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57 ABSTRACT 

An electrode device for establishing an electrical con 
nection between electromedical apparatus and the 
skin of the human anatomy comprising a composite 
electrode body for self-adhering engagement with a 
substantial surface area of the skin to establish the 
electrical connection throughout substantially the en 
tire engaged area of the skin without the use of con 
ductive pastes, gels or other liquids, such as solvents 
or the like, the composite electrode body being porous 
and hypoallergenic and including a carrier layer and a 
thin flexible layer of pressure sensitive adhesive mate 
rial having fine electrically conductive particles dis 
persed throughout providing a tacky skin-engaging 
surface the particles being provided in an amount suf 
ficient to effect the electrical connection with the en 
gaged area of the skin through the layer by particle to 
particle contact while permitting the skin-engaging 
surface of the layer to remain tacky prior to skin en 
gagement. A removable sheet having a release surface 
engaging the tacky skin-engaging surface of the layer 
is operable to be separated therefrom prior to applica 
tion without substantially reducing the tackiness 
thereof. 

8 Claims, 2 Drawing Figures 
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1. 

DRY APPLIED AND OPERABLY DRY ELECTRODE 
DEVICE 

This invention relates to electrodes of the type 
adapted to establish an electrical connection between 
electromedical apparatus, such as an electrocardio 
graph or the like, and the skin of the human anatomy 
and more particularly to an electrode of this type which 
is especially suitable for long term monitoring. 
Typical electrodes now available for use in long term 

monitoring usually rely upon the utilization of a con 
ductive paste or gel to establish the actual electrical 
connection with the patient's skin. A typical example 
of an electrode of this type is disclosed in U.S. Pat. No. 
3,713,435. The disclosed arrangement is one in which 
a central electrolyte paste receiving structure providing 
an exterior terminal, such as a male snap fastener ele 
ment, is fixedly secured to a surrounding sheet-like 
member having a pressure sensitive adhesive thereon 
which serves to adhere the central structure to the skin. 

Electrodes of this type have proven quite reliable in 
effecting the required electrical connection, however, 
there are disadvantages and inconveniences presented. 
The primary disadvantage resides in the utilization of 
the electrolyte gel which requires that such gel be 
extraneously supplied during application or that the 
electrode be packaged individually with the gel in a liq 
uid tight container. The necessity to provide extrane 
ous gel during application is an obvious inconvenience. 
Where this inconvenience is obviated by packaging the 
gel with the electrode structure, overall costs are in 
creased by the cost of packaging. Moreover, any pre 
mature exposure of the packaged electrode to atmo 
spheric conditions will result in the drying out of the 
gel. 

In addition to the above application disadvantages, 
the use of an electrolyte gel in contact with the skin, es 
pecially for long periods of time, can cause skin irrita 
tion and sores to develop. Another possible source of 
skin irritation during use is the adhesive which contacts 
the larger area of the skin surrounding the area of elec 
trolyte contact. Thus, with electrodes of this type the 
total skin contact area subject to irritation is substan 
tially greater than the area through which the electrical 
connection is made since the area of electrical contact 
is separate and distinct from the area of securement. 
Moreover, because of this separation the area of elec 
trical contact is capable of surface to surface shifting 
which may produce artifact. 
Another type of electrode construction is disclosed in 

U.S. Pat. No. 3,547,105. The opening paragraphs of 
the specification of this patent, by way of background 
information, refer to NASA Technical Note D-344, 
May 1966 “Dry Electrodes for Physiological Monitor 
ing", which discusses an electrode which is sprayed on 
the skin in the form of a solution of Duco cement made 
by the DuPont Company having an acetone solvent and 
a powdered silver therein. The electrode of the patent 
is disclosed as an improvement, set against this back 
ground, in which the Duco cement solution is used to 
perform an electrode construction rather than to form 
the same on the patient by the spray-on technique. The 
preformed electrode consists essentially of two thin 
disks punched from a thin dried layer of Duco cement 

- solution which are cemented together with a terminal 
lead therebetween. The electrode is referred to as dry 
but cannot be applied without utilizing an extraneous 
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2 
supply of acetone solvent or the like. Thus in applying 
the electrode, the solvent is wiped or dabbed on the pa 
tient's skin and the electrode is also wetted with sol 
vent, then immediately pressed upon the wet area and 
held for a second or two until the electrode has started 
to adhere. The small layer of solvent is then rapidly ab 
sorbed into the skin and dry electrode. 
This electrode obviates many of the above 

mentioned disadvantages of the first-mentioned type of 
electrode. Thus, the electrode is dry, in the sense of not 
utilizing an electrolyte paste or gel to effect the electri 
cal connection during use, and hence the disadvantages 
inherent in the use of such electrolytes is obviated. 
Moreover, the disadvantages previously discussed in 
relation to the provision of separate electrical contact 
and skin securement areas are obviated, since skin ad 
herence is obtained coextensively in the area where 
electrical contact is made. 
While these disadvantages in the first-mentioned type 

of electrode are overcome, the second-mentioned type 
of electrode presents other disadvantages which are re 
lated to the necessity of utilizing a solvent to apply the 
electrode. This necessity essentially raises the same 
type of problems which are presented with the use of 
electrolyte gels. Thus, application cannot be effectively 
accomplished unless a supply of solvent is available. A 
substantial inconvenience is presented where the sol 
vent supply is separate from the electrode supply. The 
packaging problems presented to integrate the two are 
even more formidable than those presented by electro 
lyte gels because of the inherent volatile nature of the 
Solvent. There exists the need for an electrode which 
will obtain all of the advantages of both of the above 
mentioned types of electrodes without securing the at 
tendant disadvantages thereof. 
An object of the present invention is to provide an 

electrode which will fill such need by securing all of the 
advantages of the prior art electrodes without any of 
the attendant disadvantages. In accordance with the 
principles of the present invention this objective is ob 
tained by providing a composite electrode body having 
a tacky skin-engaging surface formed by a thin flexible 
layer of pressure sensitive adhesive material having fine 
electrically conductive particles dispersed throughout 
including the skin-engaging surface in an amount suffi 
cient to provide an effective electrical connection with 
the engaged area of the skin through the layer by parti 
cle to particle contact while permitting the skin 
engaging surface of the layer to remain tacky prior to 
skin engagement. The tacky surface is protected prior 
to use by a removable sheet having a release surface en 
gaging the tacky surface which, when the sheet is re 
moved, does not substantially reduce the tackiness of 
the surface. The composite electrode body also in 
cludes a thin flexible carrier layer or layers coexten 
sively connected with the tacky surface layer and with 
an appropriate terminal structure capable of detach 
able connection to the electromedical apparatus. The 
carrier layer or layers may be either non-conductive, in 
which case the terminal structure directly contacts the 
conductive particles of the pressure sensitive adhesive 
layer, or conductive, in which case the conductive layer 
may be interposed in series between the conductive 
particles of the pressure sensitive adhesive layer and 
the terminal structure. An electrode constructed in ac 
cordance with these principles is truly dry in that no liq 
uid solvent is necessary to effect application and no 
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electrolyte paste or gel is necessary to effect a reliable 
low resistance electrical connection throughout the en 
tire area of the skin to which the electrode is adhered. 
While it can be readily understood that an electrode 

constructed in accordance with the principles enunci 
ated above effectively solves the problems which have 
been experienced over the years in the long term moni 
toring art, such understanding should not imply an as 
sertion that the present invention resides in the princi 
ples applied. Quite to the contrary, the invention re 
sides in solving the problems of the long term electrode 
monitoring art and the principles, enunciated above, in 
that solution are derived from a hind-sight analysis of 
that solution. These principles derived from such hind 
sight analysis are known per se. See, for example, the 
following U.S. Pat. Nos. 2,498,493; 2,670,306; 
2,797,370; 2,808,352; 2,822,509; 3,475,213; 
3,762,946; and 3,778,306. However, such knowledge 
per se does not suggest the solution of the present in 
vention. Indeed, the separate co-existence of the prin 
ciples per se and the problem for an extended period 
indicates just the opposite. 
Another object of the present invention is the provi 

sion of an electrode of the type described which is sim 
ple in construction, easy and convenient to apply, effi 
cient in operation and economical to manufacture. 
These and other objects of the present invention will 

become more apparent during the course of the follow 
ing detailed description and appended claims. 
The invention may best be understood with reference 

to the accompanying drawings, wherein an illustrative 
embodiment is shown. 

In the drawings: 

O 

15 

25 

FIG. 1 is a perspective view of an electrode construc 
tion embodying the principles of the present invention; 
and 
FIG. 2 is an enlarged, sectional view taken along the 

line 2-2 of FIG. 1. 
Referring now more particularly to the drawings, 

there is shown therein an electrode device, generally 
indicated at 10, for establishing an electrical connec 
tion between electromedical apparatus, such as an 
electrocardiograph or the like, and the skin of the 
human anatomy. The electrode device consists essen 
tially of a composite electrode body, generally indi 
cated at 12, for self-adhering engagement with a sub 
stantial surface area of the skin, to establish the electri 
cal connection therewith throughout substantially the 
entire engaged area of the skin without the use of con 
ductive pastes, gels or other liquids, such as solvents or 
the like, and a terminal structure, generally indicated 
at 14, for enabling the electrode device to be detach 
ably electrically connected with the electromedical ap 
paratus. 

In accordance with the principles of the present in 
vention it is essential that the composite body 12 pro 
vide a tacky skin-engaging surface 16 which is formed 
by a thin flexible layer 18 of pressure-sensitive adhesive 
material having fine electrically conductive particles 
dispersed throughout, including the tacky surface 16 in 
an amount sufficient to provide an electrical connec 
tion from the surface 16 through the layer 18 by parti 
cle to particle contact while permitting the surface 16 
to remain tacky prior to skin engagement. A further 
critical characteristic of the composite structure is that 
the adhesive layer is coextensively secured with a car 
rier structure of thin flexible sheet-like form which in 
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4 
the preferred embodiment shown is a carrier layer 20 
laminated to the pressure sensitive adhesive layer 18 by 
the adhesive qualities of the latter. The carrier layer 20 
provides a non-tacky exterior surface 22 opposed to 
the tacky surface 16. . . . 
While the preferred embodiment of the composite 

body is of laminar construction with a clearly defined 
interface, it will be understood that the term composite 
contemplates constructions other than the aforesaid 
clearly defined laminar one and specifically one in 
which there are layers of different material characteris 
tics with merging interfaces which are not well-defined, 
as distinguished from interfaces which are sufficiently 
well-defined as to be capable of delamination. 

Preferably the composite body is thin and flexible to 
the extent of readily following the skin movements of 
the patient to which it is applied without any portion of 
the surface 16 losing adherence with the skin. More 
over, the composite body is preferably hypoallergenic 
and porous so as to substantially eliminate any allergic 
reaction due to the application of the electrode device 
to the skin of the patient and virtually eliminate skin 
maceration caused by moisture build-up. These charac 
teristics are greatly preferred where the electrode de 
vice 10 of the present invention is to be used for long 
term monitoring. A further highly desirable character 
istic is that the composite body is capable of removal 
after use without leaving residue from the layer 18 on 
the skin. 
While the composite body may be formed of any de 

sired materials capable of providing the above 
mentioned essential characteristics, the preferred con 
struction shown, which admirably meets the essential 
characteristics as well as the preferred characteristics 
noted above, utilizes the backing layer and pressure 
sensitive adhesive material embodied in the surgical 
tape marketed by 3M Company under the trademark 
MICROPORE with fine powder carbon being utilized 
as the electrically conductive particles. Thus, the car 
rier layer 20 is a thin flexible highly porous non-woven 
fabric and the adhesive material is a synthetic acrylic 
copolymer. A preferred amount of fine carbon powder 
to be included in the adhesive is 25%, although it will 
be understood that more or less can be used in accor 
dance with the principles enunciated above. The com 
posite body is constructed in accordance with known 
procedures including specifically those commercially 
utilized in the formation of MICROPORE surgical tape 
with the fine carbon particles in the above amount 
being initially mixed uniformly in the syntehtic acrylic 
copolymer while in liquid form. 
Layer thicknesses are preferably the same as those 

provided in the aforesaid MICROPORE tape although 
either or both may be increased or decreased if desired. 
The preferred shape of the composite body 12 is the 
circular configuration shown in the drawings since the 
terminal construction can be centered therein. A pre 
ferred diameter size is 2 inches. However, it will be un 
derstood that the composite body 12 may assume other 
shapes and sizes. With respect to size, the contact area 
provided by the above-preferred diameter dimension 
should not be greatly reduced in order to insure a low 
resistance connection, while size increase is limited 
only by practical considerations. Square and rectangu 
lar shape variations are specifically contemplated as 
well as elliptical and any others considered desirable. 
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As previously stated, it will be understood that the 
invention is not limited to the above-preferred specific 
construction. With respect to the conductive particle 
loaded pressure sensitive adhesive layer 16 per se, any 
of the known per se constructions in the aforemen 
tioned patents may be utilized and the disclosure of 
each is hereby incorporated by reference into the pres 
ent specification for that specific purpose perse. Other 
specific constructions which clearly meet the essential 
and preferred characteristics include a carrier layer 
and adhesive material such as embodied in the TRAN 
SPORE and DURAPORE surgical tapes marketed by 
3M Company. Thus, the carrier layer 20 may be a po 
rous Polyethylene/Ethylene Vinyl Acetate film or a po 
rous woven cloth or fabric. Also, as previously indi 
cated, porosity in the layer 16 and 20 is not essential 
where the electrode device is not contemplated for use 
in long term monitoring, indeed a carrier layer of 
thicker polyethylene may be desirable for short term 
disposable use since it is easier to handle. For long term 
monitoring use, the porous and hypoallergenic charac 
teristics are practically necessary. 
The terminal structure 14 may assume a variety of 

forms including the simple wire construction of the 
aforesaid U.S. Pat. No. 3,547, l05. A male snap fas 
tener construction such as that shown in the aforesaid 
U.S. Pat. No. 3,713,435 is preferred. The male snap 
fastener terminal structure 14 shown in the drawings 
consists essentially of two similarly shaped metallic ele 
ments 24 and 26 crimped together. Each element in 
cludes a generally flange-shaped mounting portion and 
a projecting generally knob-shaped terminal portion. 
As shown, the terminal structure is fixedly connected 
to the carrier layer 20 prior to lamination with the layer 
16, the connection being effected by suitably perforat 
ing the layer, extending the knob portion of the smaller 
element upwardly through the perforation while the 
larger element is held thereover and effecting the 
crimping action. The mounting flange portions of the 
two elements thus grip the marginal portions of the 
layer 20 defining the perforation. By effecting secure 
ment of the terminal with the layer 20 prior to the lami 
nation with the layer 16, electrical connection between 
the conductive particles of the layer 16 and mounting 
portion of the terminal is simply effected in a manner 
which effectively prevents direct contact of the metal 
of the terminal with the skin during use. Avoidance of 
metal-to-skin contact is desirable because of the bat 
tery effect, as is well known. This effect may be like 
wise avoided by constructing the terminal of carbon 
loaded plastic in which case the terminal may extend 
through the skin engaging surface 18, if desired. 
The above construction of the terminal also suggests 

the utilization of carbon loaded plastic as the carrier 
layer in which case a single unitary terminal could be 
secured to the exterior surface of the carrier layer or 
even made integral therewith. Thus, it will be apparent 
that while the preferred embodiments of the carrier 
layer 20 are constructed of nonconductive material, it 
is within the contemplation of the present invention to 
form the carrier layer of conductive material such as 
carbon loaded plastic, metallic foil, etc. 

In accordance with the principles of the present in 
vention, the tacky surface 18 of the carbon loaded 
pressure sensitive adhesive layer 20 is protected prior 
to the application of the electrode device 10 with re 
movable sheet means, a preferred form of which is 

5 

6 
shown in the drawings as a paper sheet 28 having a re 
lease surface 30 of silicone or other well-known release 
material disposed in coextensive engagement with the 
tacky surface 18. The exterior surface of the paper 
sheet 28 is preferably provided with abrasive granules 
32 or similar substances which will perform the usual 
known function of such granules. The removable sheet 
28 is formed essentially of very fine sand paper with the 
non-abrasive surface thereof coated with silicone. 
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Since the construction is dry and application can be 
effected dry, elaborate packaging is not required. Ap 
plication is readily effected by first rubbing the area of 
the skin to which the electrode device is to be applied 
with the abrasive surface 32 in the usual manner in 
which sandpaper or the like is normally used. As would 
be expected, this operation has the effect of removing 
a layer of dead cells from the skin area. This removal 
enhances the electrical connection to be effected and 
is preferable as a dry pretreatment which is consistent 
with the dry construction and operation of the elec 
trode itself. Abrasive pretreatment is often performed 
together with sterilization of the skin area by swabs 
containing alcohol and pumice. It will be understood 
that abrasive pretreatment of the skin, whether wet or 
dry, is not at all essential to the pretreatment. Next, the 
removable sheet 28 is separated and then the compos 
ite body 2 is simply pressed onto the abraded skin area 
so that the tacky surface 18 is firmly adhered thereto. 
Connection with the electromedical apparatus is ef. 
fected simply by detachably connecting the lead 
thereof to the terminai structure 14 in conventional 
fashion. While the application has been described 
above in a sequence in which the rubbing of the skin 
with the abrasive surface 32 is performed prior to the 
removal of the sheet, the sequence of these procedures 
may be reversed. Moreover, the removable sheet 
means may be formed of two sheets, rather than one as 
shown, with each sheet having removal tabs, as is well 
known. 

It thus will be seen that the objects of this invention 
have been fully and effectively accomplished. It will be 
realized, however, that the foregoing preferred specific 
embodiment has been shown and described for the pur 
pose of illustrating the functional and structural princi 
ples of this invention and is subject to change without 
departure from such principles. Therefore, this inven 
tion includes all modifications encompassed within the 
spirit and scope of the following claims. 
What is claimed is: 
1. An electrode device for establishing an electrical 

connection between electromedical apparatus and the 
skin of the human anatomy, said electrode device com 
prising composite electrode body means for self 
adhering engagement with a substantial surface area of 
the skin to establish the aforesaid electrical connection 
throughout substantially the entire engaged area of the 
skin without the use of conductive pastes, gels or other 
liquids, such as solvents or the like, said composite 
electrode body means including a tacky skin-engaging 
surface formed by a thin flexible layer of pressure sensi 
tive adhesive material having fine non metallic electri 
cally conductive particles dispersed throughout includ 
ing said tacky skin-engaging surface in an amount suffi 
cient to provide the aforesaid electrical connection 
with the engaged area of the skin through said layer by 
particle to particle contact while permitting the skin 
engaging surface of said layer to remain tacky prior to 
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skin engagement, removable sheet means having a re 
lease surface engaging the tacky skin-engaging surface 
of said layer operable to be separated therefrom with 
out substantially reducing the tackiness thereof in re 
sponse to the removal of said removable sheet means, 
said composite electrode body means further including 
carrier layer means disposed in substantially coexten 
sive connected relation with said adhesive layer and 
presenting a non-tacky exterior surface generally op 
posed to said skin-engaging surface and electrical ter 
minal means carried by said carrier means and forming 
an exterior terminal part of the aforesaid electrical con 
nection with which a detachable electrical connection 
with the electromedical apparatus can be effected. 

2. An electrode device as defined in claim 1 wherein 
said composite body means is porous and hypo 
allergenic. 
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8 
3. An electrode device as defined in claim 1 wherein 

said fine conductive particles are carbon particles. 
4. An electrode device as defined in claim 1 wherein 

said terminal means comprises a male snap fastener el 
ement. 

5. An electrode device as defined in claim 4 wherein 
said male snap fastener element is metal. 

6. An electrode device as defined in claim 4 wherein 
said electrode body means is circular and said male 
snap fastener element is concentrically connected 
therewith. 

7. An electrode device as defined in claim 1 wherein 
said carrier layer means is formed of a porous nonwo 
ven fabric. 

8. An electrode device as defined in claim 7 wherein 
said adhesive material is a synthetic acrylic copolymer. 
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