06/130747 A2 IR O 0 RO O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
7 December 2006 (07.12.2006)

(10) International Publication Number

WO 2006/130747 A2

(51) International Patent Classification:
GOGF 3/02 (2006.01)

(21) International Application Number:
PCT/US2006/021217

(22) International Filing Date: 1 June 2006 (01.06.2006)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

11/144,098 2 June 2005 (02.06.2005) US

(71) Applicant (for all designated States except US): PALM,
INC. [US/US]; 950 W. Maude Avenue, Sunnyvale, CA
94085 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): YUROCHKO,
Michael [US/US]; 103 University Avenue, Los Gatos, CA
95030 (US). HO, Keith Soo Suan [SG/SG]; Block 554,
#07-117, Pasir Rls Street 51 XX (SG).

(74) Agent: MAHAMEDI, Van; SHEMWELL MAHAMEDI
LLP, 4880 Stevens Creek Blvd., Suite 201, San Jose, CA
95129 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ,BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KN, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV,
LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI,
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG,
SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
UZ, VC, VN, YU, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
7ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: SMALL FORM-FACTOR KEYBOARD USING KEYS WITH OFFSET PEAKS AND PITCH VARIATIONS

ré—.
'ﬁz%’b——»

Ak
ol

130
140
112 ¢—178£:

141

143

145—»

100

y 153

159

& (57) Abstract: A small form-factor keyboard or keypad for key structures is provided in which individual key structures have a
contact surface on which there is a center reference and a peak. The center reference and the peak or offset, so that an offset distance
between the center reference and the peak is greater than or equal to zero. The offset distance for at least two or more key structures
in the plurality of key structures may different. The difference in the offset distance may be based on a position of the individual key

e
=

structures relative to a first reference line.



10

15

20

25

30

WO 2006/130747 PCT/US2006/021217

SMALL FORM-FACTOR KEYBOARD USING KEYS WITH OFFSET PEAKS AND
PITCH VARIATIONS

TECHNICAL FIELD
[001] The disclosed embodiments relate generally to the field of keyboards for mobile

computing devices. In particular, the disclosed embodiments relate to a small form factor
keyboard having offset pitch and peak variations.
BACKGROUND

[002] Over the last several years, the growth of cell phones and messaging devices has
increased the need for keypads that are small and tightly spaced. In particular, QWERTY
keypads have become smaller with greater key switch density. With decreasing overall size,
there has been greater focus on efforts to make individual keys more usable to a user. For
example, keyboard design considers how readily the user can select or click (“clickability”)
individual key structures of keyboard. The clickability may be affected by various factors,
such as the individual key structure size and shape, as well as the spacing between key
structures and the tactile response of individual key structures.

[003] With the growth of small form factor devices, such as cell phones and wireless
messages, there have been several designs and schemes for providing smaller functional
keypads, particularly with respect to keypads that provide character entry. For example,
keyboard layouts have been designed using button structures and individual key orientations
that reduce the overall surface area of the keypad. Such designs have often focused on

QWERTY keyboard layouts, which normally require at least 26-30 individual keys.

BRIEF DESCRIPTION OF THE DRAWINGS

[004] FIG. I illustrates key set design, under an embodiment of the invention.

[005] FIG. 2 is an illustrative cross-sectional view along lines A-A of FIG. 1, illustrating
the shape of each key in a given column along a given axis.

[006] FIG. 3 is an illustrative cross-sectional view along lines B-B of FIG. 1, illustrating
the shape of each key in a given portion of a row along another axis.

[007] TFIG. 4 illustrates a mobile computing device having a keyboard provided under an

embodiment of the invention.
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[008] FIG. 5 illustrates a mobile computing device with a keyboard design implemented

under an embodiment of the invention.

DETAILED DESCRIPTION

[009] Embodiments of the invention provide a small form-factor keypad or keyboard that

utilizes its exterior contour and shape to enhance usability. According to an embodiment, a
keyboard is provided having individual key structures that have offset peaks and/or pitch
variations. The offset peaks and/or pitch variations provide tactile separation of individual
keys, so that the keys feel further apart to the user as compared to keys that are uniformly
shaped. In a small form factor keyboard, the user can better distinguish individual buttons or
keys because the keys or buttons are more distinguishable to touch. Additionally, the space
needed to provide a full set of keys (e.g. as required in a QWERTY layout) may be reduced,
without sacrificing the user’s ability to effectively identify and select individual key
structures using thumbs or finger tips.

[010] While there have been past attempts to facilitate touch or thumb typing on small form
keypads, many of the past approaches have focused on key orientation (e.g. angled keys) and
key spacing. In contrast to past approaches, embodiments of the invention provide for key
structures that are contoured to have peaks or other outward formations. Within individual
keys, the peaks may be spaced from the center point. According to embodiments described
herein, the spacing between the peak and center points is varied from key to key, so as to
provide the user with tactile separation. In order to achieve the tactile separation, the relative
position of the peak with respect to the key’s center point is based on the position of that key
in the key set or keyboard. In one embodiment, the peak-to-peak separation between adjacent
keys of a keyboard is uniform and greater than a center-to-center separation between the
same keys.

[011] OVERVIEW

[012] According to one embodiment, individual keys in a key set are structured so that the
surface of each key includes a pitch or other surface variation that forms a raised-strike point
(alternatively referred to as a peak) for that key. The raised strike point may be made offset
from the center point or centerline of some of the individual keys. In any particular key, the
existence and degree of offset between the strike point and the center point may be based on
the relative position of that key in the key set or keyboard. In one embodiment, a relative

position of the raised strike point of individual keys may be gradually shifted in one direction
5 .
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and/or another from key to key, so that so that the spacing between an interior center
reference of adjacent or neighboring keys (such as center point to center point) may be made
less than the spacing between the raised strike points of the same respective keys. The larger
spacing between shifted strike points of adjacent keys provide tactile separation for the user.
[013] Embodiments of the invention may be implemented in the context of a keyboard or
keyboard device. One embodiment includes a QWERTY layout for keys of a keyboard, with
individual keys in the keyboard being provided on an exposed surface on which a strike point
and pitch are provided. The pitch and strike point position may vary slightly from key to key,
with variations being most pronounced on edge keys (those keys that are furthest from a
centerline of the keyboard). This provides greater spacing between strike-points for all keys
of the keyboard.

[014] An embodiment includes a keyboard having a plurality of key structures. The key
structures that form the keyboard may be distributed in a direction of at least a first axis.
Each key structure in the plurality of key structures may include an exterior surface for
receiving user-contact. The exterior surface of each key structure may include a center
reference and a peak, so that an offset distance between the center reference and the peak is
greater than or equal to zero. The offset distance for at least two or more key structures in the
plurality of key structures is different. The difference in the offset distance may be based on a
position of the individual key structures relative to a first reference line.

[015] In an embodiment, a magnitude of the offset distance in the direction of the first axis
ranges from (i) a minimum for one or more key structure that are closest to the first reference
line, to (ii) a maximum for one or more key structures that are furthest from the first
reference line. Additionally, a peak-to-peak distance between the peaks of key structures that
are adjacent in the direction of the first axis is about equal for key structures in at least a
majority of the plurality of key structures.

[016]  Throughout this application, numerous references are made to measurements, such
as distances and positions. The use of language, such as ”substantially”, “about” or
“approximately”, in the context of defining or quantifying such measurements are provided
to give some margin of variation as deemed practical given the context of the usage. For
example, two quantities may be deemed about equal to each other if they are within 5% of
one another.

[017] In one embodiment, the center reference of a key structure may include a line, point,

region or other area on an exterior surface (the surface that is to be in contact with the finger
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tip or other key striking element) that is central to the boundary of that key structure. In the
case where the keyboard include asymmetrical shaped keys, or keys of varying shapes, the
center reference may correspond to any convenient interior reference for providing a
consistent measurement of the separation between keys, so as to provide a comparison for the
separation provided by shifting and/or offset peaks.

[018] The peak of a key structure includes a line, point, region or other area on an exterior
surface having the greatest height, as measured from the underlying surface used for the key
structure.

[019] KEYBOARD LAYOUT

[020] FIG. 1 illustrates key set design, under an embodiment of the invention. In particular,
a key set 100 is arranged to provide individual keys 102 corresponding to alphanumeric
characters. Other input functions may also be provided through use of the individual keys.
According to one embodiment, each key 102 in the key set is a structure, such as a pressable
button or a deformable member. In a typical scenario, the pressing of each such structure
may cause actuation of an electrical signal that is then identified by internal resources of a
host electronic device as a character entry, or some other form of input.

[021] The key set 100 may be provided on any one of a plurality of devices or mediums. In
one embodiment, the key set 100 is provided on an electronic device having a form factor
that enables the device to be readily carried with one hand, or placed in a pocket. Examples
of devices with such form factors include personal digital assistances (PDAs) such as PALM
TUNGSTEN models manufactured by PALMONE, INC., the BLACKBERRY models
manufactured by RESEARCH IN MOTION, and the IPAQ models manufactured by
HEWLETT-PACKARD INC. Other examples of such small form factor devices include
cellular phones and devices capable of messaging across wireless or cellular data lines,
including for example, the HANDSPRING TREO models. An embodiment of the invention
may be implemented on attachment or accessory device for a PDA or cellular phone. For
example, a keyboard layout such as described with FIG. 1 may be implemented on an
attachable and detachable keyboard device for PDAs and cellular phones. Such attachment
devices may be equipped with connectors or other connectivity means to transfer data
corresponding to key selections to a processor of the electronic device. In still another
implementation, an arrangement such as shown and described with FIG. 1 may be provided

with a larger form-factor device, such as a laptop computer.
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[022] As will be described, an embodiment such as illustrated by FIG. 1 may be
implemented to promote the use of thumb-typing. In particular, thumb-typing is made easier
in that the user can more readily distinguish keys through sensation of his or her thumbs.
Thumb-typing generally refers to the practice of typing with the primary use of one or two
thumbs, usually on a small form-factor keyboard. For example, one typical thumb-typing
technique is to hold an electronic device with two hands, then move one or both thumbs to
select individual keys on the keyboard, as needed. In many cases, the user’s thumb covers
several keys at one time. In these cases, uniform shaped keys are hard to distinguish through
touch. Furthermore, in order to select a desired key (once it is distinguished), the user may
angle his thumb to reduce the surface area on the keys so as to more precisely make the
desired selection. When repeated over time, thumb-typing in such cases can be tedious to the
user. The design of spaced strike points, as described by embodiments of the invention,
enable thumb-typing users to more readily distinguish one key over another key using touch
(such as from the surface of a thumb). Furthermore, because the spaced-apart strike points
make the individual keys more distinguishable, the user can select or press a desired key
more easily, so as to require less focus on angling or directing his thumb surface to the
selected key. '

[023] InFIG. 1, the keys 102 of the key set 100 are distributed about horizontal and vertical
reference lines (X and Y). The particular arrangement presented is for a QWERTY style
keyboard, although embodiments of the invention are equally applicable to other types of
keys set arrangements, such as, for example, DVORAK or number pad layouts. As such, the
key set 100 includes three rows and ten columns.

[024] Individual keys 102 of the key set may include a center point 110 and a strike point
112. The center point 110 and the strike point 112 of each key may correspond to a
respective region or surface area on an exposed surface of the key 102. The strike point 112
of any particular key refers to a peak, meaning a raised area that is more likely to be struck
when the user presses or otherwise makes contact with the key 102. The center point 110 is
just one example of a reference point (particularly when symmetrically shaped keys are
used), and other reference points (such as an edge point or on off-key location) or locations
may be substituted in providing this description. However, the use of center points 110
provides a basis for comparison with previous keypad structures that aligned strike points
with the center points. For simplicity, symmetrical and identical keys 102 are assumed, so

that the center point 110 is similarly situated on each key. Furthermore, in FIG. 1, each key
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102 is assumed to be spaced equally apart. The result is that a horizontal reference point
distance 130 (in the direction X) between the center points 110 of adjacent keys 102 are the
same. Likewise, a vertical reference point distance 132 (in the direction Y) between the
center points 110 of adjacent keys 102 are also the same. In an embodiment shown, the
equidistance relationships between center points of keys 102 in both the X and Y directions
holds true across a pertinent span (e.g. the 26 keys assigned alphabetical characters) of the
key set 100. The assumptions used in describing an embodiment of FIG.1 may be changed or
ignored with other embodiments and implementations, depending on particular design
implementations as the case may be.

[025] While the horizontal and vertical center point distances 130, 132 are assumed to be
the same between any two pair of adjacent keys when the horizontal or vertical directions are
considered, the position of the strike points 112 relative to the center point 110 of any
particular key 102 varies amongst keys spanning in the X and Y directions respectively. In
one embodiment, the position of the strike point 112 on each key 102 is inversely affected by
the position of the corresponding key from a centerline or reference line of the key set 100 as
a whole. In an example shown, centrally located keys in row 143 and columns 151, 153 have
near or complete overlap between the strike points 112 and the center points 110. A distance
118 measured between the strike point 112 and the center point 110 is minimal, zero or
almost zero. For the keys 102 in rows 141 and 145 (above and below row 143) and columns
151 and 153, the strike points 112 are off center along the axis Y. In row 141, the strike point
112 is above center point 110, so that distance 118 has a positive magnitude in the Y
direction. In row 145, the strike point 112 is below the center point 110, so that the distance
118 has a negative magnitude in the Y direction. A vertical peak-to-peak distance 142 is thus
constant between adjacent pairs of keys 102 in both of columns 151, 153. This vertical peak-
to-peak distance 142 is greater than the vertical reference distance 122, as measured between
center points 110 of the same pairs of keys 102.

[026] Moving rightward from the axis Y, the position of the strike points 112 migrates off-
center positively along the axis X. The keys 102 in edge column 159 have the greatest
distance 118 between the center point 110 and the strike point 112. The key in row 143 of
column 147 may be off-center in only the X direction, the key in row 141 of column 159 is
off-center positively (above row 143) in the Y direction, and the key in row 145 of column
159 is off-center negatively (below row 143) in the Y direction. A horizontal peak-to-peak

distance 142 between the strike points 112 of adjacent keys 102 along the axis X may be
6



10

15

20

25

30

WO 2006/130747 PCT/US2006/021217

equidistant. Furthermore, an embodiment provides that the horizontal peak-to-peak distance
140 between the strike points 112 of the adjacent keys 102 may be greater than the horizontal
reference distance 130 between the center points 110 of adjacent keys 102 in the X direction.
Thus, for example, the magnitude of the distance 118 between the center point 110 and the
reference point 112 of the corner keys in column 159 are a maximum, as they include a
maximum component in each of the X and Y directions. The magnitude of the distance 118
between the center point 110 and the reference point 112 of the key 102 in the center row 143
of column 159 has a maximum component only in the X direction.

[027] In an embodiment such as described in FIG. 1 provides for key set 100 to be
symmetrical about the axis Y. Thus, the strike points 112 may migrate leftward as the key
spans negatively along the axis X. The corner keys 102 of the left edge column 149 may
include the strike points 112 that are positioned in far left top and bottom corners, so that the
distance 118 of those respective keys is about the same as the right column 159 keys. |
[028] While an embodiment illustrated with FIG. 1 includes square shaped key surfaces,
other embodiments may use other shapes, such as circular or elliptical. Individual keys may
also be irregular or non-symmetrical in shape. In such cases, the distance measurement may
correspond to a common (on-key or off) reference point and the strike point of the respective
key. For example, the distance between the strike point and any on-key reference point may
increase for keys that are further from the centerlines and/or nearer to the edges of the key
set.

[029] FIG. 2 is an illustrative cross-sectional view along lines A-A of FIG. 1, illustrating the
shape of each key in a given column along the axis Y. As illustrated, each key 102 may
correspond to a structure 210 that can be pressed, moved inward, or otherwise actuated with
touch or contact. In one implementation, the structures 210 are interconnected by a medium
215. For example, medium 215 may be formed from flexible material, such as plastic or
flexible injection-molded materials. The structures 210 and the medium 215 may be formed
from a common material. In this respect, the key set 100 may be an integrated or unitary
structure. Each structure 210 may extend a thickness ¢ from the medium 215 to form an
exposed surface 220 having a peak 222. The exposed surface 220 may form the contact
surface for the user. The peak 222 may correspond to the strike point 112 of FIG. 1. The peak
222 may be formed by shaping the exposed surface 220 to rise and fall at a particular

location.
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[030] Each structure 210 may form a pitch 212, illustrated by a reference line C (rise to
peak and run to position of peak along axis Y). The pitch 212 in FIG. 2 is measured between
an edge reference 214 and the peak 222, although other reference points may be used. The
pitch 212 of each structure 210 may vary in the Y direction. If each peak 222 is of the same
height, the variation in pitch 212 amongst different keys may be attributed to the migration of
the peak 222 along the axis Y from key to key.

[031] In the example provided by FIG. 2, the left-most structure 210 (which may
correspond to any key 102 in the first row 141 of FIG. 1) may be provided with a peak 222
that is positioned leftward with respect to a center point 208. The resulting pitch 212 is
oriented towards the left side of the center point 208. When the adjacent key structure 210 is
considered, the peak 222 may migrate right-ward (which corresponds to downward direction
in FIG. 1), so that in the middle structure 210 (corresponding to the key 102 in the center row
143 of FIG. 1), the peak 222 is aligned substantially with the center point 208. In the next
key, the peak 222 is to the right of the center point 208, symmetrically disposed with the left
key 102.

[032] As shown by FIG. 2, the pitch 212 from key structure 210 to key structure may
actually vary as a result of the position of the peak 222 changing. The position of the peak
222 may change about any reference line or point. For example, in FIG. 2, the peaks 222 are
symmetrically disposed about a horizontal centerline.

[033] As described in FIG. 1, a distance 228 may correspond to the distance between the
peaks 222 of adjacent key structures 210. This distance may be larger than a vertical
reference distance 238 between center points 208 of adjacent keys, or the distance 248
between edge points of adjacent keys. According to some past approaches, when symmetrical
key shapes are used without offsetting peaks 212, the strike point of each individual key
structure may be approximated as the center point of that structure. The distance between
center points would then determine the user’s ability to distinguish one key from another. In
contrast to such approaches, the distance 228 of adjacent peaks 222 is larger than the vertical
reference distance 238 that separates adjacent center points 208 in the Y-direction. This
provides the user with the sensation that there is more room between the adjacent key
structures, as the individual key structures are more distinguishable through touch.

[034] FIG. 3 is an illustrative cross-sectional view along lines B-B of FIG. 1, illustrating the
shape of each key in a given portion of a row along the axis X. In FIG. 3, half of first row

141 is illustrated, beginning with column 153 and extending to column 159. When viewed
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along the axis X, the individual key structures 210 are more narrow in dimension 211,
meaning the footprint for each structure 210 is smaller and more curved than when the same
structure 210 is viewed along the axis Y.

[035] In the reference frame of FIG. 3, the peak 222 of the structure 210 in column 153 is
centered, at least when compared to the other key structures 210 in the same row. The
structure 210 in the next column 155 may have its peak 222 slightly shifted away from its
center point 208. This migration may be repeated, so that in column 159, the peak 222 of the
structure 220 is at its furthest position from the center point 208 along the axis X.

[036] As with an embodiment described in FIG. 2, a horizontal peak-to-peak distance 268
may be greater than the distance between the center points 208 of each adjacent key structure
210. By providing the peaks 222 to be separated by the distance 268, rather than for example
the horizontal reference distance 258 (measured between adjacent center points along axis
X), adjacent keys can be more readily sensed and distinguished through touch when the key
set 100 is in use.

[037]  When FIG. 2 and FIG. 3 are viewed together, the peaks 222 of individual key
structures 210 can be understood as having a two-dimensional variance from key to adjacent
key. This variance may be expressed as a vector formed by the combination of the vertical
distance 228 and the horizontal distance 268. In one embodiment, for example, the further a
particular key structure 210 is from a center line or reference point, the further towards the
edge the peak 222. This means that for the vector defining the distance between the peak 222
and center point 208 of a given key structure, the magnitude of the vector increases the
further that given key is from the centerline of the keyboard 100.

[038] FIG. 4 is a simplified illustration of a keyboard implemented on a mobile computing
device, in accordance with an embodiment of the invention. FIG. 4 illustrates a portion of a
keyboard 300 corresponding to a cross-section provided by lines B-B for the key set of FIG.
1, with elements for operatively engaging the keyboard on a mobile computing device. For
example, the keyboard 300 may be implemented on a mobile computing device similar to
design and functionality such as shown in FIG. 5.

[039]  The keyboard 300 may include a plurality of key structures 310 (e.g. 30-34)
interconnected by a carrier 515 underneath a housing layer 355. Individual key structures 310
extend a height /2 from an outer surface 356 the housing layer 355. An actuation member 320
may extend inward from a bottom of each key structure 310. In one implementation, each

actuation member 320 may align with a corresponding electrical contact dome 330. The
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electrical contact domes 330 may be interconnected by a substrate 335 or flex cable.
Electrical leads and/or circuitry may extend through the substrate 335 and interconnect to one
or more processors 350.

[040] In an implementation shown by FIG. 4, each actuation member 320 may be joined or
integrally formed with each key structure 310. Alternatively, the actuation member 320 may
be interconnected by glue or other means with the underside of the key structure 320. Still
further, the actuation member 320 may connected to the contact domes 330. In either case,
inward movement of the key structure 310 causes the corresponding actuation member 320
to actuate the aligned contact dome 330. The contact domes 330 may “snap” when pressed
by the actuation members, corresponding to the individual contact dome collapsing onto an
interior contact surface. This collapse causes a switch event, generating an electrical signal
that is directed to the processor 350.

[041] In an embodiment, the key structures are each provided with a peak 322 that is
separated from the key structure center 312 by a distance that increases depending on how far
the individual key structure is from a centerline of the keyboard. This separation and pitch
variation provides tactile separation for the user when operating the keyboard 300. The

collapsibility of the contact dome 330 provides additional tactile feedback.

ALTERNATIVE EMBODIMENTS

[042] While embodiments described with FIGS. 1-3 provide for key structures having
symmetrical footprints, other embodiments may utilize key structures having asymmetrical
shaped keys. For example, a keyboard for a mobile computing device may include keys that
are asymmetric about the horizontal axis X and the vertical axis Y. Such key structures exist
on, for example, the HANSPRING TREO 600, manufactured by PALMONE, INC. The
design of offset peaks and/or pitch variations may be employed with such keyboards in a
manner similar to embodiments shown above. If key structures on the keyboard are
uniformly shaped, then the spacing between adjacent keys at a common reference point (e.g.
right edge of each key structure) will be less than the spacing of the peaks between the same
adjacent key structures.

[043] It may also be possible for key structures on a keyboard to have differently shaped
keys. For example, key structures on the boundary of the keyboard may be provided with a
contoured edge to provide the keyboard with a curved boundary. In such embodiments, the

peaks of individual structures may be made offset with respect to a midpoint or common
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center point of some or all key structures, so that the peak-to-peak distance between adjacent
key structures is maximized.

[044] While an embodiment described with FIG. 4 and elsewhere make reference to key
structures that are interconnected by carriers and/or molded as a thickness having the peaks
shown, other embodiments may include other forms of key structures. For example, each key
structure may correspond to a spring-loaded cap that is independently moveable on the
surface of the housing. In such cases, the material used to form the caps (e.g. plastic) may be
contoured to provide the desired spacing between the peak and the center of a given key

structure.

[045] MOBILE COMPUTING DEVICE

[046] FIG. 5 is a top view of a mobile computing device on which an embodiment of the
invention may be implemented. The mobile computing device 510 may correspond to a
combination cell phone, organizer and text-messaging device (e.g. email). For text entry, the
mobile computing device 510 includes a small form-factor keyboard 510. The keyboard 510
includes a separate key 520 for each alphabet character. Additional special keys (e.g.
application launch, SHIFT, ENTER, ALT) may be included, so that the total number of keys
is greater than 30. The keys are provided in rows and columns, so that a QWERTY style
keyboard may be implemented. Other elements of the device 510 include a display 530, and
an antenna 540. The display presents content, including content generated by the user
manipulating the keys 520 of the device 510. The antenna 540 may be part of a system that
transmits and receives data over a cellular network. The data may correspond to voice, text,
image or other forms of communications. The keys 520 may extend from a surface of a
housing 550.

[047]  FIG. 5 shows the keys 520 uniformly spaced apart in an arced pattern (so that
individual rows form a smiley face). The keys may be individually contoured in a manner
described with embodiments such as presented above to include offsetting peaks and/or pitch
variations from key to key. As FIG. 5 is a top view, the contours of the individual keys 520
are not shown. In an embodiment, the keys 520 are provided footprints that are varied in
shape to better accommodate the offsetting peaks and pitch variation presented on the
individual keys. In an embodiment such as shown, the footprint is substantially rectangular or
square (with rounded corners) for keys that are centrally positioned in the keyboard. The

further a key is positioned from a central column 555, the more skew the shape of the
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footprint. Perimeter footprints may be most skewed, with each key 520 that is off center from
central column 555 having a trapezoidal footprint.

[048] Certain perimeter or edge keys 522, such as those forming corners, may be provided
a footprint that has an alternative shape. Thus, it is possible for individual keys 520 in a given
row to be irregular as compared to other keys. Furthermore, the some or all keys in a given
row may be asymmetrical. In the example provided by FIG. 5, keys 520 centrally positioned
have symmetrical footprints about both horizontal and vertical axes. The keys 520 that are
skewed through positioning towards the perimeter are symmetrical about just the vertical
axis. Perimeter or edge keys 522 are asymmetrical. Even with variations in symmetry and
footprint shape, peak variations and offsetting peaks may be implemented on the individual
keys 520 that form the keyboard or keypad.

[049] ALTERNATIVE EMBODIMENTS

[050] While an embodiment such as shown in FIG. 5 may include all keys in at least three
rows of the QWERTY layout to include peaks that form offsets, alternative designs may be
implemented. In one embodiment, only a small portion of keys 520 in one or more given
rows or columns has a peak that is offset from center. In such an embodiment, it is possible
for the distance between the peaks of adjacent keys 520 may still be uniform, with additional
spacing being provided by the narrowing of the spacing between the boundaries of individual
keys.

[051] In still another variation, an embodiment provides that variations in peak position do
not occur between each adjacent keys 520, but between some adjacent keys. The variation in
the position of the peak between keys of a given row/column may occur between, for
example, every other key in a given row. In such an example, two adjacent keys may have
peaks that are offset from center, but still located in the same relative position on the
individual key. In the same row/column, the next two adjacent keys may have peaks that are
offset in position with respect to one another.

[052] CONCLUSION

[053] Although illustrative embodiments of the invention have been described in detail
herein with reference to the accompanying drawings, it is to be understood that the invention
is not limited to those precise embodiments. As such, many modifications and variations will
be apparent to practitioners skilled in this art. Accordingly, it is intended that the scope of the
invention be defined by the following claims and their equivalents. Furthermore, it is

contemplated that a particular feature described either individually or as part of an
12
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embodiment can be combined with other individually described features, or parts of other
embodiments, even if the other features and embodiments make no mentioned of the
particular feature. This, the absence of describing combinations should not preclude the

inventor from claiming rights to such combinations.
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What is claimed is:

1. A keypad, comprising a plurality of key structures, wherein individual key structures
that form at least a portion of the keypad comprise a peak offset from a center of a respective
key structure, and wherein a magnitude of said offset is dependent on an individual key

structure’s position in the key pad.

2. The keypad of claim 1, wherein said offset extends in a first direction.

3. The keypad of claim 2, wherein said offset extends in a direction transverse to said

first direction.

4, The keypad of any preceding claim,

wherein individual key structures in the plurality of key structures are distributed in a
direction of at least the first direction;

each key structure in the plurality of key structures including an exterior surface for
receiving user-contact and comprising a said peak having an offset distance from a said
center greater than or equal to zero; and

wherein the offset distance for at least two or more key structures in the plurality of
key structures is different based on a position of that key structure relative to a first reference

line in a second direction transverse to the first direction.

5. The keypad of claim 4, wherein a magnitude of the offset distance in the first
direction ranges from (i) a minimum for one or more key structure in the plurality of key
structures that are closest to the first reference line, to (ii) a maximum for one or more key

structures in the plurality of key structures that are furthest from the first reference line.

6. The keypad of claim 4 or 5, wherein a peak-to-peak distance between the peaks of
key structures that are adjacent in the first direction is about equal for key structures in at

least a majority of the plurality of key structures.

7. The keypad of any preceding claim, wherein a distance between the centers of key
structures that are adjacent in the first direction is about equal for key structures in at least a

majority of the plurality of key structures.

14
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8. The keypad of any preceding claim, further comprising a medium that interconnects
each of the plurality of key structures, and wherein each key structure in the plurality of key
structures has a thickness corresponding to a dimension that extends outward from the

medium.
9. The keypad of claim depending from claim 4 , wherein

the plurality of key structures are distributed in the first direction and the second

direction, and

wherein the offset distance for at least two or more key structures in the plurality of
key structures is different based at least in part on a position of that key structure relative to a

second reference line in the first direction.

10.  The keypad of claim 9, wherein a magnitude of the offset distance in the second
direction ranges from (i) a minimum for one or more key structures in the plurality of key
structures that are closest to the second reference line, to (ii) a maximum for one or more key

structures in the plurality of key structures that are furthest from the second reference line.

11.  The keypad of claims 9 or 10, wherein the peak-to-peak distance between the peaks
of key structures that are adjacent in the second direction is about the equal for key structures

in at least a majority of the plurality of key structures.

12.  The keypad of any one of claims 9 to 11, wherein a distance between the centers of
key structures that are adjacent in the second direction is about equal for key structures in at

least the majority of the plurality of key structures.

13.  The keypad of any preceding claim, wherein the plurality of key structures form a
QWERTY style keyboard.

14.  The keypad of any preceding claim, wherein a footprint of individual key structures

in the plurality of key structures is asymmetrical.

15. A mobile computing device comprising:

a housing; and

a keypad according to any preceding claim.

15
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16. A mobile computing device according to claim 15, wherein said keypad is provided

on a surface of said housing.

17. A mobile computing device comprising:

a housing;

a keyboard provided on a surface of the housing, wherein the keyboard includes a
plurality of key structures; and

a means for tactilely separating individual keys on the keyboard using a separation in

apeak and a center of the individual keys.

18. A set of key structures for forming a keypad according to any one of claims 1 to 14.

19. A set of key structures according to claim 18 supported as a common substrate.

20. A key structure for a set of keys according to claim 18 or 19, comprising a user

contactable surface having a peak offset from the center of the key structure.

16
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