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ABSTRACT 

Akeyboard device includes electric switches and keys. Each 
key is con?gured, When individually pressed, to actuate one 
or more of the sWitches simultaneously. At least one of the 
keys is con?gured, When individually pressed, to actuate tWo 
or more of the switches simultaneously. 
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KEYBOARD ASSEMBLY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 11/122,674, ?led May 5, 2005, Which is 
a continuation of US. patent application Ser. No. 10/302, 
242, ?led Nov. 21, 2002, Which claims the bene?t of US. 
Provisional Application No. 60/331,999, ?led Nov. 23, 
2001. These prior applications, including the Written 
descriptions and drawing ?gures, are hereby incorporated 
into the present application by reference. 

TECHNICAL FIELD 

[0002] The present invention relates to the ?eld of key 
boards and keypads for electronic devices, in particular for 
mobile devices. 

BACKGROUND 

[0003] Many mobile devices, such as cellular telephones, 
personal digital assistants (PDAs), and other handheld com 
puting and communicating devices, advantageously employ 
a keyboard or keypad as a means of inputting data into the 
device. 

[0004] Existing keyboards or keypads for small handheld 
devices often include a standard 12-key telephone keypad. 
Typing text using such a keypad requires the user to input 
data in an unfamiliar manner. Other kinds of keyboards 
folloW the standard Dvorak keyboard layout or, more com 
monly, the QWERTY keyboard layout and are used in 
portable handheld devices such as the RIM 950 Wireless 
HandheldTM. This kind of keyboard, When adapted to a 
mobile device, uses a plurality of small individual keys 
optimised for operation With the thumbs of the user. 

[0005] HoWever, such a keyboard has considerably more 
keys than a standard telephone keypad and the larger number 
of individual keys requires more space on a printed circuit 
board (PCB) than a keypad. Each key requires its oWn 
footprint and sWitch, such as a dome sWitch, on the PCB that 
activates a function or input When a key is depressed. 
Because of the relatively small siZe of such handheld 
devices, PCB space is limited and a QWERTY or Dvorak 
type keyboard takes up valuable real estate on the PCB. 
Keyboard siZe is limited by the distance betWeen the dome 
sWitches, Which have a minimum distance betWeen them. 
The cost of dome sWitches is not insigni?cant When a 
keyboard includes a large number of keys. It is therefore 
desirable to provide an improved keyboard assembly for an 
electronic device. 

SUMMARY 

[0006] A keyboard device includes electric sWitches and 
keys. Each key is con?gured, When individually pressed, to 
actuate one or more of the sWitches simultaneously. At least 
one of the keys is con?gured, When individually pressed, to 
actuate tWo or more of the sWitches simultaneously. 

[0007] Preferably, the sWitch is a dome sWitch. The device 
further includes actuators, each associated With one of the 
keys for actuating one or more of the sWitches in response 
to depressing the respective key. At least one of the actuators 
has at least tWo arms, one of the arms for actuating one of 
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the sWitches and another of the arms for maintaining the 
balance of the respective key When the key is depressed. The 
keys are arranged in roWs, and the sWitches are arranged in 
roWs betWeen the roWs of keys, With each sWitch positioned 
betWeen tWo adjacent keys of the same roW. Each sWitch is 
positioned betWeen four diagonally adjacent keys disposed 
in tWo adjacent roWs. Each sWitch is con?gured to be 
actuated by more than one of the keys, and prefereably by 
four diagonally adjacent keys. When any if the sWitches are 
activated, a system determines Which key has been pressed 
using a look-up table in electronic memory that de?nes 
Which sWitches correspond to each key. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] Embodiments of the present invention Will noW be 
described, by Way of example only, With reference to the 
attached ?gures, Wherein: 

[0009] FIG. 1 illustrates a front elevation of a mobile 
device having a keyboard; 

[0010] FIG. 2 illustrates a side vieW of a keyboard assem 
bly according to a ?rst embodiment of the present invention; 

[0011] FIG. 3 illustrates a side vieW of a keyboard assem 
bly according to a second embodiment of the present inven 
tion; 
[0012] FIG. 4 illustrates a top vieW of a keyboard assem 
bly according to a third embodiment of the present invention 
With different layers shoWn in dashed lines; and 

[0013] FIG. 5 illustrates a top vieW of a keyboard assem 
bly according to a fourth embodiment of the present inven 
tion With different layers shoWn in dashed lines. 

DETAILED DESCRIPTION 

[0014] Generally, the present invention provides a key 
board assembly for a mobile device that reduces the sepa 
ration betWeen keys by reducing the number of required 
dome sWitches. A reduction in the number of dome sWitches 
can alternatively reduce the amount of real estate taken up 
by dome sWitches on a printed circuit board (PCB). FeWer 
dome sWitches than keys are provided on a PCB to activate 
a desired functionality When a key is depressed. The dome 
sWitches are each actuatable by and disposed betWeen more 
than one key, such keys preferably being adjacent keys. Each 
key has an actuator With at least one arm for actuating a 
dome sWitch in an actuated dome sWitch pattern When the 
key is depressed. Such a keyboard assembly can be used for 
any electronic device having a standard QWERTY or 
Dvorak keyboard layout, a standard telephone or numeric 
keypad layout, or any other layout of keys. 

[0015] FIG. 1 illustrates a front elevation of an electronic 
device having a keyboard. Keyboard assemblies according 
to embodiments of the present invention can be used With, 
and incorporated in, such an electronic device 20. Although 
the device 20 shoWn in FIG. 1 is a mobile electronic device 
having a keyboard, aspects of the present invention can be 
advantageously incorporated in any type of electronic device 
having any type of key con?guration. The term key con 
?guration is used herein to represent any con?guration of 
keyboard or keypad, including but not limited to: QWERTY 
keyboard layout; Dvorak keyboard layout; standard tele 
phone keypad layout; and any other con?guration incorpo 
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rating one of these layouts or portions thereof. Similarly, the 
term keyboard as used herein generally refers to any plu 
rality of keys arranged in a keyboard or keypad con?gura 
tion or layout. 

[0016] The device 20 typically has a housing 22, a display 
24, such as a liquid crystal display (LCD), and a keyboard 
area having a keyboard 26 arranged in a key con?guration. 
The keyboard 26 is typically situated adjacent to the display 
24 and preferably beloW the display. The keyboard com 
prises a plurality of keys 28 arranged in a key con?guration. 
These keys can typically be positioned to form a QWERTY 
keyboard or a Dvorak keyboard. 

[0017] FIG. 2 illustrates a side vieW of a keyboard assem 
bly 200 according to a ?rst embodiment of the present 
invention. The term keyboard assembly is used herein to 
describe the collection of physical components that together 
alloW a device to accept user inputs via a plurality of keys. 
These physical components can include, but are not limited 
to: keys, actuators, dome sWitches, and a printed circuit 
board. 

[0018] Keys 202, 204 and 206 preferably protrude through 
openings 28 in the device housing 22. Although only three 
keys are shoWn in FIG. 2 for simplicity of illustration and 
explanation, it Will be apparent to one skilled in the art that 
a keyboard can include many more such keys. Each key 
actuates an input or function When a user depresses the key, 
thereby depressing at least one dome sWitch 222, 224, each 
of Which is disposed on a printed circuit board (PCB) 240. 
Conventionally, each key is associated With an individual 
dome sWitch. According to the present invention, each key 
is associated With one or more dome sWitches, and each 
dome sWitch is associated With one or more keys. In the 
embodiment illustrated in FIG. 2, tWo dome sWitches 222 
and 224 are associated With three adjacent keys 202, 204 and 
206. 

[0019] Typically, each key in a keyboard for an electronic 
device has an actuator, or post, underneath the key. The 
actuator engages or actuates a dome sWitch. Each actuator 
has at least one arm for actuating a dome sWitch in response 
to depression of a key. In this embodiment, keys 202, 204 
and 206 preferably have actuators 252, 254, 256 respectively 
associated thereWith. Each of the actuators 252, 254 and 256 
has at least one arm that actuates one or more of the dome 

sWitches 222, 224. For instance, When the key 202 is 
depressed, the actuator 252 actuates the dome sWitch 222 via 
arm 262. When the key 204 is depressed, the actuator 254 
actuates both the dome sWitches 222 and 224 via arms 264 
and 274, respectively. When the key 206 is depressed, the 
actuator 256 actuates the dome sWitch 224 via arm 266. 

[0020] It can therefore be seen that depressing a particular 
key results in an actuated dome sWitch pattern. The actuated 
dome sWitch pattern comprises an identi?cation of the dome 
sWitches that are actuated in response to depressing a 
particular key. This actuated dome sWitch pattern is not a 
temporal or sequential pattern of dome sWitch actuation; 
rather, it comprises a pattern of dome sWitches that are 
actuated simultaneously, substantially at the same time, or 
Within a predetermined WindoW of time. Based on the 
actuated dome sWitch pattern, it can be determined Which 
key is actuated. Each dome sWitch pattern preferably cor 
responds uniquely to a particular key depression. 
[0021] In relation to FIG. 2, a dome sWitch pattern Where 
only the dome sWitch 222 is actuated is caused by depression 
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of the key 202, Which depresses the arm 262 of the actuator 
252. Similarly, a dome sWitch pattern Where both the dome 
sWitches 222 and 224 are actuated is caused by depression 
of the key 204, Which depresses the arms 264 and 274 of the 
actuator 254. Finally, a dome sWitch pattern Where only the 
dome sWitch 224 is actuated is caused by depression of the 
key 206, Which depresses the arm 266 of the actuator 256. 

[0022] When a keyboard assembly such as the one illus 
trated in FIG. 2 is used in an electronic device, such as a 
mobile device, the device typically has an operating system 
stored in its memory. When a key is depressed, the resulting 
actuated dome sWitch pattern is recogniZed by the device’s 
operating system as being uniquely associated With depres 
sion of a particular key. This can be accomplished, for 
example, by storing in memory information regarding each 
possible key depression and its corresponding actuated 
dome sWitch pattern. This can be advantageously be stored 
in a type of lookup table in the device’s memory, or can be 
alternatively accomplished by any other equivalent means. 

[0023] A keyboard assembly such as the one described 
above alloWs the keys that protrude from the device housing 
to be spaced closer together than With conventional key 
board arrangements. In this example, the spacing is deter 
mined according to the distance required for three keys to be 
able to engage tWo dome sWitches on the PCB. Altema 
tively, the present invention results in less real estate on the 
PCB being devoted to the dome sWitches, thus making space 
for other components. Of course, these concepts can be 
expanded to a plurality of such key and dome sWitch 
combinations, in various roWs of keys. Examples of such 
combinations Will be discussed in relation to further embodi 
ments of the invention discussed beloW. In an alternative 
embodiment, each of the actuators can be moulded as part of 
the key. The keys can be made of plastic and can be set in 
a plastic Web. The actuators can be made of plastic. 

[0024] A sWitch activation force is applied to a sWitch in 
response to a key activation force in order to activate the 
sWitch. The key activation force can be mechanically or 
electrically controlled or regulated, by a suitable control 
means, independently of the sWitch activation force. As 
such, a regulated key activation force can be used to ensure 
a common activation force for any key activation. 

[0025] FIG. 3 illustrates a side vieW of a keyboard assem 
bly 300 according to a second embodiment of the present 
invention. The embodiment in FIG. 3 is similar to that 
illustrated in FIG. 2 in the layout of keys 302, 304, 306 and 
of dome sWitches 322 and 324 on PCB 340. The embodi 
ment in FIG. 3 provides for a different design of an actuator 
used in conjunction With an end key, i.e. a key that is at an 
end of a roW of keys. Actuators 352 and 356 in FIG. 3, in, 
addition to having arms 362 and 366 for actuating the dome 
sWitches 322 and 324, respectively, also have arms 372 and 
376. Each of the arms 372 and 376 does not engage a dome 
sWitch, but maintains the balance of the key When it is 
depressed. Any of the actuators 352, 354 and 356 can 
alternatively comprise one or more additional arms for 
actuating further dome sWitches on adjacent horiZontal or 
vertical roWs. Any of these actuators can further altema 
tively comprise one or more additional arms that does not 
engage a dome sWitch, but maintains the balance of the key 
When it is depressed. 

[0026] FIG. 4 illustrates a top vieW of a keyboard assem 
bly 400 according to a third embodiment of the present 
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invention With different layers shown in dashed lines. In this 
embodiment, keys are laid out in roWs and dome switches 
are laid out in roWs betWeen the roWs of keys such that the 
dome sWitches are positioned betWeen tWo adjacent keys in 
a roW. A dome sWitch is then preferably associated With four 
diagonally adjacent keys. Although a PCB is not illustrated 
in FIG. 4, it is to be understood that the keyboard arrange 
ment 400 includes a PCB on Which the dome sWitches are 
disposed. Although actuators and dome sWitches are both 
illustrated in dashed lines, it is to be understood that these 
tWo sets of elements are themselves on different layers, each 
different from the key layer. Three different types of key and 
actuator arrangements Will noW be described in relation to 
the embodiment illustrated in FIG. 4. 

[0027] A key 402 in a top right comer of the keyboard 
assembly 400 is arranged so as to actuate only one dome 
sWitch When it is depressed. The key 402 preferably has an 
actuator 452 having an arm 462 that extends diagonally from 
the key. The arm 462 actuates an adjacent dome sWitch 422 
When the key 402 is depressed. A key and actuator pair at the 
bottom right comer of the keyboard assembly 400 has a 
similar structure to the key 402 and the actuator 452. An 
actuator associated With such a key can alternatively com 
prise one or more additional arms that do not engage a dome 
sWitch, but maintain the balance of the key When it is 
depressed. 

[0028] An edge key 454 being at an outer edge of a key 
con?guration preferably has an actuator 454 having tWo 
arms 464 and 474 for actuating tWo diagonally adjacent 
dome sWitches 422 and 424, situated above and beloW the 
key 404, When the key 404 is depressed. Similarly, a key 406 
in the top roW preferably has an actuator 456 having tWo 
arms 466 and 476 for actuating tWo diagonally adjacent 
dome sWitches 422 and 426, situated beloW the key 406, 
When the key 406 is depressed. Other key and actuator pairs 
in the top and bottom roWs have a similar structure to the key 
406 and the actuator 456 for actuating tWo diagonally 
adjacent dome sWitches in a roW either above or beloW the 
key. This includes the key and actuator pairs in the top left 
and bottom left comers of the keyboard assembly 400. Also, 
an actuator associated With such a key can alternatively 
comprise one or more additional arms that do not engage a 

dome sWitch, but maintain the balance of the key When it is 
depressed. 

[0029] A key 408 in a middle roW preferably has an 
actuator 458. The actuator 458 has four arms 468, 478, 488 
and 498 for actuating four diagonally adjacent dome 
sWitches 422, 424, 426 and 428, above and beloW the key 
408. Other key and actuator pairs in any roW that is not a top 
or bottom roW can have a similar structure to the key 408 and 
the actuator 458. This includes a key and actuator pair at the 
left edge, or end, of the middle roW of FIG. 4, and applies 
to any other such middle roW that may be present in a key 
con?guration. Actuators are preferably made from plastic 
and can be moulded Within the shape of the key. 

[0030] With particular reference to FIG. 4, an actuated 
dome sWitch pattern Where only the dome sWitch 422 is 
actuated is interpreted as being a result of the key 402 being 
depressed. An actuated dome sWitch pattern Where the dome 
sWitches 422 and 424 are actuated is interpreted as being a 
result of the key 404 being depressed. An actuated dome 
sWitch pattern Where the dome sWitches 422 and 426 are 
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actuated is interpreted as being a result of the key 406 being 
depressed. Also, an actuated dome sWitch pattern Where the 
dome sWitches 422, 424, 426 and 428 are actuated is 
interpreted as being a result of the key 408 being depressed. 
The operating system is able to interpret other actuated 
dome sWitch patterns as preferably being uniquely the result 
of a particular key being depressed. 

[0031] The keyboard assemblies in the embodiments dis 
cussed above are not limited to mobile devices. These types 
of keyboard assemblies can be implemented in any elec 
tronic device that requires a QWERTY or Dvorak keyboard, 
or any similar keyboard con?guration. Some examples 
include personal computer (PC) keyboards and label mak 
ers. 

[0032] FIG. 5 illustrates a top vieW of a keyboard assem 
bly 500 according to a fourth embodiment of the present 
invention With different layers shoWn in dashed lines. FIG. 
5 is an embodiment that is particularly suited for use With a 
key con?guration such as a numeric keypad, or a standard 
telephone keypad. Although a PCB is not illustrated in FIG. 
5, it is to be understood that the keyboard assembly 500 
includes a PCB on Which the dome sWitches are disposed. 
Although actuators and dome sWitches are both illustrated in 
dashed lines, it is to be understood that these tWo sets of 
elements are themselves on different layers, each different 
from the key layer. 

[0033] In FIG. 5, the key con?guration has less dome 
sWitches than keys, since each dome sWitch is associated 
With more than one key. As in FIG. 4, in this embodiment, 
preferably each dome sWitch is associated With four different 
keys. In this embodiment, an actuator actuates at least one 
and at most four dome sWitches in a similar manner as in 
FIG. 4. An exemplary key 502 has an actuator 552 that has 
at least one arm 562 for actuating a dome sWitch 522. 
Different types of key and actuator pairs, as discussed in 
relation to FIG. 4, are similarly present in the embodiment 
shoWn in FIG. 5. 

[0034] An electronic device incorporating a keyboard 
assembly such as illustrated in FIG. 3, FIG. 4 or FIG. 5 
preferably has an operating system stored in memory. When 
a key is depressed, the resulting actuated dome sWitch 
pattern is recogniZed by the device’s operating system as 
preferably being uniquely associated With depression of a 
particular key. This can be accomplished, for example, by 
storing in memory information regarding each possible key 
depression and its corresponding actuated dome sWitch 
pattern. This can advantageously be stored in a type of 
lookup table in the device’s memory, or can be alternatively 
accomplished by any other equivalent means. 

[0035] A key con?guration such as the one illustrated in 
FIG. 5 is not limited to use in mobile devices, but could be 
used in any electronic device that requires a numeric keypad. 
Some examples of such devices include mobile phones, 
standard telephones, calculators, and alarm systems. 

[0036] The above-described embodiments of the present 
invention are intended to be examples only. Alterations, 
modi?cations and variations may be effected to the particu 
lar embodiments by those of skill in the art Without departing 
from the scope of the invention, Which is de?ned solely by 
the claims appended hereto. 
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1. A keyboard device comprising: 

electric switches; and 

keys, each con?gured When individually pressed to actu 
ate one or more of the sWitches simultaneously and at 
least one of Which con?gured When individually 
pressed to actuate tWo or more of the sWitches simul 
taneously. 

2. The device of claim 1 Wherein the sWitch is a dome 
sWitch. 

3. The device of claim 1 further comprising actuators, 
each actuator associated With one of the keys for actuating 
one or more of the sWitches in response to depressing the 
respective key. 

4. The device of claim 3 Wherein at least one of the 
actuators has at least tWo arms, each con?gured to actuate a 
di?cerent one of the sWitches. 
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5. The device of claim 3 Wherein at least one of the 
actuators has at least tWo arms, one of the arms for actuating 
one of the sWitches and another of the arms for maintaining 
the balance of the respective key When the key is depressed. 

6. The device of claim 1 Wherein the keys are arranged in 
roWs and the sWitches are arranged in roWs betWeen the roWs 
of keys, With each sWitch positioned betWeen tWo adjacent 
keys of the same roW. 

7. The device of claim 1 Wherein each sWitch is con?g 
ured to be actuated by more than one of the keys. 

8. The device of claim 1 Wherein each sWitch is con?g 
ured to be actuated by four diagonally adjacent keys. 

9. The device of claim 1 further comprising a system that, 
When any of the sWitches is activated, determines Which key 
has been pressed, using a look-up table in electronic memory 
that de?nes Which sWitches correspond to each key. 

* * * * * 


