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(57) ABSTRACT 

A capacitive touch sensor is provided, The capacitive touch 
sensor includes a plate having an upper surface and lying in 
a plate plane. A generally planar, first electrode is spaced 
from the plate along an axis generally perpendicular to the 
upper surface of the plate. The first electrode movable with 
respect to the plate in response to a force. A plurality of 
second electrodes are interconnected to the plate and cir
cumferentially spaced about the axis. Each of the plurality of 
the second electrodes has a corresponding differential 
capacitance with the first electrode. The differential capaci
tances between the first electrode and the plurality of second 
electrodes vary in the response to the movement of the first 
electrode. 

22 Claims, 6 Drawing Sheets 
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CAPACITIVE TOUCH SENSOR 

FIELD OF THE INVENTION 

2 
plane. A generally planar, first electrode is spaced from the 
plate along an axis generally perpendicular to the upper 
surface of the plate. The first electrode movable with respect 
to the plate in response to a force. A plurality of second 

This invention relates generally to capacitive touch sen
sors, and in particular, to a flexible, three-axis, capacitive 
touch sensor that is capable of resolving normal pressure and 
tracking directional motion. 

5 electrodes are interconnected to the plate and circumferen
tially spaced about the axis. Each of the plurality of the 
second electrodes having a corresponding differential 
capacitance with the first electrode. The differential capaci
tances between the first electrode and the plurality of second 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

10 electrodes vary in the response to the movement of the first 
electrode. 

A dielectric layer extends between the plate and the first 
electrode and includes a plurality of dielectric posts. The 
dielectric posts flex in a direction corresponding to a direc-

As is known, physicians rely heavily on their ability to use 
tactile feedback during a clinical breast examination (CBE) 
in order to determine the presence of lumps, nodules and 
other tissue abnormalities that might be indicative of breast 
cancer. These types of examinations often include soft and 
hard presses of tissue to feel depth and palpations and 
squeezes of the tissue to feel the extent of the tissue's, mass. 
Hence, in order to properly tram medical residents to con
duct a CBE properly, training systems incorporating touch 
sensing technology have been developed. 

15 tion of the force applied to the first electrode. Each of the 
plurality of second electrodes is generally flat and lies in an 
electrode plane generally parallel to the plate plane. Each of 
the plurality of second electrodes has a generally square 
configuration. At least a portion of the first electrode is 

As is known, touch sensing technology is used in a variety 

20 moveable in an x-direction, a y-direction and a z-direction, 
wherein: the y-direction is generally parallel to axis; the 
x-direction is generally perpendicular to they-direction; and 
the z-direction is generally perpendicular to the x-direction 

of electronic products, including medical devices. In these 
types of training systems, it is highly desirable for the sensor 25 

to have the ability to track normal pressure exerted by a 
force, as well as, the direction and locus of movement of the 
force. For example, the force may take the form of a hand 

and the y-direction. 
In accordance with a further aspect of the present inven-

tion, a capacitive touch sensor is provided. The capacitive 
touch sensor includes a plate lying in a plate plane having a 
first set of electrodes supported on an upper surface thereof. 
Each electrode of the first set of electrodes is circumferen-of the physician during examination of a breast. However, 

current sensing solutions available to physicians are based 
on piezoelectric sensing schemes and are capable of mea
suring only normal pressure over a large area, but not 
directional changes. As a result, the sensors in current 
training systems are incapable of tracking motions, e.g. 
circular motions, which are critical to determine the size of 
a lump. Further, these sensors in current training systems 
also show hysteresis and are susceptible to drift due to 
temperature variations and external vibrations. 

30 tially spaced about an axis extending through the plate and 
is perpendicular to the upper surface. A generally planar, first 
electrode is spaced from the plate along the axis. The first 
electrode is movable with respect to each electrode of the 
first set of electrodes in response to a force and has a 

35 corresponding differential capacitance with each electrode 
of the first set of electrodes. The differential capacitances 
between the first electrode and each electrode of the first set 
of electrodes varies in the response to the movement of the 
first electrode. In order to overcome the challenges associated with 

piezoelectric sensing schemes in current naming systems, 40 

the use of capacitive touch sensor technology has been 
explored. A capacitive sensing solution is preferred because 
of its high sensitivity, low power consumption and low drift. 
Prior work in the area of flexible capacitive sensors has 
mainly focused on the electrode design for robotic tactile 45 

sensing. These capacitive sensors utilize a thin layer of an 
elastomer, e.g. polydimethylsiloxane (PDMS) or Ecoflex, as 
a dielectric layer, whose compression allows for the limited 
measurement of normal forces, and displacement allows for 
the measurement of shear to some extent. Deformation of an 50 

elastomeric thin film subjects the types, of capacitive sen
sors to intrinsic mechanisms, which results in long relax
ation times after compression. 

Therefore, it is a primary object and feature of the present 
invention to provide a flexible, three-axis, capacitive touch 55 

sensor that is capable of resolving normal pressure to and 
tracking directional motion. 

It is a further object and feature of the present invention 
to provide a flexible, three-axis, capacitive touch sensor that 
deforms easily and allows for a quick recovery from the 60 

deformation so as to improve the sensitivity thereof. 
It is a still further object and feature of the present 

invention to provide a flexible, three-axis, capacitive touch, 
sensor that is simple and inexpensive to manufacture. 

In accordance with the present invention, a capacitive 65 

touch sensor is provided. The capacitive touch sensor 
includes a plate having an upper surface and lying in a plate 

A dielectric layer extends between the plate and the first 
electrode, and includes a plurality of dielectric posts. The 
dielectric posts flex in a direction corresponding to a direc
tion of the force applied to the first electrode. Each electrode 
of the first set of electrodes is generally flat and lies in an 
electrode plane generally parallel to the plate plane. Each 
electrode of the first set of electrodes has a generally square 
configuration. At least a portion of the first electrode is 
moveable in an x-direction, y-direction and a z-direction, 
wherein: the y-direction is generally parallel to axis; the 
x-direction is generally perpendicular to they-direction; and 
the z-direction is generally perpendicular to the x-direction 
and the y-direction. 

In accordance with a still further aspect of the present 
invention, a method of tracking pressure exerted by and a 
locus of movement of a force is provided. The method 
includes the step of exerting a pressure on a sensor with the 
force. The sensor has a variable differential capacitance. The 
differential capacitance is varied in response to at least one 
of the pressure exerted by the force on the sensor and a locus 
of movement of the force along the sensor. 

The sensor includes a plate having an upper surface and 
lying in a plate plane. A generally planar, first electrode is 
spaced from the plate along an axis generally perpendicular 
to the upper surface of the plate. The first electrode is 
movable with respect to the plate in response to a force. A 
plurality of second electrodes are interconnected to the plate 
and are circumferentially spaced about the axis. Each of the 
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plurality of the second electrodes has a corresponding dif
ferential capacitance with the first electrode. The differential 
capacitances between the first electrode and each of the 
plurality of second electrodes vary in response to at the 
pressure exerted by the force on the first electrode and/or in 5 

response to the locus of movement of the force along the first 
electrode. 

FIG. 10a is a schematic view of the force in a fourth 
position engaging the capacitive touch sensor of the present 
invention; and 

FIG. 10b is a graphical representation of measured dif
ferential capacitances between the first electrode and the 
four base electrodes of the capacitive touch sensor of the 
present invention in response to the force in the fourth 
position engaging the capacitive touch sensor. The sensor also includes a dielectric layer extending 

between the plate and the first electrode and includes a 
plurality of dielectric posts. The dielectric posts flex in a 10 

direction corresponding to at least one of the pressure 
exerted by the force on the first electrode and the locus of 
movement of the force along the first electrode. At least a 
portion of the first electrode is moveable in an x-direction, 

15 
a y-direction and a z-direction, wherein: the y-direction is 
generally parallel to axis; the x-direction is generally per
pendicular to they-direction: and the z-direction is generally 
perpendicular to the x-direction and they-direction. 

DETAILED DESCRIPTION OF THE DRAWINGS 

Referring to FIGS. 1 and 3, a capacitive touch sensor in 
accordance with the present invention is generally desig
nated by the reference numeral 10. Touch sensor 10 includes 
an upper plate 12 is defined by base layer 14 fabricated from 
an insulating material. Base layer 14 includes an outer 
surface 16 and an inner surface 18. Copper layer 20 includes 
a first surface 22 bonded to inner surface 18 of base 14 in any 
conventional matter and an second surface 24. Copper layer 

BRIEF DESCRIPTION OF THE DRAWINGS 

The drawings furnished herewith illustrate a preferred 
construction of the present invention in which the above 
advantages and features are clearly disclosed as well as 
others which will be readily understood from the following 
description of the illustrated embodiment. 

In the drawings; 
FIG. 1 is schematic, isometric view of a capacitive touch 

sensor in accordance with the present invention; 
FIG. 2 is a schematic, top elevational view of the capaci

tive touch sensor of FIG. 1; 
FIG. 3 is a cross-sectional view of the capacitive touch 

sensor of the present invention taken along line 3-3 of FIG. 
1; 

FIG. 4 is a block diagram of the capacitive touch sensor 
of the present invention operatively connected to a control
ler; 

FIG. 5 is an isometric view of an upper plate of the 
capacitive touch sensor of the present invention; 

FIG. 6 is an isometric view of a lower plate of the 
capacitive touch sensor of the present invention; 

FIG. 7a is a schematic view of a force in a first position 
engaging the capacitive touch sensor of the present inven
tion; 

FIG. 7b is a graphical representation of measured differ
ential capacitances between a first electrode and four base 
electrodes of the capacitive touch sensor of the present 
invention in response to the force in the first position 
engaging the capacitive touch sensor; 

FIG. Sa is a schematic view of the force in a second 
position engaging the capacitive touch sensor of the present 
invention; 

FIG. Sb is a graphical representation of measured differ
ential capacitances between the first electrode and the four 
base electrodes of the capacitive touch sensor of the present 
invention in response to the force in the second position 
engaging the capacitive touch sensor; 

FIG. 9a is a schematic view of the force in a third position 
engaging the capacitive touch sensor of the present inven
tion; 

FIG. 9b is a graphical representation of measured differ
ential capacitances between the first electrode and the four 
base electrodes of the capacitive touch sensor of the present 
invention in response to the force in the third position 
engaging the capacitive touch sensor; 

20 20 defines a first electrode 28 is formed in upper plate 12 and 
line 38 extending therefrom. More specifically, first elec
trode 28 is defined by first and second sides 30 and 32, 
respectively, and first and second ends, 34 and 36, respec
tively. In the depicted embodiment, first electrode 28 has a 

25 square configuration. However, other configurations are 
possible, e.g, a circular configuration, without deviating 
from the scope of the present invention. Line 38 intercon
nects terminal 40 and first electrode 28. Terminal 40 is 
provided adjacent outer periphery 41 of upper plate 12 for 

30 reasons hereinafter described. Insulating coverlay 26 is 
provided over second surface 24 and copper layer 20 to 
prevent short circuits during operation of touch sensor 10, 
hereinafter described. 

35 

Referring to FIGS. 3 and 5, touch sensor 10 further 
includes a lower plate 42. Lower plate 42 is generally planar 
and perpendicular to a plate axis 43 extending through 
center 45 of first electrode 28, Lower plate 42 includes base 
layer 44 fabricated from an insulating material. Base layer 
44 includes an outer surface 46 and an inner surface 48. 

40 Lower plate 42 includes a plurality of base electrodes, e.g. 
base electrodes 58a-58d fabricated from a conductor, such 
as copper, are provided on inner surface 48 of base layer 44. 
For reasons, hereinafter described, it is contemplated for 
base electrodes 58a-58d to be circumferentially spaced 

45 about plate axis 43. It can be appreciated that the number of 
base electrodes 58a-58d circumferentially spaced about 
plate axis 43 may be varied without deviating from the scope 
of the present invention. 

Each base electrode 58a-58d is defined by first and second 
50 sides 60 and 62, respectively, and first and second ends, 64 

and 66, respectively. In the depicted embodiment, each base 
electrode 58a-58d has a square con figuration. However, 
other configurations, e.g, circular configurations, are pos
sible without deviating from the scope of the present inven-

55 tion. Lines 68a-68d and terminals 70a-70d are also provided 
on inner surface 48 of base layer 44. Lines 68a-68d inter
connect terminals 70a-70d to corresponding base electrodes 
58a-58d. Terminals 70a-70d are provided adjacent outer 
periphery 71 of base layer 44 for reasons hereinafter 

60 described. Insulating coverlay 47 is provided over on inner 
surface 48 of base layer 44, base electrodes 58a-58d and 
lines 68a-68d to prevent short circuits during operation of 
touch sensor 10, hereinafter described. 

Dielectric layer 72 is provided between upper and lower 
65 plates 12 and 42, respectively. It is intended for dielectric 

layer 72 to be deformable so as to allow upper plate 12 ( or 
a portion thereof to move in three dimensions with respect 
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to lower plate 42. More specifically, it is contemplated to 
fabricate dielectric layer 72 from a plurality of cylindrical 
posts 74 having circular cross, sections. However, posts 74 
may have other configurations without deviating from the 
scope of the present invention. Each cylindrical post 74 5 

includes an outer surface 76, an upper end 80 bonded to 
upper plate 12 and a lower end 78 bonded to lower plate 42. 
It can be appreciated that cylindrical posts 74 have sufficient 
deformability so as to compress along a y-axis coincident 
with plate axis 43 in response to a compressive force on 10 

upper plate 12 (and hence, first electrode 28) and/or flex 
along an x-axis, a z-axis or a combination thereof in 
response to a corresponding shear force on upper plate 12 
(an hence, first electrode 28), as hereinafter described, FIGS. 

6 
electrodes 58a-58d lied in a common plane which was 
spaced from the plane in which first electrode 28 lies by 2 
mm. The edges of each base electrodes 58a-58d are spaced 
from the edges of adjacent base electrodes 58a-58d by a 
distance of 4 mm. 

In operation, a constant force 75 of approximately 0: 17 
Newtons (N) was applied to outer surface 16 of upper plate 
12 along an axis coincident with plate axis 43, FIG. 7a. As 
best seen in FIG. 7b, the differential capacitance between 
first electrode 28 and each of base electrodes 58a-58d 
increased approximately 0:3 picofarads (pF). As force 75 
applied to upper plate 12 moves along outer surface 16 in a 
direction so as to overlap base electrode 58c, FIG. Sa. the 
differential capacitance between first electrode 28 and base 

7a, Sa, 9a and 10a. 15 electrode 58c increases, the differential capacitance between 
first electrode 28 and is base electrodes 58b and 58d remain As described, first electrode 28 and each base electrode 

58a-58d define a corresponding capacitor having a measure
able differential capacitance Cl, C2, C3 and C4, respec
tively, therebetween, FIG. 2. The differential capacitances 
between first electrode 28 and each base electrode 58a-58d 20 

are monitored by controller 82 which is operatively con
nected to terminal 40 by line 73 and to terminals 70a-70d by, 
lines 77a-77d, respectively, FIG. 4. The compression and/or 
flexing of dielectric layer 72, namely, cylindrical posts 74, in 
response to a compressive force 75 exerted on upper plate 12 25 

along an axis parallel to plate axis 43, FIG. 7a, and/or a shear 
force 75 exerted on upper plate 12, FIGS. Sa, 9a and 10a, 
causes the differential capacitances between first electrode 
28 and base electrodes 58a-58d to change. The change in 
differential capacitances between first electrode 28 and base 30 

electrodes 58a-58d is detected by controller 82. More spe
cifically, when a force parallel to plate axis 43 is applied to 
upper plate 12, FIG. 7a, to cylindrical posts 74 deform so to 
fill out the air gaps between adjacent cylindrical posts 74. As 

relatively constant and the differential capacitance between 
first electrode 28 and base electrode 58a decreases, FIG. Sb. 
The decrease in the differential capacitance value between 
first electrode 28 and base electrode 58a is a result of the 
increase in the distance between first electrode 28 and base 
electrode 58a, while the increase in differential capacitance 
between first electrode 28 and base electrode 58c is due to 
the increase in the overlap area between first electrode 28 
and base electrode 58c in the direction of the motion. 

Similarly, as force 75 applied to upper plate 12 moves 
along outer surface 16 in a direction so as to overlap base 
electrode 58b, FIG. 9a, the differential capacitance between 
first electrode 28 and base electrode 58b increases, the 
differential capacitances between first electrode 28 and base 
electrodes 58a and 58c approach their initial differential 
capacitances of 0:3 pF, and the differential capacitance 
between first electrode 28 and base electrode 58d decreases, 
FIG. 9b. The decreases in the differential capacitance values 
between first electrode 28 and base electrode 58c and 
between first electrode 28 and base electrode 58d are a result 
of the increase in the distance between first electrode 28 and 
base electrodes 58c and 58d, while the increase in differen
tial capacitances between first electrode 28 and base elec-

40 trade 58a and between first electrode 28 and base electrode 

a result, two effects that contribute to an increase in the 35 

differential capacitance between first electrode 28 and each 
base electrode 58a-58d, namely, the distance between first 
electrode 28 and each base electrode 58a-58d decreases and 
the effective permittivity of dielectric layer 72 increases. 
When a shear force alone or in combination with a com
pressive force 75 is applied to upper plate 12. FIGS. Sa, 9a 
and 10a, cylindrical posts 74 flex or move in a direction of 
the applied shear three and may compress in response to the 
compressive force. As a result, a larger portion of first 
electrode 28 overlaps at least one of base electrodes 58a-58d 45 

in the direction of applied shear force and a smaller portion 

58b are due to the increase in the overlap areas between first 
electrode 28 and base electrode 58a and between first 
electrode 28 and base electrode 58b in the direction of the 
motion. 

In a similar manner, as force 75 applied to upper plate 12 
moves along outer surface 16 in a direction so as to overlap 
base electrode 58a, FIG. lOa, the differential capacitance 
between first electrode 28 and base electrode 58a increases, 
the differential capacitances between first electrode 28 and 
base electrodes 58b and 58d approach their initial differen
tial capacitances of 0:3 pF, and the differential capacitance 
between first electrode 28 and base electrode 58c decreases, 
FIG. 10b. The decreases in the differential capacitance 
values between first electrode 28 and base electrode 58b and 

of first electrode 28 overlaps the other base electrodes 
58a-58d. Hence, the differential capacitance between first 
electrode 28 and the overlapped base electrodes 58a-58d 
increases, while the differential capacitance between first 50 

electrode 28 and the other base electrodes 58a-58d not in the 
direction of the shear force applied decreases. The change in 
differential capacitances between first electrode 28 and base 
electrodes 58a-58d is detected by controller 82. It can be 
appreciated that differences in the differential capacitances 
between first electrode 28 and each base electrode 58a-58d 
measured by controller 82 may be used to track the magni
tude and the trajectory of the force 75 applied to upper plate 
12. 

55 between first electrode 28 and base electrode 58c are a result 
of the increase in the distance between first electrode 28 and 
base electrodes 58b and 58c, while the increase in differen
tial capacitances between first electrode 28 and base elec
trode 58a and between first electrode 28 and base electrode 

60 58d are due to the increase in the overlap areas between first 
electrode 28 and base electrode 58c and between first 

In order to validate the performance of differential, 
capacitance touch sensor 10, an exemplary differential 
capacitance touch sensor was constructed. In the exemplary 
differential capacitance touch sensor 10, first electrode 28 
was fabricated to be general square and have a length of 7 
millimeters (mm) and a width of7 mm. Similarly, each base 65 

electrodes 58a-58d was fabricated to be generally square 
and have a length of 7 mm and a width of 7 mm. Base 

electrode 28 and base electrode 58d in the direction of the 
motion. 

It can be appreciated that if force 75 applied to upper plate 
12 moves along outer surface 16 in a direction so as to 
overlap base electrode 58d, the differential capacitance 
between first electrode 28 and base electrode 58d would 
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the x-direction is perpendicular to they-direction; and 
the z-direction is perpendicular to the x-direction and the 

y-direction. 

increases the differential capacitances between first elec
trode 28 and base electrodes 58a and 58c would approach 
their initial differential capacitances of 0:3 pF, and the 
differential capacitance between first electrode 28 and base 
electrode 58b would decrease. The decreases in the differ
ential capacitance values between first electrode 28 and base 
electrode 58a and between first electrode 28 and base 
electrode 58b would be a result of the increase in the 
distance between first electrode 28 and base electrodes 58a 

8. The capacitive touch sensor of claim 5 wherein at least 
5 a portion of the first electrode is moveable in an x-direction, 

and 58b, while the increase in differential capacitances 10 

between first electrode 28 and base electrode 58c and 
between first electrode 28 and base electrode 58d would be 
due to the increase in the overlapping areas between first 
electrode 28 and base electrode 58c and between first 
electrode 28 and base electrode 58d in the direction of the 15 

motion of force 75. 
Referring back to FIG. 4, the changes in differential 

capacitance may be detected by controller 82, as heretofore 
described, along with the accompanying variation in signal 
patterns as a result of the movement of force 75 along outer 20 

surface 16 of upper plate 12. Controller 82 may then be 
utilize such information to quantify the magnitude of the 
pressure exerted on upper plate 12 by force 75 and track 
directional motion of force 75 along outer surface 16 of 
upper plate 12. 25 

Various modes of carrying out the invention are contem
plated as being within the scope of the following claims 
particularly pointing and distinctly claiming the subject 
matter that is regarded as the invention. 

We claim: 
1. A capacitive touch sensor, comprising: 
a plate having an upper surface and lying in a plate plane; 
a planar, first electrode spaced from the plate along an axis 

30 

perpendicular to the upper surface of the plate, the first 
electrode movable in three dimensions with respect to 35 

the plate in response to a force having a magnitude and 
a trajectory applied to the first electrode; and 

a plurality of second electrodes interconnected to the plate 
and circumferentially spaced about the axis, each of the 
plurality of the second electrodes having a correspond- 40 

ing differential capacitance with the first electrode such 
that the differential capacitances between the first elec
trode and the plurality of second electrodes vary in the 
response to a movement of the first electrode; and 

a y-direction and a z-direction, wherein: 
the y-direction is parallel to axis; 
the x-direction is perpendicular to they-direction; and 
the z-direction is perpendicular to the x-direction and the 

y-direction. 
9. The capacitive touch sensor of claim 1 wherein each 

electrode of the first set of electrodes is flat and lies in an 
electrode plane parallel to the plate plane. 

10. The capacitive touch sensor of claim 9 wherein each 
electrode of the first set of electrodes has a square configu
ration. 

11. A capacitive touch sensor, comprising: 
a plate lying in a plate plane and having a first set of 

electrodes supported on an upper surface thereof, each 
electrode of the first set of electrodes being circumfer
entially spaced about an axis extending through the 
plate and being perpendicular to the upper surface; 

a planar, first electrode spaced from the plate along the 
axis, the first electrode: 
movable in three dimensions with respect to each 

electrode of the first set of electrodes in response to 
a force having a magnitude and a trajectory applied 
to the first electrode; and 

having a corresponding differential capacitance with 
each electrode of the first set of electrodes; 

wherein the differential capacitances between the first 
electrode and each electrode of the first set of elec
trodes varies in the response to a movement of the first 
electrode; and 

a controller operatively connected to the first electrode 
and the first set of electrodes for detecting variances in 
the differential capacitances, the controller configured 
to quantify the, magnitude and calculate the trajectory 
of the force applied to the first electrode in response to 
variances in the differential capacitances. 

12. The capacitive touch sensor of claim 11 further 
comprising a dielectric layer extending between the plate 
and the first electrode. 

13. The capacitive touch sensor of claim 12 wherein the 
dielectric layer includes a plurality of dielectric posts. 

14. The capacitive touch sensor of claim 13 wherein the 
dielectric posts flex in a direction corresponding to the 
trajectory of the force applied to the first electrode. 

a controller operatively connected to the first electrode 45 

and the plurality of second electrodes for detecting 
variances in the differential capacitances, the controller 
configured to quantify the magnitude and calculate the 
trajectory of the force on the first electrode in response 15. A method of tracking pressure exerted by and locus of 

50 movement of a force, comprising the steps: to the variances in the differential capacitances. 
2. The capacitive touch sensor of claim 1 further com

prising a dielectric layer extending between the plate and the 
first electrode. 

3. The capacitive touch sensor of claim 2 wherein the 
dielectric layer includes a plurality of dielectric posts. 

4. The capacitive touch sensor of claim 3 wherein the 
dielectric posts flex in a direction corresponding to the 
trajectory of the force applied to the first electrode. 

55 

5. The capacitive touch sensor of claim 1 wherein each of 
the plurality of second electrodes is flat and lies in an 60 

electrode plane parallel to the plate plane. 
6. The capacitive touch sensor of claim 5 wherein each of 

the plurality of second electrodes has a square configuration. 
7. The capacitive touch sensor of claim 5 wherein at least 

a portion of the first electrode is moveable in an x-direction, 65 

a y-direction and a z-direction, wherein: 
the y-direction is parallel to axis; 

exerting a pressure on a sensor with the force, the sensor 
having a variable differential capacitance; 

varying the differential capacitance in response to the 
pressure exerted by the force on the sensor and a locus 
of movement of the force along the sensor; and 

quantifying a magnitude of the pressure exerted on the 
sensor by the force and calculating a trajectory of the 
force in response to variances in the differential capaci
tance. 

16. The method of claim 15 wherein the sensor includes: 
a plate having an upper surface and lying in a plate plane; 
a planar, first electrode spaced from the plate along an axis 

perpendicular to the upper surface of the plate, the first 
electrode movable with respect to the plate in response 
to the force; and 

a plurality of second electrodes interconnected to the plate 
and circumferentially spaced about the axis, each of the 
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plurality of the second electrodes having a correspond
ing differential capacitance with the first electrode. 

17. The method of claim 16 wherein the differential 
capacitances between the first electrode and each of the 
plurality of second electrodes vary in response to at the 5 

pressure exerted by the force on the first electrode. 
18. The method of claim 17 wherein the differential 

capacitances between the first electrode and each of the 
plurality of second electrodes vary in response to the locus 
of movement of the force along the first electrode. 10 

19. The method of claim 16 wherein the sensor further 
includes a dielectric layer extending between the plate and 
the first electrode. 

20. The method of claim 19 wherein the dielectric layer 
includes a plurality of dielectric posts. 15 

21. The method of claim 20 comprising the additional 
steps of flexing the dielectric posts in a direction correspond
ing to at least one of the pressure exerted by the force on the 
first electrode and the locus of movement of the force along 
the first electrode. 20 

22. The method of claim 16 wherein at least a portion of 
the first electrode is moveable in an x-direction, a y-direction 
and a z-direction, wherein: 

the y-direction is parallel to axis; 
the x-direction is perpendicular to the y-direction; and 25 

the z-direction is perpendicular to the x-direction and the 
y-direction. 

* * * * * 

10 


