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includes a tiltable member 208 configured for tilting by
a user, an electrically conductive member 206
configured to move in response to the tilting, and a
substrate 202 spaced apart from the electrically
conductive member by a gap and having a switch
centrally located between mutually isolated sense
electrodes 220. A drive circuit provides a drive signal to
the electrically conductive member and capacitance
measurement circuitry detects changes in capacitance
between the electrically conductive member and the
sense electrodes in response to tilting. The tiltable
member is connected to the switch to enable actuation
of the switch in response to tilting of the tiltable
member or pressing centrally without tilting. Signal
logic translates capacitance measurements and
actuations of the switch into a signal indicative of an
input function to a graphical user interface, such as
central click, a periphery click or a scroll function.
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INPUT DEVICE

FIELD OF THE INVENTION
The present invention relates to a system and method for controlling a

graphical user interface and to a hand-held device.

BACKGROUND OF THE INVENTION

Portable electronic and digital devices benefit from the inclusion of
control and data entry apparatuses that allow for movement of a cursor, actuation
of one or more switches, or scrolling of a display. In this context, a mouse or
joystick as might be employed in conjunction with desk-top computers is often
prohibitively large. A variety of alternative control and data entry apparatusés
have therefore been employed.

One approach has been to miniaturize a joystick, as described in U.S.
Patent No. 6,115,030, issued to Berstin et al. (hereafter “the Berstin reference”),
hereby incorporated by reference herein in its entirety.

Movable puck or slider based devices are disclosed in U.S. Patent
No. 7,158,115, issued to Harley et al. (hereafter “the first Harley reference”) and
U.S. Patent application Publication No. 2005/0110755 A1 to Harley et al.
(hereafter “the second Harley reference™), also hereby incorporated by reference
herein in their respective entireties.

One particularly popular control and data entry device takes the form
of a circular touch pad that includes switches, and is disclosed in U.S. Patent

Application Publication No. 2007/0052691 to Zadesky et al.; see also U.S. Patent
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No.. 7,046,230 to Zadesky (hereafter “the Zadesky references”), hereby
incorporated by reference herein in their respective entireties. The Zadesky
references describe certain aspects of keypads employed with popular iPOD™
devices manufactured by APPLE.™
, Among the more ubiquitous control and data entry apparatuses
employed in portable electronic devices today are so-called “*5-way keypads,”
which are to be found in many different models and types of mobile telephones,
such the MOTOROLA™ SLVR.™ In such 5-way keypad devices, a pad of
generally circular shape has a center button and a an outer ring disposed
thereabout having arrows corresponding to the four cardinal directions (i.e., N, S,
E and W) superimposed thereon. The circular pad is disposed atop a flexible
membrane and a series of dome switches disposed beneath the membrane and the
pad. Pressing down sufficiently hard upon the circular pad at a location
édrresponding to an arrow results in the dome switch disposed therebelow being
closed or actuated. Similarly, a dome switch is also disposed below the center” -
button. Consequently, the four arrows and center button in a conventional S-way
keypad provide five different switches that can be actuated or closed by a user.

Notably, however, most of the above-described 5-way telephone
keypads do not include any scrolling capability, such as that provided by the |
keypad of an iPOD™ device. The keyboard on an iPOD™ device, however,
requires that a user’s finger establish skin contact therewith and thereby provide a
path to ground before the iPOD™ keypad may be operated. That is, iPOD™
keypads may not be operated by a user wearing gloves, or through the use of a
pencil, cursor pen or other such electrically insulated device, mechanism or body
part placed or pressed thereon.

In addition to the keypad in an iPOD™ device, the AVAGO
AMRX™ keypad provides a 5-way keypad with scrolling functionality provided
by way of a combined rotatable wheel and four depressable switches disposed
beneath the wheel plus a depressable switch located beneath a central button.
Scrolling is effected by physically turning the wheel with a user’s finger, and
clicking or switch actuation is effected by pressing downwardly upon the wheel or
center button. The AMRX keypad is based on reflective optical encoding

technology, however, and therefore has a fixed number of counts per revolution of
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the central wheel. This, in turn, means that the number of counts per revoluﬁbn of
the central wheel cannot be adjusted dynamically to take into account slow or fast
movement of the wheel by a user’s finger, to thereby adjust the resolution or
“fineness” of wheel for different scrolling or selection options. Additionally, it
has been discovered that user preferences regarding the stickiness or smoothness. .
of central wheel as a user dials it fore and aft vary considerably, and that it is
difficult, if not impossible, to provide a central wheel of a single design and
“stickiness” that will meet with the approval of even the majority of users.

Most manufacturers of portable electronic devices such as telephones
have different requirements for the physical dimensions of control and data entry
apparatuses that are to be incorporated therein, as well as the sizes and positions
of components associated therewith, such as membranes, dome switches and sense
electrodes. Consequently, adaptation of a control and data entry device of a giveﬂ
désign and configuration for use in a commercial product such as a particular
mobile telephone model often involves significant tooling costs, especially if, for
example, new functionality such as scrolling is to be added to a 5-way keypad
otherwise conventional in outward appearance such as with a rotatable wheel.

Finally, many portable and stationary devices have electronic
circuitry disposed within the housings thereof that is susceptible to damage or
harm owing to the incursion of liquids, gases or vapors inside the housing. This
susceptibility is generally heightened in portable devices such as mobile ‘.
telephones, where users subject such devices to all manner of harsh environmental
conditions such as liquids being spilled upon the keypads thereof, salt-laden
oceanic air, chemical vapors and so on. Accordingly, it is desirable that such
mobile and stationary devices be equipped with control and data entry surfaces or

keypads capable of withstanding such environmental rigors.
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SUMMARY OF THE INVENTION

The present invention seeks to provide improved graphical user interfacing
and an imprpved hand-held deyice.

According to an aspéct of the present invention, there is provided a system
for controlling a graphical user interface as specified in claim 1 or 9.

According to another aspect of the present invention, there is provided a
hand-held device as specified in claim 19.

The preferred embodiments can provide a system that: (1) is easily adaptable
for use in different portable electronic devices without requiring extensive tooling
changes; (2) is resistant to liquids, gases or vapors that might otherwise damage
electronic circuitry disposed within the device; (3) provides combined clicking and
scrolling functionality in a single keypad without having to provide, for example, a
rotatable wheel mechanism; (4) does not require for its operation a bath to ground

through a user’s finger or other body part; and (5) does not require fundamental
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changes to the outward appearance, functionality, footprint or mechanical
structure of a control and data entry apparatus that may therefore be substituted

with ease for a conventional key-atop-membrane structure in a portable electronic

device.

Embodiments of a system are described. In one embodiment, the
system is for controlling a graphical user interface of a device. An embodiment of
the system includes a tiltable member, an electrically conductive member, a

substrate, a drive circuit, a switch, and signal logic. The tiltable member is

: conﬁgured for tilting by a user. The electrically conductive member is configured

to move in response to tilting of the tiltable member. The substrate is spaced apart
from the electrically conductive member by a gap and having a plurality of ‘
mutually isolated sense electrodes disposed thereon. The drive circuit is
configured to provide an electrical drive signal to the electrically conductive
member. The capacitance measurement circuit is operably coupled to the sense
electrodes, the capacitance measurement circuit being configured to detect
changes in capacitance that occur between the electrically conductive member and
the sense electrodes in response to tilting of the tiltable member. The switch is
centrally located between the sense electrodes, wherein the tiltable member 18
connected to the switch to enable actuation of the switch in response to tilting of
the tiltable member. The signal logic configured to translate capacitance
measurements and actuations of the switch into a signal that is indicative of an
input function in a graphical user interface.

In an embodiment, the input function is either a scroll function, a
central click function, or a periphery click function.

In an embodiment, the signal logic is configured to translate changes
in capacitance to a signal indicative of a scroll function, translate actuation of the
switch to a signal indicative of a central click function, and translate a capacitance
measurement along with actuation of the switch to a signal indicative of a

periphery click function.
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BRIEF DESCRIPTION OF THE DRAWINGS
Embodiments of the present invention are described below, by way of
example only, with reference to the accompanying drawings in which:
Fig. | is a top plan view of the upper surface of a portable device
employing a control and data entry apparatus according to one embodiment of the

invention.

Fig. 2 is a cross-sectional view of one embodiment of a mutual

capacitance control and data entry apparatus.
Fig. 3A is a top plan view of one embodiment of an electrically

* conductive member or plate.

Fig. 3B is a cross-sectional schematic illustration of one embodiment
of an electrically conductive member or plate and a corresponding underlying
electrode array..

Fig. 3C is a top plan view of the electrode and switch array of Fig.
3B.

Fig. 4 illustrates no tilting, shallow tilting and deep tilting by a ﬁser’é
finger of one embodiment of a tiltable member.

Fig. 5 illustrates one embodiment of an electrode and switch array
and its connection to capacitance sensing circuitry, a host processor and a display.

Fig. 6 is a cross-sectional view of another embodiment employing a
rotatable knob having a tilted lower surface, where rotation of the knob varies the
tilt of the tiltable member in respect of the underlying electrode array.

Fig. 7 is a cross-sectional view of yet another embodiment
employing a rotatable knob with a protrusion extending downwardly therefrom,
where rotation of the knob varies the tilt of an underlying electrically conductive
member or plate sensing plate in respect of the electrode array.

Fig. 8 is a cross-sectional view of still another embodiment

employing a rotatable knob having a tilted lower surface, with a protrusion
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extending downwardly therefrom, where rotation of the knob varies the tilt of an
underlying electrically conductive member or plate in respect of the electrode
array.

Fig. 9 is a cross-sectional view of a further embodiment employing a
rotatable knob having a tilted electrically conductive member disposed therewith,
where rotation of the knob varies the position of the tilted member in respect of
the underlying electrode array. '

Fig. 10 illustrates one embodiment of an electrode and switch array
and its connection to Hall effect sensing circuitry, a host processor and a display.

Fig. 11 is a side cutaway view along line AA of Fig. 12A of another
embodiment of a system for controlling a device.

. Fig. 12A depicts a plan view of an embodiment of the substrate from
Fig. 11.

Fig. 12B depicts an embodiment of the electrically conductive A
member of Fig. 11.

Fig. 12C is a perspective view of the electrically conductive mefflbef
of Fig. 12B that shows formed arms.

Fig. 12D illustrates the electrical circuit that is formed between two
of the drive electrodes, two of the sense electrodes, and the electrically conductive
member shown in Figs. 11 — 12C.

"Figs. 13A — 13D illustrate the functionality of the single-switch
system described above with reference to Figs. 11 — 12D.

Fig. 14 depicts an embodiment of a device, such as a hand-held
device, that includes a system as described above with reference to Figs. 11 — 13D
fot controlling a graphical user interface of the device.

Fig. 15 depicts an embodiment of a system that utilizes a bracket and
clip arrangement to enable activation of the central switch in response to finger
pressure applied at the center or the periphery of the tiltable member.

Throughout the description, similar reference numbers may be used

to identify similar elements.

DETAILED DESCRIPTION
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Various embodiments of the invention relate to the field of control

- and data entry apparatuses generally, and in some preferred embodiments to

control and data entry apparatuses for portable or hand-held devices such as cell

phones, MP3 players, personal computers, game controllers, laptop computers,

PDA’s and the like. Embodiments of the invention include those finding

application in stationary, portable and hand-held devices, as well as those related
to the fields of industrial controls, washing machines, exercise equipment, and
other devices. Still further embodiments relate to control and data entry
apparatuses where water-, liquid-, gas or vapor-proof or resistant control surfaces
and housings are desirable.

Some embodiments provide a control and data entry apparatus that
operates in accordance with the principles of mutual capacitance, or capacitance
occurring between two opposing charge-holding surfaces in which some electrical
current passing through one surface passes over into the other surface through a
small gap disposed therebetween. Cther’ embodiments provide a control and data
entry apparatus that operates in accordance with the principles of self-capacitance,
or the capacitance associated with a given electrode in respect of ground. Still
other embodiments provide control and data entry apparatuses that operate in
accordance with the principles of magnetism and electrical resistivity, more about
which is said below. Most of the embodiments described herein, however,
employ the principles of mutual capacitance, as those skilled in fhe art will
ﬁppreciate readily upon having read the specification and consulted the drawings
hereof.

In one embodiment, there is provided a control and data entry
apparatus capable of performing multiple functions such as scrolling and clicking
by means of single generally ring-shaped control and data entry apparatus
typically incorporated into a mobile electronic device such as a laptop computer, a
personal dada assistant (PDA), a mobile telephone, a cellular telephone, a radio,
an MP3 player or a portable music player. A user pushes slightly or deeply upon
a tiltable member forming a portion of the control and data entry apparatus to
effect scrolling or clicking, as the case may be. In such an embodiment, control
and data entry apparatus 19 may assume the form of a ring or disk shaped pad

similar in outward appearance and configuration to that disclosed in the Zadesky
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reference, as illustrated in Fig. 1, where portable device 10 incorporates control
and data entry apparatus 19 therein.

Fig. 1 is a top plan view of the upper surface of portable device 10
employing control and data entry apparatus 19 according to one embodiment.
Device 10 may be a cellular phone, a PDA, an MP3 player, or any other handheld,
portable or stationary device employing one or more internal processors. For
purposes of illustration, a preferred embodiment is shown in Fig. 1, which is
portable. Portable device 10 comprises outer housing 12, which includes display
14, keys 16 and control and data entry apparatus 19. Control and data entry
apparatus 19 and keys 16 provide inputs to processor 102 (not shown in Fig. 1),
and processor 102 controls display 14. The upper surface of data entry device 19
has buttons labeled A, ,B, C, D and E in locations overlying switches disposed
thérébeneath. Central button A 20 is also provided, which may have layer or-‘
coating 21 (see Fig. 2) disposed thereon or thereover. In some embodiments,
layer or c‘oatihg 21 may be electrically conductive, and in others electrically
insulative, depending on the particular appliéation at hand.

Pressing tiltable member 18 at locations B,C,DorEsoasto
substantially or deeply deflect tiltable member 18 operates the underlying
switches. These switches may be used to control any desired functions, but it is
anticipated that in most embodiments such switches will be employed either to
control the display or to select items shown by the display. For example, switches
underlying buttons B and D might be used to control “page up” or “page down”
funbtions or to move a cursor up or down a displayed list. Buttons E and C migﬁt
be used to move between lists and/or sub-lists, or between multiple displayed lists.
The buttons might also be used for rapid scrolling up, down, or side-to-side of the
display. The switch beneath button A, for example, may be used to select a
highlighted item on a list or to move between menus. The buttons and
corresponding switches disposed therebeneath, however, may also be used to
control any function defined by the manufacturer of the portable device.

Tiltable member 18 may be used to control scrolling of the display as
a user moves a finger circumferentially around tiltable member 18, where sensed
variations of capacitance are employed to control scrolling, analogous to the

function provided by the touch pad described in the Zadesky reference. For
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example, clockwise movement of a user’s finger atop and along tiltable member
18 may be employed to result in downward scrolling, while counterclockwiseA
movement may be employed to result in upward scrolling. Alternatively, the
specific tilt of tiltable member 18 may be configured to control the position of a
cursor in a manner analogous to a joystick or to the slidable puck of the Harley -
references, with the cursor moving in the direction of the tilt, with such movement
being proportional to the degree of the tilt. In such embodiments, the switches
associated with tiltable member 18 may be omitted or disabled. The degree of tilt
required to provide scrolling or cursor control functions may be slight enough that
a user does not perceive the tilt, thereby simulating the functionality provided by
the touch pad disclosed in the Zadesky reference. In alternative embodiments,
variations in capacitances are employed to move a cursor or perform a similar
function, in a manner similar to that provided by the movable puck in the Harley
references. Significantly, however, and unlike the device described in the Zadesky
reference, some embodiments of the invention do not rely on or employ a path to
ground through a user’s finger or other body part, as is required in the touchpads
disclosed in the Zadesky references.

In some embodiments, particularly those in which tilt of tiltable
member 18 is employed to control scrolling, the control and data entry apparatus
may include a plurality of switches arranged around tiltable member 18 as
described above in connection with Fig. 1, where the switches aré disposed ‘
generally adjacent and below the periphery thereof. Such switches are preferably
responsive to a greater degree of tilting of tiltable member 18 than that required to
perform scrolling. Such switches preferably provide tactile feedback to a user to
indicate that switch closure or actuation has occurred. Tactile feedback may be
provided by dome-type switches, more about which is said below. Other switch
types, however, such as membrane switches or switches disclosed in the Zadesky
reference may also be employed.

In some embodiments, control and data entry apparatus 19 includes
central switch 36 (not shown in Fig 1) mounted beneath the center of tiltable
member 18 and directly beneath-button 20. Switch 36 is preferably configured so
that it may be actuated or closed by downward movement of button 20 without

activating any other switches that might be disposed beneath the periphery of
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tiltable member 18. If desired, actuation of central switch 36 may be employed to
disable such peripheral switches and/or the capacitive sensing of tilt.

, Referring now to Fig. 2, Figs. 3A-3C, and Fig. 4, device 19 includes
tiltable member 18 configured to be tilted through the pressure applied by a user’s
finger. Tiltable member 18 may assume any of a number of different physical
configurations or shapes, such as a disc, a plate, a circle, an ovoid, a square, a
rectangle, a cross-shaped member, a star-shaped member, a pentagon, a hexagon,
an octagon, and many other suitable shapes and configurations. Tiltable member
18 may be formed substantially within a plane as shown in Fig. 2 (although other
non-planar embodiments of tiltable member 18 are contemplated and included
within the scope of the invention), and is generally positioned spaced apart from
underlying circuit substrate 52. Tiltable member 18 preferably has generally
plémar electrically conductive member or plate 22 disposed on its underside (i’.e., '
on its inward facing surface). Circuit substrate 52 preferably has a plurality of
generally planar electrode surfaces and accompanying switches forming electrode
and switch array 39 disposed thereon or therein, which is located below and )
spaced apart from tiltable member 18. Note that in some embodiments, array 39
may not include one or more of switches 34, 35, 36, 37 or 38.

By slightly tilting and swiping tiltable member 18 (as illustrated
schematically in Fig. 4), the respective capacitances between electricélly
conductive member 22 and sense electrodes 40, 41, 44 and 45 disposed
therebelow on substrate 52 are varied, and a first function such as scrolling may
be effected. By tilting tiltable member 18 still further and deeper but not swiping
(as also illustrated schematically in Fig. 4), a switch located below the portion of
tiltable member 18 which is pressed may be closed or actuated, thereby effecting a
second function, such as a click.

In a preferred embodiment of device 19, tiltable member 18 is |
constrained by flexible membrane 25 or other portions of device 10 to tilt through
a maximum vertical distance of about 0.10 mm, about 0.20 mm, about 0.30 mm,
about 0.40 mm, about 0.50 mm, about 0.60 mm and about 0.70 mm, or to tilt
through a vertical distance ranging -between about between about 0.20 mm and

about 0.40 mm, between about 0.10 mm and about 0.60 mm, and about 0.05 mm
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and about 0.80 mm. Other ranges of tilt or deflection for tiltable member 18 are

of course also contemplated.

N The values of the individual capacitances between electrically
conductive member 22 and sense electrodes 40, 41, 44 and 45 mounted on
substrate 52 are monitored or measured by capacitance sensing circuitry 104.(see
Fig 5) located within portable device 10, as are the operating states of switches 34,
35 (not shown in Fig. 2), 36, 37 (not shown in Fig. 2) and 38. In a preferred
embodiment, a 125 kHz square wave drive signal is applied to electrically
conductive member 22 by sensing circuitry 104 through electrically conductive
drive electrode 42 and center dome switch 36 so that the drive signal is applied

continuously to electrically conductive member 22, although those skilled in the

- art will understand that other types of AC and DC drive signals may be

successfully employed Indeed, the drive signal need not be supplied by
capacitance sensing circuitry 104, and in some embodiments is provided by a
separate drive signal circuit. In a preferred embodiment, however, the drive signal’
circuit and the capacitance sensing circuit are incorporated into a single circuit or
integrated circuit.

In 2 mutual capacitance embodiment of control and data entry
apparatus 19, during operation thereof some portion of the charge corresponding
to the drive signal is transferred across the gap between member 22 and sense
electrodes 40, 41, 44 and 45, thereby effecting capacitance 51 therebetween (see,
for example, Fig. 3B). ‘

Referring to Fig. 2, there is shown a cross-sectional view of one
embodiment of control and data entry apparatus 19 corresponding to that
illustrated in Fig. 1. n Fig. 2, the relationship between tiltable member 18 and
drive electrode 42, sense electrodes 40 and 44 and switches 34, 36 and 38

“disposed therebeneath, is illustrated. Tiltable member 18 may be formed of an

electrically insulative, relatively rigid material, such as a suitable plastic, and
located within an opening disposed in housing 12 of the device. Electrically -

conductive materials may also be used to form, or be disposed upon, tiltable

--member 18, however.

Tiltable member 18 is coupled to housing 12 by means of flexible

membrane 25, formed, for example, of silicone, silicone rubber, an elastomeric
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material, or any other suitable flexible, resilient or deformable material. Flexible
membrane 25 is most preferably formed of a material and has dimensions and a
physical configuration and shape such that tiltable member 18 is restored to its
resting or non-deformed position once a user’s finger stops applying pressure or
force thereto. Other means of returning tiltable member 18 to its resting or non-
deformed position may also be employed, in addition to or as a substitute for the
mechanical biasing functionality of membrane 25 described hereinabove, such an
elastic or elastomeric member or glue disposed beneath the center of tiltable
member 18 similar to glue 332 disclosed in the Berstin reference.

In a preferred embodiment, flexible membrane 25 is configured to
impart leak —tightness, leak resistance, gas-tightness, gas resistance, or vapor-
tlghtness or vapor resistance to device 10 such that liquid or gas spilled or
otherw1se coming into contact with tiltable member 18, or with seam 17 disposed

between housing 12 and tiltable member 18, cannot enter, or is inhibited from

" entering, the interior of device 10 to damage, hinder or render inoperable the

electrical and electronic circuitry disposed therewithin. Flexible membrane 25,
housing 12 and tiltable member 18 may also be configured to permit underwater
operation of device 10. Similarly, flexible membrane may be configured to
protect the electrical and electronic components disposed within housing 12 from
the deleterioué effects of salt-laden air or other harmful gases or vapors, such as is
commonly fouﬁd in ocean or sea environments, or from mud, dirt or other
particulate matter such as dust or air-borne contaminants or particles.

. Electrically conductive plate or member 22 is disposed beneath the
lower surface of tiltable member 18 and separated therefrom by flexible
membrane 25. Electrically conductive member 22 is preferably thin (e.g., about
0.1 mm in thickness) and formed of a strong, flexible, light material such as
stainless steel or any other suitable metal or material, as illustrated in further detail
in Fig. 3A. Electrically conductive member 22 may assume any of a number of
different physical configurations or shapes, such as a series of discrete strips or
members electrically connected to one another, a disc, a plate, a circle, an ovoid, a
square, a rectangle, a cross-shaped member, a star-shaped member, a pentagon, a
hexagon, an octagon, or any other suitable shape or configuration. Electrically

conductive member 22 may also be an electrically conductive coating (such as a
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clear conductor like indium tin oxide or ITO for better illumination from a light
guide disposed beneath membrane 25) , paint, polymer, adhesive, epoxy or other
material disposed on the underside, formed integral to, or disposed within flexible
membrane 25.

) As illustrated in Fig. 3A, in one embodiment electrically conductive
member 22 has a series of holes 54, 56, 58, 60 disposed therethrough configured
to accept therein membrane plungers for actuating dome switches 34, 35, , 37 and
38 such that tiltable member 18 may actuate or close such switches upon being
deeply tilted or pressed by a user’s finger.

In an embodiment particularly well suited for use in a portable
electronic device such as a mobile telephone, electrically conductive member 22 is
substantially planar in shape and has a diameter approximating between about 10
mm and about 50 mm or at least one of about 12 mm, about 14 mm, about 16 mm,
about 18 mm, about 20 mm, about 30 mm and about 40 mm. Other diameteré and
shapes of member 22 are of course contemplated. Note that gap 33 becomes
smallest at the outermost edges or periphery of electrically conductive member,
and thus electrical coupling between member 22 and peripheral electrode 40, 41,
44 and 45 is enhanced at the outer edges of member 22. In most embodimenfs,
the diameter of member 22 is matched or close to that of electrode and switch
array 39. '

In some embodiments not illustrated in the Figures hereof, an
opﬁonal light guide layer of conventional construction may be disposed between
flexible membrane 25 and electrically conduc;tive member 22, and is configured to
allow light to shine through any translucent or transparent areas that might be
disposed in and/or around tiltable member 18. Alternatively, the light guide may
be disposed atop domes 34-38 and thus beneath electrically conductive member
22.

Substrate 52 is a printed circuit board and in one embodiment
comprises FR-4 fiberglass, although many other materials and compositions
suitable for use in printed circuit boards may also be used, such as FR-2
fiberglass, polyimide, GETEK™, BT-epoxy, cyanate ester, PYRALUX™,
polytetrafluoroethylene (PTFE) or ROGERS BENDFLEX™. In a preferred

embodiment, substrate 52 has electrically conductive traces formed of copper
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disposed thereon or therein, which may be formed by any of a number of methods
known to those skilled in the art, such as silk screen printing, photoengraving with
a photomask and chemical etching, PCB milling and other suitable techniques.
In one embodiment, tiltable fnember 18 is provided with four
. downwardly extending protrusions.located beneath cardinal points B, C, D andE .
and generally adjacent the periphery of tiltable member 18, of which two such
protrusions, 24 and 26, are shown in Fig. 2. As illustrated, such protrusions may
form a portion of flexible membrane 25, but may also be formed as a portion of
tiltable member 18 and extend through openings disposed in flexible membrane
25. These protrusions are employed to engage the corresponding respective tops
of dome switches 34, 35, 37 and 38 disposed therebelowA(see, for example, Fig.
3C, where dotted lines 34, 35, 37 and 38 represent the bottom surfaces of dome
switches 34, 35, 37 and 38 mounted adjacent sense electrodes 40, 41, 45 and 44,
respectively). Two such peripheral dome switches are illustrated in Fig. 2 (ie., |
— dome switches 34 and 38). As illustrated, protrusions 24 and 26 are spaced from
dome switches 34 and 38 when tiltable member 18 is in a first un-tilted, resting or
non-deformed configuration. Such spacing permits limited tilting of tiltable |
member 18 and associated electrically conductive member 22 into a second
slightly or shallowly tilted position without engaging, actuating or closing
switches 34 and 36. As discussed above, such shallow or limited tilting of tiltable
member 18 is sufficient to alter the spacing between electrically conductive
member 22 and electrodes 40, 41, 44 and 45 disposed on substrate 52, and are
configured to permit capacitance sensing circuitry 104 in device 12 to detect a
slight deflection of tilting member 18. In some alternative embodiments,
protrusions extend upwardly from the tops of dome switches 34, 35, 37 and/or 38,
and allow such switches to function in essentially the same manner.

Domes switches 34, 35, 37 and 38 are mounted on and electrically
coupled to electrodes 40, 41, 44 and 45 mounted on substrate 52. When pressed -
downwardly, domes 34, 35, 37 and 38 couple electrodes 40, 41, 44 or 45 to
ground through ground electrical contacts 46 and 47 (not shown in Fig. 2), 49 (not
shown in Fig. 2) and 50, respectively, positioned within openings in ring-shaped
electrodes 40, 41, 44 and 45 (as illustrated in Fig. 3C). Coupling of electrodes 40,
41, 44 and 45 to ground is detected by capacitance sensing circuitry 104 as the
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capacitive signal from the respective sense electrode falls to zero due to the drive
signal being taken to ground, and as discussed above may be employed to trigger
or disable any desired function. The arrangement of electrically conductive
surfaces or traces on substrate 52 is illustrated in more detail in connection with
Fig. 5 hereinbelow. In one embodiment, dome switches 34, 35, 36, 37 and 38 are
provided as a pre-manufactured sheet attached to substrate 52 by means of
adhesive disposed on the underside of the sheet. One such suitable sheet that may
be adapted for use in such an embodiment is manufactured by PANASONIC™
under the mark ESP™,

Note that dome switches 34, 35, 36, 37 and 38 illustrated in Figs. 2,
3C, and 5 provide capacitive sensing of switch actuation by coupling a sense or
drive electrode to ground. This arrangement and configuration is quite different
from that disclosed in the prior art as in, for example, U.S. Patent No. 7,123,028 to
Okana (hereafter “the Okana reference”), where dome switches are not connected
electrically to sense or drive electrodes, and instead are connected to circuits
separate and apart from such sense or drive electrodes. See, for example, svﬁtches
30-0 through 30-4 illustrated in Fig. 29 of the Okana reference. It will be seen
that a dome switch arrangement of the type disclosed in the Okana reference
requires a large amount of valuable surface area on a substrate having an electrode
and switch array disposed thereon, and that such surface area is consumed at the
expense of sense electrode surface area because both poles of the switches are
eleActrically separate and apart from those associated with the sense electrodes. As
sense electrode surface area is diminished, the sensitivity of such sense electrodes
diminishes accordingly. Consequently, switch arrangements of the type disclosed
in the Okada reference are difficult to make both small and sensitive.
Contrariwise, in the embodiments illustrated in Figs. 2, 3C, and 5 hereof, only
central contact disks 46, 47, 48, 49 and 50 need occupy valuable surface aréa on
substrate 52, as dome switches 34-38 need only provide electrical connections
between drive electrode 42 and ground contact 48, or between sense electrodes 40,
41, 44 and 45 and corresponding ground contacts 46, 47, 49 and 50. As a result
much less surface area is occupied by switch contacts on substrate 52 than in, for
example, the Okada reference, thereby permitting device 19 to be made smaller,

or with increased sensitivity due to enlarged sensing electrodes, or both, in respect
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of prior art switch and electrode array configurations. Indeed, as the dome
switches are electrically conductive and cover their corresponding underlying
ground contacts, essentially no surface area is sacrificed from any of the sense
electrodes or sense electrode wedges 40, 41, 44 and 45.

. Capacitive sensing circuitry. 104 may be configured to require a
series of capacitance changes indicative of movement of a user’s finger
circumferentially around tiltable member 18 over a minimum arc, such as 45, 90
or 180 degrees, or indeed any other predetermined suitable range of degrees that
may be programmed by a user in capacitive sensing circuitry 104, before a
scrolling function is activated or enabled. In the absence of a detected switch
closure, successive capacitance minima or maxima may be measured sequentially
through two or more peripheral electrodes. Such a scheme avoids accidental
scrdiling during a deep tilt to actuate a peripheral dome.

Located in the center of tiltable member 18 is central button 20,
which is provided with downward protrusion 28 configured to engage the top of
dome switch 36. Electrically conductive member 22 is provided with a
downwardly extending member 30, which in turn carries coupling electrode 32
that is electrically coupled to dome 36 of the central switch through capacitive or
physical contact therewith. One embodiment of electrically conductive member 22
is illustrated in detail in Fig. 3B hereof (note that for purposes of clarity Fig. 3B
does not show dome switches 34, 36 and 38 disposed between electrodes 40, 42
and 44 and electrically conductive member 22). In one embodiment, dome switch
36 is operably and electrically coupled to drive electrode 42, mounted to substrate
52 and provided with a 125 kHz square wave drive signal by the associated
capacitance sensing circuitry 104 within device 19. In a preferred embodiment,
capacitance sensing circuitry 104 is an Avago AMRI-2000 integrated circuit
especially designed for this purpose. Electrically conductive member 22 is
electrically coupled to drive electrode 42 such that variations in bapacitance i
between surface 22 and electrodes 40, 41, 44 and 45 may be detected. Ohmic

coupling of electrically conductive member 22 to drive electrode 42 has the

‘additional substantial benefit of shielding control and data entry apparatus 19 from

any variations in capacitance that might be associated with a path to ground

through a user’s finger.
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As illustrated in Fig. 2, center button 20 is provided with downward
protrusion 28 that is longer than protrusions 24 and 26 associated with the
peripheral dome switches 34 and 38. In the embodiment illustrated in Fig. 2,
protrusion 28 is in constant physical contact with the top surface of dome switch
36 via central disc portion 32. Such a configuration permits dome switch 36 to be
deflected downwardly by a user’s finger and into contact with ground contact 48
without activating any of peripheral dome switches 34, 35, 37 or 38. When dome '
switch 36 contacts ground contact 48, the drive signal applied to electrode 42 is
shorted to ground, thereby causing all sense signals to fall to zero, and may be
used to trigger any desired function such as disabling switches 34, 35, 37 and 38
or, for example, selecting an item on a menu.

Fig. 3A is a top plan view of one embodiment of an electrically
conductive member or plate 22, which underlies tiltable member 18 and in o'nev
embodiment ié generally coextensive therewith. Member 22 in this embodiment
isa perforated metal disc fabricated, for example, of stainless steel, aluminum, or
indeed of any other suitable electrically conductive material, as discussed above.
Four apertures 54, 56, 58 and 60 are formed in member 22 through which
corresponding downward protrusions disposed on the underside of flexible
membrane 25 project. As illustrated in Fig. 2, downwardly extending member 30
is tilted downwardly from the major portion of member 22 so that coupling
electrode 32 may establish electrical contact with the top portion of dome switch
36 and thereby couple electrically conductive member 22 to the drive signal
provided by capacitive sensing circuitry 104. When electrically conductive
member 22 is in ohmic contact with dome 36, capacitance variations associated
with paths to ground arising through a user’s finger are prevented from interfering
with the operation of control and data entry device 19, although in some cases
capacitive coupling between coupling electrode 32 and dome 36 may be sufficient
to provide adequate coupling to control navigation. A

Fig. 3B is a cross-sectional schematic illustration of one embodiment
of electrically conductive member 22 and corresponding underlying electrode and
switch array 39; for the sake-of clarity, no switches are shown in Fig. 3B. As
illustrated in Fig. 3C, pie-shaped sense electrodes 40, 41, 44 and 45 are disposed
radially about central drive electrode 42. Each of sense electrodes 40, 41, 44 and
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45 has a corresponding central ground contact 46, 47, 49 or 50 disposed
therewithin. As shown schematically in Fig. 3B, the drive signal from drive
electrode 42 flows capacitively to electrically conductive member or plate 22 and
then on to surrounding sense electrodes 40, 41, 44 and 45 for sensing by
capacitance sensing circuitry 104. .

Fig. 4 illustrates no tilting, shallow tilting and deep tilting of one
embodiment of tiltable member 18 by a user’s finger, as discussed further
hereinabove. In one embodiment, when tiltable member 18 is not tilted, no scroll
or click operations may occur. When tiltable member 18 is tilted slightly (i.e,
“shallow tilt” position), a first function may be effected through the movement of
a user’s finger sweeping around tilting member 18 (e.g., scrolling of selected
functions). When tiltable member 18 is tilted further (i.e., “deep tilt” position), a
second function may be effected through the movement of a user’s finger (e.g.,
clicking to choose selected functions). Thus, in a preferred embodiment, no
functionality is effected in the “no tilt” mode, scrolling is effected by a “shallow
tilt’ mode plus a sweeping motion and clicking is effected by a “deep tilt” mode.
Button 20 is used independently of the tilting of tiltable member 18 to effect
clicking or actuation of center dome switch 36. '

In one embodiment, slight tilting of tiltable member 18 corresponds
to a first vertical displacement of the tiltable member ranging between about 0.25
mm and about 0.40 mm, between about 0.20 mm and about 0.45 mm and between
about 0.15 mm and about 0.50 mm, and deep tilting of tiltable member 18
corresponds to a second vertical displacement of the tiltable member ranging
between about 0.45 mm and about 0.65 mm, between about 0.40 mm and about '
0.70 mm and between about 0.30 mm and about 0.80 mm.

Fig. 5 illustrates one embodiment of electrode and switch array 39
and its connection to capacitance sensing circuitry 104, host processor 102 and
display 14. Figure 5 illustrates the schematic arrangement of electrically
conductive drive electrode trace or conductor 64, electrically conductive sense

electrode traces or conductors 62, 63, 66, 68, and ground traces or conductors 54,

- 55,56, 57, 58 and 60 on substrate 52, and the electrical connections of such traces

and electrodes to capacitance sensing circuitry 104, which as described above in a

preferred embodiment is an integrated circuit especially designed for the purpose
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of sensing changes in capacitance and reporting same to host processor 102. Fig.
5 also illustrates schematically the connections between capacitance sensing
circuitry 104 and host processor 102, and between host processor 102 and display
14. As illustrated, electrical conductors 54, 55, 56, 57, 58, 60, 62, 63, 64, 66 and

.68 couple sense and drive electrodes 40, 41, 42, 44 and 45, and ground contacts

46, 47, 48, 49 and 50, to capacitance sensing circuitry 104, which in turn is
operably coupled to other circuitry disposed in device 10.

" In the embodiment illustrated, substrate 52 is provided with four

. peripheral pie-shaped eleqtrodes 40, 41, 44 and 45 and drive electrode 42, all of

which are fabricated from a layer of conductive metal (preferably copper)
disposed on or in substrate 52 according to any of the various techniques
described above, or using other suitable techniques known to those skilled in the

art. Electrically conductive member 22 overlies, and in a resting non-actuated

position is spaced apart from, electrodes 40, 41, 44 and 45. Tilting of electrically

conductive member 22, as discussed above, changes the relative respective -
capacitances between peripheral electrodes 40, 41, 44 and 45 and member 22,
which in a preferred embodiment is continuously electrically coupled to central
drive electrode 42. Electrically conductive member 22 is coupled to drive
electrode 42 such that capacitance changes may be measured by capacitance
sensing circuitry or integrated circuit 104 via conductors 62, 63, 66 and 68.

" Ground contacts 46, 47, 49 and 50 are located within openings

. disposed in peripheral electrodes 40,41, 44 and 45, and in a preferred

embodiment are electrically coupled to peripheral electrodes 40, 41, 44 and 45
when dome switches 34, 35, 37 and 38 corresponding respectively thereto are
actuated or closed, thereby allowing capacitance sensing circuitry 104 to detect
switch activation via conductors 62, 63, 66 and 68. Drive electrode 42 is also
coupled to ground via contact 48 when central dome switch 36 corresponding
thereto is actuated or closed, allowing capacitance sensing circuitry 104 to detect

switch closure via conductors 62, 63, 66 and 68. (Note that in the embodiment

illustrated in Fig. 5, the detection of capacitance changes requires monitoring

sense conductors 62, 63, 66 and 68. Shorting the drive signal to ground causes

signals on those lines to fall to zero.)
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When any of peripheral dome switches 34, 35, 37 and 38 is actuated
or closed, the sense electrode corresponding thereto is tied to ground, thereby
causing the capacitive signal to fall to zero. In a preferred embodiment, when
center dome switch 36 is actuated or closed, drive electrode 42 is tied to ground
and all capacitive signals associated with all of sense electrodes 40, 41, 44 and 45
fall to zero. In such a manner the five different clicks and respective output
signals associated therewith are generated by buttons A, B, C, D and E,
corresponding sense electrodes 40, 41, 44, 45 and drive electrode 42, and dome
switches 34, 35, 36, 37 and 38.

. It should be noted that while the embodiments disclosed in Figures
employ four peripheral switches, four peripheral electrodes and one central or
drive electrode, two, three, five or other numbers of such structures or elements

may instead be employed.
As illustrated, peripheral electrodes 40, 41, 44 and 45 and drive

“electrode 42 disposed on or in substrate 52 are electrically coupled to capacitance

measurement circuitry 104, which in turn produces output signals routed to host
processor 102 via, for example, a serial I*C-compatible or Serial Peripheral
Initerface (SPI) bus, where such signals are indicative of the respective
capacitances measured between the electrically conductive member 22 and
peripheral electrodes 40, 41, 44 and 45. In the case where capacitance
measurement circuitry 104 is an Avago AMRI-2000 integrated circuit, the AMRI-
2000 may be programmed to provide output signals to host processor 102 that,
among other possibilities, are indicative of the amount of, or change in the amount
of, spatial deflection of tiltable member 18 (e.g., dX and/or dY) or the number
and/or type of clicks or scrolling sensed with this number potentially dynamically
variable based upon the speed of the sweep of the finger. Host processor 102 may
use this information to control display 14 as discussed above. Circuitry 104 rhay
be any appropriate capacitance measurement circuit or integrated circuit and may,
for example, correspond to those employed in fhe above-cited Harley references.
Capacitance sensing circuitry 104 also detects the grounding of any of electrodes
40, 42,41, 44 and 45 on substrate 52. -

In some other embodiments of the invention illustrated in Figs.

6 and 7, rather than tilting tiltable member 18 by means of a user’s finger, rotary
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knob 70 is employed to effect tilting. In some of these embodiments, rotatable
knob 70 is provided with tilted lower of inward surface 71 carrying electrically
conductive member 22. In such embodiments, rotation of knob 70 varies the tilt of
electrically conductive member 22 relative to electrodes 40, 41, 44‘and 45
disposed therebeneath. In other embodiments, knob 70 is provided with downward
protrusion 72 that slightly tilts tiltable member 18 downward or inward in the
region beneath protrusion 72. Rotation of knob 70 results in functionality in a
manner similar to that provided by a user moving a finger cifcumferentially
around the disc in other embodiments described and shown herein, and likewise
may be employed to control scrolling.

Fig. 6 is a cross-sectional view of an embodiment employing
rotatable knob 70 having a tilted lower surface 71 with electrically conductive
member 22 disposed thereon or therein. Knob 70 is preferably formed of an
electrically insulative material such as plastic and is provided with downwardly
extending central post 74, which near the bottom end thereof is supported by
bearing 76. Rotation of knob 70 causes tilted lower surface 71 with electrically
conductive member 22 to sweep across and into proximity with at least one of
peripheral electrodes 40, 41, 44 or 45 disposed therebeneath. As shown in Fig. 6,
gap 33 between electrically conductive member 22 varies according to which
portion of electrically conductive member 22 is in proximity to which peripheral
electrode 40, 41, 44 or 45 disposed therebeneath. In the case where the lowest
portion of tilted lower surface 71 is in proximity to any one of sense electrodes 40,
41, 44 or 45, gap 33 is relatively small. In the case where the highest portion of
tilted lower surface 71 is not in proximity to any one of sense electrodes 40, 41,
44 or 45, gap 33 is relatively large. In a preferred embodiment, the tilting and
capacitance sensing mechanism illustrated in Fig. 6 contains no tiltable member
18, and peripheral dome switches 34, 35, 37 and 38 are omitted. Contact
electrode 32 is electrically coupled to electrically conductive member 22 by
downwardly extending member 30 and rotates against the upper surface of drive

electrode 42. Embodiments incorporating both knob 70 and switches 34, 35, 37

. and 38 are also contemplated, however.

Note that in the embodiment illustrated in Fig. 6, as well as in the

embodiments illustrated in the other Figures, physical contact between contact
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electrode 32 and drive electrode 42 may not be required to effect sufficient
transfer or coupling of a square wave or other suitable drive signal between
contact electrode 32 and drive electrodes 42, as under some circumstances such a
signal may be transferred effectively through capacitive means across a small gap
disposed therebetween. Physical contact between such contact electrodes and
drive electrodes does help provide optimum signal coupling, however, and thereby
reduces the effects of interfering, unwanted or outside signals. Measurements of
relative capacitance changes between electrically conductive member 22 and
peripheral electrodes 40, 41, 44 and 45 on substrate 52 operate as in the
embodiments discussed above.

In other embodiments, knob 70 may be fabricated of an
electrically conductive material and its lower surface may provide essentially the
same function as electrically conductive member 22 discussed above in
connection with Fig. 6. In another embodiment, at least the upper portions or
exposed surfaces of conductive knob 70 are electrically non-conductive to prevent
or inhibit signal drain caused by ground paths established through a user’s finger.
The lower portion of rotatable knob 70 in proximity to lower surface 71 may be
plated or coated with an electrically conductive material or metal to provide the
functionality associated with electrically conductive member 22 described above
in connection with other embodiments.

Fig. 7 is a cross-sectional view of yet another embodiment
employing rotatable knob 70 with protrusion 72 extending downwardly therefrom,
where rotation of knob 70 varies the tilt of underlying electrically conductive
member 22 in respect of electrode array 39. In this embodiment, rotatable knob
70 provides a tilting function respecting tiltable member 18 via protrusion 72
disposed on the underside of knob 70 as a substitute for tilting induced by a user’s
finger. This embodiment corresponds generally to that illustrated in Figures 1
through 5 hereof, with differences described below. As in the above-described
embodiments, tiltable member 18 is located within an opening disposed in
housing 12 of device, and is coupled to housing 12 by means of flexible
membrane 25 disposed on the lower surface of tiltable member 18. Below .- ‘

membrane 25 is disposed electrically conductive member 22 . Although not
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illustrated, an optional light guide layer of conventional construction may also be
included, as discussed above.

[0079] Shaft 74 extending downwardly from knob 70 through tiltable
member 18 for mounting of the lower portion thereof to bearing 76 mounted on or
near substrate 52. Knob-70-is provided with a downwardly extending bump or -
protrusion 72, which is configured to slidably engage tiltable member 18 and tilt
the engaged portion thereof downwardly towards peripheral electrodes 40, 41, 44
and 45 disposed on substrate 52 to allow sensing and measurement of the resultant
changes in capacitance between electrically conductive member 22 and
peripheral electrodes 40, 41, 44 and 45 disposed on substrate 52. Member 22 is
provided with a downwardly extending member 30, similar to member 30
illustrated in Figures 2 and 6. Downwardly extending member 30 in turn is
prdvide’d with coupling electrode 32, which is electrically coupled to drive
electrode 42 disposed on substrate 52, thereby allowing detection of capacitance -
changes by capacitance sensing circuitry 104 as described above. Embodiments
incorporating both knob 70 and switches 34, 35, 37 and 38 are also contemplated.

Fig. 8 is a cross-sectional view of still another embodiment
employing rotatable knob 70 having tiltable electrically conductive member 22
disposed therebelow beneath flexible membrane 25. Protrusion 72 extends
downwardly from rotatable knob 70 and deflects flexible membrane 25 into
proximity with electrode array 39 disposed therebelow. Rotation of knob 70
varies the location at which underlying electrically conductive member 22 is in
proximity to one of sense electrodes 40, 41, 44 or 45 of electrode array 39, which
in the embodiment illustrated in Fig. 8 contains no dome switches.

Fig. 9 is a cross-sectional view of a further embodiment employing
rotatable knob 70 having tilted electrically conductive member 22 disposed
therewithin, where rotation of knob 70 varies the position of tilted member 22 in
respect of underlying electrode array 39, which like the embodiment illustrated in
Fig. 8 has no dome switches mounted therein.

The embodiments described above in connection with Figs. 1-9 rely
on the principle of mutual capacitance, as discussed hereinabove in greater detail.
In other embodiments, the principle of self-capacitance is employed in control and

data entry device 19, where, for example, drive electrode 42 in the foregoing
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embodiments is replaced with electrode 43 (not shown in the Figures) connected
electrically to ground, and electrically conductive member 22 having a drive
signal applied thereto is replaced with electrically conductive ground member 23

(not shown in the Figures) also connected electrically to ground. Each of

_electrodes. 40, 41, 44 and 45 in such an embodiment would therefore provide . .

increased current flow as tiltable member 18 is moved in proximity thereto, as a
closer path to ground is provided thereby. The functionality provided by such
self-capacitance embodiments is substantially similar to that provided by the
mutual capacitance embodiments described hereinabove, except that the sensing
of clicks by means of dome switches 34, 35, 36, 37 and 38 may be provided by -
positioning a ground pad in the center of dome 36. When a given dome is
collapsed, a strong path to ground is provided to the self-capacitance electrode,
thereby causing increased current flow which exceeds that caused by merely: |

tilting member 22 toward a given electrode, thereby allowing capacitance sensing

* circuitry 104 to distinguish between a shallow tilt for scrolling and a deep tilt for

clicking.

| Fig. 10 illustrates yet another embodiment, where Hall effect sensors
are employed to sense finger movement instead of capacitive sensing technology..
In a Hall effect sensor, the output voltage provided thereby varies in responsé to
changes in the local magnetic field. As illustrated in Fig. 10, in one embodiment
Hall effect sensors 80, 82, 84 and 86 are disposed at 45, 135, 215 and 305 deigree
bosiﬁons béneath tiltable member 18 and are configured to effect scrolling
fuhctionality. Tiltable member 18 includes four suitable corresponding permanent
magnets positioned directly above each of the four Hall effect sensors, with each

such magnet being capable of magnetically coupling with a corresponding Hall

. effect sensor disposed therebeneath when tiltable member 18 is pressed slightly

downwardly by a user’s finger into proximity therewith.

Hall effect sensors 80, 82, 84 and 86 are preferably configured to
provide output signals indicative of tiltable member 18 being pressed into
proximity thereto, where such output signals are provided to microcontroller 104
via communication lines, busses or conductors 121, 122, 123 and 124. Ina
préferred embodiment microcontroller 104 includes software code especially

designed to process output voltage signals provided by Hall effect sensors 80, 82,
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84 and 86 and provide output signals indicative of scrolling to host processor 102.
Hau effect sensors 80, 82, 84 and 86 and microcontroller 104 may be configured
to determine which among sensors 80, 82, 84 and 86 is closest to the underside of
tiltable member 18 having permanent magnets disposed thereon on the basis of,
for example, maximum sensed magnetic flux.

Contact pairs 133/111, 134/112, 131/113, 132/114 and 130/115 are
disposed below corresponding dome switches 35, 38, 37, 34 and 36, respectively
(the outer edges of which are denoted by dashed lines in Fig. 10), and permit
actuation of such switches through such pairs to effect clicking functionality.
Unlike other embodiments disclosed hereinabove, however, switches 34-38 in Fig.
10 and the corresponding contacts disposed therebelow are arranged in a
conventional configuration where contacts do not provide dual functionality as
bot'hi switch contacts and electrodes, but instead function conventionally as switch
contacts. Switches 34-38 are operably connected to keyboard controller 105,
which in turn is operably connected to host processor 102. In the simplest caée,
the central, inner, disk-shaped pad disposed beneath each dome switch is tied toa
6orresponding pin on keypad controller 105, and the outer ring surrounding each
such pad is tied to ground. Keypad controller 105 drives each pin and is
conﬁgured to sense dome collapse when a given pin becomes tied to ground
through a dome switch being collapsed onto its corresponding ground pad.

In one embodiment, permanent magnets disposed above Hall effect
sensors 80, 82, 84 and 86 are embedded within tiltable member 18 at 45, 135,. 215
and 305 degree positions corresponding to the orientations and positions of
sensors 80, 82, 84 and 86 positioned directly therebelow, but may also assume
any of a number of other configurations, such as discrete permanent magnets
embedded.in or attached to the underside of ﬂexibic member 25, strips or circles
formed of a ferromagnetic material, a ferromagnetic coating, a magnetic epoxy, a
magnetic adhesive, a magnetic polymer, a magnetic paint or a magnetic coating
disposed on the underside, within or atop tiltable member 18, and the ﬁke.

In still another embodiment, electrical resistivity, as opposed to
capacitance or magnetism, is employed to provide scrolling functionality in
control and data entry apparatus 19. In such an embodiment, the electrical

resistivities of a series of sub-circuits disposed on a substrate in positions on
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substrate 52 corresponding roughly to those occupied by sense electrodes 40, 41,
44 and 45 in Figs. 2, 3C and 5 change in response to compression of a carbon-
filled elastomer caused by the proximity of tiltable member 18 being positioned
immediately thereabove and in contact therewith. Electrically conductive contacts
disposed on the underside of tiltable member 18 are employed to engage portions
of such sub-circuits when tiltable member 18 is pressed downwardly thereupon
and in contact therewith, thereby changing the electrical resistance of the sub-
circuit which has been pressed downwardly upon. A suitable resistance sensing
circuit may be employed to sense such changes in resistance corresponding to the
position and tilt of tiltable member 18 and report such changes to host processor
102.

While the primary use of the control and data entry device of the
1nvent1on is beheved likely to be in the context of relatively small portable
devwes, it may also be of value in the context of larger devices, including, for
example, keyboards associated with desktop computers or other less portable
devices such as exercise equipment, industrial controls, industrial control pa'rll."ells',v )
Qva:shing‘ machines, control panels, outdoor control devices, or eciuipment or
devices configured for use in moist, humid, sea-air, muddy or underwater
environments. Similarly, while many embodiments of the invention are beheved
most likely to be configured for manipulation by a user’s fingers, some
embodiments may also be configured for manipulation by other mechanisms or
body parts. For example, the invention might be located on or in the hand rest of
a keyboard and engaged by the heel of the user’s hand.

Note that the term “control and data entry apparatus™ as it appears in
the specification and claims hereof is not intended to be construed or interpreted
as bcing limited solely to a device or component of a device capable of effecﬁng
both control and data entry functions, but instead is to be interpreted as applymg :
to a device capable of effecting either such function, or both such functions. '

The embodiments described above with reference to Figs. 2 -~ 5
include four periphery dome switches 34, 35, 37, and 38 located at the cardinal
points of the tiltable member 18 to implement click functionality at the cardinal
points. In an alternative embodiment, periphery switches are not included in the

device and click functionality is implemented using only a central switch. In
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particular, the tiltable member is cqnﬁgured such that a certain amount of finger
pressure at the periphery of the tiltable member causes the tiltable member to tilt
enough that the central switch is actuated. The tilt of the tiltable member also
causes a change in the capacitance at the sense electrodes. The combination of the
actuation of the central switch and the capacitance of the sense electrodes at the
time of switch actuation can be interpreted as a click corresponding to one of the
cardinal points, e.g., the cardinal point at which the finger pressure was applied.
Using the above-described technique, scrolling functionality is added to traditional
5-way navigation in an input device that relies on self-contained mutual
capacitance. Providing click functionality at the cardinal points of a tiltable
member using only a single switch provides several advantages including the
elimination of the four periphery dome switches, a smaller footprint, a thinner
profile, and smooth sweeping around the tiltable member. h

Fig. 11 is a side cutaway view (along line AA of Fig. 12A) of
another embodiment of a system 200 for controlling a device such as the device
10 of Fig. 1. In particular, Fig. 11 depicts a side cutaway view of another .
embodiment of the control and data entry apparatus 19 from Fig. 1. The system of
Fig. 11 includes a substrate 202, a central switch 204, an electrically conductive
member 206, a flexible membrane 207, a tiltable member 208, a central button
210, and a housing 212. Many of the features of the system of Fig. 11 are sirﬁilar
to those of Fig. 2. In particular, the system is configured such that the electrically
conducﬁvé member 206 moves in response to tilting of the tiltable member 208.
Although there are many similar features between the system of Fig. 11 and the
system of Fig. 2, the system of Fig. 11 includes one central switch and no
periphery switches. As is described in more detail below, periphery click
functionality is implemented by configuring the system such that finger pressure
at the periphery of the tiltable member (e.g., at a cardinal point) can actuate the
central switch and then interpreting capacitive measurements at the time of a
switch actuation to identify a user input as a periphery click. Individual elements |
of the system of Fig. 11 are described with reference to Figs. 12A — 12D followed
by a description of the operation of the system.

Fig. 12A depicts a plan view of an embodiment of the substrate 202

from Fig. 11. The substrate includes a central switch contact 214, a central switch
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ground electrode 216, drive electrodes 218, and sense electrodes 220. The central
switch contact and the central switch ground electrode are utilized to support a
central switch, such as a dome switch, which is actuated by pressure applied to the
central button 210 (see Fig. 11). In an embodiment, a dome switch is always in
contact with the central switch ground electrode 216. When the dome switch 214
is in an un-collapsed state, the dome switch is not in contact with the central
switch contact 214 and when the dome switch is in a collapsed state, the dome
switch is in contact with the central switch contact 214, thereby triggering a
switch actuation. In contrast to the system described above with reference to Figs.
1 — 5, actuation of the central switch 204 does not disable the sense electrodes by
connecting the drive electrodes to ground. Because the sense electrodes are not
disabled by a central switch actuation, capacitance measurements can be made at
the sense electrodes while the central switch is actuated. Although one
embodiment of a central switch is described with reference to Figs. 11 and 12A,
othér types of central switches are possible. Further, different central switch
electrode arrangements are possible.
The substrate 202 of Fig. 12A also includes four drive electrodes

218, which provide an electrical charge to the electrically conductive member 206
(Fig. 1) and are spaced apart by 90 degrees and rotated 45 degrees from the x and
y axes. Although the substrate includes four drive electrodes, other numbers of
drive electrodes are possible. For example, a single drive electrode may be
sufficient to provide an electrical charge to the electrically conductive member.
Additionally, the location and shape of the drive electrodes may be different for
different implementations. As is described-below in the embodiment of Figs. 11 ~
12D, only two opposing drive electrodes are in ohmic contact with the electrically
conductive member. However, the two additional drive electrodes make it
possible for the electrically conductive member to be rotated by 90 degrees with
respect to the substrate. In an embodiment, the two additional drive electrodes
enable the system to be assembled with a maximum 90 degree rotation of the |
electrically conductive member 206.

. The substrate 202 of Fig. 12A also includes four sense electrodes
220, which are spaced apart by 90 degrees and rotated 45 degrees from the x and y

axes. The sense electrodes extend to the outer edge of the substrate and are
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electrically isolated from each other by insulating regions 222. Additionally, the
sense electrodes are sized such that gaps 224 exist between adjacent sense
electrodes. In an embodiment, the sense electrodes are separated by grounded
gaps, for example, 2mm grounded gaps. The 45 degree rotation and the gaps
between the sense electrodes provide space for lighting elements to be placed in
alignment with the B, C, D, and E cardinal points of the input device (Fig. 1). For
example, an electroluminescent light sheet can be placed in the gaps between the
sense electrodes to light identifying markings at the cardinal points. In an
embodiment, the grounded gaps between the sense electrodes help to control high
voltage noise that emanates from the electroluminescent light sheets.

Although the sense electrodes 220 are spaced apart by 90 degrees
and rotated by 45 degrees from the x and y axes, other arrangements of the sense
electrodes are possible. In particular, sense electrodes with spacing other than 90
degrees and other than a 45 degree rotation are possible. Additionally, the number
of sense electrodes is not limited to four. Although using four electrodes is
convenient for implementing a circular system with four cardinal points, other
numbers and arrangements of sense electrodes are possible. For example, more
than four sense electrodes may be used to support higher resolution navigatién.

Fig. 12B depicts -an embodiment of the electrically conductive j
member 206 that is used to create regions of self-contained mutual capacitance at
the locations of the sense electrodes 220. In an embodiment, the electrically
conductive member is a circular flat plate of stainless steel. In the embodiment of
Fig. 12B, the electrically conductive member, referred to herein as a sense plate,
has a void in the center and two arms 230 formed to contact respective drive
electrodes 218 (Fig. 12A) that are located in the substrate 202. In general, the
sense plate is sized to be compatible with the substrate of Fig. 12A and the
corresponding drive and sense electrodes. In an embodiment, the flat portion of
the sense plate is parallel to the substrate and to the sense electrodes when no
pressure is applied to the tiltable member. A parallel arrangement between the
sense plate and the sense electrodes while the tiltable member is in a resting -
position results in evenly balanced capacitance measurements when there isno -
tilt. In an embodiment, the arms 230 are formed to produce 5 grams of downward

force upon the substrate at a vertical displacement of 2 mm. Fig. [2Cisa
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perspective view of the sense plate 206 of Fig. 12B that shows the arms 230
formed to contact two of the drive electrodes 218 of the substrate. Although one
embodiment of an electrically conductive member is described with reference to
Figs. 12B and 12C, other embodiments of the electrically conductive member are
possible. In another embodiment, the electrically conductive member could be ..
divided into individual electrically isolated sub-members, with each sub-member
being electrically connected to a drive electrode.

Fig. 12D illustrates the electrical circuit that is formed between two
of the drive electrodes 218, two of the sense electrodes 220, and the sense plate
206 described above with reference to Figs. 11 — 12C. As illustrated in Fig. 12D,
current flows directly from the two drive electrodes to the sense plate (via the
arms 230) and current flows from the sense plate to the two sense electrodes
thrbugh capacitive coupling as indicated by capacitors 232. When the sense plate
tilts closer to one of the sense electrodes, the capacitive coupling between the
sense plate and the sense electrodes-changes. In particular, the capacitive
coupling increases at the sense electrodes that are closer to the sense plate and the
;:apacitive coupling decreases at the sense electrodes that are farther from the"
sense plate. The changes in capacitance can be translated into signals that are
indicative of various control and/or input operations such as scrolling and
clicking.

’ Figs. 13A — 13D illustrate the functionality of the single-switch
system 200 described above with reference to Figs. 11 — 12D. Fig. 13A depicts
the tiltable member 208 of the single-switch system in a rest or “non-tilted”
position relative to the substrate 202 and the sense electrodes 220. Fig. 13B
depicts the tiltable member 208 at a shallow tilt as a result of finger pressure (as
indicated by arrow 236) being applied at the periphery of the tiltable member.
Notice in Fig. 13B that the dome switch 204 has not been actuated as a result of
the finger pressure, e.g., the dome switch is in an un-collapsed state. In an
embodiment, the capacitance changes that result from the shallow tilt are
translated to a function such as a scroll function.

Fig. 13C depicts the tiltable member 208 at a deep tilt as a result of
more finger pressure 236 being applied at the periphery of the tiltable member.

Also notice in Fig. 13C that the dome switch 204 has been actuated as a result of
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the finger pressure, e.g., the dome switch is in a collapsed state. In an
embodiment, the switch activation and the capacitance changes that result from
the deep tilt are translated to a function such as a periphery click function, in
particular, a click function at one of four cardinal points on the tiltable member.
For example, an increased capacitance at two adjacent sense electrodes along with
a switch actuation are translated to a click function at the cardinal point between
the two adjacent sense electrodes that exhibited the increased capacitance. In an
embodiment, the collapsing of the dome switch also provides tactile feedback to
the user. For example, the collapsing of the dome switch provides the user with a
click feeling even though the finger is located at the periphery of the tiltable
member and not directly over the centrally located dome switch. Using the above-
described system, a click feeling is experienced at the four cardinal points and at
thév ééntral button using only one switch, for example, a switch that is centrally
loéaied within a ring or disk shaped pad. )

Fig. 13D depicts the tiltable member 208 in a depressed state as a .
result of finger pressure 236 being applied at the central button. As illustratea in
Fig. 13D, the finger pressure has actuated the central switch 204, e.g., collapsed'
the dome swit;:h, without imparting much, if any, tilt on the tiltable member.
Although the capacitance at the sense electrodes 220 may change as the sensé
plate 206 moves closer to the sense electrodes, the change in capaciténce should
be relatively even between the four sense electrodes. The even distn'bution of
capacitance among the four sense electrodes is an indication of little or no tilt in
the tiltable member. In an embodiment, the switch actuation and the relatively
even distribution of capacitance amongst the sense electrodes is translated to a
function such as a central click function.

Fig. 14 depicts an embodiment of a device 240, such as a hand-held
device, that includes a system 200 as described above with reference to Figs. 11 —
13D for controlling a graphical user interface of the device. In particular, Fig. 14
depicts the substrate 202, a controller 242, a processor 244, a display 246,
conductive paths 250 and 252, and electrical signal paths 254 and 256 between the

. electrodes of the substrate and the controller. The electrically conductive member

206, the tiltable member 208, and the central switch 204 of Fig. 11 are not shown
in Fig. 14 for the sake of simplicity. As depicted in Fig. 14, there is a switch
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contact path 250 between the controller and the central switch contact 214, a
ground path 252 between the controller and the central switch ground electrode
216, signal paths 254 between the controller and the drive electrodes, and signal
paths 256 between the controller and the sense electrodes.

_ The controller 242 includes a drive circuit 260, a capacitance ..
measurement module 262, and signal logic 264. The drive circuit provides an
electrical charge to the central switch drive electrode 214 and to the drive
electrodes 218. The capacitance measurement module 262 measures capacitance
at the sense electrodes 220.

The signal logic 264 translates information from the drive circuit 260
and/or the capacitance measurement module 262 to signals that are indicative of a
function. For example, the signal logic translates: 1) a series of capacitance

changes amongst the sense electrodes 220 in a circular motion around the

substrate 202 into a signal indicative of a scroll function; 2) an increase in

capacitance at one or two sense electrodes concurrent with actuation of the central
switch 204 into a signal indicative of a periphery click function, e.g., a click at one
of the cardinal points; and 3) actuation of the central switch with little or no
change in the distribution of capacitance measurements amongst the sense
electrodes into a signal indicative of a central click function.

As described above, the system 200 is configured so that the central
switch 204 can be actuated in response to finger pressure applied at the center
button 210 or in response to finger pressure applied at the periphery of the tilfablé
member 208, especially at cardinal points of the tiltable member. Various
different mechanical structures can be employed to achieve the above-described
functionality. Fig. 15 depicts an embodiment of a system 300 that utilizes a
bracket and clip arrangement to enable activation of the central switch 204 in
response to finger pressure applied at the center or the periphery of the tiltable
member. In the embodiment of Fig. 15, bracket 302 is attached to the substrate.
The bracket includes clips 304 that restrict the movement of the tiltable member.
For example, when finger pressure is applied at one side of the tiltable member,
the clip or clips at the opposite side of the tiltable member from the finger
pressure restrict the movement of the tiltable member so that the central switch

can be activated. In an embodiment, the clip on one side of the tiltable member
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prevents the tiltable member from rising up in response to finger pressure at the
opposite side of the tiltable member. Although one technique for enabling
activation of the central switch is described with reference to Fig. 15, other

techniques are possible. For example, a housing structure at the outer edge of the

tiltable member can be configured to restrict the movement of the tiltable member

so that the central switch can be actuated by peripheral finger pressure.

Note further that included within the scope of the invention are
methods of making and having made the various components, devices and
systems described herein.

The above-described embodiments should be considered as examples
of the present invention, rather than as limiting the scope of the invention. In
addition to the foregoing embodiments of the invention, review of the detailed
description and accompanying drawings will show that there are other
embodiments of the present invention. Accordingly, many combinations,
pefmutations, variations and modifications of the foregoing embodiments of the -
present invention not set forth explicitly herein will nevertheless fall within the
scope of the present invention.

Although specific embodiments, of the invention have been
described and illustrated, the invention is not to be limited to the specific forms or
arrangements of parts so described and illustrated. The scope of the invention is

to be defined by the claims appended hereto and their equivalents.

The disclosures in United Stétes patent application no. 12/122,542, from
which this application claims priority, and in the abstract accompanying this

applications are incorporated herein by reference.
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CLAIMS

1. A system for controlling a graphical user interface of a device, the system
including:

a tiltable member configured for tilting by a user;

an electrically conductive member configured to move in response to tilting
of the tiltable member;

a substrate spaced apart from the electrically conductive member by a gap
and including a plurality of mutually isolated sense electrodes disposed thereon;

a drive circuit configured to provide an electrical drive signal to the
electrically conductive member;

a capacitance measurement circuit operably coupled to the sense electrodes,

the capacitance measurement circuit being configured to detect changes in

~ capacitance that occur between the electrically conductive member and the sense -

electrodes in response to tilting of the tiltable member;
a switch centrally located between the sense electrodes, wherein the tiltable

member is connected to the switch to enable actuation of the switch in response to

tilting of the tiltable member; and

signal logic configured to translate capacitance measurements and actuations

of the switch into a signal that is indicative of an input function in a graphical user

interface.

2. Thg system of claim 1, wherein the input function is a scroll function.

3. The system of claim 1, wherein the input function is a central click function.
4. The system of claim 1, wherein the input function is a periphery click
function.

5. | The éystem of claim 1, wherein the input fﬁnction is either a scroll function, a

central click function, or a periphery click function.
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6. The system of any preceding claim, wherein the signal logic is configured to:
translate changes in capacitance to a signal indicative of a scroll function;
translate actuation of the switch to a signal indicative of a central click

function; and “
translate a capacitance measurement along with actuation of the switch to a

signal indicative of a periphery click function.

7. - The system of any preceding claim, wherein the signal logic is configured to
identify a direction of tilt of the tiltable member in response to a capacitance
measurement and translate the direction of tilt and an actuation of the switch to a

signal indicative of a click function at a cardinal point of the tiltable member.

8. The system of any preceding claim, including a sense signal path between
each sense electrode and the capacitance measurement circuit and a drive signal path
between a drive electrode and the drive circuit, wherein the drive electrode is

electrically connected to the electrically conductive member.

9. A system for controlling a graphical user interface of a device, the system
including:

a tiltable member configured for tilting by a user;

an electrically conductive member configured to move in response to tilting
of the tiltable member;

a substrate spaced apart from the electrically conductive member by a gap
and including a plurality of mutually isolated sense electrodes disposed thereon;

a drive circuit configured to provide an electrical drive signal to the
electrically conductive member;

a capacitance measurement circuit operably coupled to the sense electrodes,
the capacitance measurement circuit being configured to detect changes in
capacitance that occur between the electrically conductive member and the sense

electrodes in response to tilting of the tiltable member;
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a switch centrally located between the sense electrodes; and
signal logic configured to:

translate changes in capacitance to a signal indicative of a first

function;

translate actuation of the switch to a signal indicative of a second

function; and

translate a capacitance measurement along with actuation of the

switch to a signal indicative of a third function.

10. :The system of claim 9, wherein the tiltable member is configured such that

the switch can be actuated in response to tilting of the tiltable member.

11.  The system of claim 10, wherein the tiltable member is ring shaped and the
system includes a button, wherein the button is located at the center of the ring
shaped tiltable member and wherein the button is configured to actuate the switch in

response to pressure from a user.

12.  The system of claim 9, 10 and 11, wherein the signal logic is operable to
translate a circular pattern of changes in capacitance amongst the sense electrodes to

the first function.

13.  The system of claim 12, wherein the first function is a scroll function.

14.  The system of claim 13, wherein the third function is a periphery click

function.

15.  The system of any one of claims 9 to 14 wherein the signal logic is
configured to identify a direction of tilt of the tiltable member in response to a
capacitance measurement and translate the direction of tilt and an actuation of the

switch to a signal indicative of a periphery click function.
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16.  The system of any one of claims 9 to 15, including a sense signal path
between each sense electrode and the capacitance measurement circuit and a drive
signal path between a drive electrode and the drive circuit, wherein the drive

electrode is electrically connected to the electrically conductive member.

17. The system of claim 16, wherein the electrically conductive member

comprises a conductive arm that is in ohmic contact with the drive electrode.

18.  The system of any one of claims 1 to 17, wherein the substrate includes at

least one drive electrode disposed thereon for providing an electrical charge to the

electrically conductive member.

19. A hand-held device including:

a display for displaying a graphical user interface; and

an input device for controlling the graphical user interface, the input device
comprising:

a tiltable member configured for tilting by a user;

an electrically conductive member configured to move in response to tilting
of the tiltable member;

a substrate spaced part from the electrically conductive member by a gap and
including a plurality of mutually isolated sense electrodes disposed thereon;

a drive circuit configured to provide an electrical drive signal to the
electrically conductive member;

a capacitance measurement circuit operably coupled to the sense electrodes,
the capacitance measurement circuit being configured to detect changes in
capacitance that occur between the electrically conductive member and the sense
electrodes in response to tilting of the tiltable member;

a switch centrally located between the sense electrodes, wherein the tiltable
member is connected to the switch to enable actuation of the switch in response to

tiling of the tiltable member; and
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signal logic configured to translate capacitance measurements and actuations
of the switch into a signal that is indicative of an input function in a graphical user

interface.

20.  The system of claim 19, wherein the signal logic is configured to:
translate changes in capacitance to a signal indicative of a scroll function

within the graphical user interface;

translate actuation of the switch to a signal indicative of a central click

function within the graphical user interface; and

translate a capacitance measurement along with actuation of the switch to a

signal indicative of a periphery click function.

21. A system for controlling a graphical user interface substantially as

hereinbefore described with reference to and as illustrated in the accompanying

drawings.

22. A hand-held device substantially as hereinbefore described with reference to

and as illustrated in the accompanying drawings.
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