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(57) ABSTRACT 

An electrosurgical return electrode is disclosed. The return 
electrode includes a ?rst and second ?exible conductive 
material layers and a material layer disposed between the ?rst 
and second conductive material layers. The material layer is 
transitionable between a solid state and a non-solid state, the 
material layer is also con?gured to melt upon an increase in 
temperature beyond a predetermined threshold, thereby 
increasing conductivity between the ?rst and second conduc 
tive material layer. 
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TEMPERATURE MONITORING RETURN 
ELECTRODE 

BACKGROUND 

[0001] l.Technical Field 
[0002] The present disclosure relates to electrosurgical 
apparatuses, systems and methods. More particularly, the 
present disclosure is directed to electrosurgical systems uti 
liZing one or more return electrodes con?gured to monitor 
temperature. 
[0003] 2. Background of Related Art 
[0004] Energy-based tissue treatment is Well knoWn in the 
art. Various types of energy (e.g., electrical, ultrasonic, micro 
Wave, cryo, heat, laser, etc.) may be applied to tissue to 
achieve a desired surgical result. Electrosurgery typically 
involves application of high radio frequency electrical current 
to a surgical site to cut, ablate, coagulate or seal tissue. In 
monopolar electrosurgery, a source or active electrode deliv 
ers radio frequency energy from the electrosurgical generator 
to the tissue and a return electrode carries the current back to 
the generator. In monopolar electrosurgery, the source elec 
trode is typically part of the surgical instrument held by the 
user and applied to the tissue to be treated. The patient return 
electrodes are typically in the form of pads adhesively 
adhered to the patient and are placed remotely from the active 
electrode to carry the current back to the generator. 
[0005] The return electrodes usually have a large patient 
contact surface area to minimize heating at that site. Heating 
is caused by high current densities Which directly depend on 
the surface area. A larger surface contact area results in loWer 
localiZed heat intensity. Return electrodes are typically siZed 
based on assumptions of the maximum current utiliZed during 
a particular surgical procedure and the duty cycle (i.e., the 
percentage of time the generator is on). 
[0006] The ?rst types of return electrodes Were in the form 
of large metal plates covered With conductive jelly. Later, 
adhesive electrodes Were developed With a single metal foil 
covered With conductive jelly or conductive adhesive. HoW 
ever, one problem With these adhesive electrodes Was that if a 
portion peeled from the patient, the contact area of the elec 
trode With the patient decreased, thereby increasing the cur 
rent density at the adhered portion and, in turn, increasing the 
heating at the tissue. This risked burning the patient in the area 
under the adhered portion of the return electrode if the tissue 
Was heated beyond the point Where circulation of blood could 
cool the skin. 
[0007] To address this problem various return electrodes 
and hardWare circuits, generically called Return Electrode 
Contact Quality Monitors (RECQMs), Were developed. Such 
systems relied on measuring impedance at the return elec 
trode to calculate a variety of tissue and/ or electrode proper 
ties. These systems Were only con?gured to measure changes 
in impedance of the return electrodes to detect peeling. 

SUMMARY 

[0008] The present disclosure relates to electrosurgical 
return electrodes. Disclosure provides for an electrosurgical 
return electrode pad having various mechanisms and/or cir 
cuits adapted to prevent tissue damage to the patient. The 
return electrode pad monitors temperature and upon the tem 
perature reaching a predetermined threshold the pad activates 
safety circuits and/ or alarms. Further, a modular smart return 
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electrode is disclosed having a disposable portion and a 
detachable portion including sensor and/ or control circuits. 
[0009] According to one aspect of the present disclosure, an 
electrosurgical return electrode is provided. The return elec 
trode includes a ?rst and second ?exible conductive material 
layers, Wherein impedance of the ?rst and second conductive 
material layers in continuously monitored and a material 
layer disposed betWeen the ?rst and second conductive mate 
rial layers. The material layer is transitionable betWeen a solid 
state and a non-solid state, the material layer is also con?g 
ured to melt upon an increase in temperature beyond a pre 
determined threshold, thereby increasing conductivity 
betWeen the ?rst and second conductive material layer. 
[0010] According to a further aspect of the present disclo 
sure, an electrosurgical return electrode is disclosed. The 
return electrode includes a return electrode pad having a 
patient-contacting surface con?gured to conduct electrosur 
gical energy. The return electrode also includes a material 
layer disposed on the return electrode pad. The material layer 
includes at least one sWitching element having at least one 
sWitch component formed from a shape memory material that 
transitions from an austensitic state to a martenistic state upon 
a change in temperature to actuate at least one sWitch com 
ponent of the at least one sWitching element. 
[0011] According to another embodiment of the present 
disclosure, an electrosurgical return electrode is disclosed. 
The return electrode includes a return electrode pad having a 
patient-contacting surface con?gured to conduct electrosur 
gical energy and a ferromagnetic material layer disposed on 
the return electrode pad. The ferromagnetic material layer 
includes a magnetic ?eld and at least one temperature sensing 
sWitch, the ferromagnetic material layer is con?gured to lose 
a magnetic ?ux at a predetermined temperature threshold 
thereby actuating the at least one temperature sensing sWitch. 
[0012] According to a further embodiment of the present 
disclosure an electrosurgical return electrode is disclosed. 
The return electrode includes a conductive pad including a 
patient-contacting surface con?gured to conduct electrosur 
gical energy and a temperature sensing circuit coupled to the 
conductive pad. The temperature sensing circuit includes a 
plurality of sWitching elements connected in series, Wherein 
each of the plurality of sWitching elements is con?gured to 
vary in impedance in response to temperature changes. An 
interrogation signal is transmitted therethrough measures 
impedance and is indicative of the temperature change. 
[0013] An electrosurgical return electrode is also contem 
plated by the present disclosure. The return electrode includes 
a conductive pad including a patient-contacting surface con 
?gured to conduct electrosurgical energy and a temperature 
sensing circuit coupled to the conductive pad. The tempera 
ture sensing circuit includes a thermocouple matrix having a 
?rst plurality of metallic Wires and a second plurality of 
metallic Wires intersecting at a plurality of junctions, Wherein 
each of the junctions is interrogated to obtain a temperature 
measurement. 

[0014] According to another embodiment of the present 
disclosure, a modular electrosurgical return electrode is dis 
closed. The return electrode includes a disposable portion 
having a patient-contacting surface con?gured to conduct 
electrosurgical energy and a detachable substrate having a 
sensor circuit con?gured to monitor at least one of a return 
electrode pad property and a tissue property to generate sen 
sor data. The detachable substrate is con?gured to couple to 
the disposable portion. 
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[0015] According to a further embodiment of the present 
disclosure, an electrosurgical return electrode is disclosed. 
The return electrode includes a conductive pad including a 
patient-contacting surface con?gured to conduct electrosur 
gical energy and a temperature sensing circuit coupled to the 
conductive pad. The temperature sensing circuit includes at 
least one transistor coupled to a multiplexer, the at least one 
transistor having a predetermined forWard voltage drop that is 
indicative of temperature of the conductive pad. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] Various embodiments of the present disclosure are 
described herein With reference to the draWings Wherein: 
[0017] FIG. 1 is a schematic block diagram of an electro 
surgical system according to the present disclosure; 
[0018] FIG. 2 is a schematic block diagram of a generator 
according to one embodiment of the present disclosure; 
[0019] FIG. 3 is a top vieW of the electrosurgical return 
electrode of the monopolar electrosurgical system of FIG. 1; 
[0020] FIG. 4 is a cross-sectional side vieW of an electro 
surgical return electrode having a positive temperature coef 
?cient (PTC) material and adhesive material layers; 
[0021] FIG. 5 is a cross-sectional side vieW of an electro 
surgical return electrode having a material layer according to 
the present disclosure; 
[0022] FIGS. 6A-C shoW an electrosurgical return elec 
trode having a shape memory material layer according to the 
present disclosure; 
[0023] FIG. 7 is a cross-sectional side vieW of an electro 
surgical return electrode having a ferromagnetic material 
layer according to the present disclosure; 
[0024] FIGS. 8A-C illustrate one embodiment of an elec 
tro surgical return electrode having a temperature sensing cir 
cuit according to the present disclosure; 
[0025] FIGS. 9A-B illustrate one embodiment of an elec 
tro surgical return electrode having a temperature sensing cir 
cuit according to the present disclosure; 
[0026] FIG. 10A-B illustrate one embodiment of an elec 
tro surgical return electrode having a temperature sensing cir 
cuit according to the present disclosure; 
[0027] FIG. 11 is a cross-sectional plan vieW of a smart 
electrosurgical return electrode having temperature sensing 
circuit according to the present disclosure; and 
[0028] FIG. 12 is a cross-sectional side vieW ofa modular 
electrosurgical return electrode according to the present dis 
closure. 

DETAILED DESCRIPTION 

[0029] Particular embodiments of the present disclosure 
are described hereinbeloW With reference to the accompany 
ing draWings. In the folloWing description, Well-knoWn func 
tions or constructions are not described in detail to avoid 
obscuring the present disclosure in unnecessary detail. 
[0030] FIG. 1 is a schematic illustration of an electrosurgi 
cal system according to one embodiment of the present dis 
closure. The system includes an electrosurgical instrument 2 
having one or more electrodes for treating tissue of a patient 
P. The instrument 2 is a monopolar instrument including one 
or more active electrodes (e. g., electrosurgical cutting probe, 
ablation electrode(s), etc.). Electrosurgical RF energy is sup 
plied to the instrument 2 by a generator 20 via an electrosur 
gical cable 4, Which is connected to an active output terminal, 
alloWing the instrument 2 to coagulate, ablate and/or other 
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Wise treat tissue. The energy is returned to the generator 20 
through a return electrode 6 via a return cable 8. The system 
may include a plurality of return electrodes 6 that are arranged 
to minimiZe the chances of tissue damage by maximizing the 
overall contact area With the patient P. In addition, the gen 
erator 20 and the return electrode 6 may be con?gured for 
monitoring so-called “tissue-to-patient” contact to insure that 
suf?cient contact exists therebetWeen to further minimiZe 
chances of tissue damage. 
[0031] The generator 20 includes input controls (e.g., but 
tons, activators, sWitches, touch screen, etc.) for controlling 
the generator 20. In addition, the generator 20 may include 
one or more display screens for providing the user With vari 
ety of output information (e.g., intensity settings, treatment 
complete indicators, etc.). The controls alloW the user to 
adjust poWer of the RF energy, Waveform, and other param 
eters to achieve the desired Waveform suitable for a particular 
task (e.g., coagulating, tissue sealing, intensity setting, etc.). 
The instrument 2 may also include a plurality of input con 
trols that may be redundant With certain input controls of the 
generator 20. Placing the input controls at the instrument 2 
alloWs for easier and faster modi?cation of RF energy param 
eters during the surgical procedure Without requiring interac 
tion With the generator 20. 
[0032] FIG. 2 shoWs a schematic block diagram of the 
generator 20 having a controller 24, a high voltage DC poWer 
supply 27 (“HVPS”) and an RF output stage 28. The HVPS 27 
provides high voltage DC poWer to an RF output stage 28, 
Which then converts high voltage DC poWer into RF energy 
and delivers the RF energy to the active electrode. In particu 
lar, the RF output stage 28 generates sinusoidal Waveforms of 
high RF energy. The RF output stage 28 is con?gured to 
generate a plurality of Waveforms having various duty cycles, 
peak voltages, crest factors, and other suitable parameters. 
Certain types of Waveforms are suitable for speci?c electro 
surgical modes. For instance, the RF output stage 28 gener 
ates a 100% duty cycle sinusoidal Waveform in cut mode, 
Which is best suited for ablating, fusing and dissecting tissue, 
and a l-25% duty cycle Waveform in coagulation mode, 
Which is best used for cauteriZing tissue to stop bleeding. 
[0033] The controller 24 includes a microprocessor 25 
operably connected to a memory 26, Which may be volatile 
type memory (e.g., RAM) and/or non-volatile type memory 
(e.g., ?ash media, disk media, etc.). The microprocessor 25 
includes an output port that is operably connected to the 
HVPS 27 and/or RF output stage 28 that alloWs the micro 
processor 25 to control the output of the generator 20 accord 
ing to either open and/ or closed control loop schemes. Those 
skilled in the art Will appreciate that the microprocessor 25 
may be substituted by any logic processor (e.g., control cir 
cuit) adapted to perform the calculations discussed herein. 
[0034] A closed loop control scheme is a feedback control 
loop Wherein sensor circuit 22, Which may include a plurality 
of sensors measuring a variety of tissue and energy properties 
(e.g., tissue impedance, tissue temperature, output current 
and/or voltage, etc.), provides feedback to the controller 24. 
Such sensors are Within the purvieW of those skilled in the art. 
The controller 24 then signals the HVPS 27 and/or RF output 
stage 28, Which then adjust DC and/or RF poWer supply, 
respectively. The controller 24 also receives input signals 
from the input controls of the generator 20 or the instrument 
2. The controller 24 utiliZes the input signals to adjust poWer 
outputted by the generator 20 and/or performs other control 
functions thereon. 
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[0035] FIGS. 3 and 4 illustrate various embodiments of the 
return electrode 6 for use in monopolar electrosurgery. The 
return electrode 6 includes a return electrode pad 30 having a 
top surface and a patient-contacting surface 32 con?gured to 
receive current during monopolar electro surgery. The patient 
contacting surface 32 is made from a suitable conductive 
material such as metallic foil. While FIG. 3 depicts the return 
electrode 6 in a general rectangular shape, it is Within the 
scope of the disclosure for the return electrode 6 to have any 
suitable regular or irregular shape. 
[0036] Referring to FIG. 4, another embodiment of the 
return electrode 6 is shoWn, Wherein the return electrode pad 
30 includes a positive temperature coe?icient (PTC) material 
layer 38 deposited thereon. The PTC material 38 can be made 
of, inter alia, a polymer/carbon-based material, a cermet 
based material, a polymer material, a ceramic material, a 
dielectric material, or any combinations thereof. The PTC 
material layer 38 acts to distribute the temperature created by 
the current over the surface of the electro surgical return elec 
trode 6, Which minimiZes the risk of a patient burn. The PTC 
material of the layer 38 may be replaced by a negative tem 
perature coe?icient material. These materials change resis 
tance dramatically When heated, alloWing for monitoring of 
impedance to detect a rise in temperature, or automatic 
changes in localiZed current densities, thereby reducing 
localiZed heating. 
[0037] The return electrode 6 further includes an adhesive 
material layer 39 on the patient-contacting surface 32. The 
adhesive material can be, but is not limited to, a polyhesive 
adhesive, a Z-axis adhesive, a Water-insoluble, hydrophilic, 
pressure-sensitive adhesive, or any combinations thereof, 
such as POLYHESIVETM adhesive manufactured by Valley 
lab of Boulder, Colo. The adhesive may be conductive and/or 
dielectric. The adhesive material layer 39 ensures an optimal 
surface contact area betWeen the electrosurgical return elec 
trode 6 and the patient “P,” Which limits the possibility of a 
patient burn. In an embodiment Where PTC material layer 38 
is not utiliZed, the adhesive material layer 39 may be depos 
ited directly onto the patient-contacting surface 32. 
[0038] Referring to FIG. 5, another embodiment of the 
return electrode 6 is shoWn, Wherein the return electrode pad 
30 includes ?rst and second foil layers 72 and 74, respec 
tively, and a material layer 70 disposed therebetWeen. The 
return electrode 6 also includes the adhesive material layer 39 
on the patient-contacting surface 32. The foil layers 72 and 74 
are made from a suitable conductive material (e.g., metal) 
adapted to conduct the electro surgical energy from the surgi 
cal site to the generator 20. The material layer 70 acts as a 
dielectric material and separates the foil layers 72 and 74 from 
each other by a predetermined distance (e.g., thickness of the 
material layer 70) thereby isolating the foil layers 72 and 74 
and reducing the overall conductivity of the return electrode 
pad 30. 
[0039] The material layer 70 is formed from a material that 
changes from a solid state to a non-solid state (e.g., liquid) at 
a predetermined temperature such as Wax, temperature sen 
sitive gel, jelly, plastic, various fats, loW molecular Weight 
organic compounds, polymer hydrogel and the like. The 
material of the material layer 70 has a melting point that 
approximately coincides With the maximum safe tempera 
tureithe temperature above Which tissue damage starts to 
occur. A maximum safe temperature may be from about 40° 
C. to about 45° C. During normal operating temperatures 
(e.g., room temperature of about 20° C., body surface tem 
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perature of approximately 37° C.) the material layer 70 is in 
solid state but is ?exible enough to alloW for maximum con 
formity of the return electrode pad 30 to the patient. 
[0040] When the return electrode pad 30 reaches the maxi 
mum safe temperature, the material layer 70 begins melting 
and undergoes a transition from the solid state to a liquid state. 
As a result, the foil layers 72 and 74 come into electrical 
contact thereby increasing conduction therebetWeen. During 
operation, the impedance of the foil layers 72 and 74 is 
monitored. With increased conduction betWeen the foil layers 
72 and 74 impedance of the return electrode 30 drops. Moni 
toring the drop in impedance of the return electrode pad 30 
alloWs the generator 20 to provide a temperature increase 
Warning and/or adjust RF energy supply (e.g., shut off). 
[0041] In another embodiment, When the material layer 70 
is in a solid state, it provides an electrical interface betWeen 
foil layers 72 and 74. When the material layer 70 melts, it 
Would then increase resistance betWeen foil layers 72 and 74 
or break the electrical contact betWeen foil layers 72 and 74. 
This change, in turn, could be utiliZed to provide a tempera 
ture increase Warning and/or adjust RF energy supply (e.g., 
shut off). In still other embodiments, depending on the type of 
material used for material layer 70, the dielectric properties of 
material layer 70 could change With temperature, thus chang 
ing the value of capacitance betWeen foil layers 72 and 74. 
[0042] Referring to FIGS. 6A-C, another embodiment of 
the return electrode 6 is shoWn, Wherein a shape memory 
material layer 76 is disposed on top of the return electrode pad 
30 (e. g., the foil layer 72). The shape memory material layer 
76 may be formed from a suitable shape memory alloy includ 
ing shape memory metals such as nitinol, ?exinol and the like. 
Shape memory materials change conformation (e.g., shape) 
at predetermined temperatures. The temperature at Which the 
shape memory material reverts to its conformation is con 
trolled by varying the ratio of shape memory materials of the 
alloy. The shape memory material of the layer 76 is con?g 
ured to change shape at or around a maximum safe tempera 
ture, Which may be from about 40° C. to about 45° C. 

[0043] More particularly, shape memory alloys (SMAs) are 
a family of alloys having anthropomorphic qualities of 
memory and trainability. SMAs have been applied to such 
items as actuators for control systems, steerable catheters and 
clamps. One of the most common SMAs is Nitinol, Which can 
retain shape memories for tWo different physical con?gura 
tions and changes shape as a function of temperature. 
Recently, other SMAs have been developed based on copper, 
Zinc and aluminum and have similar shape memory retaining 
features. 
[0044] SMAs undergo a crystalline phase transition upon 
applied temperature and/or stress variations. A particularly 
useful attribute of SMAs is that after it is deformed by tem 
perature/ stress, it can completely recover its original shape on 
being returned to the original temperature. The ability of an 
alloy to possess shape memory is a result of the fact that the 
alloy undergoes a reversible transformation from an austen 
sitic state to a marteni stic state With a change in temperature/ 
stress. This transformation is referred to as a thermoelastic 
martenistic transformation. 
[0045] Under normal conditions, the thermoelastic mar 
tenistic transformation occurs over a temperature range, 
Which varies With the composition of the alloy, itself, and the 
type of thermal-mechanical processing by Which it Was 
manufactured. In other Words, the temperature at Which a 
shape is “memorized” by an SMA is a function of the tem 
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perature at Which the martensite and austenite crystals form in 
that particular alloy. For example, Nitinol alloys can be fab 
ricated so that the shape memory effect may occur over a Wide 
range of temperatures, e.g., —2700 to +1000 Celsius. 
[0046] Many SMAs are also known to display stress-in 
duced martensite (SIM) Which occurs When the alloy is 
deformed from its original austensitic state to a martenistic 
state by subjecting the alloy to a stress condition. 
[0047] The shape memory material layer 76 is constructed 
as an array of sWitching elements 78 as shoWn in FIGS. 6B-C. 
The sWitching elements 78 may be disposed on a suitable ?ex 
circuit (not explicitly shoWn) such as a ?exible holding sub 
strate 48 shoWn in FIG. 8B manufactured from a suitable 
substrate. The current ?oW to the sWitching elements 78 is 
provided by a poWer source (not explicitly shoWn), such as a 
loW voltage DC poWer source (e.g., battery, AC/DC trans 
former, poWer source 50 of FIG. 8A etc.). The sWitching 
elements 78 include ?rst and second sWitch components 77 
and 79 that are formed from the shape memory material of the 
layer 76. The sWitch components 77 and 79 form a circuit 
around a connector 80, Which may be a portion of the foil 
layer 76, ?ex circuit or any conducting strip of metal. 
[0048] Upon a change in temperature, the SMA of the 
material layer 76 transitions from an austensitic state to a 
martenistic state to actuate one or more of the sWitch compo 
nents 77 and 79 of the sWitching element 78. More speci? 
cally, at normal operating temperatures (e.g., up to 400 C.), 
the ?rst and second sWitch components 77 and 79 are in ?rst 
con?guration in relation to the connector 78. In the ?rst 
con?guration, the sWitch components 77 and 79 are arranged 
in a closed circuit, When the ?rst and second components 77 
and 79 are in contact With the connector 78, in Which case in 
the second con?guration the sWitch components 77 and 79 
conform to create an open circuit. When the temperature 
changes due to over heating of the return electrode pad 30, the 
sWitch components 77 and 79, change to the second con?gu 
ration, since the components are formed from a shape 
memory material. The ?rst con?guration may also be an open 
circuit con?guration, and hence, in the second con?guration, 
the sWitch components 77 and 79 are adapted to deform into 
a closed circuit con?guration. 

[0049] During operation, a loW DC voltage signal (e.g., 
from DC poWer source) is passed through the sWitching ele 
ments 78 to determine the state thereof, e.g., Whether the 
circuit is open or closed. When sWitching from the ?rst to the 
second con?guration occurs, the change in status of the 
sWitching elements 78 is indicative of a temperature increase 
above the maximum safe temperature. The status change is 
transmitted to the generator 20, Wherein an alarm is generated 
or an adjustment to the RF supply is made. 

[0050] FIG. 7 shoWs an embodiment of the return electrode 
6 including a ferromagnetic material layer 82 being disposed 
on top of the return electrode pad 30 (e.g., the foil layer 72). 
The ferromagnetic material (e.g., liquid) exhibits spontane 
ous magnetiZation beloW a speci?c temperature point, the 
so-called Curie temperature. Above this temperature, the fer 
romagnetic material ceases to spontaneously exhibit magne 
tiZation. A ferromagnetic material that has a Curie tempera 
ture at or about a maximum safe temperature (e.g., 45° C.) 
such as manganese arsenic may be used, such that When 
temperature increases beyond the maximum safe tempera 
ture, the ferromagnetic material loses the magnetic ?eld. The 
termination of the magnetic ?eld is used as an activation 
mechanism for actuating one or more temperature sensing 
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sWitches 84. The temperature sensing sWitches 84 may be 
magnetic ?eld activatable sWitches, such as reed sWitches. 
[0051] The temperature sensing sWitches 84 may be dis 
posed on a ?ex circuit (not explicitly shoWn), such as a ?ex 
ible holding substrate 48 shoWn in FIG. 8B manufactured 
from a suitable substrate. The current ?oW to the temperature 
sensing sWitches 84 is provided by a poWer source (not 
explicitly shoWn), such as a loW voltage DC poWer source 
(e.g., battery, AC/DC transformer, poWer source 50 of FIG. 
8A etc.). 
[0052] The temperature sensing sWitches 84 are con?gured 
to remain open When the magnetic ?eld is active (e.g., tem 
perature of the return electrode pad 6 is beloW the maximum 
safe temperature) and close once the ?eld terminates. The 
temperature sensing sWitches 84 may be substituted by mag 
netic ?eld sensors (not explicitly shoWn) that are con?gured 
to measure changes in the magnetic ?eld generated by the 
ferromagnetic material layer 82. This alloWs for more precise 
determination of temperature of the return electrode pad 30 as 
opposed to a binary sensing system discussed above With 
respect to the sWitches 84. The change in status of the tem 
perature sensing sWitches 84 and/or magnetic ?eld measure 
ments corresponding to temperature changes are transmitted 
to the generator 20, Wherein appropriate actions are per 
formed. 
[0053] FIGS. 8A-C shoWs the return electrode 6 including 
a temperature sensing circuit 40 disposed therein. The tem 
perature sensing circuit 40 includes one or more temperature 
sensor arrays 41 and 43 having at least one temperature sen 
sor. Contemplated temperature sensors include thermo 
couples, thermistors, semiconductor (e.g., silicon) diodes, 
transistors, ferrite materials and Hall effect devices. The tem 
perature sensing circuit 40 is disposed on a ?ex circuit (e.g., 
a ?exible holding substrate 48) manufactured from suitable 
substrate, such as a polyimide ?lm. Examples are ?lms sold 
under the trademarks MYLARTM and KAPTONTM and the 
like. 
[0054] The diodes 42 are connected in series With one or 
more current limiting resistors 44 and are utiliZed as tempera 
ture sensors. The resistor 44 is coupled in series With the diode 
42, having a resistance selected to set and limit the current 
?oWing through the diode 42 at a predetermined level. The 
current ?oW to the diodes 42 is provided by a poWer source 50, 
such as a loW voltage DC poWer source (e. g., battery, AC/DC 
transformer, etc.) connected in series With the diodes 42 and 
resistors 44 via interconnection Wires 46. The poWer source 
50 may be integrated into the generator 20 and draW poWer 
from the same source as the HVPS 27 (e. g., AC outlet). In one 
embodiment, interconnection of the diodes 42 and the resis 
tors 44 is achieved by deposition of metal traces on the hold 
ing substrate 48 and soldering of the diodes 42 and the resis 
tors 44 directly into the holding substrate 48. The holding 
substrate 48 may also electrically insulate the temperature 
sensing circuit 40 from the patient-contacting surface 32 to 
prevent RF energy being returned to the generator 20 from 
interfering With the circuit components. 
[0055] The diodes 42 are so called “forWard biased” such 
that current ?oWs initially through the resistor 44 and from the 
diode’s anode to the diode’s cathode. In a forWard biased 
diode 42, forWard voltage drop (V f) is produced that is in the 
range of about 0.5V to about 5V depending on the type of 
diode (e.g., light emitting diode). The forWard voltage is 
directly dependent on the temperature. In particular, as the 
temperature increases, the semiconductor material Within the 
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diode 42 undergoes changes in their valence and conduction 
bands and consequently Vf decreases. Thus, by keeping the 
current ?owing through the diode 42 constant via the resistor 
44 and measuring the forWard bias voltage alloWs for deter 
mination of the temperature of the diode 42. 
[0056] The Vf signal is transmitted through the intercon 
nection Wires 46 to the generator 20, Wherein the sensor 
circuit 22 analyzes the Vf to determine a corresponding tem 
perature value. As those skilled in the art Will appreciate, each 
of the interconnection Wires 46 may include a corresponding 
isolation circuit (e.g., optical couplers) to translate electric 
signals (e.g., Vf) across isolation barriers, thereby isolating 
the temperature sensing circuit 40 from the RF supply. 
[0057] The analysis process may include passing the Vf 
signals through an analog-to-digital converter and then mul 
tiplying the digitiZed Vf signal by a predetermined factor to 
arrive at a corresponding temperature value. The factor is 
derived empirically taking into consideration electrical prop 
erties of the diode 42, resistor 44 as Well as electrical proper 
ties of the current being passed therethrough. The tempera 
ture signal is then transmitted to the controller 24 Where it is 
further analyZed to determine appropriate action. For 
instance, comparing temperature measurements With a pre 
determined temperature threshold and adjusting or terminat 
ing the RF energy supply if the temperature measurement is 
larger than the predetermined threshold. 
[0058] Temperature across the patient-contacting surface 
32 may vary due to a number of factors (e.g., moisture con 
tent, adherence, etc.) affecting current density. Therefore, it 
may be desirable to measure temperatures at various points in 
the return electrode pad 3 0. Measuring temperature at various 
points alloWs for pinpointing the location of so-called “hot 
spots,” segments of the patient-contacting surface 32 Where 
current density exceeds that of the surrounding area and 
results in pad burn. Since measurement of Vf for each diode 
42 provides for determination of corresponding temperature 
at the location of the diode 42, placing the diodes 42 strate 
gically Within the return electrode pad 30 alloWs for monitor 
ing of temperature at those locations. 
[0059] With reference to FIG. 8A, each resistor 44 and 
diode 42 pair is disposed Within the conducting pad 30 such 
that the diode 42 provides temperature readings for a corre 
sponding temperature monitoring Zone 45. The siZe of the 
monitoring Zone 45 depends on the distance betWeen the 
diodes 42. The return electrode pad 30 may include any 
number of monitoring Zones 45 of varying siZes. Each diode 
42 is identi?ed by the sensor circuit 22 as being associated 
With a particular monitoring Zone 45 such that, When Vf 
signals are transmitted and subsequently converted into tem 
perature readings, the generator 20 provides temperature 
monitoring for each of the monitoring Zones 45. This data is 
utiliZed to instruct the user Which speci?c portion of the return 
electrode pad 30 includes a hot spot so that preventative 
action may be taken, if necessary. This may include automatic 
RF supply termination and/ or adjustment or manual termina 
tion of RF supply to ensure that the return electrode pad 30 
adheres properly to the patient at the identi?ed hot spot. 
[0060] FIG. 8C shoWs another embodiment of return elec 
trode 6 including a temperature sensing circuit 40 disposed on 
the return electrode pad 30. The temperature sensing circuit 
40 includes one or more transistors 150, each of Which is 
connected to a multiplexer 152. Similar to the diodes 42, the 
transistors 150 measure temperature as a function of the volt 
age drop Which occurs as a result of temperature variation at 
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the return electrode pad 30. The multiplexer 152 controls 
voltage ?oW to transistors 150, Which in response to the 
voltage signal transmit a return voltage signal representative 
of the temperature of the return electrode pad 30. The tran 
sistors 150 are coupled to the multiplexer 152 via a bus 154. 
The voltage from the transistors 150 is then transmitted to the 
sensor circuitry 22 of the generator 20 Which may be a tem 
perature sensor. 

[0061] FIGS. 9A-B shoWs an embodiment of return elec 
trode 6 that includes a temperature sensing circuit 90 dis 
posed on top of the return electrode pad 30. The temperature 
sensing circuit 90 includes a plurality of sWitching elements 
92 adapted to change impedance in response to temperature 
changes. One suitable type of sWitching elements 92 is a 
polymeric positive temperature coe?icient overcurrent pro 
tection (PPTCOP) device, such as POLYSWITCHTM, avail 
able from Raychem, a division of Tyco Electronics Corpora 
tion, located in Menlo Park, Calif. The sWitching elements 92 
are Wired in series and are disposed on a top surface of the 
return electrode pad 30 (e. g., on top of the foil layer 72). 
[0062] The sWitching elements 92 may also be disposed on 
a suitable ?ex circuit (not explicitly shoWn), such as the 
?exible holding substrate 48 shoWn in FIG. 8B manufactured 
from a suitable substrate. The current ?oW to the sWitching 
elements 92 is provided by a poWer source (not explicitly 
shoWn), such as a loW voltage DC poWer source (e. g., battery, 
AC/DC transformer, poWer source 50 of FIG. 8A etc.). 
[0063] During operation, an interrogatory signal (e.g., from 
poWer source 50) is transmitted through the temperature sens 
ing circuit 90 (e.g., interrogation current and/or voltage) to 
measure impedance and/ or current of the sWitching elements 
92. Measuring impedance of the temperature circuit 90 
alloWs for determination of corresponding temperature of the 
return electrode pad 30. PPTCOP devices are con?gured to 
sWitch off, thereby increasing impedance, at different rates 
depending on the temperature. More speci?cally, at loWer 
temperatures (e.g., about 400 C.) the PPTCOP devices turn 
off at a sloWer rate than at higher temperatures (e.g., about 45° 
C.). Therefore, duration of interrogation signals is adjusted to 
be of suf?cient length to make sure that the sensor circuit 90 
is interrogated properly. In other Words, an interrogation sig 
nal at loWer temperatures is longer since the activation time of 
the PPTCOP devices is sloWer than at higher temperatures, at 
Which the interrogation signal is shorter. 
[0064] The interrogation signal provides an interrogation 
circuit (e. g., generator 20) With the impedance measurement 
of the temperature sensing circuit 90. The generator 20 con 
verts the impedance data to corresponding temperature data 
and if the temperature is above a predetermined threshold 
(e.g., 45° C.), the generator 20 performs one or more appro 
priate actions (e.g., issues an alarm). 
[0065] With reference to FIGS. 10A-B, another embodi 
ment of the return electrode 6 having a temperature sensing 
circuit 100 disposed on top of the return electrode pad 30 is 
shoWn. The temperature sensing circuit 100 includes a ther 
mocouple matrix 102 that alloWs for monitoring of tempera 
ture across an entire surface of the return electrode pad 30. 
The thermocouple matrix 102 includes a plurality of metallic 
?laments or Wires disposed on top of the foil layer 72. More 
speci?cally, the thermocouple matrix 102 includes a ?rst 
plurality Wires 104 laid in a ?rst direction across the top 
surface of the foil layer 72 and a second plurality of Wires 106 
laid in a second direction, Which is substantially perpendicu 
lar to the ?rst direction. The ?rst plurality of Wires 104 are 
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made from copper and the like and the second plurality of 
Wires 106 are made from constantan and the like. Each of the 
?rst plurality of Wires 104 intersects With each of the second 
of plurality of Wires 106 at a plurality of junctions 108 thereby 
forming the thermocouple matrix 102. The junction 108 of 
?rst and second plurality of Wires 104 and 106 create a so 
called “Seebeck effect.” The voltage produced at the junction 
108 of tWo dissimilar metals changes directly With tempera 
ture. Different Wire type are chosen based on the metal’s 
ability to form different thermocouple junctions Which are 
knoWn to exhibit a given voltage at a given temperature. 
FolloWing combinations of Wires as shoWn in Table 1 may be 
used. 
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reduction in amount of circuit components necessary for the 
generator 20 and reduces high frequency leakage-to-ear‘th 
referenced circuits. 
[0070] The control circuit 51 includes an analog-to-digital 
converter 52, a digital-to-analog converter 54, a microproces 
sor 56, a DC-DC converter 58, a serial transceiver 57, and an 
optical coupler 59. Those skilled in the art Will appreciate that 
the control circuit 51 may include additional circuit compo 
nents, such as clocks, microcontrollers, cold junction com 
pensation With thermistor, resistors, capacitors, oscillators, 
?eld-programmable gate arrays, etc. The circuit components 
of the control circuit 51 are electrically insulated from the 
patient-contacting surface 32 via the substrate 48. Further, 

TABLE 1 

TYPE E TYPE I TYPE K TYPE R TYPE S TYPE T 

First 10% Nickel Iron 10% Nickel 13% Platinum 10% Platinum Copper 
Wires Chromium Chromium Rhodium Rhodium 
Second Constantan Constantan 5% Nickel Platinum Platinum Constantan 
Wires Aluminum 

Silicon 

[0066] As appreciated by those skilled in the art, the junc 
tions 108 represent the so-called “hot junctions,” Which alloW 
for relative temperature measurement of the return electrode 
pad 30 since each of the “hot junctions” are operatively con 
nected to a “cold junction” (not explicitly shoWn). During 
operation, a voltage is passed to each of the junctions 108. 
Each junction 108 is interrogated individually, Wherein the 
sWitching of the interrogation signal is performed by a suit 
able multiplexer (not explicitly shoWn) or a similar device. 
The interrogatory polling may be performed in a serial fash 
ion and the polling data is sent to the generator 20 or a control 
circuit disposed directly Within the return electrode pad 30 as 
shoWn in FIG. 11 and discussed in more detail beloW. 
[0067] A signal processor monitors the polling data for the 
junction 108 having the highest temperature. Thereafter, the 
temperature of the Warmest junction 108 is compared With the 
maximum safe temperature, Which is from about 400 to about 
45° C. Those skilled in the art Will appreciate that if the return 
electrode pad is of resistive type, heating thereof is more 
uneven than heating of capacitive type electrode pad. There 
fore, spacing betWeen junctions 108 is adjusted to accommo 
date various types of return electrode pads. 
[0068] FIG. 11 shoWs another embodiment of the return 
electrode pad 30 that includes a control circuit 51 disposed on 
?exible holding substrate 48. The control circuit 51 is coupled 
to the temperature sensing circuits disclosed in the above 
embodiments (e.g., temperature sensing circuits 40, 90 and 
100) and is con?gured to receive sensor signals therefrom. 
Other sensor circuits may be used in conjunction With the 
control circuit 51 and the discussion of the temperature sens 
ing circuit 40 represents one embodiment of the present dis 
closure. 

[0069] In particular, the control circuit 51 analyZes the sen 
sor signals and performs similar functions as the sensor cir 
cuit 22. Since processing of sensor signals occurs at the return 
electrode pad 30 this obviates the need for running the inter 
connection Wires 46 directly to the sensor circuit 22. Conse 
quently, isolation circuits for each of the interconnection 
Wires 46 are also no longer necessary. Placement of the con 
trol circuit 51 at the return electrode pad 30 also provides a 

since the holding substrate 48 includes metal traces deposited 
thereon, the circuit components are bonded directly thereto 
and holding substrate acts as an electrical interconnect 
betWeen the circuit components. 
[0071] The control circuit 51 and the temperature sensing 
circuit 40 are poWered by the poWer source 50, Which is 
coupled thereto via a poWer line 60. The poWer line 60 
includes one or more Wires adapted to transmit loWer voltage 
DC current. The DC-DC converter 58 adjusts the poWer from 
the poWer source 50 to suit the circuit components of the 
control circuit 51 and the temperature sensing circuit 40. 
[0072] The temperature sensing circuits 40, 90 and 100 
transmit corresponding voltage, current and/or impedance 
signals through the interconnection Wires 46 to the control 
circuit 51. The control circuit 51 analyZes the sensor signals to 
determine a corresponding temperature value. The sensor 
signals are initially passed through the A/D converter 52. 
Thereafter, the digitiZed sensor signals are analyZed by the 
microprocessor 56 (e.g., multiplying the digitiZed sensor sig 
nal by a predetermined factor to arrive at a corresponding 
temperature value) to obtained processed data (e. g., tempera 
ture values). Those skilled in the art Will understand that 
additional logic circuits may be included in the control circuit 
51, such as microcontrollers and ?eld-programmable gate 
arrays, depending on the complexity of computations being 
performed. 
[0073] The processed data is transmitted to the generator 20 
for further analysis via a data line 62. Prior to transmission, 
the temperature signals may be converted to analog signals 
for transmission via a serial data transfer protocol. This is 
accomplished via the D/A converter 54. The serial transceiver 
57 (e. g., universal asynchronous receiver/transmitter) estab 
lishes serial communications With its counterpart transceiver 
at the generator 20 and transmits the individual bits of pro 
cessed data in a sequential fashion. The signals carrying the 
processed data are passed through the optical coupler 59 
Which is connected to the data line 62. The optical coupler 59 
isolates the control circuit 51 from the RF supply by trans 
mitting the signals across an isolation barrier. It is envisioned 
that the optical data transmission methods utiliZing ?ber 
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optics may be used in place of the data line 62 to transfer data 
to the generator 20 from the control circuit 51. This eliminates 
electrical interference and RF leakage. The RF energy is 
returned to the generator 20 via a return line 64. The poWer 
line 60, the data line 62 and the return line 64 are enclosed 
Within the cable 8. 

[0074] In embodiments, the analog sensor signals from the 
temperature circuits 40, 90 and 100 may be transmitted to an 
analog MUX Which is coupled to a counter (not explicitly 
shoWn). These circuit components are con?gured to measure 
the voltage signal corresponding to the temperature readings 
and transmit the processed data to the generator 20. Further, 
With reference to the embodiment of temperature sensing 
circuit 100 shoWn in FIGS. 10A-B, the multiplexer or similar 
device suitable for rapid sWitching of interrogatory signals of 
the thermocouple matrix 102, may also be incorporated into 
the control circuit 51. 

[0075] At the generator 20, the processed data is then trans 
mitted to the controller 24 Where it is further analyZed to 
determine appropriate action. For instance, comparing tem 
perature measurements With a predetermined temperature 
threshold and adjusting or terminating the RF energy supply 
if the temperature measurement is larger than the threshold. 

[0076] The circuit components of the present disclosure are 
integrated directly into the return electrode pad 30. To mini 
miZe the cost of these pads, it is desirable to make the return 
electrode modular, Wherein the circuit components are reused 
from one procedure to the next. FIG. 12 shoWs a cross 
sectional side vieW of a modular return electrode pad 110 
Which includes the circuit components (e.g., control circuit 
51, temperature sensing circuits 40, 90 and 100, etc.) dis 
posed on a detachable substrate 112. The detachable substrate 
112 is con?gured to temporarily attach to disposable portion 
114 (shoWn in assembled con?guration in FIG. 12). More 
speci?cally, the disposable portion 114 includes the foil layer 
72 With the adhesive material layer 39 disposed on the bottom 
surface thereof. A second adhesive material layer 116 is dis 
posed on the top surface of the foil layer 72. The second 
adhesive material layer 116 is used to bond a removable 
release liner 118, Which secures the detachable substrate to 
the disposable portion 114. Further, the second adhesive 
material layer 116 also acts as a heat conductor. 

[0077] The detachable substrate 112 includes an insulative 
material layer 119 at the bottom surface thereof and the bot 
tom surface of the insulative material layer 119 is con?gured 
to selectively attach to the removable release liner 118. The 
insulative material layer 119 maybe formed from polyole?n, 
Mylar or other similar dielectric materials. During operation, 
the release liner 118 is removed exposing the adhesive mate 
rial layer 116 and the detachable substrate 112 is attached to 
the disposable portion 114 via the insulative material layer 
119 and the adhesive material layer 116. This con?guration 
alloWs for the detachable substrate 112 to be temporarily 
attached to the disposable portion 114 during electrosurgical 
procedures. Once the procedure is complete, the detachable 
substrate 112 is separated from the disposable portion 114. 
[0078] While several embodiments of the disclosure have 
been shoWn in the draWings and/or discussed herein, it is not 
intended that the disclosure be limited thereto, as it is 
intended that the disclosure be as broad in scope as the art Will 
alloW and that the speci?cation be read likeWise. Therefore, 
the above description should not be construed as limiting, but 
merely as exempli?cations of particular embodiments. Those 
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skilled in the art Will envision other modi?cations Within the 
scope and spirit of the claims appended hereto. 

What is claimed is: 
1. An electrosurgical return electrode, comprising: 
?rst and second ?exible conductive material layers; and 
a material layer disposed betWeen the ?rst and second 

conductive material layers, the material layer transition 
able betWeen a solid state and a non-solid state, the 
material layer being con?gured to melt upon an increase 
in temperature beyond a predetermined threshold, 
thereby increasing conductivity betWeen the ?rst and 
second conductive material layer. 

2. An electrosurgical return electrode according to claim 1, 
Wherein the material layer is formed from a material selected 
from the group consisting of fats, Wax, plastic, gel, jelly, and 
polymer hydrogel. 

3. An electrosurgical return electrode according to claim 1, 
Wherein the material layer is con?gured to remain substan 
tially in the solid state during a normal operating temperature 
to retain ?exibility of the ?rst and second conductive material 
layers. 

4. An electrosurgical return electrode according to claim 3, 
Wherein the normal operating temperature is in a range from 
about 20° C. to about 37° C. 

5. An electrosurgical return electrode according to claim 1, 
Wherein the material layer has a melting point that approxi 
mately coincides With the predetermined threshold. 

6. An electrosurgical return electrode, comprising: 
a return electrode pad having a patient-contacting surface 

con?gured to conduct electrosurgical energy; and 
a material layer disposed on the return electrode pad, the 

material layer including at least one sWitching element 
having at least one sWitch component formed from a 
shape memory material that transitions from an austen 
sitic state to a martenistic state upon a change in tem 
perature to actuate the at least one sWitch component of 
the at least one sWitching element. 

7. An electrosurgical return electrode according to claim 6, 
Wherein the shape memory material includes a shape memory 
alloy. 

8. An electrosurgical return electrode according to claim 7, 
Wherein the shape memory alloy is selected from the group 
consisting of nitinol and ?exinol. 

9. An electrosurgical return electrode according to claim 7, 
Wherein the ratio of the shape memory alloy is selected to be 
at a predetermined level such that the shape memory material 
layer is con?gured to remain in a ?rst shape at a ?rst tempera 
ture and deform to a second shape at a predetermined thresh 
old temperature. 

10. An electrosurgical electrode according to claim 6, 
Wherein actuation of the at least one sWitching element 
denotes an increase in temperature beyond a predetermined 
threshold. 

11. An electrosurgical return electrode, comprising: 
a return electrode pad having a patient-contacting surface 

con?gured to conduct electrosurgical energy; and 
a ferromagnetic material layer disposed on the return elec 

trode pad, the ferromagnetic material layer including a 
magnetic ?eld and at least one temperature sensing 
sWitch, the ferromagnetic material layer con?gured to 
lose magnetic ?ux at a predetermined temperature 
threshold thereby actuating the at least one temperature 
sensing sWitch. 
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12. An electrosurgical return electrode according to claim 
11, Wherein the ferromagnetic material layer is formed from 
manganese arsenic. 

13. An electrosurgical return electrode according to claim 
11, Wherein the at least one temperature sensing sWitch is 
selected from a reed sWitch and a magnetic ?eld sensor. 
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14. An electrosurgical electrode according to claim 11, 
Wherein actuation of the at least one temperature sensing 
sWitch denotes an increase in temperature beyond a predeter 
mined threshold. 
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