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HAND-HELD ELECTRONIC DEVICE WITH A
KEYBOARD OPTIMIZED FOR USE WITH
THE THUMBS

This application is a continuation of U.S. application Ser.
No. 10/425,121 entitled Hand-Held Electronic Device With
A Keyboard Optimized For Use With The Thumbs, filed Apr.
28, 2003 now U.S. Pat. No. 7,227,536, which is a continua-
tion of U.S. application Ser. No. 09/634,774, entitled Hand-
Held Electronic Device With A Keyboard Optimized For Use
With The Thumbs, filed Aug. 9, 2000, (now U.S. Pat. No.
6,611,254) which is a divisional of U.S. application Ser. No.
09/106,585, entitled Hand-Held Electronic Device With A
Keyboard Optimized For Use With The Thumbs, filed Jun.
29,1998 (now U.S. Pat. No. 6,278,442), which is a Continu-
ation-in-Part of U.S. Design application Ser. No. 29/089,942,
entitled Hand-Held Messaging Device With Keyboard, filed
Jun. 26, 1998 (now U.S. Pat. No. Des. 416,256), and assigned
to the assignee of the present invention.

BACKGROUND OF THE INVENTION

The present invention is directed toward the field of small,
hand-held electronic devices such as personal data assistants
(PDAs), personal information managers (PIM), two-way
pagers and the like. In particular, the system and method of
the present invention provide the user of the hand-held device
with the ability to input data with a minimal amount of key
strokes and optimized for use substantially with the thumbs.

In a two-way paging system that provides two-way, full
text messaging, there is a need to permit the user to initiate
messages and to respond to messages in a timely fashion and
with text entirely created by the user. In order to keep the form
factor of the two-way pager small enough to be worn on the
body of the user, such as with a belt clip, the input device
needs to be small, have a minimal number of keys and opti-
mized for use with a minimal number of key strokes. Prior art
systems have attempted to address these needs by incorporat-
ing virtual keyboards or pen-based input systems for user
inputs to the device, but such systems require the user to input
data in an unfamiliar manner. Additionally, in a small hand-
held messaging device, such as a two-way pager, these sys-
tems prove awkward to use.

In order to provide a hand-held electronic device that per-
mits a user the opportunity to enter data into an address book,
a calendar, a task list, an email message or a similar text file
that requires user-generated data, the instant invention is
directed to an input device that is oriented to be used substan-
tially through use of the thumbs. This is accomplished first by
providing a keyboard with a minimal number of keys, but
with the keys representing the alphabet generally placed in
the same order as they would appear on a standard keyboard,
such as in a standard QWERTY or a DVORAK keyboard
layout. The use of akeyboard layout that is familiar to the user
enables the user to immediately use the device without having
to hunt for the keys he or she wishes to use.

Although the layout is similar to a standard keyboard, the
keys are placed at an orientation and in a particular shape that
attempts to maximize the surface area of the thumb hitting the
key and to provide the user with a comfortable position of the
hands for data input. Also, the orientation encourages input
by the thumbs, which the inventors of the instant invention
have discovered to be faster and more accurate in small hand-
held electronic devices than touch-typing or “hunting and
pecking” typing.

An additional feature of the invention is thus use of an
additional input means for control of functions that might
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2

otherwise be controlled by a keyboard that included function
keys. To encourage data entry using thumbs and again to
minimize the number of keys on the keyboard, the instant
invention also includes a thumb-wheel for control of menus
for section selection of forms and functions relevant to data
input. The thumb-wheel is positioned in close proximity to
the keyboard to enable the easy transition from thumb-based
typing to thumb control of forms and functions.

In addition to hardware features that encourage optimal
data entry through the use of thumbs, there are several soft-
ware features that are designed to minimize keystrokes and
aid in entry of data.

The features of this invention, both individually and col-
lectively, have not, to the knowledge of the inventors, been
applied to a small hand-held electronic device that requires
user-generated data entry. To permit efficient operation of
such devices while keeping the form factor of the device small
enough to be worn on the body, there is a general need for a
hand-held electronic device that can fit in the palm of the hand
and that can be operated substantially with the thumbs.

There is a further need for a keyboard for a palm-size data
entry device with keys placed at an angle to optimize opera-
tion of the keyboard by the use of the thumbs.

There remains another need for a keyboard with keys that
are shaped and sized to maximize contact with the thumbs
while minimizing the keyboard area required for such keys.

There also remains a need for an auxiliary input device that
is to be operated by the thumb for data inputs forms and
function control and that, in conjunction with the keyboard,
encourages and permits data entry and management through
input performed substantially by the thumbs.

There remains still another need for a software-imple-
mented user interface system that is designed, at least in part,
to support and encourage data entry through use of the
thumbs.

SUMMARY OF THE INVENTION

The present invention overcomes the problems noted
above and satisfies the needs in this field for a hand-held
electronic device with a keyboard optimized for use with the
thumbs. In the preferred embodiment of the present inven-
tion, the hand-held electronic device is a two-way paging
device that permits full-text, two-way messaging such as
email messaging and that includes standard PDA or PIM
features such as an address book, an electronic calendar, a
task list and other text-based features. These features require
user input of text strings that can be lengthy and that cannot be
reduced to pre-determined or “canned” strings. Thus, for such
adevice, the efficient entry of data in a device meant to fit into
the palm of one’s hand requires that two goals are achieved.
First, the data entry must be relatively easy from a user per-
spective. This means that the user must be somewhat familiar
with analogous forms of data entry and not have to be trained
to use the data entry for the hand-held device. Second, the
form factor does not permit a large number of keys or keys
that are very large. Thus efficient use of the keyboard space is
required and functions that might be able to be performed by
a standard key board are off-loaded to an auxiliary input
device or are performed, through a minimal number of key-
strokes that encourage the use of thumb-based data entry.

To accomplish these goals, the invention first optimizes the
placement of the keys on the device keyboard. In order to
work within the limited space available for the keyboard, it
was determined that it was preferable to use keys that were
oval or oblong and that were placed at angles designed to
facilitate use by thumb typing. An angle for the keys on the
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right side of the keyboard and a complementary angle for the
keys on the left side of the keyboard are chosen based upon
observation of the angle at which a user will orient his or her
thumbs while thumb-typing.

The invention also minimizes the number ofkeys available
for data input. In the preferred embodiment, only keys for the
26 letters of the English alphabet are available as well as a
backspace key, a line feed key, an “alt” key, a “cap” key and a
space bar. The alt key enables the user in conjunction with the
other keys to input numbers and symbols to perform certain
functions. The placement of the keys is designed to enhance
the user experience while typing with the thumbs by meeting
two seemingly opposite goals—minimizing the keyboard
footprint while maximizing the likelihood that proper keys
will be struck by the thumb-typing user.

The invention also provides additional incentive for the
user to use thumb input by providing an input device adjacent
to the keyboard, but integral to the overall hand-held device.
Although other devices can be used in an auxiliary fashion,
the preferred device is a thumbwheel that registers movement
of the wheel by measuring the number of indents traversed
while rolling the wheel and that also registers as an input the
depression or “clicking” of the wheel, which is performed by
pressing the wheel toward the back of the pager. This clicking
of the wheel is similar to the clicking of a mouse associated
with a PC or any other input device that registers the depres-
sion of a button. The thumbwheel in the preferred embodi-
ment is placed vertically on the two-way paging device so that
the user can easily move his or her thumb from the thumb-
wheel to the keyboard and back for performing functions and
retrieving data forms, such as an e-mail template or address
book entry template, for data entry.

Additionally, various software techniques can be imple-
mented to enhance the thumb-typing user’s experience in
using the device of the instant invention. In the preferred
embodiment, for example, the user can change the capitali-
zation of a particular letter simply by keeping a key depressed
for a particular length of time without an intermittent release
being detected by the keyboard controller.

The primary advantage of the present invention is that it
enables efficient and user-friendly data entry into a palm-
sized electronic device by maximizing the potential for user
data entry through thumb typing.

These are just a few of the many advantages of the present
invention, as described in more detail below. As will be appre-
ciated, the invention is capable of other and different embodi-
ments and its several details are capable of modifications in
various respects, all without departing from the spirit of the
invention. Accordingly, the drawings and description of the
preferred embodiment set forth below are to be regarded as
illustrative in nature and not restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention satisfies the needs noted above as
will become apparent from the following description when
read in conjunction with the accompanying drawings
wherein:

FIG. 1 is a block diagram of a two-way, full-text, messag-
ing device incorporating a keyboard and an auxiliary data
entry device;

FIG. 2 is a frontal view of the hand-held device showing the
shape and placement of the keys on the keyboard and the
auxiliary input device;

FIG. 3 is a diagram showing the shape, size and placement
of the keys on the keyboard; and
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FIG. 4 is a diagram of the control circuitry for the thumb-
wheel.

DETAILED DESCRIPTION OF THE INVENTION

Referring now to the drawings, FIG. 1 is a block diagram of
the major subsystems and elements comprising a palm-sized,
mobile, two-way messaging device that preferably incorpo-
rates the invention. In its broadest terms, the messaging
device includes a transmitter/receiver subsystem 100 con-
nected to a DSP 200 for digital signal processing of the
incoming and outgoing data transmissions, power supply and
management subsystem 300, which supplies and manages
power to the overall messaging device components, micro-
processor 400, which is preferably an X86 architecture pro-
cessor, that controls the operation of the messaging device,
display 500, which is preferably a full graphic LCD, FLASH
memory 600, RAM 700, serial output and port 800, keyboard
900, thumbwheel 1000 and thumbwheel control logic 1010.
In its intended use, a message comes via a wireless data
network, such as the Mobitex network, into subsystem 100,
where it is demodulated via DSP 200 and decoded and pre-
sented to microprocessor 300 for display on display 500. To
access the display of the message, the user may choose from
functions listed under a menu presented as a result of user
interaction with thumbwheel 1000. If the message is an email
message, the user may choose to respond to the email by
selecting “Reply” from a menu presented on the display
through interaction via thumbwheel 1000 or via menu selec-
tion from keyboard 900. In typing the reply, the user can use
keyboard 900 to type full text message replies, or insert a
pre-determined or “canned” response by either a particular
keystroke pattern or through pulling down pre-determined
text strings from a menu of items presented on display 500
through the use of thumbwheel 1000. When the reply to the
message is composed, the user can initiate the sending of the
message preferably by interaction through thumbwheel 1000,
or alternatively, with less efficiency, through a combination of
keyboard 900 keystrokes. When the microprocessor 300
receives an indication that the message is to be sent, it pro-
cesses the message for transport and, by directing and com-
municating with transmitter/receiver subsystem 100, enables
the reply message to be sent via the wireless communications
data network to the intended recipient. Similar interaction
through I/O devices keyboard 900 and thumbwheel 1000 can
be used to initiate full-text messages or to forward messages
to another party. Also, the keyboard 900 and thumbwheel
1000 can be used to permit data entry to an address book
resident on the messaging device, or an electronic calendar or
log book, or any other function on the messaging device
requiring data entry. Preferably, the thumbwheel is a thumb-
wheel with a push button SPST with quadrature signal out-
puts, such as that manufactured by Matsushita Electronic
Components Co. Ltd. As part number EVQWK2001.

FIG. 2 is a front view of messaging device 10 that incor-
porates the invention. Shown in FIG. 2 are a plurality of letter
keys 901, and specialized keys 902, 903, 904 and 905 and
space bar 906. Also shown is thumbwheel 1000 in its vertical
orientation and in association with display 500 and keyboard
900. Inthe preferred embodiment, 902 is the alt key, 903 is the
cap key, 904 is the line feed key and 905 is the backspace key.

FIG. 3 is a view of a subset of the letter keys 901, showing
dimensions and relative position of the keys. Shown also is
the point 950 that marks the center of keyboard 900, key
dimensions 970, 971, 972, and 973, as well as angle 960 and
the rho value 965, representing curvature of a letter key 901.
In investigating optimal key placement on the keyboard, it
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was determined that the keys should be placed at an angle 960
relative to vertical that facilitated easy typing using thumbs.
That angle is preferably positive 40 degrees relative to verti-
cal for keys on the right side of the keyboard (where 950 is
center of the keyboard) and negative 40 degrees for the keys
on the left side of the key board, although complementary
angles ranging from 20 degrees to 70 degrees could also be
used to accomplish the goal, albeit less optimally, of facili-
tating thumb typing. Also as shown in FIGS. 2 and 3, the keys
to are dispersed across keyboard 900 evenly so that there is
sufficient space between the keys to decrease the opportunity
for multiple keys being depressed while thumb typing. Addi-
tionally, the keys are sized appropriate given the footprint of
the messaging device and the keyboard 900. In its preferred
embodiment, the messaging device 10 measures across its
face 64 mm by 89 mm, which does not leave much room for
keyboard 900 and display 500. In the preferred embodiment,
keyboard 900 occupies over half of the face of the messaging
device 10.

The key shape and dimensions are also key components of
the invention. In order to maximize the surface area of the key
that a thumb would hit, the keys are preferably oval, and have
arho 965 defining the curvature of the key of 0.414, although
values may range higher or lower. Other rho values will lead
to an acceptable, but not as optimal or aesthetically pleasing
shape of'keys 901. As to the key dimensions, the width 970 of
the key 901 is 4.8 millimeters (971 representing the radius of
half that value, 2.4 mm) and the length (or height) 972 of the
key 901 is 7 millimeters (973 representing the radius of half
that value, 3.5 mm).

Turning to one of the software features that aids in the
device 10 being optimally used for thumb typing is a capi-
talization feature implemented via software. If a user
depresses a key 901, the operating system detects a key up
event. If upon a key down event, a period of time elapses
before a key up event is detected, the operating system deter-
mines that a key repeat event has occurred representing a
situation where a user has continued to depress a key without
releasing it. A key repeat event is then treated by application
software residing in either FLASH 600 or RAM 700 as an
event that requires the capitalization of the key previously
depressed. This feature disables a key repeat feature and
substitutes instead a capitalization feature based upon a key
repeat. The timing of the key scanning to determine whether
akey has been released can be set to permit a slower keyboard
response or a faster keyboard response, depending upon user
experience or preferences. Although the capitalization func-
tion preferably works only to change the state of a letter to a
capital, it alternatively could operate to change a capital letter
to a lower case letter. The actual display is changed by the
application program substituting the value of the capital letter
in the register that holds the value of the letter to be displayed.
As alternatively implemented, the continued depressing with-
out release of a letter key could result in a key oscillating
between upper case and lower case, depending on the length
of time the key is depressed.

FIG. 4 is the logic circuitry 1010 associated with thumb-
wheel 1000. Thumbwheel 1000 outputs quadrature signals
phase A 1021 and phase B 1022, which are processed by D
flip-flops and 1032 to present signals 1041 W_UP and 1042
W_DN to microprocessor 300. Signals and 1042 represent,
respectively, a user rolling the thumbwheel up and rolling the
thumbwheel down.

Having described in detail the preferred embodiments of
the present invention, including the preferred methods of
operation, it is to be understood that this operation could be
carried out with different elements and steps. This preferred
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embodiment is presented only by way of example and is not
meant to limit the scope of the present invention which is
defined by the following claims.

What is claimed:

1. A handheld messaging device for wireless email that is
optimally configured to facilitate user thumb-typing with
thumbs, comprising:

a keyboard having a plurality of keys representing the
letters of the alphabet said keyboard integral to the hand-
held messaging device, the plurality of keys comprising
aleft side set of keys and a right side set ofkeys, with the
left side set of keys positioned left of a keyboard center
and being oriented at an angle in a negative orientation,
and the right side set of keys positioned right of the
keyboard center and being oriented at the angle in a
positive orientation; and

a display operatively connected to the keyboard;

wherein at least one key of the plurality of keys of the
keyboard is placed at an angle that optimizes use sub-
stantially with thumbs pursuant to the user thumb typ-
ing.

2. The messaging device of claim 1, wherein the at least one
key of the plurality of keys is oblong shaped and the angle is
about 20 degrees to about 70 degrees relative to vertical.

3. A messaging device, further comprising;

a keyboard integrated to the messaging device and having
aplurality of keys representing the letters of the alphabet
board integral to the messaging device, each of said
plurality of keys having a shape that allows for angular
orientation of the key and the plurality of keys compris-
ing a left side set of keys positioned left of a keyboard
center and a right side set of keys positioned right of the
keyboard center;

indicia associated with each of the plurality of keys,
wherein the indicia is oriented normal to a longitudinal
axis of the device and each of the plurality of keys are
oriented at an angle relative to a longitudinal axis of the
device; and

a display operatively coupled to the keyboard wherein at
least one key of the plurality of keys of the keyboard is
oriented at an angle that optimizes use substantially with
thumbs pursuant to user thumb typing.

4. A messaging device comprising:

a keyboard integral to the message device and having plu-
rality of keys representing the letters of the alphabet
board integral to the messaging device, each of said
plurality of keys having a shape that allows for angular
orientation of the key and the plurality of keys compris-
ing a left side set of keys positioned left of a keyboard
center and a right side set of keys positioned right of the
keyboard center;

indicia is positioned on each of keys, wherein the indicia is
oriented normal to a longitudinal axis of the device and
each of the plurality of keys are oriented at an angle
relative to a longitudinal axis of the device; and

a display operatively coupled to the keyboard wherein at
least one key of the plurality of keys of the keyboard is
oriented at an angle that optimizes use substantially with
thumbs pursuant to user thumb typing.

5. A handheld electronic communication device, compris-

ing:

a device housing having a left edge and a right edge;

a display; and

a keyboard having twenty-six letter keys and at least one
other key,
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the letter keys being arranged in an upper row including 10
letter keys, a middle row including 9 letter keys and a
lower row including 7 letter keys,

the letter keys in the upper row being distributed from
adjacent the left edge to adjacent the right edge;

each letter key in the lower row being in substantial vertical
alignment with a letter key in the middle row,

each letter key in the middle row being in substantial ver-
tical alignment with a letter key in the upper row,

the keys in each of the rows being disposed on the opposite
sides of a vertical reference line substantially midway
between the left edge and the right edge, the keys in each
of the upper and middle rows disposed such that half of
thekeys in each of the middle and upper rows are on each
side of the vertical reference line, five letter keys in the
upper row being disposed on each side of the vertical
line, five letter keys in the middle row being disposed on
one side of the vertical reference line and four letter keys
in the middle row being disposed on the other side of the
vertical reference line, and the keys in the lower row
being disposed such that four letter keys are disposed on
the one side of the vertical reference line and three letter
keys in the lower row are disposed on the other side of
the vertical reference line.

6. The device of claim 5 wherein at least two of the rows
have the same total number of keys, and the keys in each of
said two rows are distributed from adjacent the left edge
across the top surface to adjacent the right edge.

7. The device of claim 5 wherein in each of the upper,
middle and lower rows each letter key on the other side of the
vertical reference line is symmetrical relative to a respective
letter key on the one side of the vertical line.

8. The device of any one of claims 5, 6 and 7 in which the
upper row and the middle row have the same total number of
keys.

9. The handheld device of claim 5 wherein the housing has
a top surface and the display and keyboard are positioned on
the top surface.

10. The handheld device of any one of claims 5, 6 and 7 in
which each of the letter keys is oblong.

11. The handheld device of any one of claims 5, 6 and 7 in
which each of the letter keys has a height greater than its
width.

12. The handheld device of claim 5 wherein, in each of the
upper, middle and lower rows, the centers of all the keys in the
row other than the keys most closely adjacent the left edge and
the key most adjacent the right edge are displaced from, and
lie on the same side, of a straight line extending from the
center of the key of the row most closely adjacent to the left
edge to the center of the key most closely adjacent the right
edge.

13. The handheld device of any of claims 5, 6 and 7 wherein
the keys in the middle row are arranged across the width of the
device from adjacent the left edge to adjacent the right edge,
and wherein in the middle row four letter keys and an at least
one other key are positioned on the other side of the vertical
reference line.

14. The handheld device of claim 5 including an auxiliary
input device, and wherein a displacement of the auxiliary
input device in one direction provides a selecting signal and a
displacement in a different direction provides an executing
signal.

15. The handheld device of claim 14 wherein the auxiliary
input device is a thumbwheel that produces a first signal
responsive to rolling of the thumbwheel and a second signal
responsive to depressing of the thumbwheel.
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16. The handheld device of any one of claims 5, 6 and 7 in
which each of the letter keys is inclined relative to the hori-
zontal and the vertical.

17. The handheld device of any one of claims 5, 6 and 7 in
which each of the letter keys on the left of the vertical line is
inclined at a negative angle relative to the vertical and each of
the letter keys on the right of vertical line is inclined at a
positive angle relative to the vertical, each of the angles being
in the range of 20 to 70 degrees.

18. The handheld device of claim 5 including an auxiliary
input, and wherein a displacement of the auxiliary input in
one direction provides a selecting signal and a displacement
in a different direction provides an executing signal.

19. A keyboard for use with a mobile communication
device, the keyboard configured in a device housing having a
top surfaces the top surface having a left edge and a right edge
and being bisected by a vertical reference substantially mid-
way between the left edge and the right edge,

the keyboard having twenty-six letter keys and at least one
other key:

the twenty six letter keys and the at least one other key
being arranged in an upper row, a middle row, and a
lower row,

the letter keys in of the upper row being distributed across
the top surface from adjacent the left edge to adjacent the
right edge,

aletter key in the middle row being adjacent the left edge of
the housing and the keys in the middle row being dis-
tributed across the top surface of the housing from adja-
cent the left edge to adjacent the right edge,

the keys in each of the upper, middle and lower rows being
arranged so that approximately half of the keys in each
of the respective rows are positioned to the left of the
vertical reference and approximately half of the keys in
each of the respective rows row are positioned to the
right of the vertical reference, five letter keys in the
upper row being disposed on each side of the vertical
reference, five letter keys in the middle row being dis-
posed on one side of the vertical reference and four letter
keys in the middle row being disposed on the other side
of the vertical reference, and four letter keys in the lower
row being disposed on the one side of the vertical refer-
ence line and three letter keys in the lower row being
disposed on the other side of the vertical reference line;
and

each letter key in the lower row being substantially verti-
cally aligned with a respective letter key in each of the
upper and middle rows.

20. The keyboard of claim 19 wherein each of the upper
and middle rows has the same total number of keys.

21. The keyboard of claim 19 wherein each of the letter
keys is longer on one direction than in a direction orthogonal
to the one direction.

22. The keyboard of claim 19 wherein each of the letter
keys is oblong.

23. The keyboard of claim 19 wherein, in each of the upper,
middle and lower rows, the centers of all the keys in the row
other than the key most closely adjacent the left edge of the
device and the key most closely adjacent the right edge of the
device are displaced from, and lie on the same side, of a
straight line extending from the center of the key of the row
most closely adjacent to the left edge to the center of the key
most closely adjacent the right edge.



US 7,629,964 B2

9

24. The keyboard of claim 19 in which at least two of the
rows have the same number of total keys.

25. The keyboard of claim 19 wherein in each of the upper,
middle and lower rows each letter key on a first side of the
vertical line is symmetrical relative to a letter key on an other
side of the vertical line.

10
26. The keyboard of claim 19 wherein the letter keys in
each of the upper, middle and lower rows are arranged in
respective arcs.



