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ELECTROCHEMICAL PRESSURE TRANSDUCER

Cross-Reference To Related Applications

This application is based on, claims a priority bene it from, and

incorporates herein by reference U.S. Patent Application No. 61/705,494,

filed on September 25, 2012, and entitled "Electrochemical Pressure

Transducer."

Field Of The Invention

The invention is directed to an electrochemical pressure transducer.

Background Of The Invention

Assessing pressure and contact stress distributions between two adjacent

surfaces is a well established in biomechanics. Typical applications of

measuring the interface pressure include human-machine interfaces in

ergonomics, joint congruency studies in orthopedics, in-vitro cadaveric

experimentation and the design of Orthotic-Prosthetic devices.

The ability to reliably and reproducibly create a plurality of pressure

transducers for use in biomechanics would be an advance in the art.

Summary Of The Invention

An electrochemical sensor is presented. In certain embodiments,

Applicant's electrochemical sensor comprises a plurality of electrodes

screen printed onto a substrate, an elastomer disposed over the plurality of

screen printed electrodes wherein the elastomer comprises one or more

electroactive species disposed therein, and compressible material disposed

over said elastomer.

Brief Description Of The Drawings

The invention will be better understood from a reading of the following

detailed description taken in conjunction with the drawings in which like

reference designators are used to designate like elements, and in which:

FIG. 1 illustrates Applicant's electrochemical sensor in a non-compressed

configuration;

FIG. 2 illustrates Applicant's electrochemical sensor in a compressed

configuration;



[0009] FIG. 3 graphically illustrates the current produced by Applicant's

electrochemical sensor in both a non-compressed configuration and in a

compressed configuration;

[00010] FIG. 4 graphically illustrates a current versus time plot for one

embodiment of Applicant's electrochemical sensor when subjected to

various compressive forces;

[00011] FIG. 5 shows an assembly of nine electrochemical pressure sensors

disposed on a flexible substrate;

[00012] FIGs. 6A and 6B show a total of fourteen electrochemical sensors disposed

on a human hand; and

[00013] FIG. 6C shows a display device continuously providing graphical current

versus time plots for each of the fourteen electrochemical sensors of FIGs.

6A and 6B;

[00014] FIG. 7 shows cyclic voltammetry of the EM, including potassium

ferricyanide, potassium ferrocyanide, and PBS;

[00015] FIG. 8

[00016] FIG. 9 illustrates Amperometric I-T consistent, raw data which Applicants'

sensor is capable of recording;

[00017] FIG. 10A shows a calibration curve of current versus mass for the data of

FIG. 9;

[00018] FIG. 10B shows data wherein three current measurements at each mass

were averaged, and standard deviation bars;

[00019] FIG. 11A shows the data of FIG. 9 used to allow current to be measured

against force using Newton's second law; and

[00020] FIG. 11B FIG. 1 A shows the data of FIG. 9 used to allow current to be

measured against pressure;

Detailed Description Of The Preferred Embodiments

[00021] The invention is described in preferred embodiments in the following

description with reference to the Figures, i which like numerals represent

the same or similar elements. Reference throughout this specification to

"one embodiment," "an embodiment," or similar language means that a

particular feature, structure, or characteristic described in connection with



the embodiment is included in at least one embodiment of the present

invention. Thus, appearances of the phrases "in one embodiment," "in an

embodiment," and similar language throughout this specification may, but

do not necessarily, all refer to the same embodiment.

[00022] The described features, structures, or characteristics of the invention may

be combined in any suitable manner in one or more embodiments. In the

following description, numerous specific details are recited to provide a

thorough understanding of embodiments of the invention. One skilled in

the relevant art will recognize, however, that the invention may be

practiced without one or more of the specific details, or with other

methods, components, materials, and so forth. In other instances, well-

known structures, materials, or operations are not shown or described in

detail to avoid obscuring aspects of the invention.

[00023] The schematic flow charts included are generally set forth as logical flow

chart diagrams. As such, the depicted order and labeled steps are

indicative of one embodiment of the presented method. Other steps and

methods may be conceived that are equivalent in function, logic, or effect

to one or more steps, or portions thereof, of the illustrated method.

Additionally, the format and symbols employed are provided to explain

the logical steps of the method and are understood not to limit the scope of

the method. Although various arrow types and line types may be

employed in the flow chart diagrams, they are understood not to limit the

scope of the corresponding method. Indeed, some arrows or other

connectors may be used to indicate only the logical flow of the method.

For instance, an arrow may indicate a waiting or monitoring period of

unspecified duration between enumerated steps of the depicted method.

Additionally, the order in which a particular method occurs may or may

not strictly adhere to the order of the corresponding steps shown.

[00024] Applicant's electrochemical sensor comprises one or more electroactive

species in near vicinity to a surface of an electrode. As a concentration of

the electroactive species changes, under an applied voltage, a current (or

impedance) reading will change. In certain embodiments, Applicant's



electrochemical sensor comprises a hydrogel, polyurethane foam,

elastomeric polymer or similar species, impregnated with ionic

compounds, particles, springs, metals, or nanoparticles. When that loaded

polymeric material is placed under a force or pressure, such as a

compressive force, that force will "move" by physical displacement, the

ionic compounds closer to the sensor surface, and thereby, increase the

produced and measured current (or impedance).

[00025] Referring now to FIG. 1, Applicant's electrochemical sensor 100

comprises a substrate 105. electrodes 1 0 and 140 screen printed onto

substrate 05, a reference electrode 120 screen printed onto substrate 05,

elastomer 1 0 impregnated with ionic compounds or particles disposed

over electrode 130, and an polymeric material 0 disposed over

electrodes 120, 140, and elastomer 150. certain embodiments,

elastomer 0 comprises a polyurethane foam impregnated with

ferricyanide solution n phosphate buffered saline.

1000261 Referring now to FIGs. 1 and 2, when compressive force 2 10 is directed

downwardly to polymeric material 1 0, elastomer 150 of FIG. 1 is

flattened to the configuration of elastomer 250 in FIG. 2 . The border of

elastomer 250 is closer to electrode 140, and therefore, current flow

between electrode 130 and electrode 140 increases.

[00027] Referring now to FIG. 3, curve 305 shows a complex impedance, also

could be basal current. Curve portion 3 0 shows the current flow when

Applicant's electrochemical sensor is in the configuration of FIG. 1. Curve

portion 320 shows the current flow when Applicant's electrochemical

sensor is in the compressed configuration o FIG . 2. 1

[00028] Testing was performed using a styrene-ethylene-butylenes-styrene

copolymer coating 110 o top of polyurethane foam impregnated with

ferricyanide solution i phosphate buffered saline elastomer 150 on top of

commercially available screen printed electrodes 1 0 nd 140. FIG. 4

graphically illustrates an amperometric i*t for the above-described test

device.



[00029] Curve 410 shows an amperometric i*t observed when Applicant's

electrochemical sensor was subjected to a light tap. Curve 420 shows an

amperometric i* observed when Applicant's electrochemical sensor was

subjected to a light double tap. Curve 430 shows an amperometric i*t

observed when Applicant's electrochemical sensor was subjected to a

med tap. Curve 440 shows an amperometric i*t observed when

Applicant's electrochemical sensor was subjected to a hard tap. Curve 450

shows an amperometric i*t observed whe Applicant's electrochemical

sensor was subjected to a light triple tap. Curve 460 shows an

amperometric i*t observed when Applicant's electrochemical sensor was

again subjected to a hard tap.

[00030] FIG. 5 illustrates a assembly 500 comprising nine (9) individual

electrochemical sensors, namely sensors 100A, 10 , OOC, 100D, 100E,

100F, 100G, 1 0H. and 1001, disposed on a surface 5 10. Each of the nine

sensors is used to measure a degree (angle) and displacement of a finger

during a complex action, such as and without limitation, grasping a

unbalanced object. I certain embodiments, assembly 500 can be disposed

n a prosthetic device to provide biofeedback to a user.

[00031] FIGs. 6A and 6B illustrate a top view and a side view of hand 6 10,

respectively, wherein total fourteen (14) of Applicant's

electrochemical sensors 100 are disposed on hand 6 10 at various locations.

Each of the fourteen electrochemical sensors acts independently, and

signals are provided to display device 620. Display device 620 shows an

I*t plot for each of the fourteen sensors. When picking up an ob ject using

the thumb and index finger, display device 620 continuously indicates

where on the hand pressure is being exerted.

[00032] Referring to FIG. 7, illustrates that cyclic voltammetry continuously reads

current while applying a varied potential. At the peak current, a voltage

can be extracted and used as the current voltage in an Amperometric I-T.

[00033] An applied potential can be varied over time, with no pressure applied,

and the current measured to determine the oxidation and reduction peaks

specific material.



[00034] In FIG. 7, a reduction reaction occurred due to reducing agent, potassium

fcrrocyanide, which can be seen at the upper right portion of the figure.

There is one prominent reduction peak and a smaller second peak, which

could be related to the reaction's chemistry. It is possible that the reducing

agent, potassium ferrocyanide, donated two electrons at asynchronous

times. An oxidation peak o 0.45 V, seen at the lower l portion o the

figure, was extracted from this figure.

[00035] Referring to FIG. 8, determining an Amperometric l-T can be

accomplished using the device of FIG. 1. A constant voltage is applied to

the sensor so that only applied force is measured. By examining an

Amperometric l-T graph, the force applied at any specific time can be

deduced.

[00036] FIG. 9 shows Amperometric l-T consistent, raw data which the Applicants'

sensor is capable f recording. The data shows one-shot and sustained

hold (redox reaction), repeatability, and extensive range. Furthermore,

constant applied pressures can be seen and examined, as shown a the right

of FIG. 9.

[00037] The data of FIG. 9 was obtained at an initial voltage f 0.45V and the

sampling rate was 1 sample/s.\

[00038] FIGs. 10A shows a calibration curve of current versus mass for the data of

FIG. 9. A strong correlation value, 0.891 8, was calculated between mass

applied and current measured, thereby demonstrating a linear relationship

between the two variables. In FIG. 10B, three current measurements at

each mass were averaged. n addition, standard deviation bars are

displayed.

[00039] FIG. 1A shows the data of FIG. 9 used to allow current to be measured

against force using Newton's second law. FIG. IB FIG. 11A shows the

data of FIG. 9 used t allow current to b measured against pressure

[00040] FIGs. 1 A and 1IB demonstrates that Applicants' sensor can be applied to

many differing applications. Thus, Applicants' sensor can be used in

technologies in medical, engineering, and man other appliances.



[00041] Table 1 recites data for a Lower Limit of Detection (LLD) and an Upper

Limit f detection (ULD) using the data of FIG. 9 . I certain

embodiments, the LLD can be set at (3.3*std dev5A )/(slope of detection

line). I certain embodiments, the D can be set at L LD = (10*std

d v OA )/(slope of detection line).

[00042] The described features, structures, or characteristics of the invention may

be combined n any suitable manner in one or more embodiments. In the

above description, numerous specific details are recited to provide a

thorough understanding of embodiments f the invention. One skilled n

the relevant art will recognize, however, that the invention may be

practiced without one or more f the specific details, or with other

methods, components, materials, and so forth. In other instances, well-

known structures, materials, or operations arc not shown or described in

detail to avoid obscuring aspects of the invention. In other words, the

present invention may be embodied in other specific forms without

departing from its spirit or essential characteristics. The described

implementations are to be considered in all respects only as illustrative and

not restrictive. The scope the invention should, therefore, be

determined not with reference to the above description, but instead should

be determined with reference to the pending claims along with their full

scope or equivalents, and all changes which come within the meaning and

range of equivalency f the claims are to be embraced within their full

scope.



We claim:

1. An electrochemical sensor, comprising:

a substrate;

two electrodes screen printed onto said substrate;

an elastomer disposed over one of said plurality of screen printed electrodes;

one or more electroactive species disposed within said elastomer.

2 . The electrochemical sensor of claim 1, further comprising a polymeric

material disposed over said elastomer.

3 . The electrochemical sensor of claims 1 and 2, wherein said elastomer

is selected from the group consisting of a hydrogel, polyurethane foam and

compressible inks.

4 . The electrochemical sensor of claims 1, 2, and 3, wherein said one or

more electroactive species comprises an ionic compound.

. The electrochemical sensor of claim 1, wherein said sensor is

configured such that applying a voltage across said two electrodes causes a current to

flow between said two electrodes.

6 . The electrochemical sensor of claim 5, wherein said sensor is

configured such that exerting a force on said elastomer while applying said voltage

causes a change in said current.

7 . The electrochemical sensor of claim 1, wherein said sensor is

configured such that applying a voltage across said two electrodes results in a

measurable impedance between said two electrodes.

8 . The electrochemical sensor of claim 7, wherein said sensor is

configured such that exerting a force on said elastomer while applying said voltage

causes a change in said impedance.

9 . An electrochemical weight sensor, comprising:

a substrate;

two electrodes screen printed onto said substrate;

an elastomer disposed over one of said plurality of screen printed electrodes;

one or more electroactive species disposed within said elastomer.

10. The electrochemical weight sensor of claim 9, further comprising a

polymeric material disposed over said elastomer.



11. The electrochemical weight sensor of claims 9 and 10, wherein said

elastomer is selected from the group consisting of a hydrogel, polwrethane foam and

compressible inks.

12. The electrochemical weight sensor of claims 9, 10, and 11, wherein

said one or more electroactive species comprises an ionic compound.

13. The electrochemical weight sensor of claim 12, wherein said sensor is

configured such that applying a voltage across said two electrodes causes a current to

flow between said two electrodes.

14. The electrochemical weight sensor of claim 13, wherein said weight

sensor is configured such that placing a weight on said elastomer while applying said

voltage causes a change in said current, wherein said change in current varies linearly

with the mass of said weight.

15. The electrochemical weight sensor of claim 12, wherein said weight

sensor is configured such that applying a voltage across said two electrodes results in

a measurable impedance between said two electrodes.

16. The electrochemical weight sensor of claim 15, wherein said sensor is

configured such that placing a weight on said elastomer while applying said voltage

causes a change in said impedance, wherein said change in impedance varies linearly

with the mass of said weight.

17. An electrochemical pressure sensor, comprising:

a substrate;

two electrodes screen printed onto said substrate;

an elastomer disposed over one of said plurality of screen printed electrodes;

one or more electroactive species disposed within said elastomer.

18. The electrochemical pressure sensor of claim 1 , further comprising a

polymeric material disposed over said elastomer.

19. The electrochemical pressure sensor of claims 17 and 18, wherein said

elastomer is selected from the group consisting of a hydrogel, polyurethane foam and

compressible inks.

20. The electrochemical pressure sensor of claims 17, 18, and 19, wherein

said one or more electroactive species comprises an ionic compound.



2 1. The electrochemical pressure sensor of claim 20, wherein said sensor

is configured such that applying a voltage across said two electrodes causes a current

to flow between said two electrodes.

22. The electrochemical pressure sensor of claim 21, wherein said pressure

sensor is configured such that placing a force on said elastomer while applying said

voltage causes a change in said current, wherein said change in current varies linearly

with the said force measured in either psi or Newtons.

23. The electrochemical pressure sensor of claim 20, wherein said pressure

sensor is configured such that applying a voltage across said two electrodes results in

a measurable impedance between said two electrodes.

24. The electrochemical pressure sensor of claim 23, wherein said sensor

is configured such that placing a force on said elastomer while applying said voltage

causes a change in said impedance, wherein said change in impedance varies linearly

with said force measured in either psi or Newtons.
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