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(57) ABSTRACT 

A force sensor for sensing a touch force applied to a touch 
surface is disclosed. The force sensor includes: a ?rst 
element including an elastic element and a ?rst capacitor 
plate having a ?rst capacitive surface, the elastic element 
including at least part of the ?rst capacitor plate; and a 
second element including a second capacitor plate opposed 
to the ?rst capacitor plate; Wherein transmission of at least 
part of the touch force through the elastic element contrib 
utes to a change in capacitance betWeen the ?rst capacitor 
plate and the second capacitor plate. The elastic element and 
the ?rst capacitor plate may be integral. Other force sensors 
and methods for manufacturing said force sensors are also 
disclosed. Touch location devices suitable for use With the 
disclosed force sensors are also disclosed. 
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METHOD AND APPARATUS FOR FORCE-BASED 
TOUCH INPUT 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is related to concurrently ?led and 
commonly oWned patent application entitled “Tangential 
Force Control in a Touch Location Device,” hereby incor 
porated by reference in its entirety. 

BACKGROUND 

[0002] 1. Field of the Invention 

[0003] The present invention relates to touch sensors and, 
more particularly, to force sensing touch location devices. 

[0004] 2. Related Art 

[0005] The ability to sense and measure the force and/or 
location of a touch applied to a surface is useful in a variety 
of contexts. As a result, various systems have been devel 
oped in Which force sensors are used to measure properties 
of a force (referred to herein as a “touch force”) applied to 
a surface (referred to herein as a “touch surface”). Force 
sensors typically generate signals in response to the touch 
force that may be used, for example, to locate the position 
on the touch surface at Which the touch force is applied. A 
number of particular implementations of this approach have 
been proposed, such as that described by Peronneau et al. in 
US. Pat. No. 3,657,475. 

[0006] Such touch location is of particular interest When 
the touch surface is that of a computer display, or that of a 
transparent overlay in front of a computer display. Further 
more the need for small, lightWeight, and inexpensive 
devices that are capable of performing touch location is 
increasing due to the proliferation of mobile and handheld 
devices, such as personal digital assistants (PDAs). The 
touch screens Which perform this function may be built With 
a number of possible technologies. In addition to the force 
principle just mentioned, capacitive, resistive, acoustic, and 
infrared techniques are among those that have been used. 

[0007] The force principle has some strong potential 
advantages over these competing techniques. Since force 
techniques may be applied to any overlay material, or indeed 
to the entire display itself, there is no need to interpose 
materials or coatings With loW durability or poor optical 
properties. Also, since force is the basis of perceived touch, 
there is no problem With sensitivity seeming unpredictable 
to the user. With capacitive measurement, for instance, touch 
threshold varies With the condition of the user’s skin, and 
With interposed materials, such as a glove. Stylus contact 
typically gives no response. With resistive measurement, 
threshold force depends upon the siZe of the contact area, 
and so is very different betWeen stylus and ?nger. Acoustic 
measurement depends upon the absorptive characteristics of 
the touching material; and With infrared, a touch may 
register When there has been no contact. 

[0008] In spite of these advantages of force-based tech 
nologies, resistive and capacitive technologies have domi 
nated in the touch screen market. This re?ects residual 
dif?culties With knoWn force techniques, Which must be 
overcome to realiZe the potential of force technology. 
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[0009] Among these difficulties are: 

[0010] Excessive force sensor siZe—especially Width 
and thickness. 

[0011] Excessive sensitivity to transverse forces, 
leading to inaccuracy. 

[0012] Excessive force sensor cost and complexity. 

[0013] Excessive sensitivity to deformations of the 
touch surface or its supporting structure, leading to 
inaccuracy. 

[0014] The need to keep the touch surface mechani 
cally independent of the application beZel that 
encloses the touch surface, Which makes it dif?cult to 
integrate the touch screen into the larger structure, 
and makes it dif?cult to provide a good liquid and 
dust seal. 

[0015] In modern touch applications, it is extremely 
important that provisions for touch force location and/or 
measurement not increase the siZe nor dictate the appearance 
of the touch-equipped device. This is especially true in 
portable and handheld applications. Conventional force sen 
sors of the type required are typically much thicker than 
resistive or capacitive ?lms, thereby potentially increasing 
the thickness of devices that incorporate such force sensors 
compared to devices that incorporate resistive or capacitive 
sensors. Since conventional force sensors of the type 
required cannot easily be made transparent, they cannot be 
placed in front of an active display area. As a result, devices 
including such conventional force sensors must typically be 
made Wider than a resistive- or capacitive-based device to 
accommodate the force sensors. Thus force-based touch is 
potentially disadvantageous With respect both to overall 
device thickness and Width, When compared to other kinds 
of conventional touch sensors. 

[0016] Thus it is seen that the prior art fails to teach hoW 
force sensors may be made sufficiently narroW, thin, and 
inexpensive. 
[0017] A touch force applied to a touch surface has both a 
component that is normal to the touch plane (the “perpen 
dicular component”) and a component that is parallel to the 
touch plane (the “tangential component”). The presence of a 
tangential component can introduce errors in the computed 
touch location. Various techniques for reducing the errors 
introduced by tangential forces are described in more detail 
in the co-pending application entitled “Tangential Force 
Control in a Touch Location Device.” 

[0018] In many applications it may be desirable for an 
application beZel to press ?rmly around the edges of a 
touch-equipped display or display overlay module. This 
arrangement provides a dust and/or liquid seal, and may also 
serve to stiffen and align the beZel. With force-sensing 
touch-location devices, hoWever, the beZel does not typi 
cally rest directly against a force sensitive structure, since 
the variable handling forces thereby transmitted Would inter 
fere excessively With touch location accuracy. The prior art 
does not teach satisfactory methods for sealing, nor for 
suf?ciently diverting beZel forces in force-based based touch 
systems. 

SUMMARY 

[0019] In one of its aspects, the invention provides a novel 
capacitive force sensor. The sensor comprises a principal 
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element, and an essentially planar support. The principal 
element combines the functions of elastic energy storage and 
one capacitor plate, and may be as simple as a plane 
rectangle of thin spring metal. As described in more detail 
beloW, the sensor may be implemented With a small number 
of mechanical parts and a very small capacitive gap, making 
the sensor easy and inexpensive to manufacture and making 
the sensor particularly applicable for use in mobile and 
handheld devices. It should be stressed, hoWever, that sen 
sors made in accordance With the invention may be of great 
advantage in a Wide range of devices, siZes, and applica 
tions. To date, they have been successfully used in devices 
With a Working diagonal of from 4“to 15“, and supported 
touch surface assemblies Weighing from 0.6 ounces to 
nearly 4 pounds. 

[0020] For example, in one aspect of the invention, a force 
sensor for sensing a touch force applied to a touch surface 
is provided. The force sensor comprises: a ?rst element 
including an elastic element and a ?rst capacitor plate 
having a ?rst capacitive surface, the elastic element includ 
ing at least part of the ?rst capacitor plate; and a second 
element including a second capacitor plate opposed to the 
?rst capacitor plate; Wherein transmission of at least part of 
the touch force through the elastic element contributes to a 
change in capacitance betWeen the ?rst capacitor plate and 
the second capacitor plate. Various other force sensors are 
also provided, as described in more detail beloW. 

[0021] In yet another aspect of the invention, a force 
sensing touch location device is provided. The force sensing 
touch location device comprises: a touch surface; a beZel 
enclosing a ?rst portion of the touch surface; and force 
transmission means including an enclosing portion enclos 
ing a second portion of the touch surface, said force trans 
mission means having a stiffness greater than that of the 
beZel, Wherein the force transmission means includes a path 
to transmit force from the beZel to a region not including the 
touch surface. 

[0022] In a further aspect of the invention, a force sensing 
touch location device is provided. The force sensing touch 
location device comprises: a touch surface de?ning a touch 
plane; a ?rst rigid member; a contoured ?rst ?lm coupled to 
the touch surface and the ?rst rigid member to form a ?rst 
seal therebetWeen, the contoured ?rst ?lm being compliant 
along an axis normal to the touch plane. 

[0023] In another aspect of the invention, a method is 
provided for measuring a touch force applied to a touch 
surface using one of the force sensors described herein. The 
method comprises a step of developing a signal based on the 
change in capacitance betWeen the ?rst capacitor plate and 
the second capacitor plate of the force sensor. The amplitude 
of the signal may be a monotonic function of the change in 
capacitance betWeen the ?rst capacitor plate and the second 
capacitor plate. The method may include a step of measuring 
a property of the touch force, such as the amplitude of a 
component of the touch force that is perpendicular to the 
touch surface, based on the signal. 85. The method may 
include a step of measuring a location on the touch surface 
at Which the touch force is applied. 

[0024] In yet another aspect of the invention, a method is 
provided for separating a ?rst capacitor plate from a second 
capacitor plate in a force sensor by a desired volume. The 
method comprises steps of: disposing a separator betWeen a 
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support surface and a principal element including the ?rst 
capacitor plate to maintain a separation of at least the desired 
volume betWeen the ?rst capacitor plate and the second 
capacitor plate; coupling at least one region of the principal 
element to at least one region of the support surface; and 
removing the separator, Whereby the ?rst capacitor plate and 
the second capacitor plate remain separated by at least the 
desired volume in an unloaded state of the force sensor. The 
support surface may, for example, be the second capacitor 
plate. 
[0025] In a further aspect of the invention, a method is 
provided for separating a ?rst capacitor plate from a second 
capacitor plate in a force sensor by a desired volume. The 
method comprises steps of: disposing a predetermined sub 
strate containing particles of controlled siZe betWeen a 
support surface and a principal element including the ?rst 
capacitor plate to produce a separation of at least the desired 
volume betWeen the ?rst capacitor plate and the second 
capacitor plate; and coupling at least one region of the 
principal element to at least one region of the support surface 
to maintain the separation of at least the desired volume 
betWeen the ?rst capacitor plate and the second capacitor 
plate. 
[0026] In another aspect of the invention, a method for 
manufacturing a force sensor is provided. The method 
comprises steps of: selecting a principle element including a 
substantially ?at surface and a ?rst capacitive surface; 
disposing the ?rst capacitive surface in opposition to a 
second capacitive surface; and forming an elevated elastic 
feature into the substantially ?at surface, Whereby transmis 
sion of a force through the elevated elastic feature contrib 
utes to a change in capacitance betWeen the ?rst capacitor 
plate and the second capacitor plate. 

[0027] In another aspect of the invention, a force sensing 
touch location device is provided. The force sensing touch 
location device comprises: a touch surface structure to 
Which a touch force may be applied, the touch force includ 
ing a perpendicular component that is perpendicular to a 
touch surface of the touch surface structure and a tangential 
component that is tangential to the touch surface of the touch 
surface structure; a supporting structure; at least one force 
sensor, in communication With the touch surface and the 
supporting structure, to measure properties of the touch 
force; lateral restraint means, in contact With both the touch 
surface structure and the supporting structure, for impeding 
lateral motion of the touch surface structure Without sub 
stantially impeding transmission of the perpendicular com 
ponent of the touch force through the at least one force 
sensor. 

[0028] Other features and advantages of various embodi 
ments of the present invention Will become apparent from 
the folloWing description and from the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] FIG. 1A is an exploded draWing of a touch screen 
module of a ?rst preferred embodiment, as might be used 
against the face of a separate LCD module. 

[0030] FIG. 1B is a partial cross-section of the module of 
FIG. 1A, intersecting the center of a sensor. 

[0031] FIG. 2 is a cross sectional vieW of a ?rst embodi 
ment, in a typical application installation. 
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[0032] FIG. 3 is a cross sectional vieW of a second 
embodiment, in a typical application installation. 

[0033] FIG. 4 is a partially schematic cross-sectional vieW 
of a general touch-locating system, illustrating reduction of 
tangential force errors according to one embodiment of the 
invention. 

[0034] FIGS. 5A through 5C provide partial cross sec 
tional vieWs illustrating the use of a ?at suspension ?lm or 
beam used as a lateral stiffening means. 

[0035] FIG. 6 is a partial cross sectional vieW of a lateral 
stiffening and/or lateral restraint means With extended range 
of vertical motion, and directionally selective lateral stiff 
ening. 
[0036] FIGS. 7A through 7C are partial cross sectional 
vieWs of further variations on the lateral stiffening means. 

[0037] FIG. 8 is a partial cross sectional vieW of a touch 
system With a ?eld-replaceable touch surface protector and 
liquid/dust seal. 

[0038] FIG. 9A is a cross sectional vieW of a larger sensor 
of a type built in accordance With the invention. 

[0039] FIG. 9B is an exploded perspective vieW of the 
sensor assembly of FIG. 9A. 

[0040] FIG. 10A is a cross sectional vieW of a smaller 
sensor of a type built in accordance With the invention. 

[0041] FIG. 10B is an exploded perspective vieW of the 
sensor assembly of FIG. 10A. 

[0042] FIG. 11 is a vertically exaggerated cross section of 
a sensor variation employing a nonuniform gap, built in 
accordance With one embodiment of the present invention. 

[0043] FIGS. 12A through 12D are plan vieWs depicting 
possible variations in the outline and mounting arrangement 
of principal elements of sensors according to embodiments 
of the invention. 

[0044] FIGS. 13A and 13B are vertically exaggerated 
cross sections depicting possible variations in the thickness 
distribution of principal elements of sensors according to 
embodiments of the invention. 

[0045] FIG. 14A is a plan vieW of a sensor variation 
employing a principal element With simply supported ends, 
according to embodiments of the invention. 

[0046] FIG. 14B is a side vieW of the plastic spacer used 
in the sensor variation of FIG. 14A. 

[0047] FIG. 14C is a partial cross-sectional vieW of a 
touch location device employing variations of aspects of the 
invention, including the sensor variation of FIG. 14A. 

[0048] FIGS. 15A and 15B are exploded and cross 
sectional vieWs, respectively, of a sensor variation incorpo 
rating nonmetallic elastic portions, according to embodi 
ments of the invention. 

[0049] FIG. 15C is a cross-sectional vieW of a related 
sensor variation incorporating nonmetallic elastic portions, 
according to one embodiment of the invention. 

DETAILED DESCRIPTION 

[0050] In one of its aspects, the invention provides a novel 
capacitive force sensor. As described in more detail beloW, 
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the sensor may be implemented With a small number of 
mechanical parts and a very small capacitive gap, making 
the sensor easy and inexpensive to manufacture and making 
the sensor Widely applicable, but particularly so for use in 
mobile and handheld devices. The sensor comprises a prin 
cipal element, and an essentially planar support. The prin 
cipal element combines the functions of elastic energy 
storage and one capacitor plate, and may be as simple as a 
plane rectangle of thin spring metal. The principal element 
is held in close parallel alignment With the essentially planar 
support by mechanical contacts at one or more bearing 
points or areas. These may be under the tWo ends of the 
rectangular principal element, though many other arrange 
ments, such as cantilever, cross, disk, etc., Will readily occur 
to one of ordinary skill in the art, and are Within the scope 
of the invention. The support also bears a thin conductive 
region opposed to a portion of the principal element aWay 
from the contacts, Which functions as a second capacitor 
plate, or counter electrode. The mechanical contacts may 
provide either simple, or clamped support to the principal 
element, vieWed as a load bearing beam. The contacts 
hoWever, should be designed to minimiZe dissipative or 
frictional effects. The principal element receives forces 
through an upper loading contact, at a point or area opposite 
the counter electrode. Components of force perpendicular to 
the support surface de?ect the principal element so as to 
change the distance separating it from the counter electrode, 
thus altering the capacitance therebetWeen. If the mechani 
cal contacts provide clamped end constraint, it is desirable 
that this be stiff; that is, most of the distance change 
occasioned by a force should be due to ?exure of the 
principal element, rather than tWisting of the mechanical 
contact areas. Although cleanly elastic clamped end con 
straints may be tolerable, Where they engender only a 
systematic change in sensitivity, better reproducibility and 
freedom from hysteresis usually may be obtained if the end 
constraints are stiff clamped end constraints, or fully ?exible 
simple supports, such as pivots. 

[0051] The essentially planar support surface may be part 
of an interconnect system, such as a printed Wiring board or 
?exible circuit With appropriate stiffeners. The counter elec 
trode may comprise a land, or foil, Within the context of such 
an interconnect. The mechanical contacts may also consti 
tute electrical contacts, and may be accomplished by sol 
dering the ends of the principal element to other lands in the 
support plane. 

[0052] Force may be measured as the ratio of an exciting 
AC voltage to the current it forces through the sensor. As a 
matter of practice, a constant current may be applied by a 
feedback circuit, and the exciting voltage measured (as in 
Roberts, US. Pat. No. 5,376,948); or a constant exciting 
voltage may be applied, and the reciprocal of the resulting 
current computed. The latter method may enable use of a 
someWhat simpler interconnect, and provides a someWhat 
more convenient opportunity for subtracting off estimates of 
?xed strays Which might otherWise degrade linearity of 
response. The force-responsive signals derived from the 
force sensors may be processed to yield touch location 
information in accordance With principles knoWn in the art. 

[0053] The curvature resulting from ?exure of the princi 
pal element is not ideal, but by con?ning the counter 
electrode to an area near the center of the principal element, 
potential nonlinearities of response may be reduced to a 
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level acceptable for use in a touch locating application. 
Other provisions for improved linearity may also be made, 
as described beloW. 

[0054] A force sensor has a direction of sensitivity, such 
that a translational force of given magnitude creates greatest 
output When applied in that direction, and no output When 
applied at right angles to that direction. A displacement 
sensor has an analogous direction of sensitivity With respect 
to applied pure translational displacements. A force sensor is 
said herein to have an axis of sensitivity that passes through 
its elastic center in its direction of sensitivity. A displace 
ment sensor may be taken to have an axis of sensitivity lying 
in its direction of sensitivity, and so located that relative 
rotation of the tWo sides about points in the axis tend to 
produce no output. 

[0055] It is desirable that a force sensor have a precisely 
determined axis of sensitivity, and that this axis be easily and 
precisely aligned, as desired, With respect to the enclosing 
application. The thin, planar nature of the sensor provided in 
various embodiments of the invention satis?es this need 
naturally. It is also desirable for the force sensor to be 
unresponsive to any moment couples passing through it. For 
a force sensor comprising a displacement sensor sensing the 
displacement across an elastic means, this requires that the 
displacement sensor’s axis of sensitivity pass through the 
elastic center of the elastic means. Sensors provided in 
various embodiments of the invention accomplish this goal 
by making the principal element and its contacts symmetri 
cal under a 180 degree rotation about the axis of sensitivity. 

[0056] Potential moment sensitivity may be further 
reduced by providing a rotational softener at the loading 
contact. A bump, or other elevated central feature in the 
principal element, may serve as a pivot providing this 
function. Locating this feature in the principal element itself 
has the further advantage of providing the force sensor With 
a determined sensitivity. When force is transmitted from an 
overlying surface contacting the bump, changes in relative 
alignment leave the region of load transmission unchanged 
With respect to the force sensor. 

[0057] Forces and moments may be transmitted through a 
sensor that are not those the sensor is intended to measure. 

If the sensor is not perfectly constructed and aligned, it may 
have some sensitivity to these, leading to errors of measure 
ment. In addition, unmonitored forces and moments may be 
part of a pattern including monitored forces, such that the 
equations for locating touch may not be evaluated accurately 
Without measurements of the full pattern being available. 

[0058] Various aspects of the invention provide for the 
reduction or elimination of these unmonitored forces or 
moments. 

[0059] In a ?rst aspect, embodiments of the invention may 
employ a rotational softening means to reduce or eliminate 
moments transmitted through a force sensor. In one embodi 
ment, such a rotational softener may comprise a soft elastic 
body, such as a small elastomeric slab, or a stiffer element, 
such as a portion of a metal stamping, bent or prolonged in 
the direction of sensitivity. In another embodiment, it may 
comprise a pivot, operating Without receptacle against a hard 
surface, or With self-forming receptacle, against a softer 
surface. 

[0060] One bene?t of rotational softening may obtain 
Where the touch surface structure is not fully rigid, such that 
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some small local ?exure occurs near a point of touch. Such 
local ?exure may lead to substantial touch location error, 
even With perfectly constructed and aligned sensors, if the 
sensor on its support from beloW is not substantially softer 
in rotation than the attachment offered from above by the 
touch surface structure. In effect, a sensor connection With 
excessive rotational stiffness can support a nearby touching 
?nger in part by using the intervening portion of the touch 
surface structure as a cantilever, thereby obtaining more of 
the perpendicular force than Would be ideally presumed. A 
distortion of the position of reported touch locations results, 
Which distortion is sensitive to details of the stiffness rela 
tionships. Rotational softening may be employed to prevent 
the appearance of such a pattern combining unmonitored 
sensor moment With balancing spurious perpendicular force 
components. 

[0061] Rotational softening may thus be of particular 
bene?t When used With a touch surface structure that is thin 
and ?at, and thus comparatively ?exible, such as a ?at 
overlay plate of minimal thickness. 

[0062] Another bene?t of rotational softening may obtain 
Where the sensors are not perfectly constructed. Such sen 
sors may give spurious responses to transmitted moments. A 
rotational softener may offer greatest reduction of the 
moment actually experienced by a force sensor, if it is 
located as close as possible thereto. This reduces the pro 
duction of sensor moment in response to any lateral forces 
transmitted. Thus rotational softening achieving the bene?ts 
of the invention may be applied aWay from the plane of 
touch, and may be applied close to the force sensors. 

[0063] In a second aspect, embodiments of the invention 
may employ a lateral softening means to reduce or eliminate 
forces transmitted through a force sensor at right angles to 
its nominal axis of sensitivity. In one embodiment, such a 
rotational softener may comprise an elastic body, such as a 
small elastomeric slab. In another embodiment, it may 
comprise a pin, column, or ball, offering a pair of pivots, 
softly elastic ends, or rolling surfaces offset from each other 
by at least a small distance. 

[0064] One bene?t of rotational softening may obtain 
Where tangential forces applied to the touch surface are 
prevented from developing a pattern of forces, such pattern 
combining spurious perpendicular sensor forces With lateral 
sensor force and moment to maintain overall equilibrium, as 
described in more detail beloW. 

[0065] Another bene?t of lateral softening may obtain 
Where the sensors are not perfectly constructed. Such sen 
sors may give spurious responses to forces at right angles to 
their nominal axis of sensitivity. Lateral softening may also 
reduce extra sensor moment potentially generated by such 
lateral forces, Where the associated elastic center is not in the 
sensor center. 

[0066] Combinations of lateral softening, rotational soft 
ening, and lateral stiffening may serve to establish necessary 
axes of sensitivity more accurately than can be achieved 
through the construction of the sensors themselves. This 
folloWs in part from the large area over Which the alignment 
of the plane of effect of the lateral stiffening means may be 
established. 

[0067] Many alternative embodiments of lateral and rota 
tional softening means Will be evident to those of ordinary 
skill in the art, and are Within the scope of the invention. 
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[0068] The method of forming a force sensor from a 
principal element upon an essentially planar supporting 
surface provides striking advantages in simplicity and min 
iaturiZation. 

[0069] In one embodiment of the present invention, Where 
an essentially planar support surface is comprised of a 
printed Wiring board or other planar interconnect system, a 
force sensor is provided that includes as little as one, single, 
separately manufactured and handled part—the principal 
element described above. For example, the principal element 
may be as simple as a rectangle of plated spring steel, ?at but 
for a small bump pressed into the center. Mounting may be 
accomplished by re?oWing solder under the ends of the 
principal element, While the central region is spaced from 
the counter electrode area With a temporary stainless-steel 
shim. 

[0070] Alternatively, the solder employed may be mixed 
With a small quantity of non-fusing particles of controlled 
siZe, and the presence of these may serve to establish the gap 
Width during soldering. Surface tension of the solder may 
suffice to draW the opposing surfaces against the particles. 
Yet again, the principal element may be provided With areas 
of slight offset pressed or otherWise formed into the ends, 
and these may rest directly against the support. Such slightly 
offset areas may take many forms, one being a slight 
displacement of the entire end toWard the support surface. 
Another entails forming one or more of the smallest prac 
ticable bumps at each end, protruding by the degree neces 
sary to establish the desired gap. These offer some space 
under each end for good solder re?oW, and also minimiZe the 
likelihood of trapped solder contaminants enlarging the gap. 

[0071] Alternatives to the use of solder Will be evident, 
including the use of cements, such as conductive epoxy, and 
methods involving independent or indirect electrical con 
nection to the mounted element. 

[0072] By alloWing construction from starting materials 
that are inherently ?at, smooth, and true, Which are then 
simply spaced apart a small distance, various embodiments 
of the invention provide an extremely reliable and inexpen 
sive method of achieving a very small capacitive gap. This 
small gap provides a high capacitance per unit area, Which 
alloWs the sensor area to be very small. The small gap 
requires limited mechanical energy storage in the principal 
element, alloWing the use of thin material. The small gap 
implies high sensor stiffness, Which in turn implies high 
resonant frequencies, and is bene?cial for accurate measure 
ment. The small area of the sensor means that ?atness in the 
materials need be maintained over only a very short dis 
tance, thus making practical even smaller gaps in a virtuous 
circle of miniaturiZation. 

[0073] Sensor designs provided by various embodiments 
of the present invention are subject to a simple scaling rule 
over fairly Wide range of siZes. A neW design may be 
produced, Which is N times shorter, N times narroWer, and 
N squared times smaller in gap. If the original proportions 
and material thickness are otherWise retained, the resulting 
sensor Will retain the same capacitance, force range, and 
sensitivity as the original. Since the area is N squared times 
smaller and the gap N squared times smaller, the capacitance 
is the same. Since the spring rate is N squared times greater 
and the gap N squared times smaller, the relative capacitance 
change With force, ie the sensitivity, is the same. Since the 
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stressed portion of the principal element is N squared times 
smaller in volume, but stores N squared times less energy for 
the same applied force, it is exposed to the same stress 
levels. Since the deviation of a Warped surface from ?at, 
scales as the square of the distance over Which the deviation 
is taken, the ?atness requirement for the materials used is 
unchanged. Note that “?atness” here refers to deviations of 
loW spatial frequency; high frequency failures of smooth 
ness may ultimately limit miniaturiZation scaled this Way. It 
may be noted, hoWever, that ordinary spring steel and circuit 
board materials are smooth enough to support gaps doWn to 
1/1000 of an inch, and probably substantially smaller. 

[0074] In another of its aspects, the invention provides a 
novel means for performing accurate touch location mea 
surements in the presence of tangential forces, even When 
the sensors are located Well behind the plane of touch. This 
is accomplished With lateral stiffening means, Which direct 
tangential touch forces aWay from the force sensors (e.g., to 
the surrounding support structure). At the same time, per 
pendicular touch force components pass predominantly 
through a mechanically separate path to the force sensors. 
The lateral stiffening means is typically designed to have a 
plane of Zero reaction moment to tangential forces, Which is 
co-incident With, or close to, the touch surface. In cases 
Where lateral stiffness through other force paths is not 
insigni?cant, the lateral stiffening means may be designed to 
achieve the same net effect for all paths collectively. 

[0075] To simplify the design, and maximiZe reproduc 
ibility, force paths other than the lateral stiffening means 
may be provided With explicit lateral softening means, such 
that essentially all tangential forces pass through the lateral 
stiffening means. The perpendicular force path through the 
sensors may be stiff, While the perpendicular force path 
through the lateral stiffening means may be soft. The latter 
is particularly desirable in circumstances Where interfering 
perpendicular displacements may occur across the lateral 
stiffening means, as might result from ?exing in an overlay 
plate or its surrounding frame. Together, both provisions 
accomplish full segregation of the tangential and perpen 
dicular touch forces into separate paths. 

[0076] The lateral stiffening means may, for example, be 
embodied in a thin member or ?lm, Which joins a display or 
touch overlay to a surrounding frame. This ?lm may bridge 
a small gap betWeen the frame and the edge of the touch 
surface, Where it attaches, or there may be a lesser gap, and 
the ?lm may carry above the touch surface a short Ways 
before attaching to the touch surface. By being much thinner 
than it is broad, yet composed of material of fairly high 
modulus, this ?lm may be stiff to tangential movement of the 
touch surface, yet soft to perpendicular motion. The ?lm 
may be made to bulge, or curve, someWhat above and/or 
beloW the touch plane, thus increasing its vertical range of 
compliance. Such curvature also has the effect of restricting 
the lateral stiffening to the sides parallel to a tangential force, 
Where it is transmitted through the ?lm as shear, rather than 
compression or extension. 

[0077] Alateral stiffening means, embodied as a complete 
circumferential edge ?lm in or close to the plane of touch, 
may at the same time constitute a liquid and/or dust seal. 

[0078] Although in the embodiment described above the 
lateral stiffening means is a thin member or ?lm, this does 
not constitute a limitation of the present invention. Rather, 
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the lateral stiffening means may take a variety of forms and 
be constructed from a variety of materials. The lateral 
stiffening means need not be continuous, and is not limited 
to any particular modulus, aspect or shape. Rather, the lateral 
stiffening means may include any structure that performs the 
function of lateral stiffening as described herein. 

[0079] In another aspect of the invention, a thin or slender 
member or set of members may comprise a lateral restraint 
means, alloWing assembly of a force-sensing touch-location 
device to be maintained, Without strong attachments that ?x 
the support surface structure by paths passing through the 
force sensors. In such a device, the exact perpendicular 
operating position of the touch surface structure is estab 
lished by perpendicularly stiff paths, such as through the 
force sensors, that provide connection to the support struc 
ture independent of the lateral restraint means. In one 
embodiment, the touch surface structure may rest upon force 
sensors beloW, Without attachment, and Without any special 
receptacle or other provision on the touch surface structure 
for receiving contact With the force sensors, or needing 
careful alignment thereto. The force sensors, Whether 
mounted from the touch surface structure above, or from the 
support structure beloW, may thus be provided With rota 
tional softeners and/or lateral softeners offering little or no 
strength but in compression. Many forms of curvature or 
elevated feature from either side at the perpendicular force 
contacts may serve as a rotational softener, so long as local 
touch surface ?exure does not translate the point of contact 
by more than the tolerable error in touch location. Perpen 
dicular contact may be maintained by preload means, Which 
may be separate from the lateral restraint means. 

[0080] Alateral restraint means may be distinguished from 
a lateral stiffening means in that tangential touch forces may 
not necessarily pass through a lateral restraint means. The 
small, incremental forces of a touch may instead folloW 
stiffer paths through the force sensors or other connections, 
as dictated by friction. Larger lateral disturbances, hoWever, 
overcome friction and cause minute sliding motions in these 
paths. These disturbances may comprise jolts in shipping 
and handling, for instance, or for large devices With a heavy 
touch surface structure, changes in orientation With respect 
to gravity. A lateral restraint means may absorb the brunt of 
such disturbances tangentially, protecting the touch device 
structure, function, and accuracy from signi?cant alteration. 
By reaching the upper limit of its perpendicular motion, a 
lateral restraint means may also absorb a disturbance tending 
to lift the sensors free of contact, although such function 
may be performed by separate outWard limit stops. A lateral 
restraint means may de?ect far enough to be assisted by 
lateral limit stops during large, temporary forces, but When 
these cease, it may restore satisfactory centering, free of 
continuing interference from stops. 

[0081] A thin member or set of thin members may provide 
a lateral restraint means that is simple and compact. It may 
add little or nothing to the thickness of a touch-location 
module or touch-enabled display module. Such a thin mem 
ber or set of members may further offer a favorably high 
ratio of lateral to perpendicular stiffness. Absent such a high 
ratio, members suf?ciently robust to provide good lateral 
restraint may offer excessive vertical stiffness. In avoiding 
such excessive vertical stiffness, various embodiments of 
this aspect of the invention avoid inaccuracy occasioned by 
parasitic force paths, such as might pass through a seal. They 
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also avoid the need for an excessively thick and stiff touch 
surface structure or support structure in mitigation. Such 
thin members may ?ex softly in response to perpendicular 
displacement of the touch surface, but stif?y resist tangential 
displacement. Thus, a Wire-like member, inclined at most 
shalloWly to the plane of touch, may serve to resist tangen 
tial forces primarily through end-on compression and exten 
sion, While being softly ?exible in transverse beam bending. 
So too, a sheet-like member may transmit tangential force 
stif?y in shear, and possibly also in compression and exten 
sion, While responding to perpendicular displacement of the 
touch surface With soft beam bending transverse to its 
breadth. Where tangential force transmission is con?ned to 
shear, and Where a lateral restraint means is not also a lateral 
stiffening means, sheet-like members may provide an effec 
tive lateral restraint means, even though they incline steeply 
to the plane of touch. A lateral restraint means may perform 
its function, even if not located in the plane of touch. 

[0082] In another aspect of the invention, a thin frame 
means is Wrapped closely around the periphery of the 
overlay or supported display. A major bene?t of this con 
struction is the provision of a module Which handles, 
mounts, and integrates With its surrounding application in a 
manner Which is familiar from other touch technologies, is 
accepted, and is convenient. The frame means serves to 
divert perpendicular forces from the application beZel nor 
mally present, so that there is no danger of interference With 
the touch surface. The frame lip provides a convenient rigid 
bearing edge to receive both a vertically compliant seal 
passing outWard from the touch surface, and a smooth 
surface or other seal provision of the underside of the 
application beZel. Since perpendicular forces are of principal 
concern, a very thin vertical frame leg, embodies an appli 
cation beZel support member, and serves to carry beZel 
forces back to a stiff surface behind a touch module, such as 
the surface of an LCD. With greater section depth, such a 
very thin leg also serves to carry back beZel forces When the 
frame surrounds a supported LCD. 

[0083] FIGS. 1A-1B present a touch sensitive transparent 
overlay module 101 including capacitive force sensors 
according to a ?rst embodiment of the invention. The 
module 101 may be used to sense touches applied by, for 
example, a ?nger, stylus, or other object. As described in 
more detail beloW, in various embodiments of the present 
invention, the module 101 may be used to sense properties 
of a touch force applied to a touch surface, such as the 
location at Which the touch force is applied to the touch 
surface and/or the magnitude of a component of the touch 
force that is perpendicular to the touch surface. 

[0084] The transparent overlay module 101 is propor 
tioned as might be appropriate for use on an LCD display 
With a diagonal of 4 inches, though proportions and varia 
tions for other displays of other siZes Will be apparent to 
those of ordinary skill in the art. Transparent panel 102, 
carrying touch surface 103a, rests Within frame 104a. Cap 
tured betWeen panel 102 and frame 104a are interconnect 
?ex print 105, force sensor principal elements 106, and 
lateral softening means 107. Preload springs 109 are fas 
tened to the edges of panel 102 With cement 110. The ends 
of springs 109 engage holes 112 in frame 104a When 
assembled, thereby applying a total compression of approxi 
mately tWo pounds to the structures captured betWeen panel 
102 and frame 104a. The ?exed positions of springs 109, as 
































