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FIG 7 
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MOUSE WITH IMPROVED INPUT 
MECHANISMS USING TOUCH SENSORS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 12/694,133, filed Jan. 26, 2010, which is 
related to the following applications, which are all incorpo 
rated by reference: 
0002 U.S. Pat. No. 7,710,397, titled MOUSE WITH 
IMPROVED INPUT MECHANISMS USING TOUCH 
SENSORS, issued, May 4, 2010; 
0003 U.S. Pat. No. 6,373,470, titled, “CURSOR CON 
TROL DEVICE HAVING AN INTEGRAL TOP MEM 
BER,” issued Apr. 16, 2002: 
0004 U.S. patent application Ser. No. 10/209,537, titled 
“MULTI-BUTTON MOUSE, filed on Jul 30, 2002: 
0005 U.S. patent application Ser. No. 10/060,712, titled 
“CURSOR CONTROL DEVICE HAVING AN INTEGRAL 
TOP MEMBER, filed on Jan. 29, 2002: 
0006 U.S. patent application Ser. No. 10/072,765, titled 
“MOUSE HAVING A ROTARY DIAL.” filed on Feb. 7, 
2002: 
0007 U.S. patent application Ser. No. 10/238,380, titled 
MOUSE HAVING AN OPTICALLYBASED SCROLL 
ING FEATURE filed on Sep. 9, 2002: 
0008 U.S. patent application Ser. No. 10/157.343, titled 
MOUSE HAVING A BUTTON-LESS PANNING AND 
SCROLLING SWITCH,” filed on May 28, 2002; and 
0009 U.S. patent application Ser. No. 10/654,108, titled 
“AMBIDEXTROUS MOUSE, filed on Sep. 2, 2003. 

BACKGROUND OF THE INVENTION 

0010) 1. Field of the Invention 
0011. The present invention relates generally to mice. 
More particularly, the present invention relates to a mouse 
including improved input mechanisms. 
0012. 2. Description of the Related Art 
0013 Most computer systems, as for example general pur 
pose computers such as portable computers and desktop com 
puters, receive input from a user via an input device Such as a 
mouse. As is generally well known, the mouse allows a user to 
move an input pointer and to make selections in a graphical 
user interface (GUI). The mouse generally includes a track 
ball, which is located on the underside of the mouse and 
which rolls when the mouse moves thus translating the 
motion of the users hand into signals that the computer system 
can use. The movement of the trackball generally corresponds 
to the movement of the input pointer in the GUI. That is, by 
positioning the mouse on a desktop and moving it thereon, the 
user can move the input pointer in similar directions in the 
GM. An optical sensor may alternatively used to track the 
movement of the mouse. 
0014 Conventional mice also include one or two 
mechanical buttons for data selection and command execu 
tion. The mechanical buttons are disposed near the top front 
portion of the mouse where they are easily accessible to a 
users fingers. In some mice, a single mechanical button is 
placed in the middle of the mouse while in other mice, two 
mechanical buttons are placed on the left and right side of the 
mouse. In either case, the mechanical buttons typically 
include button caps that pivot relative to a fixed top back 
portion of the mouse in order to provide a mechanical clicking 
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action. When pressed, the button caps come down on Switches 
located underneath the button caps thereby generating button 
event signals. The mice may additionally include a scroll 
wheel. The scroll wheel allows a user to move through docu 
ments by simply rolling the wheel forward or backward. The 
scroll wheel is typically positioned between the right and left 
mechanical buttons at the front top portion of the mouse. 
0015 The unibody mouse is another type of mouse. 
Unlike the conventional mouse, the unibody mouse does not 
include any mechanical buttons thereby making it more 
elegant than the conventional mouse (e.g., no Surface breaks 
or lines). The unibody mouse includes a base and a top mem 
ber that acts like a button and that forms the entire top surface 
of the mouse. The top member pivots relative to the base in 
order to provide a clicking action. In most cases, the top 
member moves around a pivot located towards the back of the 
mouse so that the top member can pivot forward and down 
ward. When pivoted in this manner, the top member activates 
a Switch, which causes the microcontroller in the mouse to 
send a button event signal to the host computer. Although this 
design is more elegant than the conventional mouse that 
includes mechanical buttons, in most cases it only operates as 
a single button mouse thereby limiting its functionality. The 
Apple Mouse manufactured by Apple Computer, Inc., of 
Cupertino, Calif. is one example of a unibody mouse. 
0016 Recently, dual button functionality has been imple 
mented in a unibody mouse. In this implementation, the pivot 
of the top member runs through the middle of the mouse. This 
allows the top member to rock left and right. Switches are 
located in both the left and right positions to implement right 
and left buttons. That is, moving the top member to the right 
causes a right click to be generated and moving the top mem 
ber to the left causes a left click to be generated. Unfortu 
nately, the middle pivot does not allow a user to press the 
middle of the mouse and further the force needed to activate 
the buttons is high at areas near the middle pivot, and low at 
areas further away from the middle pivot. The pivoting action 
therefore feels sloppy and non uniform, which leaves a nega 
tive impression on the user. In addition, accidental activation 
of the buttons may be encountered when the mouse is moved 
around, i.e., the force used to move the mouse may cause the 
mouse to tilt to the right or left. Moreover, the form factor is 
different than other mice which click down in the forward 
direction and therefore clicking the mouse is not intuitive to 
the user. 
0017 Based on the foregoing, mice with improved form, 
feel and functionality are therefore desired. 

SUMMARY OF THE INVENTION 

0018. The invention relates, in one embodiment, to a 
mouse. The mouse includes a housing and a plurality of 
button Zones on the surface of the housing. The button Zones 
represent regions of the housing that are capable of detecting 
touch events that occur on the Surface of the housing in the 
region of the button Zones. 
0019. The invention relates, in another embodiment, to a 
mouse. The mouse includes a mouse housing having an outer 
member. The mouse also includes a first touch sensor config 
ured to sense the presence of an object at a first region of the 
outer member. The mouse further includes a second touch 
sensor configured to sense the presence of an object at a 
second region of the outer member, the second region being 
different than the first region. The mouse additionally 
includes a sensor management circuit (e.g., microcontroller 
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or other integrated circuit) that monitors the touch signals 
output by the first and second touch sensors and reports button 
events based at least in part on the signals output by the first 
and second touch sensors. 

0020. The invention relates, in one embodiment, to a con 
figurable mouse capable of operating as a single button or 
multi-button mouse. The mouse includes an internal Switch 
that generates an activation signal. The mouse also includes a 
single moving member that provides a clicking action. The 
moving member activates the internal Switch during the click 
ing action. The mouse further includes a touch sensing 
arrangement that generates a first touch signal when the mov 
able member is touched in a first region and a second touch 
signal when the movable member is touched in a second 
region. The signals of the internal Switch and the touch sens 
ing arrangement indicating one or more button events of the 
OUS. 

0021. The invention relates, in one embodiment, to a 
mouse. The mouse includes a housing having one or more 
pressure sensitive areas. The mouse also includes a force 
sensing device located behind each of the pressure sensitive 
areas. The force sensing devices being configured to measure 
the force exerted at the pressure sensitive areas. 
0022. The invention relates, in one embodiment, to a 
mouse. The mouse includes a jog ball device positioned at a 
surface of the mouse. The jog ball device includes a ball that 
spins within a sealed housing. The ball has a diameter that is 
less than 10 mm. 

0023 The invention relates, in one embodiment, to a uni 
body mouse including a base and a movable top member. The 
unibody mouse includes a base having a first wing located on 
a right side of the mouse, and a second wing located on a left 
side of the mouse. The unibody mouse also includes a mov 
able top member coupled to the base. The unibody mouse 
further includes a first touch sensor located on a front left side 
of the top member and a second touch sensor located on a 
front right side of the top member. The first touch sensor 
generates a first touch signal when the front left side of the top 
member is touched, and the second touch sensor generates a 
second touch signal when the front right side of the top 
member is touched. The unibody mouse additionally includes 
a jog ball device located in a front middle portion of the top 
member between the first and second touch sensors. The jog 
ball device includes a ball configured to generate multidirec 
tional motion signals when the ball is spun within a sealed 
housing. The jog ball device includes a Switch configured to 
generate a first activation signal when the ball is moved rela 
tive to the sealed housing. The unibody mouse further 
includes a first force sensor located behind the first wing, and 
a second force sensor located behind the second wing. The 
first force sensor generates a force signal when increased 
pressure is exerted on the first wing, and the second force 
sensor generates a force signal when increased pressure is 
exerted on the second wing. The unibody mouse additionally 
includes an internal Switch configured to generate a second 
activation signal when the top member is moved relative to 
the base and a position sensing device configured to generate 
tracking signals when the mouse is moved along a surface. 
Moreover, the unibody mouse includes a microcontroller that 
monitors all the signals of the above mentioned devices and 
reports tracking and multiple button events based at least in 
part on these signals solely or in combination with one 
another. 
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0024. The invention relates, in another embodiment to a 
mouse. The mouse includes an electronically controlled feed 
back system configured to provide feedback to the user of the 
mouse so that the user is able to positively confirm that an 
action has resulted in an actual activation of one or more input 
mechanisms of the mouse. 
0025. The invention relates, in another embodiment to a 
mouse method. The mouse method includes monitoring pres 
Sure at the Surface of a mouse. The method also includes 
performing an action based on a change in pressure at the 
Surface of the mouse. 
0026. The invention relates, in another embodiment to a 
mouse method. The method includes monitoring a force at a 
Surface of a mouse. The method also includes determining 
whether the mouse has been lifted off a surface. The method 
further includes if the mouse has not been lifted off the Sur 
face, determining if a first force threshold has been exceeded, 
and reporting abutton event signal when the force is above the 
first force threshold. The method additionally includes if the 
mouse has been lifted off the surface, determining if a second 
force threshold has been exceeded, and reporting the button 
event signal when the force is above the second force thresh 
old. 
0027. The invention relates, in another embodiment to a 
mouse method. The mouse method includes monitoring pres 
Sure at mouse Surface. The method also includes determining 
if a squeeze gesture is performed. The method further 
includes if a squeeze gesture is performed, performing an 
action in a window management program based on the pres 
Sure at the mouse surface. 
0028. The invention relates, in another embodiment to a 
mouse method. The mouse method includes monitoring a left 
touch sensor, a right touch sensor and a Switch. The mouse 
method also includes reporting a left button event when only 
the left sensor and Switch are activated. The method further 
includes reporting a right button event when only the right 
sensor and switch are activated. The method additionally 
includes reporting a button event when the right sensor, left 
sensor and Switch are activated, the button event being 
selected from a left button event, a right button event, a third 
button event, or simultaneous left and right button events. 
0029. The invention relates, in another embodiment to a 
mouse method. The mouse method includes detecting a touch 
at a surface of a mouse. The method also includes differenti 
ating whether the touch is a light or hard touch. The method 
further includes performing a first action when a touch is a 
light touch. The method additionally includes performing a 
second action when a touch is hard touch. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0030 The invention may best be understood by reference 
to the following description taken in conjunction with the 
accompanying drawings in which: 
0031 FIG. 1 is a perspective diagram of a mouse, in accor 
dance with one embodiment of the present invention. 
0032 FIG. 2 is a side elevation view, in cross section, of a 
mouse, in accordance with one embodiment of the present 
invention. 
0033 FIG.3 is a bottom view of a top member of a mouse, 
in accordance with one embodiment of the present invention. 
0034 FIG. 4 is a mouse method, in accordance with one 
embodiment of the present invention. 
0035 FIG. 5 is a mouse method, in accordance with one 
embodiment of the present invention. 
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0036 FIG. 6 is a mouse vocabulary table, in accordance 
with one embodiment of the present invention. 
0037 FIG. 7 is a side view of a mouse, in accordance with 
one embodiment of the present invention. 
0038 FIG.8 is a front view, in cross section, of a mouse, in 
accordance with one embodiment of the present invention. 
0.039 FIG.9 is a front view, in cross section, of a mouse, in 
accordance with one embodiment of the present invention. 
0040 FIG. 10 is a mouse method, in accordance with one 
embodiment of the present invention. 
0041 FIG. 11 is a graph illustrating resistance verses 
force, in accordance with one embodiment of the present 
invention. 
0042 FIG. 12 is a block diagram of a force sensing circuit, 
in accordance with one embodiment of the present invention. 
0043 FIG. 13 is a table of outputs, in accordance with one 
embodiment of the present invention. 
0044 FIG. 14 is a mouse method, in accordance with one 
embodiment of the present invention. 
004.5 FIG. 15 is a side elevation view, in cross section, of 
a mouse, in accordance with one embodiment of the present 
invention. 
0046 FIG. 16 is a block diagram of a mouse, in accor 
dance with one embodiment of the present invention. 
0047 FIG. 17 is a diagram a graphical user interface, in 
accordance with one embodiment of the present invention. 
0048 FIG. 18 is an input control method, in accordance 
with one embodiment of the present invention. 
0049 FIG. 19 is an exploded perspective view of a mouse, 
in accordance with one embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

0050. The present invention pertains to a mouse having 
improved input mechanisms. One aspect of the invention 
relates to mice with touch sensing areas capable of generating 
input signals. The touch sensing areas may for example be 
used to differentiate between left and right clicks in a single 
button mouse. Another aspect of the invention relates to mice 
with force sensing areas capable of generating input signals. 
The force sensing areas may for example be positioned on the 
sides of the mouse so that Squeezing the mouse generates 
input signals. Another aspect of the invention relates to mice 
that include a jog ball. The jog ball may be used for position 
ing a cursor or for providing a way to control scrolling or 
panning. The jog ball may also be used to provide button 
eVentS. 

0051 Embodiments of the invention are discussed below 
with reference to FIGS.2-19. However, those skilled in the art 
will readily appreciate that the detailed description given 
herein with respect to these figures is for explanatory pur 
poses as the invention extends beyond these limited embodi 
mentS. 

0052 FIG. 1 is a perspective view of a mouse 20, in accor 
dance with one embodiment of the present invention. The 
mouse 20 is a movable handheld input device for providing 
user commands to a host system such as a computer. In most 
cases, the mouse 20 is configured to control movements such 
as a cursor and initiate commands via one or more clicking 
actions. The mouse 20 may be coupled to the host system via 
a wired or wireless connection. In the case of wired connec 
tions, the mouse 20 may include a cable for connecting to the 
host system. In the case of wireless connections, the mouse 
may include a radio frequency (RF) link, optical infrared (IR) 
link, Bluetooth link or the like in order to eliminate the cable. 
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0053. The mouse 20 generally includes a housing 22 that 
provides a structure for moving the mouse 20 along a surface 
and for gripping the mouse 20 for movement thereof. The 
housing 22 also helps to define the shape or form of the mouse 
20. That is, the contour of the housing 22 embodies the 
outward physical appearance of the mouse 20. The contour 
may be rectilinear, curvilinear or both. In most cases, a bot 
tom member 24 of the housing has an external contour that 
Substantially conforms to the contour of a flat Surface Such as 
a desktop. In addition, a top member 26 of the mousehousing 
22 generally has an external contour that Substantially con 
forms to the contour of the inside surface of a hand. 

0054 The housing 22 also provides a structure for enclos 
ing, containing and/or Supporting the components of the 
mouse 20. Although not shown, the components may corre 
spond to electrical and/or mechanical components for oper 
ating the mouse 20. For example, the components may 
include a position detection mechanism Such as a trackball or 
optical assembly that monitors the movement of the mouse 20 
along a Surface and that sends signals corresponding to the 
movements to the host system. In most cases, the signals 
produced by these components direct an input pointer to 
move on a display Screen in a direction similar to the direction 
of the mouse 20 as it is moved across a surface. For example, 
when the mouse 20 is moved forward or backwards, the input 
pointer is moved vertically up or down, respectively, on the 
display screen. In addition, when the mouse 20 is moved from 
side to side, the input pointeris moved from side to side on the 
display screen. 
0055. The mouse 20 may be configured as a conventional 
mouse or a unibody mouse. If configured as a conventional 
mouse, the mouse includes one or more mechanical buttons 
that move relative to the top member of the housing 22. If 
configured as a unibody mouse, the functionality of a button 
(or buttons) is incorporated directly into the housing 22 of the 
mouse 20. For example, the top member 26 may pivot relative 
to the bottom member 24 (as opposed to attaching separate 
button caps through the housing). In either case, during a 
clicking action, the movable component of the mouse 20 
(whether a mechanical button or a top member) is configured 
to engage a Switch located within the housing. When 
engaged, the Switch generates a button event signal that can 
be used to perform an action in the host system. 
0056. In the illustrated embodiment, the mouse is a uni 
body mouse. In this particular embodiment, the entire top 
member 26 is configured to pivot about an axis 28 located in 
the back of the mouse 20. The axis 28 may be provided by a 
pivot joint that connects the top and bottom members 26 and 
24. This arrangement allows the front portion of the top 
member 26 to move downward when a force is applied on the 
front of the top member 26 (e.g., the top member Swings 
around the axis 28). When forced downward, an inner surface 
of the top member 26 presses against the internal Switch 
located within the housing 22 thereby generating the button 
event signal. 
0057. In order to increase the button functionality of the 
mouse 20 (while limiting breaks or lines in the housing), the 
mouse 20 may further include a plurality of button Zones 30 
on the surface of the housing 22. The button Zones 30 repre 
sent regions of the housing 22 that may be touched or pressed 
to implement different button functions (with or without a 
clicking action). By way of example, the button functions 
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may include making selections, opening a file or document, 
executing instructions, starting a program, Viewing a menu. 
and/or the like. 
0058. The button Zones 30 are generally provided by sen 
sors located beneath the outer surface of the housing 22. The 
sensors are configured to detect the presence of an object Such 
as a finger when a finger sits on, presses or passes over them. 
The sensors may also be capable of sensing the amount of 
pressure being exerted thereon. The sensors may be disposed 
underneath the inner surface of the housing 22 or they may be 
embedded in the housing 22 itself. By way of example, the 
sensors may be touch sensors and/or pressure/force sensors. 
0059. The position of the button Zones 30 may be widely 
varied. For example, the button Zones 30 may be positioned 
almost anywhere on the mouse 20, including both moving 
and stationary components of the mouse, so long as they are 
accessible to a user during manipulation of the mouse 20 
(e.g., top, left, right, front, back). Furthermore, any number of 
button Zones 30 may be used. Moreover, the button Zones 30 
may beformed from almost any shape and the size may vary 
according to the specific needs of each mouse. In most cases, 
the size and shape of the button Zones 30 correspond to the 
size that allows them to be easily manipulated by a user (e.g., 
the size of a finger tip or larger). The size and shape of the 
button Zones 30 generally corresponds to the working area of 
the sensor. 

0060. In accordance with one embodiment of the present 
invention, at least a portion of the button Zones 30 are based 
on touch sensing. The touch sensing button Zones 30A pro 
vide inputs when the user touches the surface of the mouse 20. 
The input signals can be used to initiate commands, make 
selections, or control motion in a display. The touches are 
recognized by a touch sensing device located underneath or 
within the housing 22. The touch sensing device monitors 
touches that occur on the housing 22 and produces signals 
indicative thereof. The touch sensing device may for example 
include one or more touch sensors based on resistive touch 
sensing, capacitive touch sensing, optical touch sensing, Sur 
face acoustic wave touch sensing, and/or the like. 
0061. In one embodiment, each of the touch sensing but 
ton Zones 30A utilize capacitance sensors. The capacitance 
sensors may be in the form of electrodes or wires disposed 
underneath the outer Surface of the housing 22. As the finger 
approaches the outer Surface of the mouse 20, a tiny capaci 
tance forms between the finger and the electrode/wires in 
close proximity to the finger. The capacitance in each elec 
trode/wire is measured by a capacitance sensing circuit or by 
the main microcontroller of the mouse. By detecting changes 
in capacitance at each of the electrode/wires, the microcon 
troller can determine the presence or absence of a finger on a 
particular button Zone 30A. 
0062 Although the touch sensing button Zones 30A may 
be positioned anywhere on the mouse, in one embodiment, at 
least two touch button Zones 30A are located on a physical 
button of the mouse 20 so as to increase the functionality of 
the physical button. For example, the touch button Zones 30A 
may be positioned on a mechanical button in a conventional 
mouse or the top member 26 in a unibody mouse (as shown). 
In either case, both the physical buttons as well as the button 
Zones 30A in the region of the press generate signals. That is, 
the Switch of the physical button generates a first signal when 
the physical button is pressed, and the sensors of the button 
Zones 30A in the region of the press generate additional 
signals. The signals generated by the Switch and sensors may 
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be interpreted in a variety of ways either separately or in 
combination, and may even be assignable by a user as for 
example using a preference window or control panel. 
0063. In one implementation, the button Zones 30A are 
positioned on the left and right sides of a single physical 
button so that a single physical button can operate like con 
ventional left and right mechanical buttons. The left and right 
button Zones 30A help determine whether a single clicking 
action is a left or right clicking action. When a user presses on 
the left side of the single physical button (e.g., top member 
26), two signals are generated, one from the Switch, the other 
from the touch sensor located on the left side. These two states 
may be interpreted as a primary or left click button event. 
When a user presses on the right side of the single physical 
button (e.g., top member 26), two signals are generated, one 
from the Switch, the other from the touch sensor located on the 
right side. These two states may be interpreted as a secondary 
or right click button event. 
0064. In the case where fingers press on both the right and 
left sides (simultaneous), three signals are generated, one 
from the switch, one from the touch sensor located on the left 
side and another from the touch sensor located on the right 
side. These three states may be interpreted in a variety of 
ways. For example, they may be interpreted as a primary or 
left button click, a third distinct button event or even alternat 
ing or simultaneous left and right button events. The last 
example may be beneficial in game playing where a user 
typically has to physically alternate between left and right 
clicks to perform an action in the game. 
0065. In one embodiment, a visual preview clue may be 
provided on-screen when a finger is lightly pressing one or 
both of the touch sensors. Lightly pressing may for example 
correspond to the condition when a finger is placed over the 
touch sensor, but the press is not hard enough to activate the 
main switch. The visual cluealerts a user to which button will 
be activated when the main switch is finally pressed (hard 
touch). The visual clue may for example be a menu icon when 
the secondary (right button) is touched, and an arrow icon 
when the primary (left button) is touched. Alternatively or 
additionally, the touch buttons may be illuminable touch but 
tons that illuminate when the touch button is lightly pressed 
thereby alerting the user as to which button will be activated. 
0066. In accordance with another embodiment of the 
present invention, at least a portion of the button Zones 30B 
are based on pressure or force sensing. The force sensing 
button Zones 30B provide inputs when forces are applied to 
the housing 22 of the mouse 20. The input signals can be used 
to initiate commands, make selections, or control motion in a 
display. In this embodiment, the housing 22 typically pro 
vides a slight amount of flex so that any forces exerted thereon 
can be distributed to a force sensing device located under 
neath the housing 22. The force sensing device monitors the 
forces on the housing 22 and produces signals indicative 
thereof. The force sensing device may for example include 
one or more force sensors such as force sensitive resistors, 
force sensitive capacitors, load cells, pressure plates, piezo 
electric transducers, strain gauges and/or the like. 
0067. The force sensors may be attached to the under 
Surface of the housing 22 or to a structural platform located 
within the housing 22. When a force is applied to the housing 
22 (Squeezing or pushing on the housing), the force is trans 
mitted through the housing 22 to the force sensor located 
underneath the housing 22. That is, the housing 22 flexes 
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minimally, but still enough to be sensed by the force sensor 
sandwiched between the housing 22 and the internal struc 
tural platform. 
0068. In one particular implementation, the force sensing 
button Zones 30B are located on opposing sides of the housing 
22 on the top member 26 or the bottom member 24. The sides 
of the housing 22 are ideal places for implementing a squeeze 
gesture. This is because the users fingers are typically posi 
tioned on one side of the mouse 20 and thumb on the other 
side of the mouse 20 and therefore the hand may easily 
Squeeze the sides via a pinching action. The Squeeze gesture 
can be used alone or simultaneously with button clicks and 
pointing. For example, the squeeze gesture can be used to 
initiate control functions such as Zoom, pan, resize, Volume 
control, and the like where the Squeeze is a physical metaphor 
for the action itself. 
0069. The squeeze gesture may also be used in combina 
tion with traditional button clicks or pointing to modify the 
button clicks or pointing or to generate other control func 
tions. For example, the Squeeze gesture can be used with 
standard GUI functions in a way where increased pressure 
translates to a more intense level of the standard GUI function 
(e.g., a characteristic of the standard GUI function is based on 
the amount of pressure). By way of example, the speed of a 
standard GUI function may be related to the pressure being 
exerted on the sides of the mouse (e.g., faster Scrolling with 
increased pressure and slower Scrolling with decreased pres 
Sure). 
0070 Because it is so convenient to activate the squeeze 
gesture, special care must be taken when designing the 
squeeze feature so that it will not be accidentally activate 
during normal use, i.e., needs to be able to differentiate 
between light and hard Squeezes. By way of example, the 
Squeeze feature may be implemented using force sensitive 
sensors such as a force sensitive resistor (FSR) or capacitor 
(FSC). FSRs, exhibit a decrease in resistance with an 
increase in force applied to its active surface while FSC’s 
exhibit an increase in capacitance with an increase in force 
applied to its active Surface. A comparator circuit can be used 
to output a high signal to indicate activation when a preset 
force threshold is reached. 
0071. In one implementation, the squeeze gesture (press 
ing the sides of the mouse) is configured to control one or 
more features of a window management program Such as 
Expose manufactured by Apple Computer Inc. of Cupertino, 
Calif. Window management programs are configured to help 
navigate through or mitigate window clutter (the state where 
its is difficult to find documents or see the desktop because 
there are so many open windows and/or applications). 
0072 Expose in particular has three different modes of 
operation, which can be controlled by the squeeze gesture. 
The first mode is All Windows or Tile, Scale and Show all. 
When operating in this mode, all open windows are tiled and 
scaled so that all the open windows can be seen simulta 
neously inside the display Screen. That is, Squeezing the sides 
of the mouse 20 instantly tiles all of the open windows— 
scales them down and neatly arranges them so that the user 
can view the contents in each window. The amount of scaling 
or the rate of scaling may be tied to the amount of pressure be 
exerted on the sides of the mouse 20. The second mode is 
Application Windows or Highlight Current Application. This 
mode works similarly to the first mode except that it only 
works on a particular application. For example, Squeezing the 
sides of the mouse 20 may instantly tile the open windows of 
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a particular application while causing all of the other open 
application to fade to a shade of grey. The third mode is 
Desktop or Hide All. In this mode, all of the open windows are 
moved to the Screen edges thereby opening up the desktop. 
That is, squeezing the sides of the mouse 20 may hide all of 
the open windows giving the user instant access to their 
desktop. 
0073. In accordance with another embodiment of the 
present invention, the mouse 20 includes a jog ball32. The jog 
ball 32 is configured to replace the conventional scroll wheel. 
Unlike the scroll wheel, the jog ball 32 is capable of rotating 
or spinning in multiple directions and therefore generating 
multidirectional signals similar to a track ball. Unlike a track 
ball, however, the jog ball32 includes a much smallerball that 
is sealed inside a housing. The Smaller ball makes it easy to 
perform operations using one finger, and because the ball is 
sealed inside a housing this technique is less prone to dirt and 
dust (e.g., the ball does not have to be removed and cleaned). 
Furthermore, instead of using mechanical encoders as intrack 
balls, the jog ball 32 utilizes a non contact magnetic config 
ured ball and a hall IC. As the ball spins around, the hall IC 
detects the magnetic field of the spinning ball, and generates 
signals indicative thereof. In some cases, the jog ball 32 may 
even include a spring actuated Switch that activates when the 
ball is pressed down. This may operate as a third button of the 
OUS. 

0074 The ball is preferably sized smaller than 10 mm, 
more particularly between about 5 and about 8 mm and even 
more preferably about 7.1 mm. The smaller ball is easily 
actuated by a single finger (unlike larger trackballs which are 
unwieldy for one finger), saves real estate of the mouse for the 
button Zones (unlike large trackballs which take up most of 
the usable Surface area), is more aesthetically pleasing (not as 
obtrusive as a track ball), and does not take up a large amount 
of space inside the mouse housing (unlike trackballs). 
0075. By way of example, the jog ball 32 may correspond 
to the WJN series jog ball switch manufactured by Panasonic 
Corporation of North America. The EVOWJN series jog ball 
in particular includes a Switch and has overall dimensions of 
10.7 mm.times.9.3 mm.times.6 mm with a 5.5 mm ball. 
0076. The placement of the jog ball 32 may be widely 
varied. In most cases, the placement is such that it can be 
easily manipulated by a finger when the hand is holding the 
mouse 20. In one particular embodiment, the jog ball 32 is 
positioned in front center of the mouse 20. For example, the 
jog ball32 may be fixed to the housing 22 of the mouse 20 and 
positioned between the left and right mechanical buttons in a 
conventional mouse or fixed to the movable top member 26 
between the left and right touch button Zones 30A in a uni 
body mouse. Alternatively, the jog ball 32 may be positioned 
on the sides of the mouse 20. 

0077. In one embodiment, the jog ball 32 includes a 
switch. The jog ball switch is used in combination with the 
main switch of the unibody mouse 20 to implement a third 
button. For example, if the switch of the jog ball 32 and the 
main Switch are activated together, a third button signal is 
generated. If one is activated and the other is deactivated, the 
third button signal is not generated. Generally speaking, in 
order to cause the third button to activate, the user has to 
provide enough force to press the jog ball32 down as well as 
the top member 26 so that the top member 26 engages the 
main switch located inside the mouse 20. 
0078. In one embodiment, the jog ball 32, which spins 
freely inside a housing in all directions, is configured to 
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provide a scrolling or panning function for the mouse 20 so 
that a user can move the GUI vertically (up and down), and 
horizontally (left and right) in order to bring more data into 
view on a display Screen. For example, the jog ball 32 may be 
arranged to move the GUI vertically up when spun towards 
the front of the mouse 20, vertically down when spun towards 
the back of the mouse 20, horizontally to a right side when 
spun towards the right side of the mouse 20, and horizontally 
to a left side when spun towards the left side of the mouse 20. 
0079. In another embodiment, at least some of the signals 
generated by the jog ball 32 are used for scrolling?panning 
while the remaining signals are used for button events. For 
example, Vertical Scrolling may be implemented when the jog 
ball 32 is spun up and down, and a right button event or fourth 
button may be implemented when the jog ball is spun to the 
right, and a left button event or fifth button may be imple 
mented when the jog ball is spun to the left. That is, the 
horizontal scroll?panning is disabled in order to enable addi 
tional button functionality while maintaining the vertical 
scroll/pan functionality. 
0080. In accordance with another embodiment of the 
present invention, because the input means (button Zones and 
jog ball) may not provide Sound feedback when activated 
(e.g., no mechanical detents), the mouse may further include 
an on-board speaker that provides an audible clicking noise 
when at least some of these devices are activated. The audible 
clicking noise may be distinct to each input mechanism, or the 
same clicking noise may be used. As should be appreciated 
the sound feedbackenhances the usability of the mouse as the 
user is able to positively confirm that his action has resulted in 
an actual activation of the input mechanism. During opera 
tion, the microcontroller of the mouse sends a driving signal 
to the speaker when the appropriate input is received from the 
input mechanisms, and the speaker outputs one or more 
"clicks' in response to the driving signal. 
0081 Referring to FIGS. 2 and 3, one embodiment of a 
unibody mouse 100 will be described in greater detail. The 
unibody mouse 100 may for example correspond to the 
mouse shown and described in FIG. 1. 
I0082. As shown in FIG. 2, the unibody mouse 100 
includes a plastic top shell 102 that pivots relative to a plastic 
base 104. The pivot point 106 is typically located at the back 
of the mouse 100. This allows the front portion of the top shell 
102 to move downward towards the base 104 when a force is 
applied on the front of the top shell 102 (e.g., the top shell 
swings around the pivot point). When the plastic top shell 102 
is forced down at the front, it activates a main switch 108 that 
causes a microcontroller in the mouse 100 to send a button 
down event to a host computer. One embodiment of a unibody 
mouse such as this can be found in U.S. Pat. No. 6,373,470, 
which is herein incorporated by reference. 
0083. In order to provide additional inputs, the mouse 100 
also includes capacitive sensors 112 that are placed at Suitable 
locations across the top shell 102. The capacitive sensors 112 
are configured to detect where portions of the hand, and more 
particularly one or more fingers, are contacting the Surface of 
the mouse 100. Because the capacitive sensors 112 can detect 
fingers through a plastic Surface of a several millimeters thick, 
the capacitive sensors 112 can be either embedded in the 
plastic top shell 102 or fixed to the underside of the plastic top 
shell 102 (as shown). 
0084. The capacitive sensors 112 may be widely varied. In 
one embodiment, the sensors 112 are in the form of conduc 
tive electrodes 113 that are operatively coupled to a capacitive 
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sensing circuit that monitors the capacitance at each electrode 
113. The capacitance sensing circuit may for example be a 
separate or integral component of the microcontroller of the 
mouse 100. The conductive electrodes 113 may be any thin 
metallic material. By way of example, the electrodes 113 may 
be embodied as a metallic foil such as copper foil tape that is 
adhered to the inner surface of the top shell 102, a conductive 
paint or ink that is coated on the inner surface of the top shell 
102 (e.g., PET with silverink), a flexible printed circuit (FPC) 
with copper print that is glued or taped to the inner Surface of 
the top shell 102, a wire or band that is molded into the top 
shell 102, and/or the like. 
I0085. The size, shape and position of the conductive elec 
trodes 113 can be modified to increase the sensitivity of the 
electrodes 113. As a general guide, the static capacitance of 
the electrodes 113 (without the finger touching it) should be 
kept as Small as possible. Furthermore, when a finger is touch 
ing the electrodes 113, the change in capacitance should be 
made as large as possible (the ratio of the capacitance 
between the two states should be maximized). In one imple 
mentation, the electrode configuration is configured to pro 
duce an increase of 3-5% in the electrode capacitance when a 
finger is touching the electrode. Some factors that affect the 
capacitance include but are not limited by: area of the elec 
trodes, distance between electrodes and the thickness of the 
top shell. Each of these factors can be varied separately or in 
combination with each other to achieve the desired results. 
That is, it may be necessary to test different combinations of 
these parameters to reach an optimal design for a particular 
application. 
0086. In one embodiment, the surface area of the elec 
trodes is reduced by removing sections from the electrodes 
113. For example, the electrodes 113 may be configured with 
various holes or voids 114 that are randomly or symmetrically 
placed in the electrodes 113 (e.g., Swiss cheese). Alterna 
tively, the electrodes 113 may be formed from rows and 
columns of woven or attached wires with spaces between the 
rows and columns (e.g., chain link or mesh). 
I0087 Additionally or alternatively, the thickness of the 
electrode 113 may be reduced in order to increase the sensi 
tivity of the electrodes 113. The thickness may for example be 
between about 0.2 and about 0.4 mm thick when using copper 
foil. 

I0088. As shown in FIG.3, which illustrates the underbelly 
of the top shell 102, the mouse 100 includes two capacitance 
sensing electrodes 113 that are spatially separated and posi 
tioned on opposite sides of the mouse 100. A first electrode 
113A is placed on the front left side of the top shell 102 and 
a second electrode 113E is placed on a front right side of the 
top shell 102. That is, the first electrode 113A is placed to the 
left of the centerline 116 of the mouse 100, and the second 
electrode 113B is placed to the right of the centerline 116 of 
the mouse 100. 

I0089. By placing the electrodes 113 at the front of the 
mouse in the left and right positions, the unibody mouse 100 
can be operated like a conventional two button mouse. The 
signals generated by the main Switch and left sensor 112A 
indicate a primary button event, and the signals generated by 
the main switch and the right sensor 112B indicate a second 
ary button event. To activate the primary button (left click), 
the user places their finger on the left side of the top shell 102 
over the left electrode 113A and applies a force on the top 
shell 102 until the top shell 102 activates the main switch 108. 
Likewise, to activate the secondary button (right click), the 
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user places their finger on the right side of the top shell 102 
over the right electrode 113B, and activates the main switch 
108 by applying a force on the top shell 102. One advantage 
of this configuration is that the force needed to activate the left 
and right buttons are the same. 
0090. As should be appreciated, the button detection algo 
rithm requires two signals to be detected to determine 
whether the primary or secondary button is activated. For 
primary button detection, the left sensor 112A and main 
switch are activated. For secondary button detection, the right 
sensor 112B and main switch are activated. In cases where the 
left and right sensors as well as the main Switch are activated, 
several different functions may be performed. In some cases, 
the user may want to activate the primary and secondary 
buttons at the same time (when playing a game that requires 
them to be used in this manner). In other cases, the user may 
want the mouse to interpret the two sensors and the main 
activation (at the same time) as primary button activation. In 
yet other cases, the user may want the mouse to interpret the 
two sensors and the main Switch activation (at the same time) 
as a third button. 

0091 Alternatively, the position of the primary and sec 
ondary buttons can be reconfigured via Software as necessary 
to Suit a left or right handed person, i.e., a right handed person 
typically prefers the primary button to be on the left and a left 
handed person typically prefers the primary button on the 
right. 
0092 Alternatively or additionally, the sensors may oper 
ate independently from the switch. For example, the mouse 
may be configured with inputs that are created when the touch 
sensors are lightly touched so that the Switch is not activated. 
A light touch on the left touch sensor may generate a second 
left button event, and a light touch on the right touch sensor 
may generate a second right button event. In a manner of 
speaking, the switch may be used to differentiate between 
light and hard touches. 
0093. A control panel may be provided in the host system 
to let a user choose how the sensors/switches are to be inter 
preted. 
0094. In most cases, the capacitive sensing method men 
tioned above relies on a change in capacitance at the elec 
trodes caused by the introduction of a finger on the sensor. 
The human body is essentially a capacitor and adds to the 
electrode capacitance when the finger touches it with the 
return path being the ground (floor) the person is standing on 
or any part of the body that touches a ground. Because there 
are instances where a person may not have a ground path back 
to the mouse/computer system, e.g. sitting with legs folded on 
a plastic chair, the capacitance sensor design may be config 
ured with a pair of capacitive electrodes on each side of the 
mouse in the touch area, e.g., front of mouse. With at least two 
electrodes per side, the “floating finger provides a capacitive 
coupling between them thus causing a change in capacitance. 
That is, the floating finger forms a coupling between the two 
electrodes, and this will add to the capacitance of the elec 
trodes, which then can be interpreted as a finger is present. 
0095 FIG. 4 is a mouse method 200, in accordance with 
one embodiment of the present invention. The mouse method 
may be performed on the mouse described in FIGS. 2 and 3. 
The mouse method 200 begins at block 202 where a determi 
nation is made as to whether or not the left sensor is activated. 
If the left sensor is activated, the method proceeds to block 
204 where a determination is made as to whether or not the 
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main switch is activated. If the main Switch is activated, the 
method proceeds to block 206 where a left button event is 
reported. 
0096. If the left sensor or main switch is not activated, the 
method proceeds to block 208 where a determination is made 
as to whether or not the right sensor is activated. If the right 
sensor is activated, the method proceeds to block 210 where a 
determination is made as to whether or not the main Switch is 
activated. If the main switch is activated, the method proceeds 
to block 212 where a right button event is reported. 
0097. If the right sensor or main switch is not activated, the 
method proceed to block 214 where a determination is made 
as to whether or not the right and left sensors are simulta 
neously activated. If the sensors are simultaneously activated. 
The method proceeds to block 216 where a determination is 
made as to whether or not the main Switch is activated. If the 
main switch is activated, the method proceeds to block 218 
which has several possible outcomes depending on the user's 
needs. The outcomes may be selectable by the user via a 
control panel. 
0098. In one embodiment, block 218 includes only report 
ing only a left or right button event. In another embodiment, 
block 218 includes reporting both left and right button events 
(simultaneously or alternating). In yet another embodiment, 
block 218 may include reporting a third button event. If the 
right and left sensor or main Switch is not activated, the 
method proceeds back to the beginning and starts over. 
0099 FIG. 5 is a mouse method 230, in accordance with 
one embodiment of the present invention. This method is 
similar to the method of FIG.4, with the exception that if a 
determination is made that there is no click, additional button 
events are reported based on only the various touches. For 
example, if the left sensor is activated, and the right sensor 
and main Switch are not activated; the method proceeds to 
block 232 where a first light touch button event is reported. If 
the right sensor is activated, and the left and sensor and main 
switch are not activated, the method proceeds to block 234 
where a second light touch button event is reported. If the left 
sensor and the right sensor are activated and the main Switch 
is not, the method proceeds to block 236 where a third light 
touch button event is reported. 
0100 FIG. 6 is an example of a the mouse vocabulary table 
240 based on methods described in FIGS. 4 and 5. As shown, 
the table 240 includes the signals produced by the main 
Switch, left sensor and right sensor as well as what is reported 
when the various signals are activated or deactivated. 
0101 Referring to FIGS. 7 and 8, one embodiment of a 
unibody mouse 300 will be described in greater detail. The 
unibody mouse 300 may for example correspond to the 
mouse shown and described in FIG.1. Similar to the unibody 
mouse mentioned in FIGS. 2 and 3, the unibody mouse of 
FIGS. 7 and 8 includes a housing 302 having a top member 
304 that pivots relative to a base 306 in order to activate an 
internal Switch (not shown). 
0102 The housing 302 additionally includes wings 308 
positioned at both sides of the mouse 300. The wings 308 are 
an extension of the base 306 and are separate from the top 
member 304. The wings 308, which extend above the base 
306 and into the sides of the top member 304, are typically 
flush with the outer surface of the top member 304. Although 
in some instances the wings 308 may be recessed or protrude 
away from the outer surface of the top member 304. The 
wings 308 allow a user to hold the mouse 300 with their finger 
and thumb so that the mouse 300 can be moved about a 
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surface without tilting the top member 304. The wings 308 
also allow the user to hold the internal switch closed (top 
member down) while lifting and moving the mouse 300. This 
operation is commonly used in situations where the user 
needs to move the cursor across the display Screen and has 
very little workspace to move the mouse 300. This is some 
times referred to as a “lift and drag' operation. 
0103 Because the fingers and thumb are usually at the 
wings 308 or in close proximity to the wings 308 when the 
mouse 300 is being held, the wings 308 are ideal locations for 
implementing one or more input features. The user can press 
one or both of the wings 308 in order to generate various 
inputs. In fact, the wing buttons can work similarly to the 
touch buttons mentioned above. In one embodiment, each of 
the wings produces a separate input when pressed. In another 
embodiment, pressing on one or both of the wings produces 
the same control signal. The later arrangement can accom 
modate almost any hand position including conventionally at 
the sides of the mouse or unconventionally such as transverse 
to the conventional position or on only one side of the mouse. 
0104. In one embodiment, the input features are imple 
mented with force sensors 310, and more particularly force 
sensitive resistors or capacitors, that are positioned behind the 
wings 308 and that produce data that varies according to the 
pressure exerted on the wings 308 when the wings 308 are 
pressed. The data (e.g., changes in resistance, capacitance, 
etc.) may be used to produce binary control inputs such as 
on/off or activate/deactivate via control circuitry. This may be 
accomplished when a predetermined force threshold is 
reached. Alternatively, the data may be used to produce vari 
able control inputs that vary according to the force being 
applied. In either case, the mouse 300 typically includes a 
microcontroller 312 that monitors the output of the force 
sensors 310 and generates signals indicative thereof. 
0105. As shown in FIG. 8, the wings 308 extendabove the 
surface of the base 306 and therefore they act like flexures that 
are capable of bending inwardly when a force is applied 
thereto (slight amount of flex). Furthermore, the sensors 310 
are positioned between the inner surface of the wings 308 and 
a bridge 314 located within the housing 302. The bridge 314 
may for example be a rigid piece of plastic that is attached 
directly or indirectly to the base 306. The sensors 310 may 
float between the bridge 314 and wings 308 or the sensors 310 
may be attached to either the wings 308 or the bridge 314 (as 
shown). 
0106 When a force is applied to the wings 308 as for 
example by the pinching nature of the hand, the wings 308 
flex inwardly and press against the sensors 310, which abut a 
flat surface of the bridge 314. The FSRs exhibit a decreased 
resistance with increasing levels of force while the FSCs 
exhibit an increased capacitance with increasing levels of 
force. The data generated therefrom may be used to produce 
control inputs based on the force applied at the wings 308. 
0107. When the input feature is operated as a binary input 
device, the microcontroller 312 is configured to produce 
binary inputs such as on/off based on aparticular resistance of 
the FSRs or a particular capacitance of the FSCs. In the case 
of FSRs, if the resistance falls below a certain level, then the 
microcontroller 312 may treat the squeeze as a button event. 
In the case of FSCs, if the capacitance rises above a certain 
level, then the microcontroller 312 may treat the squeeze as a 
button event. In some cases, a comparator circuit may be used 
to output a high signal that indicates button activation when a 
preset force threshold is reached. In fact, the mouse 300 may 

Feb. 14, 2013 

include two activation force thresholds, one for normal opera 
tions and one for lift and drag operations. 
0108. When the input feature is operated as a variable 
input device, the microcontroller 312 is configured to produce 
variable inputs that vary according to the resistance of the 
FSRs or the capacitance of the FSCs. 
0109. In one particular embodiment, the force sensors 310 
correspond to FSCs. FSCs tend to be more cost effective than 
FSRs, and in cases where the mouse includes both the 
Squeeze feature and the capacitive touch sensors previously 
described (FIGS. 2 and 3), the same capacitance sensing 
circuit can be used to monitor the capacitance at the capaci 
tance touch sensors and the capacitance force sensors. 
0110. In one implementation, the FSCs consist of parallel 
conductive plates separated by one or more deformable spac 
ers. When the sensor is pressed, the distance between the 
plates becomes Smaller thereby increasing the capacitance, 
which is read by the capacitance sensing circuit and thereafter 
reported to the microcontroller of the mouse. 
0111. As shown in FIG. 9, the inner surface of the wings 
308 may include a plunger or nub 320 that presses against the 
sensors 310 when the wings 308 are forced inwardly rather 
than having a flat surface as shown in FIG.8. The plunger 320, 
which protrudes from the inner surface, helps transmit the 
force from the wings 308 to the sensors 310 thereby enhanc 
ing the operation of the sensors 310. Alternatively, the 
plunger 320 may be placed on the flat surface of the bridge 
314. 

0112 Although not shown, in Some cases, in order to 
ensure that the input features work properly when Squeezed, 
a shim may be needed to fill gaps or spaces found between the 
sensors 310 and the wings 308 or between the sensors 310 and 
the bridge 314. 
0113 FIG. 10 is a mouse method 400, in accordance with 
one embodiment of the present invention. The mouse method 
400 generally begins at block 402 where the force at the sides 
of the mouse are monitored. This may be accomplished using 
the arrangement shown in FIGS. 7 and 8. 
0114. Following block 402, the method proceeds to block 
404 where a determination is made as to whether or not the 
mouse has been lifted off the table (e.g., lift and drag opera 
tion). This may be accomplished by polling the Surface qual 
ity (SQUAL) value from the optical tracking sensor of the 
mouse. The optical tracking sensor uses an optical navigation 
technology that measures changes in position by optically 
acquiring sequential Surface images and mathematically 
determining the direction and magnitude of the changes. The 
sensor provides a SQUAL value that is a measure of the 
number features on the surface that is visible to the sensor. 
When the mouse is on a work surface, the sensor sees features 
of the work surface and thus it returns a non-zero for the 
SQUAL value. When the mouse is lifted off the table, the 
sensor does not see any features on the work Surface and thus 
it returns a Zero for the SQUAL value. 
0.115. If the mouse has not been lifted off the table, the 
method 400 proceeds to block 406 where a determination is 
made as to whether or not a first force threshold has been 
exceeded. The first force threshold is set at a force level that is 
higher than the force typically required to hold the sides of the 
mouse during normal use. As should be appreciated, the use 
force is typically very low compared to a force associated 
with a squeeze. If the first force threshold is exceeded, the 
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method proceeds to block 408 where abutton event is gener 
ated. If the first force threshold is not exceeded, the method 
proceeds back to block 402. 
0116 Referring back to block 404, if it is determined that 
the mouse has been lifted off the table, then the method 
proceeds to block 410 where a determination is made as to 
whether or not a second force threshold has been exceeded. 
The second force threshold is set at a force level that is higher 
than the force required to hold the mouse during a lifting 
operation. As should be appreciated, the lifting force is typi 
cally much higher than the first force described above. If the 
second force threshold has been exceeded, the method pro 
ceeds to block 412 where a button event is generated. If the 
second force threshold is not exceeded, the method proceeds 
back to block 402. 
0117 Using the implementation of the optical tracking 
sensor, when the force exerted on the sides of the mouse is 
greater than the first force and the SQUAL value is non Zero, 
this is an indication that the user is performing a squeeze 
gesture at the sides of the mouse during normal use and that a 
button event should be generated. When the force exerted on 
the wings is greater than the second force and the SQUAL 
value is Zero, this is an indication that the user is performing 
a squeeze gesture at the sides of the mouse during a lift and 
drag operation and that a button event should be generated. 
0118 FIG. 11 is a resistance verses force diagram 420 of 
an FSR, in accordance with one embodiment of the present 
invention. Several force thresholds are shown. F1 is the force 
at the sides of the mouse during normal usage. F2, which is 
greater than F1, is the force required to activate the Squeeze 
button when the mouse is on a work surface. F3, which is 
greater than F2, is the force at the sides of the mouse when 
performing a lift and drag operation. F4, which is greater than 
F3, is the force required to activate the squeeze button during 
the lift and drag operation. 
0119 FIG. 12 is diagram of a comparator circuit 430, in 
accordance with one embodiment of the present invention. 
The comparator circuit 430 is configured to output a “high” 
signal when the low force F2 and the high force F4 thresholds 
are reached. The comparator circuit 430 includes two com 
parators U1 and U2 (432 and 434), each of which are con 
nected to an FSR 436. The triggering voltages of the com 
parators 432 and 434 are set at voltages that correspond to low 
force threshold U1 and high force threshold U2. When the 
force threshold is reached, the comparator circuit 430 outputs 
a “high signal. This signal is fed to a microcontroller that 
also monitors SQUAL signals from an optical tracking sen 
sor. When the appropriate signals are received, the microcon 
troller outputs a button event signal to the host system. In 
Some cases, the triggering Voltages at U1 and U2 can be made 
adjustable through the use of a digital to analog converter 
DAC in the microcontroller. As a result, the user and/or the 
host system can adjust the force thresholds to better fit the 
USC. 

0120 FIG. 13 is a truth table 440 for determining button 
activation, in accordance with one embodiment of the present 
invention. As shown, the table includes off table detect sig 
nals, high force F4 signals, low force F2 signals and the button 
activation. 
0121 FIG. 14 is a GUI operational method 500, in accor 
dance with one embodiment of the present invention. The 
method begins at block 502 where the pressure at the mouse 
surface is monitored. This may for example be performed by 
the force sensing buttons described above. In one particular 

Feb. 14, 2013 

embodiment, the pressure is monitored at one side of the 
mouse, and more particularly at both sides of the mouse. The 
increased pressure at the sides may be due to a squeeze 
gesture being performed. A squeeze gesture may for example 
may be defined as a pinching action that is performed on the 
mouse between at least two fingers. 
(0.122 Following block 502, the method 500 proceeds to 
block 504 where a determination is made as to whether or not 
a Squeeze gesture has been implemented at the Surface of the 
mouse. For example, whether or not a predetermined force 
threshold has been reached. 

I0123. Following block 504, the method proceeds to block 
506 where an action is performed in a window management 
program (or other program) based on the pressure at the 
mouse Surface. The action may be widely varied. In one 
implementation, the action includes tiling and Scaling down 
all the open windows so that all the open windows can be seen 
simultaneously inside the display Screen. In another imple 
mentation, the action includes tiling and Scaling down all the 
open windows associated with a particular application while 
removing the remaining windows from the foreground (e.g., 
gray them out). In yet another implementation, the action 
includes moving all the opening windows to the screen edges 
thereby giving the user instant access to their desktop. 
0.124. The manner in which the action takes place may be 
based on the monitored pressure. In some cases, the rate of 
Scaling is based on the pressure exerted at the Surface of the 
mouse. For example, the rate of scaling may be increased with 
increased pressure (or vice versa). In other cases, the size of 
the tiles may be based on the pressure exerted at the surface of 
the mouse. For example, increased pressure may cause 
Smaller tiles to be generated (or vice versa). 
0.125 Referring to FIG. 15, one embodiment of a unibody 
mouse 550 will be described in greater detail. The unibody 
mouse 550 may for example correspond to the mouse shown 
and described in FIG. 1. Similar to the unibody mouse men 
tioned in FIGS. 2 and 3, the unibody mouse of FIG. 15 
includes a housing 552 having a top member 554 that pivots 
relative to a base 556 in order to activate an internal switch 
(not shown). As shown in FIG. 15, a jog ball 560 is situated in 
a sealed housing 562 and the sealed housing 562 is mounted 
on the inside surface of the top member 554. The top member 
554 includes an opening or hole 564 for receiving the jog ball 
560 which extends out of the sealed housing 562, and which 
extends above the top surface of the top member 554 so that 
it can be easily spun by a user when the user is holding the 
mouse. Because the jog ball 560 is smaller than a finger tip, 
the jog ball 560 is easy to maneuver with a single finger, and 
without repositioning the hand. In addition, the jog ball 
including the sealed housing does not take up a lot of space 
inside the mouse 550. 

0.126 FIG. 16 block diagram of a computing system 450, 
in accordance with one embodiment of the present invention. 
The system. 450 includes a mouse 452 and a computer 454 
Such as a desktop computer, lap top computer, hand held 
computer, and the like. By way of example, the computer 454 
may correspond to any Apple or PC based computer. The 
computer 454 generally includes a processor 456 configured 
to execute instructions and to carry out operations associated 
with the computer system. 450. For example, using instruc 
tions retrieved for example from memory, the processor 456 
may control the reception and manipulation of input and 
output data between components of the computing system 



US 2013/0038534 A1 

450. The processor 456 can be a single-chip processor or can 
be implemented with multiple components. 
0127. In most cases, the processor 456 together with an 
operating system operates to execute computer code and pro 
duce and use data. The computer code and data may reside 
within a program storage 458 block that is operatively 
coupled to the processor 456. Program storage block 458 
generally provides a place to hold data that is being used by 
the computer system. 450. By way of example, the program 
storage block 458 may include Read-Only Memory (ROM), 
Random-Access Memory (RAM), hard disk drive and/or the 
like. The computer code and data could also reside on a 
removable program medium and loaded or installed onto the 
computer system when needed. Removable program medi 
ums include, for example, CD-ROM, PC-CARD, floppy disk, 
magnetic tape, and a network component. 
0128. The computer 454 also includes an input/output 
(I/O) controller 460 that is operatively coupled to the proces 
sor 456. The (I/O) controller 160 may be integrated with the 
processor 456 or it may be a separate component as shown. 
The I/O controller 460 is generally configured to control 
interactions with one or more I/O devices (e.g., mouse 452) 
that can be coupled to the computer 454. The I/O controller 
460 generally operates by exchanging data between the com 
puter 454 and the I/O devices that desire to communicate with 
the computer 454. The I/O devices and the computer 454 
typically communicate through a data link 462. The data link 
462 may be a one way link or two way link. In some cases, the 
I/O devices may be connected to the I/O controller 160 
through wired connections. In other cases, the I/O devices 
may be connected to the I/O controller 160 through wireless 
connections. By way of example, the data link 162 may 
correspond to PS/2, USB, IR, RF, Bluetooth or the like. 
0129. The computer 454 also includes a display controller 
464 that is operatively coupled to the processor 456. The 
display controller 464 may be integrated with the processor 
456 or it may be a separate component as shown. The display 
controller 464 is configured to process display commands to 
produce text and graphics on a display device 466. The dis 
play device 466 may be integral with the computer or it may 
be a separate component of the computer 454. By way of 
example, the display device may be a monochrome display, 
color graphics adapter (CGA) display, enhanced graphics 
adapter (EGA) display, variable-graphics-array (VGA) dis 
play, Super VGA display, liquid crystal display (e.g., active 
matrix, passive matrix and the like), cathode ray tube (CRT), 
plasma displays and the like. 
0130. The mouse 452, on the other hand, generally 
includes a microcontroller 474 configured to acquire data 
from the various input mechanisms and to Supply the acquired 
data to the processor 456 of the computer 454. In one embodi 
ment, the microcontroller 474 is configured to send raw data 
to the processor 456 so that the processor 456 processes the 
raw data. For example, the processor 456 receives data from 
the microcontroller 474 and then determines how the data is 
to be used within the computer system 452. In another 
embodiment, the microcontroller 474 is configured to process 
the raw data itself. That is, the microcontroller 474 reads the 
pulses from the input mechanisms and turns them into data 
that the computer 454 can understand. By way of example, 
the microcontroller 474 may place the data in a HID format 
(Human Interface Device). 
0131 The microcontroller 474 may be embodied as one or 
more application specific integrated circuit (ASIC) that are 
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configured to monitor the signals from the input mechanism, 
to process the monitored signals and to report this informa 
tion to the processor (e.g., x, y, button, left, right, etc.). By way 
of example, this may be implemented through Firmware. 
0.132. The mouse 452 also includes a position sensing 
device 470 which is operatively coupled to the microcontrol 
ler 474. The position sensing device 470 is configured to 
generate tracking signals when the mouse 452 is moved along 
a Surface. The tracking signals may be used to control the 
movement of a pointer or cursor on the display screen 466. 
The tracking signals may be associated with a Cartesian coor 
dinate system (X and y) or a Polar coordinate system (r. 
...theta.). By way of example, the position sensing device 170 
may correspond to a conventional trackball or optical assem 
bly. 
0133. The mouse 452 also includes a main switch 476 that 
is operatively coupled to the microcontroller 474. The main 
switch 476 is configured to generate a button event when the 
mouse performs a clicking action, as for example, when the 
top shell is moved relative to the base in a unibody design. 
I0134. The mouse 452 may further include a touch sensing 
device 478 that is operatively coupled to the microcontroller 
474. The touch sensing device 478 is configured to generate 
touch signals when the hand is positioned over or on the 
mouse 452. The signals may be used to differentiate between 
left and right clicking actions. The touch sensing device may 
for example bearranged similarly to that described above. 
0.135 The mouse 452 may additionally include a force 
sensing device 480 that is operatively coupled to the micro 
controller 474. The force sensing device 480 is configured to 
generate force signals when the hand exerts pressure on the 
mouse 452. The signals may be used to initiate abutton event. 
The force sensing device may for example be arranged simi 
larly to that described above. 
0.136 Moreover, the mouse 452 may include a jog ball 482 
that is operatively coupled to the microcontroller 474. The jog 
ball 482 is configured to generate multidirectional tracking 
signals when the ball is rotated within a housing. The jog ball 
482 may also be configured to generate a button event when 
the ball is pressed. The jog ball may for example be arranged 
similarly to that described above. 
0.137 Because the touch sensing devices 478, force sens 
ing devices 480 and jog ball 482 may not provide any feed 
back when activated (e.g., no mechanical detents), the mouse 
452 may further include a feedback system 484 configured to 
provide feedback to the user of the mouse 452 so that the user 
is able to positively confirm that his action has resulted in an 
actual activation of an input mechanism as for example one or 
more of the input mechanisms described above (e.g., touch 
sensing device 478, force sensing device 480, jog ball 482, 
etc.). The feedback system 484, which is operatively coupled 
to the microcontroller 474, includes one or more feedback 
generators 486 including audio feedback devices 486A, hap 
tics devices 486B and/or visual feedback devices 486C. Each 
of the various feedback generators 486 provides a different 
kind of feedback to the user when an input is made. Audio 
devices 486A provide sound, haptics devices 486B provide 
tactile forces, and visual devices 486C provide visual stimuli. 
There may be a single feedback generator or multiple feed 
back generators that are used by all the input devices when an 
action is made, or alternatively, there may be a feedback 
generator or multiple feedback generators for each input 
device. That is, each input device may include its own dedi 
cated feedback generators. 
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0.138. In the case of audio feedback generators 486A, the 
mouse 452 may include on-board speakers or buZZerS Such as 
a piezo electric speaker or a piezo electric buZZer. These 
devices are configured to output a clicking noise when a user 
performs an action as for example when a user touches one of 
the touch sensing devices 478, Squeezes the presses against 
the force sensing devices 480 or spins the jog ball 482. This 
feature enhances the user's experience and makes each of 
these input devices feel more like mechanical input devices. 
0.139. In one embodiment, the mouse 452 includes a single 
speaker for generating a clicking or other related Sound. The 
single speaker, which can be mounted to the main printed 
circuit board inside the housing of the mouse 452, is tied to at 
least the jog ball 482, and in some cases tied to the force 
sensing device 480. As should be appreciated, the touch sens 
ing devices 478 typically do not require a click since a click is 
already provided by the main switch 476. It should be pointed 
out however that in cases where a light touch also produces an 
input (without the main Switch activating) thena click or other 
sound may be provided by the speaker. The speaker may be 
configured to output the same clicking Sound for each input 
device, or alternatively the speaker may be configured to 
output different sounds for each input device. For example, 
clicks, clocks, and beeps may be used. The different Sounds 
may be user selectable. 
0140. During operation, the microcontroller 474 sends 
driving signals to the speaker when the appropriate input is 
received from the input devices, and the speaker outputs one 
or more sounds in response to the driving signals. With but 
tons, a single click is typically provided although a click my 
be provided at touchdown and a clock may be provided on lift 
off. In some cases, the feedback may be tied to the level of 
force being applied to the force sensing device 480. For 
example, the clicking Sound may be provided when a certain 
force threshold is reached, or the volume or pitch of the 
clicking sound may vary according to the level of force. With 
the jog ball 482, clicks are continuously provided while the 
ball is spinning. There is typically a click for each count, i.e., 
the number of points that are measured in a given rotation 
(360 degrees). The rate of clicking Sounds typically increases 
as the rate of spinning increases, and decreases as the rate of 
spinning decreases or slows down. Hence, the clicking 
sounds provide audio feedback to the user as to the rate at 
which the ball is spun. 
0141 Additionally or alternatively, the mouse 452 may 
include a haptics mechanism 4.86B. Haptics is the science of 
applying tactile sensation and control to Soft devices that do 
not include any tactile feel. Haptics essentially allows a user 
to feel information, i.e., controlled vibrations are sent through 
the housing of the mouse in response to a user action. The 
haptics mechanism 4.86B may include motors, vibrators, 
electromagnets, all of which are capable of providing force 
feedback in the form of controlled vibration or shaking. In the 
instant case, the haptics mechanism 4.86B may be used to 
enhance the feel of actuating one of the input devices of the 
mouse 452 including for example the jog ball 482, force 
sensing device 480 or touch sensing device 478. By way of 
example, the haptics mechanism 4.86B may be configured to 
generate impulsed vibrations when a user touches the touch 
sensing devices (soft or hard), presses against the force sens 
ing devices 480 or spins the jog ball 482. This particular 
feature enhances the user experience and makes the input 
devices feel more like mechanical devices. 
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0142. The haptics mechanism 4.86B may be centrally 
located or regionally located across the mouse 452. If region 
ally located, the mouse 452 may include a haptics mechanism 
486B at each of the input devices so as to provide force 
feedback in the area of the user action. It is generally believed 
that the closer the vibration is to the user action, the greater the 
haptics effect. By way of example, the mouse 452 may 
include a haptics mechanism underneath the housing in the 
area of each the input devices. 
0143. In some cases, the audio and tactile feedback may be 
provided by the same device. For example, a tactile click 
generator may be used. The tactile click generator generally 
includes a Solenoid that causes a plunger to tap a rib inside the 
mousehousing. The tapprovides both a tactile feel in the form 
of vibration and a tapping Sound that is similar to a click. 
0144. Additionally or alternatively, the mouse 452 may 
include visual feedback generators 486C configured to pro 
vide visual information at the surface of the mouse 452. Like 
the feedback generators described above, the visual feedback 
generators 486C may be singular to the mouse 452 or region 
ally located at each input device. By way of example, the 
visual feedback generators 486C may be light devices, such 
as light emitting diodes (LEDs), that are illuminated when an 
event occurs as for example when a user touches the touch 
sensing device (soft or hard), presses against the force sensing 
devices 480 or spins the jog ball 482. The illumination may be 
static or dynamic. If dynamic, the illumination may blink or 
cycle with increasing or decreasing intensity, and in some 
cases may even change colors in order to provide more 
detailed information about the event that is being monitored. 
By way of example, the illumination may be tied to the level 
of force being applied to the force sensing devices 480. 
0145 The light devices may be conventional indicators 
that include a small plastic insert, which is located in front of 
the LED, and which is inserted within an opening in the 
mouse housing thus causing it to exist at the Surface of the 
mouse housing. The LED itself may also be placed in the 
opening in the mouse housing rather than using an insert. 
Alternatively, the light device may be configured not to break 
the Surface of the mouse housing. In this configuration, the 
light source is disposed entirely inside the mousehousing and 
is configured to illuminate a portion of the mouse housing 
thereby causing the housing to change its appearance, i.e., 
change its color. Examples of illuminated Surfaces can be 
found in U.S. patent Ser. Nos. 10/075,964, 10/773,897 and 
10/075,520, which are all herein incorporated by reference. 
Alternatively, the visual feedback generators 486C may be 
embodied as electronic inks or other color changing Surfaces. 
0146 In one embodiment, the mouse 452 provides visual 
feedback in the area of touches as for example the left and 
right touch buttons, and the two side force buttons when the 
touches occur. When a user presses on the left touch button, 
the left side of the mouse in the region of the touch surface 
changes color thereby alerting the user that a left button event 
has been selected, and when a user presses on the right touch 
button, the right side of the mouse in the region of the touch 
Surface changes color thereby alerting the user that a right 
button eventhas been selected. The same implementation can 
be made for the wings of the force buttons when the they are 
pressed in by the user. In some cases, the wings may even 
change shades of color based on the level of force being 
applied at the wings during a squeeze event. 
0147 Each of the feedback generators may be used solely 
or in combination with one other. For example, when used 
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together, in response to Squeezing the force buttons on the 
side of the mouse, the speaker 486A may provide audio 
feedback in the form of a click, the haptics mechanism 4.86B 
may provide force feedback in the form of vibration, and the 
visual feedback mechanism 486C may provide visual stimuli 
in the form of light to alerta user that an input has been made. 
Again, the feedback may be provided at Some central location 
or regionally at each of the force buttons. 
0148 Although the feedback systems have been primarily 
described as devices that provide feedback in response to 
activation of the input devices of the mouse, it should be noted 
that they also may provide feedback in response to something 
that happens in the host system. For example, during a scroll 
ing event, the host system may send a sound command to the 
mouse when the user has reached a boundary Such as a top or 
border of the content being viewed on the display screen. The 
microcontroller sends a driving signal to the speaker in 
response to the Sound command, and the speaker generates a 
Sound in response to the driving signal. The Sound informs the 
user that they reached the border. 
0149. It should also be pointed out that the feedback may 
be provided by the host system rather than the mouse. For 
example, the host system may include a speaker that provides 
a click when the mouse buttons are utilized or a display that 
can visually alert a user when the mouse buttons are being 
utilized. 
0150. In one embodiment, program storage block 458 is 
configured to store a mouse program for controlling informa 
tion from the mouse 452. Alternatively or additionally, a 
mouse program or some variation thereofmay be stored in the 
mouse 452 itself (e.g., Firmware). The mouse program may 
contain tables for interpreting the signals generated in the 
mouse. In one implementation, the tables may be accessed by 
a user through a control menu that serve as a control panel for 
reviewing and/or customizing the operation of the mouse, i.e., 
the user may quickly and conveniently review the settings and 
make changes thereto. Once changed, the modified settings 
will be automatically saved and thereby employed to handle 
future mouse processing. By way of example, the user may 
set the location of the primary and secondary buttons for right 
or left handed use. The user may set the meaning of left/right 
finger press to be a primary button, a third button, or a simul 
taneous left and right button activation. Additionally, the user 
may select between a one button mouse and a multibutton 
mouse. If the single button mouse is selected, the signals from 
the left and right sensors may be ignored. If the multibutton 
mouse is selected, the signals from the left and right sensors 
will be interpreted according to the settings in the mouse 
program. One advantage of being able to select the mouse 
type is that one mouse can be used by multiple users with 
different preferences, i.e., user configurable. 
0151 FIG. 17 is a diagram a graphical user interface 650 
(GUI), in accordance with one embodiment of the present 
invention. The GUI 650 represents the visual display panel 
for selecting which events of a window management program 
such as Expose are controlled by which mouse buttons. 
Through the GUI 650, the user may quickly and conveniently 
review the mouse settings associated with the window man 
agement events and make changes thereto. 
0152. As shown, the GUI 650 includes a window frame 
652 that defines a window or field 654 having contents con 
tained therein. The contents include the various window man 
agement options 656, and mouse menus 658 for connecting 
the various mouse buttons to the window management 
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options 656. The mouse menus 658 contain all the button 
possibilities including the hard press left and right buttons, 
the jog ball button, and the Squeeze button. The button menus 
may also include light press left and right buttons, rotate left 
and right jog ball buttons and/or left and right Squeeze buttons 
depending on how the mouse is configured. The buttons, 
when enabled, instructs the host system to control the various 
expose functions when the enabled mouse button is activated. 
For example, if the squeeze button is enabled in the Desktop 
mouse menu, every time the Squeeze button is activated the 
Desktop feature is implemented, i.e., all the open windows 
are moved to the screen edge. In some cases, multiple buttons 
can be enabled for a single window management function. 
0153. In some cases, the GUI 650 may additionally 
include a Dashboard option 660 and mouse menus 662 for 
connecting one or more mouse buttons to the Dashboard. 
Dashboard is a control panel that includes customizable wid 
gets (mini applications) that bring information to the user 
instantly—weather forecasts, Stock quotes, yellow pages, air 
line flights, sport scores, etc. When the enabled mouse button 
is activated, the Dashboard is brought into view, and when the 
mouse button is deactivated, the Dashboard is removed from 
view. The user is able to receive up to date and timely info 
from the Internet with a click of a button, and then have it 
disappear instantly when button is released. 
0154 FIG. 18 is an input control method 700, in accor 
dance with one embodiment of the present invention. The 
input control method may for example be performed using the 
arrangements shown in FIGS. 2 and 3 or 7 and 8. The method 
700 generally begins at block 702 where a touch is detected. 
The touch may for example be detected on the left or right 
touch sensors or alternatively on both the left and right touch 
sensors of the mouse. When a touch is detected, the method 
700 proceeds to block 704 where a determination is made as 
to whether or not the touch is a light touch or a hard touch. A 
light touch may be determined when the touch sensors are 
activated but not the main switch. A hard touch may be 
determined when the touch sensors are activated along with 
the main Switch. 

0155 If it is determined that the touch is a light touch, the 
method 700 proceeds to block 706 where visual feedback is 
provided that alerts the user to which button will be activated 
when the light touch is changed to a hard touch. The visual 
feedback may be on the mouse and/or on the display screen of 
the host system. For example, if the user lightly places their 
finger on the right or secondary button, the right button may 
change color via a feedback generator and/or the display 
screen of the host system may provide a visual clue in the 
form of an icon as for example a menu. In addition, if the user 
lightly places their finger on the left or primary button, the left 
button may change color via a feedback generator and/or the 
display Screen of the host system may provide a visual clue in 
the form of an icon as for example an arrow. 
0156. If it is determined that the touch is a hard touch, the 
method 700 proceeds to block 708 where a button action is 
implemented. For example, if the left button sensor is acti 
vated along with the main switch, then a left button event is 
reported, and if the right button sensor is activated along with 
the main Switch, then a right button event is reported. 
(O157 FIG. 19 is an exploded perspective view of a uni 
body mouse 750, in accordance with one embodiment of the 
present invention. The unibody mouse 750 includes a housing 
752 that encloses internally the various internal components 
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of the mouse. Because the mouse is a unibody mouse, the 
housing 752 includes a top member 754 and a base 756. 
0158. As shown, the base 756 includes a pair of opposed 
pivots 758 that receive pivot pins located within the inside 
surface of the top member 754 thereby allowing the top 
member 754 to pivot about the base 756. The base 756 also 
includes a pair of opposed flexible wings 760. Although the 
wings 760 may be integrally connected to the base 756, in the 
illustrated embodiment, the wings 760 are attached or 
mounted onto the base 756. By way of example, the wings 
760 may be snapped into mounting features on the base 756. 
Alternatively, the wings 760 may be welded to the base 756. 
In order to produce a continuous surface at the exterior of the 
mouse 750 when the mouse is assembled, the top member 754 
includes a pair of recesses 762 for receiving the upwardly 
extending wings 760. The recesses 762 have an inner shape 
that coincides with the outer shape of the wings 760. 
0159. Located within the top member 754 and base 756 is 
a printed circuit board 764 that is mounted to the base 756. 
The printed circuit board 764 contains the various control 
circuitry of the mouse 750 including integrated circuits such 
as the mouse microcontroller and capacitive sensing circuitry. 
The printed circuit board 764 also contains a switch 766 for 
detecting when the top member 754 is pressed downward 
towards the base 756. The switch 766, which is positioned on 
the front side of the mouse 750 opposite the pivot may for 
example be a mechanical tact Switch. The printed circuit 
board 764 and/or the base 756 may also support an optical 
sensor 768 for tracking mouse movement. The optical sensor 
768 generally works through an opening in the base 756. The 
printed circuit board and/or base may further Support a struc 
tural unit 770 that contains such items as capacitance force 
sensors 772 that are mounted on the sides of a support bridge 
774 in the location of the flexible wings 760. The structural 
unit 770 may also include a spring 775 that helps bias and 
support the top member 754 in an upright position relative to 
the base 756. 
0160 The mouse 750 additionally includes a jog ball 
device 776 that is mounted to the inner surface of the top 
member 754 via a bracket 778. The bracket 778 may for 
example be screwed to the top member 754 so as to secure the 
jog ball device 776 in position relative to a hole 780 in the top 
member 754. The hole 780 allows the ball 782 of the jog ball 
device 776 to protrude through the top surface of the top 
member 754. The hole 780 is typically located in the front 
center of the top member 754 so that the ball 782 may be 
easily actuated by a finger when the hand is positioned on the 
mouse 750. 

0161 Although not shown, the mouse 750 further includes 
a pair of capacitive sensors placed on the inner Surface of the 
top member 754 on opposite sides of the jog ball device 776. 
Each of the capacitive sensors may be one or more electrodes 
that are adhered to the front inner surface of the top member 
754. 

0162 The mouse 750 may further include a shroud or 
faring 786 that snaps into the top member 754 around the edge 
of the base 756. 
0163 While this invention has been described in terms of 
several preferred embodiments, there are alterations, permu 
tations, and equivalents, which fall within the scope of this 
invention. For example, the button determination/detection is 
not limited to the use of capacitance sensors, other sensors or 
Switches may be used. For example a dome Switch or mem 
brane Switch may be used in place of capacitance sensors. In 
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addition, force sensors may be used. In any of these cases, the 
activation method remains unchanged, i.e., it requires the new 
device and the main Switch to be activated for a button down 
event to be sent to the host computer. It should also be noted 
that there are many alternative ways of implementing the 
methods and apparatuses of the present invention. It is there 
fore intended that the following appended claims be inter 
preted as including all Such alterations, permutations, and 
equivalents as fall within the true spirit and scope of the 
present invention. 

1-14. (canceled) 
15. A mouse, comprising: 
a bottom member; 
a unibody single moving member Supported on the bottom 
member and covering Substantially all of a top surface of 
the mouse, the single moving member generating an 
activation signal when the single moving member is 
moved relative to the bottom member; 

a first touch Zone provided on the single moving member, 
the first touch Zone configured to generate a first touch 
signal if the first touch Zone is touched; 

a second touch Zone provided on the single moving mem 
ber, the second touch Zone configured to generate a 
second touch signal if the second touch Zone is touched; 
and 

a control circuit configured to determine whether a touch 
detected on the mouse is a light touch or a hard touch 
based on a combination of the first touch signal, second 
touch signal and the activation signal, and report a touch 
event upon the determination of a light touch or a button 
event upon the determination of a hard touch, 

wherein the touch is determined to be a light touch if no 
activation signal is detected and at least one of the first 
and signal touch signals is detected, and the touch is 
determined to be a hard touch if the activation signal and 
at least one of the first and second touch signals are 
detected. 

16. The mouse as recited in claim 15, wherein the control 
circuit is further configured to report a first touch event upon 
detection of the first touch signal only and a second touch 
event upon detection of the second signal only. 

17. The mouse as recited in claim 16, wherein the control 
circuit is further configured to report a third touch input event 
upon detection of both the first and second touch signals in the 
absence of the activation signal. 

18. The mouse as recited in claim 17, further comprising an 
electronically-controlled feedback system configured to pro 
vide different feedback to a user of the mouse in response to 
the first, second and third touch events, respectively. 

19. The mouse as recited in claim 15, wherein the control 
circuit is further configured to report a first button event upon 
detection of the first touch signal combined with the activa 
tion signal and a second button event upon detection of the 
second signal combined with the activation signal. 

20. The mouse as recited in claim 19, wherein the control 
circuit is further configured to reporta third button event upon 
detection of both the first and the second touch signals com 
bined with the activation signal. 

21. The mouse as recited in claim 20, wherein the control 
circuit is further configured to cause the mouse to perform 
different actions in response to the first, second and third 
button events, respectively. 

22. A method for providing a mouse with touch sensitive 
input mechanisms, comprising: 
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covering Substantially allofa top Surface of the mouse with 
a unibody single moving member that is Supported on a 
bottom member of the mouse, the single moving mem 
ber generating an activation signal when the single mov 
ing member is moved relative to the bottom member; 

providing a first touch Zone on the single moving member, 
the first touch Zone configured to generate a first touch 
signal if the first touch Zone is touched; 

providing a second touch Zone on the single moving mem 
ber, the second touch Zone configured to generate a 
second touch signal if the second touch Zone is touched; 
and 

configuring the mouse with a control circuit for determin 
ing whether a touch detected on the mouse is a light 
touch or a hard touch based on a combination of the first 
touch signal, second touch signal and the activation sig 
nal, the control circuit configured to reporta touch event 
upon the determination of a light touch or abutton event 
upon the determination of a hard touch, 

wherein the touch is determined to be a light touch if no 
activation signal is detected and at least one of the first 
and signal touch signals is detected, and the touch is 
determined to be a hard touch if the activation signal and 
at least one of the first and second touch signals are 
detected. 
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23. The method as recited in claim 22, wherein the control 
circuit is further configured to report a first touch event upon 
detection of the first touch signal only and a second touch 
event upon detection of the second signal only. 

24. The method as recited in claim 23, wherein the control 
circuit is further configured to report a third touch input event 
upon detection of both the first and second touch signals in the 
absence of the activation signal. 

25. The method as recited in claim 24, further comprising 
an electronically-controlled feedback system configured to 
provide different feedback to a user of the mouse in response 
to the first, second and third touch events, respectively. 

26. The method as recited in claim 22, wherein the control 
circuit is further configured to report a first button event upon 
detection of the first touch signal combined with the activa 
tion signal and a second button event upon detection of the 
second signal combined with the activation signal. 

27. The method as recited in claim 26, wherein the control 
circuit is further configured to reporta third button event upon 
detection of both the first and the second touch signals com 
bined with the activation signal. 

28. The method as recited in claim 27, wherein the control 
circuit is further configured to cause the mouse to perform 
different actions in response to the first, second and third 
button events, respectively. 
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