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APPLICATOR ELECTRODES WITH A VERY THIN 
NON-METALLIC, CURRENT DISTRIBUTING 

LAYER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention . 

The invention is directed to the ?eld of electrodes, 
and principally to a body contacting electrode for use 
in conjunction with an external electrical power 
source. 

2. Description of the Prior Art 
Body contacting electrodes according to the prior art 

generally comprised a noninsulated conductive 
member adapted for placement intimately adjacent the 
skin and in direct contact therewith. Means were 
generally provided for coupling the electrode to an ex 
ternal device such as electrical detection or signal 
generating equipment. Where the electrode was util 
ized merely to couple a body-generated signal or im 
pulse to the external equipment, the direct contact of 
the electrode with the external surface of the skin 
generally caused little or no problem with respect to in 
jury or damage to the area of skin immediately adjacent 
the electrode. However, in many cases it was-necessary 
or desirable to couple an externally generated electri 
cal signal to and through the body by means of a con 
ductive electrode placed in direct contact with a 
preselected area of the skin to permit the transmission 
of electriccurrent therethrough. The use of such prior 

2 
ductive layers may be conveniently provided to achieve 
a variety of desirable mechanical and electrical charac 

, teristics, within the scope of the invention. The outer 
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art electrodes for any longer than a relatively short , 
period of time generally caused the skin area adjacent 
thereto to become sensitized and tender, as indicated 
by a discoloration and swelling of the surface of the 
skin adjacent said electrode. This resulted from the fact 
that the pores of the skin offer a substantially lower re 
sistance to the passage of current than does the .ad 
jacent high resistance skin area, whereby current ?ow 
ing between the electrode and the body tended to con 
centrate at each of the adjacent low resistance pore 
areas, thereby damaging the sensitive tissue 
thereabout. Prior attempts to correct this problem were 
generally expensive, inef?cient, or unsuccessful, such 
attempts being confined mainly to either interposing 
liquid or semi-liquid solutions between the electrode 
and the adjacent skin area, reducing the amount of cur 
rent in the overall system below a value necessary to af 
ford adequate detection, or undesirably limiting the 
time of use of such electrodes. 

SUMMARY OF THE INVENTION 

The present invention overcomes the problems 
noted above with respect to prior art devices by provid 
ing a simple, readily manufactured, uniquely coated, 
direct skin contacting electrode which is safer, less ex 
pensive and more efficient than such devices. Disposed 
adjacent the conductive portion of the electrode and in 
intimate contact therewith is a generally - uniformly 
disposed current distributing layer comprising 
preferably a matrix of conductive particles such as car 
bon in an electrically insulating material such as resin 
o'r'the like, the ratio of the volume of conductive parti 
cles to insulating material being selectively predeter 
mined to provide a resistance through the thickness of 
thecurrent distributing layer substantially greater than 
the resistance of the skin area adjacent thereto. A plu 

35 

45 

60 

65 

rality of alternating adjacent conductive and semicon- ' 

surface of the layer may be selectively proportioned to 
de?ne a preferably smooth contact area arranged to 
provide a predetermined current density therethrough. 
Means are provided for releasably coupling the con 
ductive portion of the electrode to an external electri 
cal source. Support means such as a strap or other 
suitable item may be effectively utilized to maintain the 
electrode in ?xed positional relationship adjacent a 
preselected area of the skin, said electrode being either 
coupled thereto or externally supported thereby. 
Where necessary or desirable, a plurality of such elec 
trodes may be suitably arranged in adjacent spaced 
relationship on a support member to provide a multiple 
of selectable, discrete contact elements, electrically 
connectable either in series or in parallel. By the suita 
ble con?guration thereof, the electrode may be effec 
tively implanted directly within the body tissue, where 
appropriate. It is therefore an object of this invention to 
provide an improved electrode. 

It is another object of this invention to provide a 
means for noninjuriously coupling an electrical source 
'to the body by direct skin or tissue contact. 

It is a further object of this invention to provide an 
improved body contacting electrode for noninjuriously 
coupling an electrical source to the body for continu 
ous,'extended periods of time. 

It is yet another object of this invention to provided 
an improved body contacting electrode for uniformly 
distributing electrical current over the surface of an ad 
jacent area of the body. 

It is yet a further object of this invention to provide a 
noninjurious semiconductive electrode having a 
predetermined resistance to permit the effective 
utilization thereof as a direct skin contact current limit 
ing device. 
Other objects and features of the invention will be 

pointed out in the following description and claims and 
illustrated in the accompanying drawings, which dis 
close, by way of example, the principle of the invention 
and the best mode which has been contemplated for 
carrying it out. ' 

BRIEF DESCRIPTION OF‘ THE DRAWINGS 

In the drawings: 
FIG. 1 is a perspective view showing a manner in 

which an electrical signal maybe coupled from an ex 
ternal electrical device to the, body through an im 
proved body contacting electrode constructed in ac— 
cordance with the concepts of the invention. 

FIG. 2 is a sectional view of the body contacting elec 
trode of FIG. 1. I ' 

. FIG. 3 is an enlarged sectional view of a portion of 
the electrode of FIG. 1 in intimate contact with ' a 
preselected area of the body. . ' 

FIG. 4 is a schematic representation of the electrode 
and body portion of FIG. 3. 

FIG. 5 is a sectional view of an electrodeconstructed 
in accordance with another embodiment of the inven 
tion. - ' 

FIG. 6 is a side elevational view, partly in section, of 
three electrodes constructed in accordance'with the 
concepts of the invention and coupled to a common 
supporting strap. ' 
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FIG. 7 is a sectional view of an electrode constructed 
in accordance with a further embodiment of the inven 
tion. 

FIG. 8 is a perspective view, partly in section, of an 
electrode constructed in accordance with still another 
embodiment of the invention. 

Similar elements are given similar reference charac~ 
ters in each of the respective drawings. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Turning now to FIGS. l and 2, there is shown a body 
contacting electrode 20 constructed in accordance 
with the concepts of the invention. Adjacent the en 
larged end 24 of the conductive portion 22 of electrode 
20 and in intimate contact therewith is a current dis 
tributing layer 26, having a selectively predetermined 
resistance and comprising preferably a dispersion of 
conductive particles such as carbon or the like, in a 
nonconducting plastic medium such as epoxy or other 
insulating material, forming a relatively sold ?lm-like 
coating as shown in FIG. 2. The exposed outer surface 
28 of layer 26 comprises the body contacting portion of 
electrode 20 and is arranged to be disposed in direct in 
timate contact with the skin surface for purposes more 
fully described below. Conductive 22 of electrode 20 
extends rearwardly from its enlarged end 24 de?ning a 
protrusion 30 adapted to receive thereon a conductive 
cap 32. Cap 32 serves to secure the electrode 20 to a 
nonconducting support member such as strap 34 to 
permit electrode 20 to be conveniently positionably 
retained adjacent a preselected area of the body such 
as the wrist 36, as is more clearly seen in FIG. 1. Cap 32 
may be appropriately contoured, as shown, to accept 
thereon a complementarily formed mating connecting 
member (not shown) to releasably electrically couple 
electrode 2% to an external electrical source such as 38, 
by means of an intermediate conductor 40. It will be 
apparent to those skilled in the art that a variety of 
other suitable means may be readily employed to effect 
the desired electrical coupling to conductive portion 22 
without departing from the spirit of the invention. For 
example, the protruding end 30 of electrode 20 may be 
appropriately apertured or slotted to provide a receiv 
ing passage for the bared end of a conductor such as 40 
which may then be either crimped or soldered to the 
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conductive portion 22. Alternatively, the protruding I 
end 30 may be modified to define either a male or 
female connector member adapted to matingly receive 
a complementary coupling member, thereby providing 
a convenient releasable coupling therebetween. The 
button-like con?guration .of electrode 20 may be 
suitably modi?ed, as shown in H6. 5, to provide a 
generally elongated electrode 4-2 having a central con 
ductive portion 44 about which is disposed a current 
distributing portion 68 directly adjacent thereto and in 
intimate contact therewith. Coupled to conductive por 
tion 44 and extending outwardly therefrom is an insu 
lated electrical conductor '70 serving to couple elec 
trode 42 to an external electrical source (not shown) in 
a manner similar to that shown in FlG. 1. It will be 
readily apparent that electrode 42 may be effectively 
employed as a direct tissue implant device, the current 
distributing layer 68 providing a unique isolating medi 
um between the conductive portion 44 and the ad 
jacent body tissue essential for the prevention of 
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4 
deleterious chemical reaction therebetween while 
maintaining the conductivity required in such applica 
tions. Electrode 20 may be further modi?ed, where 
necessary or desirable, to de?ne a substantially spheri 
cal electrode 72 having an internal conductive portion 
'74 suitably encapsulated within an outer current dis 
tributing portion ‘76 and coupled to an insulated electri 
cal conductor 78. 

Turning now to FIG. 7, there is shown an embodi 
ment of dual-element electrode 80 constructed in ac 
cordance with the concepts of the invention. Disposed 
circumjacent a pair of spaced, generally elongated con 
ductive portions 82, 82’ and in intimate contact 
therewith is a current distributing portion 84 charac 
teristically similar to portion 26 of electrode 20 of FIG. 
2. Coupled to, and extending outwardly from each con‘ 
ductive portion 82, 82' is an associated electrical con 
ductor 86, 86' respectively, each arranged to provide 
an electrical coupling between said electrode 80 and an 
external electrical source in a manner similar to that 
described above with respect to electrode 20 of FIG. 1. 
While providing the isolation and current dispersing 
features noted above with respect to a single element 
electrode such as 20, electrode 80 may be effectively 
employed to directly couple more than one external 
electrical source to a preselected body area whereit is 
necessary or desirable to insure a common environ 
ment adjacent the elemental portions of electrode 80. 
The spacing between conductive portions 82, 82' may 
be selectively arranged to permit either partial or sub 
stantially total isolation therebetween, depending 
primarily upon the thickness of current distributing 
material 88 disposed between said conductive portions 
82, 82’. 
To more fully appreciate the novel application of 

electrode 20 in a contemplated use, according to the 
concepts of the invention, reference is herein made to 
FIG. 3, where there is shown the electrode 20, the 
outer surface 28 of the current distributing layer 26 
thereof being disposed in intimate contact with the sur 
face of a portion of the skin 46. The apertures 48 
shown extending from beneath the skin 46 and ter 
minating in openings 50 at the surface thereof 
represent pores generally visible at the surface of said 
skin, the resistance between that area of "skin im 
mediately adjacent the pore openings 50 and the ad 
jacent internal body portion 52 being considerably 
lower than the resistance as measured through the ad 
jacent thickness of the skin 46. The lower resistance of 
the pores 4S8 is generally recognized as resulting from 
the existence of body fluid within the pores 48, such 
fluid being relatively highly conductive as compared 
with the adjacent skin portion 46. Where, heretofore, it 
was desired to transfer current between the body 52 
and an external unprotected conductive electrode, the ' ‘ 

current, the total valuelof which may have been quite 
small, was caused to be concentrated in relatively nar 
row paths through the low~resistance pores, it being a 
well-known electrical principle that current will tend to 
distribute in inverse proportion to the conductivity of 
the available paths. As a result of the high current den 
sity within the extremely restrictive pore areas which 
comprise a relatively small percentage‘ of the surface 
area of the skin 46, the walls defining the pores 48, and 
the immediately adjacent skin areas, were thereby sub 
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jected to certain injurious chemical changes, causing 
both discomfort and damage thereto. The interposition 
of the relatively thin current distributing layer 26 
between the conductive portion 22 of electrode 20 of 
the adjacent surface of the skin 46 serves to provide a 
current distributing medium therebetween, effectively 
preventing the undesirable current concentration and 
subsequent skin damage noted above, while adequately 
permitting. the transfer of the required current 
therethrough. Thus, although layer 26 is formed from 
essentially isotropic material, it tends to exhibit the 
properties of an anisotropic material as a result of the 
relative proportions of material thickness and conduc 
tive particle density employed in the formation of such 
layer. For example, to provide the unique current dis 
tributing effect noted above, and to prevent undesira 
ble current concentration, the button-type electrode 
shown in FIGS. 1 and 2 may be suitably proportioned 
to have a current distributing layer thickness in the 
order of from one-thousandth to ten thousandths of an 
inch. Accordingly, a current path normal to the plane 
of layer 26 is substantially shorter than an obliquely 
oriented current path originating at a given point on the 
inner surface of layer 26 spaced from the axis of the 
normal current path and terminating at the same point 
on the outer surface of layer 26. It will, of course, be 
clear that, as the thickness of layer 26 is increased, the 
difference in length between such current paths spaced 
a given distance at their point of origin on the inner sur 
face of layer 26 will decrease proportionately. Since 
the resistivity of the material comprising layer 26 is es 
sentially constant, the resistance of the respective cur 
rent paths will be proportional ‘to their respective 
lengths, and, in the case of a thin layer such as 26, cur 
rent flow will tend to be directed predominantly normal 
to the plane of layer 26 rather than in oblique angular 
relationship thereto, due to the increased difference in 
resistance between such paths, thereby simulating an 
anisotropic effect and resulting in a substantially even 
current distribution over the outer surface of layer 26. 
vReferring to the schematic representation of FIG. 4, 
the current distributing layer 26 of electrode 20 may be 
represented by a plurality of interconnected parallel re 
sistances 56 having an effective resistance R. The 
pores 48 may be represented by a plurality of narrow, 
elongated spaced conductive paths 58, separated by 
relatively high resistance regions 60, schematically 
representative of the skin regions 46, and extending 
between the adjacent common juncture 64 of re 
sistances 56 and the representative conductive body 
portion 62. The effective resistance of the parallel com 
bination of the representative skin-pore region is in 
dicated as R2, and that of the underlying body region 62 
as R3. The resistance R, is selectively proportioned to 
have a predetermined value substantially greater than 
R2. The interconnected parallel resistances 56 are of 
substantially equal value, as a result of the generally 
homogeneous characteristic of current distributing 
layer 26, and, as may be readily shown by well-known 
electrical principles, each will have a value substan 
tially greater than the total effective parallel resistance 
R1, and consequently, a value substantially greater than 
R2. Thus, the source current I is caused to be dis 
tributed generally evenly through each of the discrete 
parallel resistances 56, resulting in an essentially even 
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6 
distribution of current over the area de?ned by the 
contacting surface of the common juncture 64 of re-' 
sistances 56 at a plurality of individual points such as 
66 adjacent the skin. The undesirable concentration of 
current at adjacent low resistance areas such as pores 
48 is thus avoided, thereby eliminating the harmful ef 
fects resulting therefrom. It has been found that for 
general use the thickness of the current distributing 
layer 26 (FIGS. 2 and 3) may be ef?ciently, practically 
and economically maintained within a preferable range 
of from one to ten thousandths of an inch, although 
other thicknesses may be effectively employed where 
necessary or desirable to obtain particular physical or 
electrical characteristics, according to the concepts of 
the invention. It has also been found that a ratio of 
volume of conductive particles to insulating material of 
from 1 per cent to 25 per cent will provide a current 
distributing layer resistance adequate for the purposes 
set forth herein. It should be understood, however, that 
other ratios of volume of conductive particles to insu 
lating material may be advantageously utilized to ob 
tain a variety of desired current distributing layer 
characteristics according to the concepts of the inven 
tion. For example, where an extremely low value of 
source current I is utilized, it may be desirable to 
reduce the effective resistance of the current distribut 
ing layer 26 to minimize the total circuit resistance 
while maintaining a layer resistance sufficient to effect 
the desired current distribution as described above. Ac 
cordingly, such result may be effectively obtained by 
increasing the ratio 'of volume of conductive particles 
to insulating material, without departing from the spirit 
of the invention. Where it is desirable or necessary to 
minimize the size of each electrode while maintaining 
an adequate aggregate body contact area, a plurality of 
electrodes 20 may be effectively employed in spaced 
arrangement, as shown in FIG. 6, whereby said elec 
trodes 20 may be individually connected to asingle ex 
ternal electrical source to proportionately reduce the 
amount of current required to be transferred and dis 
tributed by each such electrode 20. Alternatively, each 
electrode 20 may be appropriately coupled to a dis 
crete external source to provide a plurality of in 
dividually selective independent contact areas, within 
the concepts disclosed herein. Either'one or more elec 
trodes 20 may be conveniently disposed on a single in 
sulated support member such as strap 34 (see FIG. 6) 
to effect the releasable positional retention of said elec 
trodes adjacent a preselected area of the body. 
The embodiments of the invention in which an exclu- ' 

sive property or privilege is claimed are de?ned as fol-> 
lows: 

1. An electrode for coupling an electrical signal to a 
body through the skin, comprising: at least one conduc 
tive portion; at least one current distributing portion 
adjacent said conductive portion and having a ?rst sur 
face in intimate contact with said conductive portion to 
provide an equipotential surface at the juncture 
therebetween; and means for coupling said conductive 
portion to an external electrical source; said current 
distributing portion having a second surface arranged 
to be disposed directly adjacent the skin, to isolate said 
conductive portion therefrom; said current distributing 
portion comprising a plurality of conductive particles _ 
generally uniformly dispersed in an insulating medium 
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’ and having a generally uniform thickness in the range 
of from one thousandth to ten thousandths of an inch, 
said conductive particles comprising an aggregate‘ 
volume in the range of from one per cent to twenty-?ve 
per cent of the aggregate volume of said current dis 
tributing portion, to provide a generally uniform trans 
verse resistance throughout the thickness of said cur 
rent distributing portion, whereby electrical current 
passing between said ?rst and said second current dis 
tributing portion surfaces is caused to be substantially 
uniformly dispersed thereover. 

2. An electrode as de?ned in claim 1 wherein said 
conductive particles are carbon. 

3. An electrode as de?ned in claim 1 wherein said in 
sulating material is a resin. 

4. An electrode as de?ned in claim 1 wherein said 
second surface of said current distributing portion is 
substantially smooth. _ 

5. An electrode as de?ned in claim 1 further com 
prising means for releasably supporting said electrode 
in position adjacent a preselected area of the skin. 

6. An electrode as de?ned in claim 5 wherein said 
support means is a strap. 

7. An electrode for coupling an electrical signal to a 
body through the skin, comprising: a ?rst conductive 
portion; a second conductive portion adjacent said ?rst 
conductive portion and spaced therefrom; a current 
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8 
distributing portion surrounding said ?rst and said 
second conductive portions and having a ?rst surface 
and a second surface, said ?rst surface of said current 
distributing portion being disposed in intimate contact 
with said ?rst and said second conductive portions to 
provide an equipotential surface at the junctures 
therebetween, said second surface of said current dis 
tributing portion being arranged to be disposed directly 
adjacent the skin; and means for coupling said ?rst and 
said second conductive portions to an external electri 
cal source; said current distributing portion comprising 
a plurality of conductive particles generally uniformly 
dispersed in an insulating medium and having a 
generally uniform thickness in the range of from one 
thousandth to ten thousandths of an inch, said conduc 
tive particles comprising an aggregate volume in the 
range of from 1 per cent to 25 per cent of the aggregate 
volume of said current distributing portion, to provide 
a generally uniform transverse resistance throughout 
the thickness of said current distributing portion 
whereby electrical current passing between said first 
and said second current distributing portion surfaces is 
caused to be substantially uniformly dispersed 
thereover. _ 

8. An electrode as de?ned in claim 7‘wherein said 
conductive particles are carbon. 

I * * * * * v 


