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ABSTRACT OF THE DISCLOSURE 

A disposable electrode is provided for biological and 
medical use comprising a sensing element housing formed 
of an insulating material and having surfaces thereon 
adapted to receive and retain a sensing element and a 
sensing element. The sensing element comprises a uni 
formly thick ?at layer of silver to which a uniformly 
thick ?at layer of silver ‘chloride is metallurgically bond 
ed. 

BACKGROUND OF THE INVENTION 

Electrodes ?nd extensive use in the medical and related 
?elds to transform biopotentials into electrical signals 
which may be monitored for a variety of functions, such 
as electrocardiographs, electroencephalographs, or elec 
tromyograms. Such electrodes are usually placed on the 
skin of the patient whose function is to be monitored 
with an interposed layer of a suitable electrolyte, general 
ly in gel form. Ion ?ow passes through the subject’s skin 
and the electrolyte to react with the electrode and generate 
an electrical signal which is then monitored. 
One electrode construction which affords relative sta 

bility, low impedance, and low offset voltage, and is there 
fore particularly well suited for medical purposes uti 
lizes a silver-silver chloride sensing element. Heretofore, 
such silver-silver chloride electrodes were generally 
formed either by compressing a mixture of silver and 
silver-chloride powders, occasionally with small quanti 
ties of a binder such as bentonitic clay added, or by 
mechanically coupling sheets of silver and silver-chloride 
to one another. 

Although such electrodes have generally performed 
well from a technical point of view, in most applications, 
the high cost associated with their construction has pre 
vented their extensive use, particularly where electrode 
contamination is a problem and disposability is desirable 
or required. Further, the impedance of such prior art 
electrodes is higher than required or desired for most 
applications and the effectiveness of the mechanical bond 
between the silver and silver chloride molecules may vary 
with movement of the patient, thereby varying the elec 
trode impedance resulting in variations in the accuracy of 
the electrode readout. Also, the electrical characteristics 
of these prior art electrodes usually varied considerably 
from electrode to electrode and hence interchangeability 
was not possible unless the monitoring equipment was 
recalibrated for each electrode. 

SUMMARY OF THE INVENTION 

It is, therefore, the principal object of the present in 
vention to provide an improved disposable electrode hav 
ing acceptable electrical characteristics including low im 
pedance and polarization voltage which is lightweight, re 
liable, compact, su?iciently inexpensive to reasonably per 
mit single use, and which is interchangeable with other 
similarly manufactured electrodes. 
These and other bene?cial objects and advantages are 

attained in accordance with the present invention by pro 
viding an electrode comprising a sensing element housing 
including a generally ?at member formed of an insulating 
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material and having a depressed center portion integral 
with a raised peripheral portion, and a sensing element 
disposed within the depression. The sensing element com 
prises a ?rst, uniformly thick, ?at layer of silver to which 
a uniformly thick, flat layer of silver-chloride is metal~ 
lurgically bonded. An intermediate layer is interposed 
between the silver and silver-chloride layers and is co 
extensive therewith and forms a zone wherein di?usion 
of the silver and silver-chloride molecules occurs while 
preventing any slippage between the silver and silver 
chloride layers. The sensing element is disposed within 
the housing depression with the silver layer abutting the 
rear surface of the depression. An electrically conductive 
lead having one end in electrical contact with the silver 
layer and the other end adapted to be coupled to the 
monitoring equipment is also provided. The raised periph 
eral portion of the housing also includes a continuous 
double sided adhesive adapted to facilitate adhering the 
electrode to the subject. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 
FIG. 1 is a top plan view of the electrode of the pres 

ent invention; 
FIG. 2 is a side elevational sectional view taken along 

reference line 2—~2 of FIG. 1; and 
FIG. 3 is a fragmentary diagrammatic view of por 

tions of the sensing element of the electrode of the present 
invention greatly magni?ed. 
DETAILED DESCRIPTION OF THE ‘PREFERRED 

EMBODIMENT 

Reference is now made to the drawings wherein like 
parts are designed by similar reference numerals through 
out the several views. In FIG. 1, the electrode 10 of the 
present invention is depicted as comprising a housing 12, 
a sensing element 14 disposed within the housing, an 
electrical lead 16 extending between the sensing element 
14 and a terminal portion 18‘, and a.terrninal portion 18 
which includes a connector 20 which in this preferred 
embodiment, is a snap-?t female connector adapted to be 
snapped into place about a suitable male connector. 
The housing 12 is formed of an insulating material 

such as polyethylene or polypropylene which is readily 
moldable into the desired shape. .In this case, the hous 
ing comprises a generally flat member having a depressed 
center portion 22- and a peripheral portion 24 raised with 
respect to the center portion 22 and spaced from the 
center portion by the conical frustum Wall member 26 
'which extends between the two portions of the housing. 
The inner surfaces 28 and 30 of wall member 26 and de 
pressed center portion ‘22, respectively, thus de?ne an 
open ended chamber 32- the opening 34 of which is fur 
ther de?ned by the inner edge 36 of the raised peripheral 
portion 24. In this regard, and as best seen in FIG. 2, 
the raised peripheral portion 24 comprises, in essence, 
an annular disc and the raised edge 36 is de?ned by the 
inner radius of the disc. 
A double sided adhesive strip 38 is disposed about the 

outer face of the raised peripheral portion 24. One side 
of adhesive 38 adheres to the outer face of the housing 
and the other side is adapted to be adhered to the body 
of the subject under observation, thereby forming means 
for coupling the electrode to the subject. In this regard, 
a backing strip 40 is disposed about the free face of the 
double sided adhesive to protect the tackiness of the adhe 
sive prior to use. A tab 42 extends from the outer periph 
eral edge of the backing strip to facilitate its removal and 
the application of the electrode to the subject. 
The inner surface ‘30 of the depressed center portion 

of the housing 12 is further de?ned by a circular recessed 
section 44 into which the sensing element 14 is ?tted. 
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A hole 46 extends through the center of recess 44 to 
the outer surface of the housing and the conductive wire 
48 of electrical lead 16 extends through hole 46 to make 
electrical contact with the rear of the sensing element 
14. After the sensing element is positioned within recess 
44 and the electrical contact is established between the 
sensing element 14 and lead 16 as by soldering, a suitable 
potting compound, as for example epoxy, is applied to 
the rear of the housing ?lling hole 46 and thereby serving 
to form bead 50 which protects the electrical contact 
between the lead and sensing element and also serves to 
secure the sensing element 14 within the housing 12. 
The sensing element .14 comprises a‘generally circular 

disc, the diameter of which is substantially the same as 
that of recess 44 having raised side walls 52 which are 
substantially equal to the depth of the recess. The sensing 
element comprises a ?rst ?at layer 54 of silver to which 
a layer of silver chloride 56‘ has been metallurgically 
bonded as for example, by the process disclosed in US. 
Letters ‘Patent No. 3,059,331 for Method of Making 
Composite Stock which issued on Oct. 23, 1962 and is 
assigned to the Texas Instruments Corporation. The 
‘metallurgical bond between the silver and silver-chloride 
layers 54 and 56, respectively, results in the formation 
of an interposed diffused third layer 58 comprising both 
silver and silver-chloride molecules. The cross-sectional 
con?guration of the sensing element =14 is depicted in 
FIG. 3 in exaggerated diagrammatic form. In a success 
ful practice of the present invention, the thickness of the 
sensing element was two mils with the silver chloride 
portion comprising 15% of the total composite or ap 
proximately .3 mil. The individual sensing elements 14 
‘are formed by properly stamping or cutting a sheet of 
composite stock. Since the thicknesses of the silver and 
silver chloride layers of the composite material may be 
accurately maintained throughout the stock and also since 
a ?rm metallurgical bond is maintained between the com 
posite layers, the electrical characteristics of two such 
electrodes will be substantially identical, thus penmitting 
the interchangeability of the electrodes. 
The sensing element 14 is positioned within housing 

12 with the silver layer 14 abutting the housing and mak 
ing electrical contact with the conducting lead 48 and 
the silver chloride layer 56* directed toward the housing 
opening 34. That is, when viewing the front of electrode 
10, all that will be seen is the silver chloride surfaces 56 
of the sensing element 14. 

In use, the open ended chamber 32 is ?lled to the brim 
with an electrolyte such as a salt gel whereafter the back 
ing strip 42 is removed from the face of adhesive 38 and 
the electrode is appropriately positioned on the subject. 
The terminal portion 18 of the electrode is then connected 
to suitable monitoring equipment with the connector 20 
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coupled to a mating connector associated with the moni 
toring equipment. Electrical signals transmitted from the 
subject will be transmitted through the electrolyte to the 
sensing element and then to the monitoring equipment. 
After use, the electrode may be disposed of and in this 
regard, it will be economically feasible to discard an 
electrode produced in accordance with the present inven 
tion after a single use. 

‘Having thus described my invention, what I claim is: 
1. A disposable electrode comprising: a sensing ele 

ment housing formed of an insulating material and hav 
ing ?rst surfaces adapted to be mounted to the subject 
being monitored and second surfaces spaced apart from 
said ?rst surfaces to receive and retain the sensing ele 
ment; a sensing element mounted to said housing second 
surfaces and comprising a uniformly thick ?at layer of 
silver and a uniformly thick ?at layer of silver-chloride 
coextensive with said ?rst layer and metallurgically 
bonded thereto; and, an electrically conductive lead in 
electrical contact with said silver layer of said sensing 
element and adapted to be coupled to associated moni 
toring equipment. 

2. The invention in accordance with claim -1 wherein 
said sensing element further includes an intermediary 
layer interposed between said silver layer and said silver 
chloride layer and coextensive therewith wherein diffu 
sion of silver and silver chloride molecules occurs in 
said intermediate layer whereby to effect said metallurgi 
cal bond. 

3. The invention in accordance with claim 1 wherein 
said housing comprises a molded plastic material. 

4. The invention in accordance with claim 3 wherein 
said housing comprises a generally ?at member having a 
depressed center portion de?ning said housing second 
surfaces integral with a raised peripheral portion de?ning 
said housing ?rst-surfaces and said sensing element is 
mounted at the base of said depressed portion with said 
silver chloride layer directed toward said raised periph 
eral portion. 

5. The invention in accordance with claim 1 further 
comprising a double faced adhesive disposed about said 
?rst surfaces. 

6. The invention in accordance with claim 1 wherein 
said silver layer is substantially two mils in thickness 
and said silver-chloride layer is substantially .3 mil in 
thickness. 
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