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HAND-HELD ELCTRONIC DEVICE WITH A 
KEYBOARD OPTIMIZED FOR USE WITH THE 

THUMBS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 09/106,585, ?led on Jun. 29, 1998, 
Which is a continuation-in-part of US. Des. application Ser. 
No. 29/089,942, entitled Hand-held Messaging Device With 
Keyboard, ?led on Jun. 26, 1998 and assigned to the 
assignee of the present invention. 

BACKGROUND OF THE INVENTION 

[0002] The present invention is directed toWard the ?eld of 
small, hand-held electronic devices such as personal data 
assistants (PDA’s), personal information managers (PIE’s), 
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. 

[0003] 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 optimiZed for use With a minimal number of key 
strokes. Prior art systems have attempted to address these 
needs by incorporating 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 systems prove aWkWard to use. 

[0004] In order to provide a hand-held electronic device 
that permits a user the opportunity to enter data into an 
address book, a calendar, a task list, an email message or a 
similar teXt ?le that requires user-generated data, the instant 
invention is directed to an input device that is oriented to be 
used substantially through use of the thumbs. This is accom 
plished ?rst by providing a keyboard With a minimal number 
of keys, but With the keys representing the alphabet gener 
ally 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 a keyboard 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. 

[0005] Although the layout is similar to a standard key 
board, 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. 

[0006] An additional feature of the invention is thus use of 
an additional input means for control of functions that might 

Nov. 8, 2001 

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 of forms and functions relevant to data input. The 
thumb-Wheel is positioned in close proximity to the key 
board to enable the easily transition from thumb-based 
typing to thumb control of forms and functions. 

[0007] In addition to hardWare features that encourage 
optimal data entry through the use of thumbs, there are 
several softWare features that are designed to minimiZe 
keystrokes and aid in entry of data. 

[0008] The features of this invention, both individually 
and collectively, 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 ef?cient opera 
tion 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 ?t in 
the palm of the hand and that can be operated substantially 
With the thumbs. 

[0009] There is a further need for a keyboard for a 
palm-siZe data entry device With keys placed at an angle to 
optimiZe operation of the keyboard by the use of the thumbs. 

[0010] 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. 

[0011] 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 manage 
ment through input performed substantially by the thumbs. 

[0012] There remains still another need for a softWare 
implemented 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 

[0013] The present invention overcomes the problems 
noted above and satis?es the needs in this ?eld for a 
hand-held electronic device With a keyboard optimiZed for 
use With the thumbs. In the preferred embodiment of the 
present invention, the hand-held electronic device is a tWo 
Way paging device that permits full-text, tWo-Way messag 
ing 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 a device, the efficient entry of data in 
a device meant to ?t into the palm of one’s hand requires that 
tWo goals are achieved. First, the data entry must be rela 
tively easy from a user perspective. 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 
ef?cient use of the keyboard space is required and functions 
that might be able to be performed by a standard keyboard 
are off-loaded to an auXiliary input device or are performed, 



US 2001/0038382 A1 

through a minimal number of keystrokes that encourage the 
use of thumb-based data entry. 

[0014] To accomplish these goals. the invention ?rst opti 
miZes 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 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. 

[0015] The invention also minimiZes the number of keys 
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 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. 

[0016] 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 depression of a button. The thum 
bWheel in the preferred embodiment is placed vertically on 
the tWo-Way paging device so that the user can easily move 
his or her thumb from the thumbWheel 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. 

[0017] Additionally, various softWare techniques can be 
implemented to enhance the thumbtyping use’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 inter 
mittent release being detected by the keyboard controller. 

[0018] 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. 

[0019] These are just a feW of the many advantages of the 
present invention, as described in more detail beloW. As Will 
be appreciated, the invention is capable of other and differ 
ent embodiments and its several details are capable of 
modi?cations 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. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] The present invention satis?es the needs noted 
above as Will become apparent from the folloWing descrip 
tion When read in conjunction With the accompanying draW 
ings Wherein: 

[0021] FIG. 1 is a block diagram of a tWo-Way, full-text, 
messaging device incorporating a keyboard and an auXiliary 
data entry device. 

[0022] FIG. 2 is a frontal vieW of the hand-held device 
shoWing the shape and placement of the keys on the key 
board and the auXiliary input device. 

[0023] FIG. 3 is a diagram of shoWing the shape. siZe and 
placement of the keys on the keyboard. 

[0024] FIG. 4 is a diagram of the control circuitry for the 
thumbWheel. 

DETAILED DESCRIPTION 

[0025] 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 pref 
erably incorporates the invention. In its broadest terms, the 
messaging device includes a transmitter/receiver subsystem 
100 connected to a DSP 200 for digital signal processing of 
the incoming and outgoing data transmissions, poWer supply 
and management subsystem 300, Which supplies and man 
ages poWer to the overall messaging device components, 
microprocessor 400, Which is preferably an X86 architecture 
processor, 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 presented 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 chose to respond 
to the email by selecting ‘Reply’ from a menu presented on 
the display through interaction via thumbWheel 1000 or via 
menu selection from keyboard 900. In typing the reply, the 
user can use keyboard 900 to type full teXt message replies, 
or insert predetermined or “canned” response by using either 
a particular keystroke pattern or through pulling doWn 
predetermined 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 processes the message for transport 
and, by directing and communicating With transmitter/re 
ceiver 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 thumbWheel With a 
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push button SPST With quadrature signal outputs, such as 
that manufactured by Matsushita Electronic Components 
Co. Ltd. as part number EVQWKZOOI. 

[0026] FIG. 2 is a front vieW of messaging device 10 that 
incorporates 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. In the preferred embodiment, 902 is the 
alt key, 903 is the cap key. 904 is the line feed key and 905 
is the backspace key. 

[0027] FIG. 3 is a vieW of a subset of the letter keys 901, 
shoWing the 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 Was determined that the keys 
should be placed at an angle 960 relative to vertical that 
facilitated easy typing using thumbs. That angle is prefer 
ably positive 40 degrees relative to vertical for keys on the 
right side of the keyboard (Where 950 is the center of the 
keyboard) and negative 40 degrees for the keys on the left 
side of the keyboard, although complementary angles rang 
ing from 20 degrees to 70 degrees could also be used to 
accomplish the goal, albeit less optimally, of facilitating 
thumb typing. Also as shoWn on FIGS. 2 and 3, the keys 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. 
Additionally, the keys are sized appropriate given the foot 
print 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. 

[0028] The key shape and dimensions are also key com 
ponents 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 a rho 965 de?ning 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 millimeters (973 representing the radius of half 
that value, 3.5 

[0029] Turning to one of the softWare features that aids in 
the device 10 being optimally used for thumb typing is a 
capitaliZation feature implemented via softWare. If a user 
depresses a key 901, the operating system detects a key 
doWn event. If the key is released after a period of time, 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 determines that a key repeat 
event has occurred representing a situation Where a user has 
continued to depress a key Without releasing it. Akey 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 a key has been 
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released can be set to permit a sloWer keyboard response or 
a faster keyboard response, depending upon user experience 
or preferences. Although the capitaliZation function prefer 
ably 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 Without release of a letter key could result in a 
key oscillating betWeen upper case and loWer case, depend 
ing on the length of time the key is depressed. 

[0030] FIG. 4 is the logic circuitry 1010 associated With 
thumbWheel 1000. ThumbWheel 1000 outputs quadrature 
signals phase A1021 and phase B 1022, Which are processed 
by D ?ip-?ops 1031 and 1032 to present signals 1041 W_UP 
and 1042 W_DN to microprocessor 300. Signals 1041 and 
1042 represent, respectively, a user rolling the thumbWheel 
up and rolling the thumbWheel doWn. 

[0031] Having described in detail the preferred embodi 
ments of the present invention, including the preferred 
methods of operation, it is to be understood that this opera 
tion could be carried out With different elements and steps. 
This preferred embodiment is presented only by Way of 
eXample and is not meant to limit the scope of the present 
invention Which is de?ned by the folloWing claims. 

What is claimed: 
1. A hand-held electronic device, comprising: 

a device housing having a top surface, a bottom surface, 
and a plurality of connecting surfaces for connecting 
the top surface to the bottom surface; 

an LCD display mounted Within the top surface; 

a keyboard mounted Within the top surface in a position 
beneath the LCD display; and 

a thumbWheel input device mounted Within the device 
housing in a position above the keyboard and to the side 
of the LCD display. 

2. The hand-held electronic device of claim 1, Wherein the 
keyboard comprises: 

a plurality of letter keys; and 

a plurality of specialiZed keys. 
3. The hand-held electronic device of claim 2, Wherein the 

plurality of specialiZed keys include at least a space bar key, 
an alt key, a cap key and a line feed key. 

4. The hand-held electronic device of claim 2, Wherein the 
plurality of letter keys comprise a QWERTY keyboard. 

5. The hand-held electronic device of claim 2, Wherein the 
plurality of letter keys comprise a DVORAK keyboard. 

6. The hand-held electronic device of claim 2, Wherein the 
plurality of letter keys comprise a ?rst set of letter keys and 
a second set of letter keys, Wherein the ?rst set of letter keys 
are positioned on a left-hand side of the top surface and the 
second set of letter keys are positioned on a right-hand side 
of the top surface, such that the plurality of letter keys are 
symmetrically-positioned on the top surface of the device 
housing. 

7. The hand-held electronic device of claim 2, Wherein the 
plurality of letter keys include a ?rst set of oblong shaped 
keys and a second set of oblong shaped keys, Wherein each 
oblong shaped key in the ?rst set of oblong shaped keys is 
tilted at a positive angle relative to a vertical reference and 
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each oblong shaped key in the second set of oblong shaped 
keys is tilted at a negative angle relative to the vertical 
reference. 

8. The hand-held electronic device of claim 2, Wherein the 
hand-held electronic device is a cellular telephone, a tWo 
Way pager, a personal digital assistant or an electronic 
organiZer. 

9. The hand-held electronic device of claim 7, Wherein the 
oblong shaped keys are oval shaped. 

10. The hand-held electronic device of claim 1, Wherein 
the keyboard occupies more than half of the surface area of 
the top surface. 

11. The hand-held electronic device of claim 1, Wherein 
the LCD display occupies more than half of the surface area 
of the top surface. 

12. The hand-held electronic device of claim 1, Wherein 
the thurnbWheel is mounted Within the top surface. 

13. The hand-held electronic device of claim 1, Wherein 
the thurnbWheel is mounted to the right side of the LCD 
display. 

14. The hand-held electronic device of claim 1, further 
comprising: 

a transceiver for transmitting and receiving messages. 
15. The hand-held electronic device of claim 14, further 

comprising: 

a ?rst antenna for receiving messages; and 

a second antenna for transmitting messages. 
16. The hand-held electronic device of claim 15, Wherein 

the transceiver further comprises: 

a receiver, coupled to the ?rst antenna, for dernodulating 
the received messages; and 

a transmitter, coupled to the second antenna, for gener 
ating a rnodulated message. 

17. The hand-held electronic device of claim 16, Wherein 
the transceiver further comprises: 

a digital signal processor coupled to the transmitter and 
the receiver for processing dernodulated messages from 
the receiver, and for providing rnodulation information 
to the transmitter. 

18. A keyboard con?gured in a device housing having a 
top surface, the top surface being bisected into a left half and 
a right half by a vertical reference through the device 
housing, the keyboard comprising: 

a plurality of letter keys, Wherein the plurality of letter 
keys are grouped into a ?rst set of letter keys and a 
second set of letter keys, Wherein the ?rst set of letter 
keys are positioned on the left half of the top surface 
and the second set of letter keys are positioned on the 
right half of the top surface, such that approximately 
half of the plurality of letter keys are positioned to the 
left of the vertical reference and approximately half of 
the plurality of letter keys are positioned to the right of 
the vertical reference; and 

a plurality of specialiZed keys. 
19. The keyboard of claim 18, Wherein the ?rst and 

second sets of letter keys are oblong shaped keys. 
20. The keyboard of claim 18, Wherein each key in the 

?rst set of letter keys is tilted at a positive angle relative to 
the vertical reference and each key in the second set of letter 
keys is tilted at a negative angle relative to the vertical 
reference. 
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21. The keyboard of claim 19, Wherein the oblong shaped 
keys are oval shaped. 

22. The keyboard of claim 20, Wherein the positive angle 
is betWeen positive 20 and 70 degrees from the vertical 
reference and the negative angle is betWeen negative 20 and 
70 degrees from the vertical reference. 

23. The keyboard of claim 18, Wherein the ?rst and 
second sets of letter keys each cornprise three roWs of letter 
keys, Wherein the keys in each roW of the three roWs of letter 
keys are vertically aligned With keys in the other tWo roWs 
of letter keys. 

24. The keyboard of claim 18, Wherein the specialiZed 
keys include a space bar key. 

25. The keyboard of claim 18, Wherein the specialiZed 
keys include a cap key. 

26. The keyboard of claim 18, Wherein the specialiZed 
keys include a backspace key. 

27. The keyboard of claim 18, Wherein the specialiZed 
keys include a line feed key. 

28. The keyboard of claim 18, Wherein the specialiZed 
keys include an alt key. 

29. The keyboard of claim 18, Wherein the ?rst set of letter 
keys and the second set of letter keys comprise a ?rst roW of 
letter keys. 

30. The keyboard of claim 29, Wherein the ?rst set of letter 
keys and the second set of letter keys comprise a second roW 
of letter keys positioned beneath the ?rst roW of letter keys. 

31. The keyboard of claim 31, Wherein the ?rst roW of 
letter keys and the second roW of letter keys are positioned 
on the device housing along respective ?rst and second arcs. 

32. The keyboard of claim 18, Wherein the ?rst and 
second sets of letter keys comprise a QWERTY keyboard. 

33. A keyboard con?gured in a device housing having a 
top surface and a left and right side surface coupled to the 
top surface, the keyboard comprising: 

a plurality of keys con?gured as a QWERTY keyboard, 
Wherein the QWERTY keyboard is syrnrnetrically posi 
tioned on the top surface of the device housing such 
that it is equidistantly displaced from the left and right 
side surfaces. 

34. A hand-held e-rnail device, comprising: 

a device housing having a top surface and a left and ride 
side surface coupled to the top surface; 

an LCD display mounted within the top surface; 

a transceiver for receiving e-rnail messages from a Wire 
less netWork and for transmitting e-rnail rnessages 
generated on the hand-held e-rnail device to the Wire 
less netWork; and 

a keyboard mounted within the top surface for generating 
e-rnail messages, the keyboard comprising a plurality 
of keys con?gured as a QWERTY keyboard, Wherein 
the QWERTY keyboard is syrnrnetrically positioned on 
the top surface of the device housing such that it is 
equidistantly displaced from the left and right side 
surfaces. 

35. The hand-held e-rnail device of claim 34, further 
comprising a thurnbWheel input device mounted within the 
device housing. 


