
display in communication With the at least one electrically 
conductive region and con?gured to display a representation 
of the electrical signal. 

5. A garment according to claim 1 Wherein the body 
further comprises an outer surface and includes at least one 
conductive element in electrical contact With the at least one 
electrically-conductive region, the at least one conductive 
element extending betWeen the electrically-conductive 
region and the outer surface. 

6. A garment according to claim 5 further comprising a 
pocket de?ned by the body, Wherein the at least one con 
ductive element extends from the electrically-conductive 
region into the pocket. 

7. A garment according to claim 6 further comprising an 
electrical signal processing device con?gured to be housed 
by the pocket and to be communicable With the at least one 
conductive element so as to receive the electrical signal from 
the at least one electrically-conductive region. 

8. A garment according to claim 5 Wherein the at least one 
conductive element is integrally formed With the at least one 
electrically-conductive region during the circular knitting of 
the body. 

9. A garment according to claim 1 Wherein the body 
comprises an inner ply, having an inner surface disposed 
adjacent to the Wearer’s skin When the garment is Worn and 
an outer surface, and an outer ply, having an inner surface 
opposing the outer surface of the inner ply and an outer 
surface. 

10. A garment according to claim 9 Wherein the at least 
one electrically-conductive region is formed at the inner 
surface of the inner ply so as to be capable of contacting the 
Wearer’s skin. 

11. A garment according to claim 9 further comprising at 
least one conductive element in electrical contact With the at 
least one electrically-conductive region and extending 
betWeen the at least one electrically-conductive region and 
at least one of the outer surface of the inner ply and the inner 
surface of the outer ply. 

12. A garment according to claim 11 further comprising at 
least one electrical connector operably engaged With each 
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conductive element in opposing relation to the at least one 
electrically-conductive region. 

13. A garment according to claim 9 Wherein the at least 
one conductive element is integrally formed With the at least 
one electrically-conductive region during the circular knit 
ting of the body, and the at least one conductive elernent 
extends in a continuous path betWeen the at least one 
electrically-conductive region and at least one of the outer 
surface of the inner ply and the inner surface of the outer ply. 

14. A garrnent according to claim 9 Wherein the body is 
formed of a circularly knit fabric blank folded upon itself 
along a fold line de?ning an edge of the body, the inner ply 
opposing the outer ply about the fold line. 

15. A garrnent according to claim 9 Wherein the inner ply 
and the outer ply are secured together at a turned Welt so as 
to de?ne an edge of the body. 

16. A garrnent according to claim 9 further comprising a 
pocket formed between the inner and outer plies and having 
at least one electrical connector therein in communication 
With the at least one electrically-conductive region via at 
least one conductive elernent operably engaged therebe 
tWeen, the pocket being con?gured to accept an electrical 
signal processing device therein, the electrical signal pro 
cessing device being con?gured to operably engage the at 
least one electrical connector for receiving the electrical 
signal from the Wearer’s skin. 

17. A circularly knit blank for making a substantially 
searnless garrnent, said blank comprising a fabric structure 
having: 

a ?rst series of courses having an inner surface and an 
outer surface, the ?rst series of courses beginning at a 
?rst end and extending to an opposite second end; 

a second series of courses having a ?rst end knitted to the 
second end of the ?rst series of courses and extending 
to an opposite second end, the second series of courses 
having an inner surface adapted to be disposed adjacent 
to a Wearer’s skin When the garment is Worn and an 
opposing outer surface, one of the inner and outer 
surfaces of the ?rst series of courses being con?gured 
to overlie the outer surface of the second series of 
courses to create a tWo-ply fabric structure; and 

at least one discrete electrically-conductive region formed 
at the inner surface of the second series of courses 
during the circular knitting thereof in such as manner as 
to contact the Wearer’s skin When the garment is Worn, 
the at least one electrically-conductive region being 
comprised of electrically-conductive threads knit into 
the second series of courses such that the electrically 
conductive threads at the inner surface of the second 
series of courses are con?ned to the at least one 

electrically-conductive region, the at least one electri 
cally-conductive region being further adapted to coop 
erate With the Wearer’s skin to conduct an electrical 
signal therebetWeen. 

18. A blank according to claim 17 Wherein the fabric 
structure comprises a circularly knit single ply fabric tube 
having opposed ends. 

19. Ablank according to claim 18 Wherein the fabric tube 
further comprises a turned Welt knit at each end of the tube. 

20. Ablank according to claim 18 Wherein the fabric tube 
further comprises a fold region disposed intermediate to the 
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?rst series of courses and the second series of courses, the 
blank being foldable about the fold region to create the tWo 
ply fabric structure. 

21. Ablank according to claim 20 Wherein the fold region 
comprises a turned Welt. 

22. Ablank according to claim 17 further comprising an 
electrical signal processing device in communication With 
the at least one electrically-conductive region and con?g 
ured to receive the electrical signal from the Wearer’s skin. 

23. A blank according to claim 17 further comprising a 
display in communication With the at least one electrically 
conductive region and con?gured to display a representation 
of the electrical signal. 

24. A blank according to claim 17 further comprising at 
least one conductive element in electrical contact With the at 
least one electrically-conductive region, the at least one 
conductive elernent extending betWeen the at least one 
electrically-conductive region and at least one of the outer 
surface of the second series of courses and the inner surface 
of the ?rst series of courses. 

25. Ablank according to claim 24 Wherein the ?rst series 
of courses and the second series of courses are con?gured so 
as to de?ne a pocket therebetWeen, the at least one conduc 
tive elernent further being con?gured to extend from the at 
least one electrically-conductive region into the pocket. 

26. A blank according to claim 25 further comprising at 
least one electrical connector operably engaged With each 
conductive element in opposing relation to the at least one 
electrically-conductive region. 

27. Ablank according to claim 26 further comprising an 
electrical signal processing device con?gured to be housed 
by the pocket and to be operably engageable With the at least 
one electrical connector so as to receive the electrical signal 
from the at least one electrically-conductive region. 

28. Ablank according to claim 24 Wherein the at least one 
conductive element is integrally formed With the at least one 
electrically-conductive region during the circular knitting of 
the second series of courses. 

29. Arnethod of making a substantially searnless garrnent, 
cornprising: 

knitting a tubular blank by: 

circularly knitting a ?rst series of courses to form ?rst 
tubular structure having an inner surface, an outer 
surface and opposing ends; and 

circularly knitting a second series of courses to one of 
the ends of the ?rst series of courses to form a second 
tubular structure, the second tubular structure having 
an inner surface and an outer surface, the inner 
surface including at least one discrete electrically 
conductive region forrned thereWith during the cir 
cular knitting thereof and adapted to contact a Wear 
er’s skin When the garment is Worn, the at least one 
electrically-conductive region being further adapted 
to cooperate With the Wearer’s skin to conduct an 
electrical signal therebetWeen, the at least one elec 
trically-conductive region being comprised of elec 
trically-conductive threads knit into the second 
series of courses such that the electrically-conduc 
tive threads at the inner surface of the second series 
of courses are con?ned to the at least one electri 

cally-conductive region, and the at least one electri 
cally-conductive region further including at least one 
conductive elernent extending therefrom, one of the 
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inner and outer surfaces of the ?rst tubular structure 
being con?gured to overlie the outer surface of the 
second tubular structure so as to form a tWo-ply 

blank; 
cutting the tWo-ply blank to de?ne peripheral edges of the 

garment; and 

selectively stitching the peripheral edges of the tWo-ply 
blank together. 

30. A method according to claim 29 Wherein circularly 
knitting a second series of courses further comprises selec 
tively circularly knitting electrically conductive threads into 
the second series of courses so as to integrally form the at 
least one electrically-conductive region and the at least one 
conductive element. 

31. A method according to claim 29 further comprising 
establishing communication between the at least one elec 
trically-conductive region and an electrical signal process 
ing device con?gured to receive the electrical signal from 
the Wearer’s skin. 

32. A method according to claim 29 further comprising 
establishing communication between the at least one elec 
trically-conductive region and a display con?gured to dis 
play a representation of the electrical signal. 
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33. A method according to claim 29 further comprising 
forming a pocket betWeen the ?rst series of courses and the 
second series of courses, the at least one conductive elernent 
extending from the at least one electrically-conductive 
region into the pocket. 

34. A method according to claim 33 further comprising 
operably engaging at least one electrical connector With each 
conductive element in opposing relation to the at least one 
electrically-conductive region, the at least one electrical 
connector being disposed Within the pocket. 

35. A method according to claim 34 further comprising 
disposing an electrical signal processing device in the pocket 
in operable engagement with the at least one electrical 
connector, the electrical signal processing device being 
communicable With the at least one electrically-conductive 
region to receive the electrical signal. 

36. Arnethod according to claim 29 Wherein stitching the 
peripheral edges of the tWo-ply blank further comprises 
stitching the second series of courses to the one end of the 
?rst series of courses at a turned Welt so as to de?ne an edge 
of the garment. 


