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(57) Abstract: A system for generating a haptic etfect with an electrostatic device, alone or in combination with actuators or other
devices configured to generate a haptic effect. The system may generate the haptic effect to simulate a coefficient of friction or tex-
ture on the surface of a user intertace, such as a display screen or touchpad. The simulated coefficient of friction may be adjusted to

o convey other properties on the user interface surface. The system may also include sensors that measure the simulated coefficient of
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friction and the impedance at the surface.
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ELECTRO-VIBROTACTILE DISPLAY

CROSS REFERENCE TO RELATED APPLICATIONS

(01) This application claims priority to U.S. Patent Application Serial No.
13/092,269, filed on April 22, 2011, the entire content of which is incorporated herein
by reference.

FIELD

(02) The invention relates to an electro-vibrotactile display.

BACKGROUND

(03) Systems that provide haptic effects to users in conjunction with visual and/or
audio content are known. It is generally understood that a haptic effect may
enhance one or more aspects of the experience of the users associated with the
content. Conventional haptic systems generally provide a stimulus only in the form

of a mechanical vibration, which may limit the system’s interaction with the user.

SUMMARY

(04) According to an aspect of the present invention, there is provided an interface
device for providing an overall haptic effect. The interface device comprises a
surface configured to output the overall haptic effect. The interface device further
comprises an electrostatic device that is coupled to the surface and configured to
create a first haptic effect at the surface. The interface device further comprises an
actuator that is configured to create a second haptic effect at the surface. The
overall haptic effect comprises the first haptic effect and the second haptic effect.
(05) According to an aspect of the present invention, there is provided a method of
providing an overall haptic effect. The method comprises generating with an
electrostatic device a first haptic effect at a surface of an interface device and
generating with an actuator a second haptic effect at the surface. The overall haptic
effect comprises the first haptic effect and the second haptic effect.

(06) According to an aspect of the present invention, there is provided a system

configured to provide a haptic effect through an electrostatic display. The
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electrostatic display is configured to output a haptic effect that may simulate a level
of friction or texture on the surface of the display, even when the surface is smooth.
The electrostatic display can output different haptic effects to simulate different
coefficients of friction or texture in order to convey a topography depicted on the
display. In an embodiment, the haptic effect may simulate a coefficient of friction or
texture that conveys the terrain of a material. In an embodiment, the haptic effect
may simulate a coefficient of friction or texture that conveys a height or depth of a
location of the display. In an embodiment, the haptic effect may convey a property of
data at a location on the display. A sensor may measure the simulated coefficient of
friction and may adjust the haptic effect based on the measured coefficient.

(07) According to an aspect of the present invention, there is provided a system
that changes the haptic effect based on the impedance measured at the surface of
the electrostatic display. In an embodiment, the system measures differences in the
impedance of users’ fingers due to differences in users’ skin thicknesses, finger
sizes, or moisture levels on their fingers. The system adjusts the haptic effect for
these differences in order for create stimuli that the system may expect to be
experienced consistently by two or more users.

(08) According to an aspect of the present invention, there is provided an
electrostatic display with actuators, with a non-moving effect generator, such as a
thermal device, or with both.

(09) An aspect of the invention relates to generating a haptic effect on surfaces
other than the display screen of the electrostatic display. In an embodiment, a haptic
effect may be generated on the side or back of the display device, where controls
such as a slide bar may be located. Other surfaces include those of, for example, a
steering wheel, a dashboard, a joystick, a touchpad (or trackpad), and a remote
control. In an embodiment, a haptic effect may be generated at locations on a
touchpad that correspond to locations on a display, in order to convey features
shown on the display.

(10) These and other aspects, features, and characteristics of the present
invention, as well as the methods of operation and functions of the related elements
of structure and the combination of parts and economies of manufacture, will
become more apparent upon consideration of the following description and the
appended claims with reference to the accompanying drawings, all of which form a

part of this specification, wherein like reference numerals designate corresponding
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parts in the various figures. It is to be expressly understood, however, that the
drawings are for the purpose of illustration and description only and are not intended
as a definition of the limits of the invention. As used in the specification and in the
claims, the singular form of “a”, “an”, ahd “the” include plural referents unless the

context clearly dictates otherwise.

BRIEF DESCRIPTION OF THE DRAWINGS

(11) FIG. 1A illustrates a system configured to generate a haptic effect with
actuators and an electrostatic device, according to one or more embodiments of the
invention.

(12) FIG. 1B illustrates another view of the system of Fig. 1A.

(13) FIG. 2 illustrates a system configured to generate a haptic effect to simulate a
texture, according to one or more embodiments of the invention.

(14) FIG. 3 illustrates a system configured to generate a haptic effect
corresponding to one or more data elements, in accordance with one or more
embodiments of the invention.

(15) FIG. 4 illustrates a system configured to generate a haptic effect
corresponding to one or more data elements, in accordance with one or more
embodiments of the invention.

(16) FIG. 5 illustrates a system configured to generate a haptic effect
corresponding to one or more data elements, in accordance with one or more
embodiments of the invention.

(17) FIG. 6 illustrates a system configured to generate a haptic effect
corresponding to map locations, according to one or more embodiments of the
invention.

(18) FIG. 7 illustrates a depiction of how height may be simulated with a haptic
effect, in accordance with one or more embodiments of the invention.

(19) FIG. 8A and 8B illustrate a system configured to generate a haptic effect
based on a user gesture, in accordance with one or more embodiments of the
invention.

(20) FIG. 9 illustrates a system configured to generate a haptic effect based on a

video or audio trigger, in accordance with one or more embodiments of the invention.
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(21) FIG. 10 illustrates a system configured to generate a haptic effect on a
nondisplay surface, where the haptic effect conveys a texture, in accordance with
one or more embodiments of the invention.

(22) FIG. 11 illustrates a system configured to generate a haptic effect on a
nondisplay surface, in accordance with one or more embodiments of the invention.
(23) FIG. 12 illustrates a system configured {o generate a haptic effect on a
nondisplay surface to simulate texture, in accordance with one or more embodiments
of the invention.

(24) FIG. 13 illustrates a system configured to generate a haptic effect on a
nondisplay surface, in accordance with one or more embodiments of the invention.
(25) FIG. 14 illustrates a block diagram of a system and its circuits configured to
generate a haptic effect, in accordance with one or more embodiments of the

invention.

DETAILED DESCRIPTION

(26) FIG. 1 illustrates one embodiment of a system 100 that provides a haptic
effect which simulates a friction coefficient at a user interface. A haptic effect refers
to a stimulus or force, including but not limited to a vibration, an attractive or
repulsive force, a voltage or current, some other mechanical or electromagnetic
force, heating or cooling, or some other stimulus. The haptic effect may comprise
one or a combination of the forces or stimuli described herein. A plurality of haptic
effects may be combined to form an overall haptic effect. The haptic effect may be
outputted at a user interface to provide feedback to a user or object interacting with
the interface. It may provide the feedback through mechanical movement, such as
through vibrations of a solid object, vibrations of fiuids, or actuating objects like pins
or rods to touch the user. The pins or rods may deform the surface by changing the
surface relief or contour. The overall haptic effect may also provide feedback
through electrostatic interactions, either to generate a force on an object, like a finger
at the user interface, or to send an electric signal to an object that can perceive the
signal, like a nerve of the finger or a sensor in a stylus.

(27) The system may be, for example, part of a music player, a video player, a
graphic display, an e-book reader, some combination of the devices, or may be
some other general device with a user interface. The system 100 in this

embodiment interfaces with the user through a display screen 110 that is configured
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to sense an object that is touching the screen 110. The object may be a user’'s
finger 140, a palm of the user’s hand, or any other part of the user's body that can
sense a haptic effect. The object may also be a stylus or some other device whose
presence can be sensed on the screen 110. The screen may sense the presence of
the object through capacitive, resistive, or inductive coupling, but is not limited to
those techniques.

(28) The system 100 may provide a haptic effect at the surface of the display
screen 110 through one or more actuators 112, 114, 116, through an electrostatic
device 120, or through combinations thereof. The actuators 112, 114, and 116 are
configured to generate mechanical motion that may translate into vibrations at the
surface of the screen 110. The actuators may be implemented as piezoelectric
actuators, voice coils, magnetic actuators such as solenoids, pneumatic actuators,
ultrasonic energy actuators, an eccentric mass actuator, an electroactive polymer
actuator, a shape memory alloy, or some other type of actuator. The actuators may
rely on motors that convert torque into vibrations, on fluid pressure, on changes in
the shape of a material, or on other forces that generate motion. For example, the
actuators may use the electrostatic attraction between two objects, such as a
conductive layer 120 and insulating layer 122 discussed below, or between layers in
an electrostatic surface actuator, to generate motion. Further, the actuators are not
limited to generating vibrations, but may instead generate lateral motion, up and
down motion, rotational motion, or some combinations thereof, or some other
motion. For the embodiment in FIG. 1A, actuator 116 may be a piezoelectric or a
voice coil actuator that generates vibrations to generate a haptic effect, actuator 112
may be a solenoid that generates up and down motion to generate a haptic effect,
and actuator 114 may be a pneumatic actuator that generates lateral motion to
generate a haptic effect. The actuators may all be activated when a haptic effect is
desired, or only one may be activated to conserve power or to generate different
haptic effects. Further, a particular actuator may be positioned and be configured to
generate a haptic effect for the entire system 100, for only the display screen 110
that interfaces with the user, for only a portion of the display screen, or on some
other part of the system 100. For example, the actuator 116 can be configured to
generate vibrations for only its corner of the display screen 110 by keeping the level
of vibrations low enough so that vibration amplitude outside of its comer is less than

a threshold amplitude.
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(29) The system 100 also provides a haptic effect through an electrostatic device.
The electrostatic device may be an electrovibrotactile display or any other device
that applies voltages and currents instead of mechanical motion to generate a haptic
effect. The electrostatic device in this embodiment has at least a conductive layer
120 and an insuiating layer 122. The conducting layer 120 may be any
semiconductor or other conductive material, such as copper, aluminum, gold, or
silver. The insulating layer 122 may be glass, plastic, polymer, or any other
insulating material. The system 100 may operate the electrostatic device by
applying an electric signal to the conducting layer 120. The electric sighal may be an
AC signal that, in this embodiment, capacitively couples the conducting layer with an
object near or touching the display screen 110. The AC signal may be generated by
a high-voltage amplifier. The system 100 may also rely on principles other than
capacitive coupling to generate a haptic effect. The capacitive coupling may
simulate a friction coefficient or texture on the surface of the display screen 110. A
coefficient of friction is a simulated one in that while the display screen 110 can be
smooth, the capacitive coupling may produce an attractive force between an object
near the screen 100 and the conducting layer 120. The attractive force increases
the friction on the surface even when the structure of the material at the surface has
not changed. Varying the levels of attraction between the object and the conducting
layer can vary the friction on an object moving across the display screen 110.
Varying the friction force simulates a change in the coefficient of friction. The
simulated coefficient of friction may be changed by the actuators as well. For
example, the actuators may increase the friction force by generating vibrations, or by
changing the surface relief of the display screen 110 to change the actual coefficient
of friction.

(30) The capacitive coupling may also generate a haptic effect by stimulating parts
of the object near or touching the display screen 110, such as corpuscles in the skin
of a user’s finger 140 or components in a stylus that can respond to the coupling.
The corpuscles in the skin, for example, may be stimulated and sense the capacitive
coupling as a vibration or some more specific sensation. For example, the
conducting layer 120 can be applied with an AC voltage signal that couples with
conductive parts of a user’s finger 140. As the user touches the display screen 110
and moves his or her finger 140 on the screen, the user may sense a texture of

prickliness, graininess, bumpiness, roughness, stickiness, or some other texture.
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The user’s skin corpuscles may also be stimulated to have a general sensation as
the finger 140 moves across the screen 110. Therefore, the capacitive coupling may
be used to simulate a coefficient of friction or texture by generating a signal that
couples with an object near or touching the screen.

(31) To provide the same attractive force or to provide the same level of stimuli
across many different objects or persons, the system 100 may also include a sensor
that can measure the impedance at the surface of the display screen 100. The
sensor may measure the impedance by applying a pulse across the surface and
measuring the surface voltage or by measuring the strength of the capacitive
coupling. The sensor may use other known techniques for measuring impedance,
and may compensate for varying ambient conditions such as the moisture in the air
or temperature. The haptic effect can be adjusted based on the impedance of a
person. For example, a more forceful haptic effect may be applied to an object with
a higher impedance and a less forceful effect for one with lower impedance.

(32) In an embodiment, a user interface does not have an insulating layer, so that
an object can directly touch the conducting layer. A haptic effect can be generated
by passing an eiectrical current from the conducting layer to the object. This
embodiment may alternatively use an insulating layer, but include one or more
electrodes in the insulating layer that can pass current to objects that touch the
electrode as they move across the insulating layer.

(33) In an embodiment, a haptic effect system may include a thermal device 118
that may be combined with the actuators and electrostatic device. The thermal
device 118 may generate a haptic effect by directly or indirectly heating or cooling an
object interacting with the system.

(34) The haptic effects can be generated by actuators and electrostatic device one
at a time, or can be combined. For example, a voltage may be applied to the
conducting layer 120 at a level high enough to both attract the skin of a finger 140
touching the screen 110 and to stimulate corpuscles within the skin. Simultaneous
to this electro-vibrotactile haptic effect, electrostatic forces may be produced on the
conducting layer 120 and the insulating layer 122 to create mechanical motion in
those layers. The haptic effects may be combined with motions generated by one or
a combination of actuators 112, 114, and 116. The devices may work together to

simulate the coefficient of friction or texture on the surface of the screen. The
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actuators may generate vibrations, for example, to also simulate changes in the
surface friction or texture.

(35) The devices can generate different simulated textures or coefficients of friction
as an object, like a user’s finger 140, moves across the surface of the screen 110.
FIG. 1A shows a first haptic region 130, a second haptic region 132, and a third
haptic region 134, but other embodiments may have one, two, or more than three
haptic regions. As the user’s finger moves over the first region 130, the actuators
and electrostatic device may simulate a first texture or friction coefficient. As the
user’s finger moves on to the second and third regions 132, 134, the actuators and
electrostatic devices may simulate second and third textures or friction coefficients,
respectively, that can be different from the first texture or friction coefficient.

(36) The system may also have a sensor that measures the simulated coefficient
of friction. This may be the same sensor as the sensor described above that
measures the impedance, or it may be a different sensor. The sensor may measure
the simulated coefficient based on a measured pressure that the surface of the
screen 110 is receiving, such as from an object touching the screen, and on the
movement of the object at the surface. Movement of the object may be measured
based on how the pressure at the surface changes over time and over locations on
the surface. For example, the sensor may calculate a value representing the
simulated coefficient of friction based on an acceleration of a user’s finger on the
screen 110 and on the pressure that the surface receives from the user’s finger.
(37) The haptic effects and the sensors may be controlled by a controller. The
controller may analyze the impedance, the simulated coefficient of friction, the
surface pressure, a rate of movement measured at the surface, and other factors to
determine whether there has been a triggering condition for a haptic effect or how
forceful a haptic effect should be. Details of the controller are discussed below.
(38) A frontal view of the haptic effect system of Fig. 1A is illustrated in FIG. 1B,
which shows the haptic region 130 with a simulated friction coefficient or texture. As
the user moves a finger 140 over the region, the actuators and electrostatic device
may generate a haptic effect that simulates a friction force corresponding to the
simulated friction coefficient. The area of a haptic region can be much smaller or
much bigger than that shown in FIGS. 1A and 1B, and its associated coefficient of

friction or texture may change.
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(39) FIG. 2 shows an embodiment of a haptic effect system 200. The system 200
is configured to provide a user interface through a display screen 210. The display
screen 210 has a haptic region 230 that may simulate the coarse texture of bricks as
a user’s finger 140 moves across the region. The display screen 210 also has
another haptic region 232 that simulates the bumpy texture of rocks as the user’s
finger 140 moves across the region. The system may generate haptic effects that
simulate other textures, such as stickiness, roughness, or abrasiveness. The haptic
effects may incorporate the heating or cooling from a thermal device to simulate both
the texture and temperature.

(40) FIG. 3 shows another form of interaction that the haptic effect system 200 can
provide. The system 200 can generate haptic effects to represent data elements
such as file folders. The screen 210 may have three haptic regions 330, 332, and
334 that simulate different textures or coefficients of friction for different types of
folders. For example, the system 200 may provide a less forceful or no haptic effect
when a user’s finger 140 moves across region 330, which corresponds to folders
representing visual data. The system 200 may provide a more forceful haptic effect
when a user’s finger 140 moves across region 332, which corresponds to a folder
representing audio data, and finally may provide an even more forceful haptic effect
when a user’s finger moves across region 334, which corresponds to a folder
representing protected data. The haptic regions can correspond to many different
types of data elements, such as buttons, checkboxes, dropdown boxes, other form
elements, icons, cursors, and windows. The system 200 may change the texture or
friction coefficient of a region based on time. For example, if a haptic region
corresponds to a button, the system 200 may change the texture or friction
coefficient of the region between the first time and the second time that a user’s
finger 140 moves across the region. This change can reflect, for example, that the
button has been depressed.

(41)  Another example of a data element is shown in FIG. 4. Here, a haptic region
430 corresponds to a slide bar (or scroll bar). As the user’s finger 140 moves across
the region, the system 200 can generate a haptic effect that simulates a texture or
friction coefficient so long as the finger 140 is still in the region. The system 200 may
localize the haptic effect to the region on the slide bar where the finger is located.
For example, the system 200 may have a plurality of actuators at different locations

under the screen 210, and it may activate only the actuator nearest to the finger 140.
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(42) The system 200 may also be configured to adjust the haptic effect to adjust
the simulated texture or coefficient of friction. That is, a user may configure the
system 200 to have a high simulated friction of coefficient in order to achieve more
control while scrolling down the screen with the slide bar. The system may aiso
automatically adjust the haptic effect based on, for example, the motion of the finger
140. For example, if the user’s finger is attempting to scroll quickly, the system 200
may accommodate the user by sensing a high rate of motion on the screen and
generating a less forceful haptic effect to simulate a lower coefficient of friction.

(43) FIG. 5 shows an example that corresponds a haptic region to properties of
text. The particular embodiment shows a haptic region 530 that corresponds to
highlighting of text. The haptic region may instead correspond to underlined,
italicized, bolded text, to text of a certain font, or any other property that can be
attributed to the text. Further, the haptic region may be assigned or modified as
property is applied to the text. For example, the system may generate a haptic effect
as the user is in the process of highlighting text.

(44) The haptic region can correspond not to just visible properties of text, but also
to invisible properties, such as metadata. For example, the system 200 may assign
a haptic region to text that is a hyperlink. In another example, the system 200 may
access a XML file to identify certain text that belongs to a certain section and assign
a haptic region to that section. As discussed earlier, the friction coefficient of a
region can change based on time or on movement on the screen. In this instance,
when a user’s finger 140 scrolls text to a different location on the screen 210, the
system 200 is configured to effectively move the haptic region to the text’'s new
location by setting a new simulated friction coefficient at the new location and, for
example, setting the simulated friction coefficient at the old location to zero or some
default value.

(45) FIG. 6 shows yet another example that corresponds a haptic region to a
location. In the embodiment, haptic regions 632 may correspond to locations that
have no particular relevance to a user and have a zero or some default simulated
coefficient of friction. Haptic regions 630 and 634 may have different simulated
textures or coefficients of friction that distinguish two different locations. The friction
coefficients may act as an identifier for the location. The system 200 may also
generate a haptic effect that produces a texture or friction force that simulates the

terrain at the location. For example, the haptic effect at haptic region 630 may
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simulate the texture of a sand lot, while the haptic effect at haptic region 634 may
simulate the texture of a gravel track. The haptic effect is not limited to simulating
the texture of terrain. For example, the screen 210 may display garments, textiles,
foods, and other materials and products. The system 200 can assign a haptic region
that corresponds to the material or product displayed and generate a haptic effect
that produces a texture or friction force that simulates that material or product.

(46) The haptic effect may be generated to simulate textures in drawings in
general. For example, if the user’s finger 140 were drawing on a drawing program
rendered on the display screen 210, the system may generate a haptic effect that
produces a texture that simulates, for example, the texture of crosshatches when a
user’s finger 140 is drawing crosshatches on the screen or a grainier texture when a
user’s finger 140 is drawing spray paint on the screen.

(47) FIG. 7 shows a simulation of a surface feature, specifically a raised edge. In
the embodiment, the simulated raised edge 731 may represent three-dimensional
aspects of areas depicted on a screen, such as buttons, textboxes, icons, or other
user input objects. For example, users who perceive the simulated raised edge of a
button may know that their finger has moved over the top of the bution without
having to look at the screen. The simulated surface features may more generally
convey height or depth at the user interface.

(48) The raised edge 731 may be defined by a time domain profile that applies a
more intense haptic effect when a user’s finger 140 is over haptic region 732, a less
intense haptic effect when the user’s finger 140 is over haptic region 730, and no
haptic effect when the user’s finger 140 is over haptic region 734. For exampie, a
haptic effect system may simulate a high friction coefficient when the user’s finger
140 moves over region 732 in order to represent the rising slope of the raised edge
731. The haptic system may simulate a second, lower friction coefficient when the
user’s finger 140 moves over region 730 in order to represent the flat top of an
object. The haptic system may simulate an even lower coefficient of friction (e.qg.,
zero) when the finger 140 moves over region 734 to represent a down slope. By
detecting whether a user’s finger is moving toward region 730, which corresponds to
a rising edge, or whether the user’s finger is moving away, which corresponds to a
descending edge, the system can vary the haptic effect to simulate a higher
coefficient for the rise and a lower coefficient for the descent. Although the

embodiment describes a time domain profile that varies the haptic effect over time,
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time is not an independent variable. Rather, the timing of the haptic effect depends
on the position of the finger 140. Therefore, the haptic effects in the time domain
profile is not always applied at fixed times, but may depend on how quickly a user’s
finger is approaching the haptic regions 730, 732, and 734.

(49) To more generally convey height or depth at the user interface, a topography
map may be used to assign haptic regions and friction coefficients to locations on the
user interface. The haptic regions are not limited to two simulated friction
coefficients, but may have more or fewer coefficients. More coefficients may be
used to adjust the simulated friction based on the direction in which a user’s finger is
moving. For example, if a user’s finger is approaching region 730 from a direction
that corresponds to north, the system may apply one friction coefficient, whereas it
may apply a different friction coefficient if a user’s finger is approaching from a
direction that corresponds to west. Having multiple coefficients can effectively
subdivide the region 732 into separate sub-regions that correspond to different
slopes. The system may also be configured to calculate the slope based on, for
example, a topographical map by dividing the height difference between two levels in
the map by the horizontal distance between the two levels. For images displayed on
a screen, the system may also be configured to calculate height differences in the
image based on, for example, lighting differences, location of shadows, and other
visual factors that can be used to measure height differences in an image. The
system may incorporate height and terrain information to generate a haptic effect
that simulates both the topography and texture of an object, of a terrain, or of some
other type of image shown on the user interface.

(60) Actuators may also be used to change the perception of height or depth. For
example, they may generate vibrations to signal a change from a region representing
a slope to a region representing a plateau. Alternatively, the actuators may actually
create height or depth by using, for example, rods or pins to change the surface
relief.

(61) Haptic effects may be generated based not only on the measured surface
pressure and rate of movement from an object at the surface, but more specifically
on recognized gestures. FIGS. 8A and 8B show a haptic effect being generated in
response to a gesture for flipping a page. The haptic effect system 800 has a
display screen 810 that depicts a stack of pages 820 on the screen. Rather than

assign a haptic region to a location on the screen 810, the system 800 may generate
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a haptic effect when it recognizes that the user’s finger 140 is flipping a page in the
stack 820. For example, the system may detect whether the user’s finger starts at
the lower right corner of the screen 810 and whether it moves to the left. Once the
system 800 depicts the top page being flipped, the system 800 may detect whether
the user’s finger 140 follows the comer of the page. If it does, the system 800 may
recognize this as a gesture for flipping a page and generate a haptic effect. The
system can be configured to recognize other gestures, such as a scrolling gesture, a
zooming gesture, or any other finger movement that can be recognized. For the
zooming gesture, the system 800 may be configured to recognize the movement of
more than one finger on the screen 810. The system 800 may also recognize other
gestures based on two, three, four, or more fingers, such as a pinching gesture or
rotate gesture. The system may also accommodate finger movements from more
than one user.

(52) A haptic effect may also be initiated based on a video, graphic, or audio
content shown at a user interface. FIG. 9 shows a haptic effect system 900 that
generates a haptic effect to accompany a visual and audio indication of an incoming
phone call. The system 900 may be configured to generate a haptic effect that, for
example, simulates a friction coefficient or texture on the screen 910 when it displays
the visual indication of a phone call.

(53) Further, haptic effects can be generated on user interface surfaces other than
display screens. Because controls for a device can be located on surfaces other
than the display screen, the screen does not need to be able to receive user input.
Instead, the screen may merely output visual and audio content and haptic effects
while a slide bar 930 on a nondisplay surface of the system in FIG. 9, for example,
may receive user input. The slide bar may be a control that answers an incoming
call. The system may generate a haptic effect without a triggering event. For
example, an electrostatic device may apply a constant voltage beneath the slide bar
regardless of the presence of a user or triggering event. Alternatively, it may
generate a haptic effect only upon a triggering event, like an incoming call.

(54) FIG. 10 shows another nondisplay surface 1020. In one example, the surface
may belong to a trackpad or a touchpad that provides input to a computer display
screen 1010. The computer system 1000 may correspond regions on the screen
1010 to haptic regions on the touchpad 1020. When a user’s finger 140 moves

across region 1030, for example, the touchpad may generate an output signal that is
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received by the computing system’s display 1010 and reflected as a cursor or pointer
moving across region 1040. The touchpad 1020 may also receive an input signal
from the computing system 1000 that causes a haptic effect to be generated at
haptic region 1030. As the user’s finger moves onto regions 1032 and 1034, the
touchpad can detect the movement and output a signatl to the system 1000 that
causes it to show a cursor or pointer to move across corresponding regions 1042
and 1044 on the display screen 1010. At the same time, the system may send a
signal to the touchpad 1020 that causes it to generate a first haptic effect as the
user’s finger 140 is moving across region 1032 and a second haptic effect as the
user’s finger 140 is moving across region 1034.

(65) FIG. 11 shows another example where a haptic region may be in the form of a
border region. The embodiment shows a file region 1140 containing one file 1144
and a file region 1142 containing no documents. The file regions may be windows or
file folders depicted on the display screen 1010. The system 1000 may assign a
haptic region 1130 that corresponds to the border of file region 1140 and may assign
a haptic region 1132 that corresponds to the border of file region 1142. The file
regions may be locked such that a file cannot be transferred from one region or
cannot be written into another region. The haptic regions in FIG. 11 may provide a
haptic effect when it detects that a user’s finger 140, for example, is moving the file
out of region 1140 or into region 1142. That is, the system may generate a haptic
effect when the user’s finger touches or comes near the edges of regions 1130 or
1132 to indicate to the user that a prohibited action is being attempted. The system
1000 may initiate the haptic effect only if the user is trying to drag a file. For
example, the system 1000 may monitor motion at the touchpad 1020 to detect
whether a user’s finger began its motion at region 1134. If the user’s finger began its
movement at some other part of the touchpad 1020, the system 1000 may decide
against generating a haptic effect.

(66) FIG. 12 shows yet another example where the touchpad 1020 may simulate
the friction or texture of locations corresponding to terrain on a screen 1010. Unlike
the embodiment shown in FIG. 6, the haptic effect in this embodiment simulates
texture on a nondisplay surface like the touchpad 1020. Here, the system 1000 may
show a map with a clay tennis court at location 1240 and a hard court at location
1242. The system may assign a haptic region 1230 to correspond with the screen

depiction of the clay court 1240, and similarly a haptic region 1232 for the depicted
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hard court 1242. The system may monitor surface movement and generate a haptic
effect to produce a friction force or texture resembling a clay court when a user’s
finger moves across region 1230, and a friction force or texture resembling a hard
court when the finger moves across region 1232. A haptic effect may be generated
even for features that are not displayed on the display screen 1010. For example,
the system 1000 may assign a haptic region 1234 that may correspond o an
underground tunnel that is not displayed on the display screen 1010 or is not visible
to the user.

(57) The haptic regions are drawn in FIG. 12 for illustrative purposes, and may not
actually be visible. The system 1000 may display a cursor, pointer, icon, or avatar
on the screen to allow a user to see how his movement on the touch pad
corresponds to movement on the screen.

(68) FIG. 13 shows yet another nondisplay surface, this time on a game remote
control 1320, that may output a haptic effect The game remote control 1320 may
use actuators, electrostatic devices, thermal devices, or some combination thereof to
generate a haptic effect at the surface of the control. The haptic effect may be
triggered by an event depicted on a display screen 1310, or an acceleration or
velocity of the remote control, the position or orientation of the control 1320 relative
to the screen 1310, on a sound, the light level, or some other trigger.

(59) Other triggers may be used for any of the embodiments discussed. Other
examples of trigger include the temperature, humidity, lighting, other ambient
conditions, and surface contact area (e.g. with another object). These factors may
serve as not only triggers, but also as determinants in how forceful a haptic effect is.
For example, if a sensor detects dark or low lighting conditions, a more forceful
haptic effect may be generated to compensate for the poorer visibility in those
conditions.

(60) Further, other nondisplay surfaces may be used. For example, a haptic effect
can be outputted on the surface of a switch, a knob, some other control instrument, a
dashboard, some other board, or any other surface that can output a haptic effect.

In addition, embodiments of the present invention may be used with deformable
surfaces, such as surfaces that are adapted for gross deformations.

(61) FIG. 14 illustrates an embodiment of a module 1400 for generating a haptic
effect. The module 1400 may be included in any of the embodiments of the haptic

effect systems described herein. The module 1400 may contain a haptic device
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1430 that generates one or more haptic effects, and may adjust the effect based on
an impedance or simulated friction coefficient measured by a sensor 1440. The
sensor data may be analyzed by a controller 1450 and stored in a memory 1420.
The controller 1450 may be included as part of a processor 1410, or the controller
may be a separate logic circuit.

(62) Although the invention has been described in detail for the purpose of
illustration based on what is currently considered to be the most practical and
preferred embodiments, it is to be understood that such detail is solely for that
purpose and that the invention is not limited to the disclosed embodiments, but, on
the contrary, is intended to cover modifications and equivalent arrangements that are
within the spirit and scope of the appended claims. For example, it is to be
understood that the present invention contemplates that, to the extent possible, one
or more features of any embodiment can be combined with one or more features of

any other embodiment.
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What is claimed is:

1. An interface device for providing an overall haptic effect, the interface device
comprising:

a surface configured to output the overall haptic effect;

an electrostatic device coupled to the surface and configured to create a first
haptic effect at the surface; and

an actuator configured to create a second haptic effect at the surface, the

overall haptic effect comprising the first haptic effect and the second haptic effect.

2. The interface device of claim 1, wherein the overall haptic effect comprises a
change in a simulated coefficient of friction, a vibration, a change in a surface relief

at the surface, a texture, or any combination thereof.

3. The interface device of claim 1, wherein the electrostatic device is configured to

simulate a coefficient of friction or texture by generating the first haptic effect.

4. The interface device of claim 3, wherein the texture is roughness, bumpiness,

stickiness, fineness, coarseness, smoothness, or any combination thereof.

5. The interface device of claim 3, wherein the actuator is configured fo change the
overall haptic effect by generating the second haptic effect as a vibration or a change

in a surface relief of the surface.

6. The interface device of claim 5, further comprising a sensor configured to receive
an input from the surface that is correlated to the simulated coefficient of friction and

the surface relief of the surface.

7. The interface device of claim 6, wherein the input correlates to a surface
pressure or changes in the surface pressure over time and over locations on the

surface.

8. The interface device of claim 1, wherein the electrostatic device is configured to
simulate height or depth at the surface by generating the first haptic effect to

simulate a coefficient of friction.
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9. The interface device of claim 8, wherein the actuator is configured to change the
simulated height or depth at the surface by generating the second haptic effect to

change a surface relief of the surface.

10.The interface device of claim 1, wherein the electrostatic device is configured to
simulate height or depth at the surface by generating the first haptic effect that

simulates a coefficient of friction.

11.The interface device of claim 10, wherein the second haptic effect is a vibration

that corresponds to an edge crossing.

12.The interface device of claim 1, wherein the electrostatic device is configured to

change the first haptic effect based on a location of an input at the surface.

13. The interface device of claim 12, wherein the electrostatic device is configured to

change the first haptic effect based on time.

14. The interface device of claim 12, wherein the electrostatic device is configured to
change the first haptic effect based on a change of the location of the input at the

surface.

15.The interface device of claim 14, wherein the electrostatic device is configured to
recognize an input of a gesture based on the change of the location of the input at

the surface.

16. The interface device of claim 1, wherein the electrostatic device is configured to
change the first haptic effect based on pressure on the surface, size of a surface
contact area, humidity, temperature, amount of ambient light, or any combination

thereof.

17.The interface device of claim 1, wherein the electrostatic device is configured to
create the first haptic effect based on a trigger selected from velocity of the interface
device, an acceleration of the interface device, visual content displayed at the

surface, and sound at the surface, or any combination thereof.

18. The interface device of claim 1, further comprising a sensor configured to

measure an impedance at the surface.
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19. The interface device of claim 18, wherein the electrostatic device is configured to

change the first haptic effect based on the impedance at the surface.

20.The interface device of claim 18, wherein the sensor is configured to measure the

impedance by applying a pulse to the surface.

21.The interface device of claim 1, wherein at least part of the surface is a
nondisplay surface, and wherein the electrostatic device is configured to create the
first haptic effect at the nondisplay surface and the actuator is configured to create

the second haptic effect at the nondisplay surface.

22.The interface device of claim 21, wherein the nondisplay surface is part of a

switch, knob, trackpad, remote control, or dashboard.

23.The interface device of claim 21, further comprising a slide bar on the nondisplay

surface.

24.The interface device of claim 21, further comprising a second surface configured
as a display surface, wherein the electrostatic device is configured to create the first
haptic effect at the nondisplay surface based on visual or audio content displayed at

the second surface.

25.The interface device of claim 1, further comprising a thermal device configured to

provide a third haptic effect at the surface.

26. A method of providing an overall haptic effect, the method comprising:
generating with an electrostatic device a first haptic effect at a surface of an
interface device; and
generating with an actuator a second haptic effect at the surface, the overall

haptic effect comprising the first haptic effect and the second haptic effect.

27.The method of claim 26, wherein the overall haptic effect comprises a change in
a simulated coefficient of friction, a vibration, a change in a surface relief at the

surface, a texture, or any combination thereof.

28. The method of claim 26, wherein the first haptic effect simulates a coefficient of

friction or texture at the surface.
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29. The method of claim 28, wherein the texture is roughness, bumpiness,

stickiness, fineness, coarseness, smoothness, or any combination thereof.

30. The method of claim 28, wherein the second haptic effect is a vibration or a

change of a surface relief of the surface.

31. The method of claim 28, further comprising changing the first haptic effect with
the electrostatic device or the second haptic effect with the actuator to change the

simulated coefficient of friction.

32.The method of claim 26, further comprising measuring an impedance at the

surface.

33.The method of claim 32, wherein the measuring the impedance comprises

applying a pulse to the surface.

34.The method of claim 32, wherein the generating the first haptic effect is based on

the impedance at the surface.

35.The method of claim 26, wherein the generating the first haptic effect is based on
pressure on the surface, size of a surface contact area, humidity, temperature,

amount of ambient light, or any combination thereof.

36. The method of claim 31, wherein the changing the first haptic effect with the
electrostatic device is based on a location of an input received at the surface or a

change in the location of the input at the surface.

37.The method of claim 30, further comprising simulating a height or depth with the

electrostatic device based on the location of an input received at the surface.

38.The method of claim 37, wherein the simulating the height or depth is based on a
topographical profile.

39. The method of claim 37, further comprising changing the simulated height or
depth with the actuator based on generating the second haptic effect to change the
surface relief of the surface.
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40.The method of claim 37, wherein the second haptic effect is a vibration that

corresponds to an edge crossing.

41. The method of claim 40, further comprising changing with the actuator the
simulated crossing of the edge based on generating the second haptic effect to

generate a vibration.

42.The method of claim 31, wherein the changing the first haptic effect with the

electrostatic device is based on visual content displayed at the surface.

43.The method of claim 31, wherein the changing the first haptic effect with the
electrostatic device is based on pressure on the surface or changes in the pressure

on the surface over time and over locations on the surface.

44.The method of claim 26, further comprising generating with a thermal device a
third haptic effect at the surface.

45.The method of claim 26, wherein the surface is a hondisplay surface.

46.The method of claim 45, wherein the generating the first haptic effect with the
electrostatic device is based on visual or audio content displayed at a second

surface.

47.The method of claim 46, wherein the generating the first haptic effect with the
electrostatic device is based on the visual content displayed at a location on the

second surface corresponding to a location of an input at the surface.

48.The method of claim 45, wherein the nondisplay surface is part of a switch, knob,

trackpad, remote control, or dashboard.

49.The method of claim 45, wherein the generating the first haptic effect with the
electrostatic device comprises generating the haptic effect on a slide bar on the

nondisplay surface.
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