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A Scroll wheel assembly for computer input device having a 
housing. The Scroll wheel assembly includes a housing and 
an engagable scroll wheel. The scroll wheel is rotatable with 
a shaft to preferably cause vertical Scrolling of an image on 
a display. The scroll wheel is laterally pivotable relative to 
the housing and the Shaft. A ball joint is used to couple the 
Scroll wheel to the Shaft and permit this functional arrange 
ment. A Sensor is preferably positioned within the housing 
for Sensing lateral movement of the rotatable member. In 
response to Sensed lateral pivotable movement of the rotat 
able member, the image is horizontally Scrolled, preferably 
in the direction of the lateral movement. The Scrolling Speed 
can be affected relative to the amount of displacement of the 
rotatable member and/or the amount of time that the rotat 
able member is displaced a predetermined amount. The 
computer input device having the rotatable member may 
take the form of a keyboard, a mouse, a trackball device, or 
another type of computer input device. 
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SCROLL WHEELASSEMBLY FOR SCROLLING 
AN MAGE IN MULTIPLE DIRECTIONS 

0001. This application is a Continuation application and 
claims priority to U.S. Ser. No. 10/382,652, filed Mar. 7, 
2003, which is incorporated herein in its entirety. 

FIELD OF THE INVENTION 

0002 The present invention relates to an input device 
including an assembly for Scrolling an image in multiple 
directions relative to a display Screen. More particularly, the 
present invention relates to a peripheral input device, Such as 
a mouse or a keyboard, that may be operatively connected 
to a host computer and includes a Scroll wheel assembly that 
can move an image in multiple axes relative to a display 
SCCC. 

BACKGROUND OF THE INVENTION 

0.003 Scroll wheels have been provided on computer 
mice and used by computer operators to move an image 
relative to a display Screen of a host computer. A Scroll wheel 
assembly includes a rotatable Scroll wheel and a Sensor that 
are typically included in a housing for a peripheral computer 
device Such as a mouse. Typically, a portion of the Scroll 
wheel protrudes upwardly out of an opening in its housing 
and is rotated in order to Vertically Scroll the image along the 
Screen. An example of a mouse including a known Scroll 
wheel assembly is described in U.S. Pat. No. 5,912,661, 
entitled “Z-ENCODER MECHANISM” which is hereby 
fully incorporated by reference. 
0004 Scrolling, as used herein, describes the movement 
of an image relative to a display Screen in a particular 
direction as Such term is commonly used in the art. For 
example, the term "Scroll down as used herein relates to 
moving the viewable contents of a file (Such as a text 
document or image) relative to display Screen by an amount 
to produce an effect of moving down in the document or 
image. Similarly, the terms Scroll up, Scroll left and Scroll 
right relate to moving the viewable contents of a file relative 
to a Screen by an amount to produce an effect of moving in 
the document or image up, left, and right, respectively. The 
term Scrolling as used herein also includes panning, which 
is the automatic Scrolling of an image. 
0005. In operation, a conventional scroll wheel is nor 
mally rotated about a first, transversely extending axis 
Secured within a housing in order to Scroll the image up and 
down (vertically) relative to the display Screen. As the Scroll 
wheel is rotated, an encoder Senses the rotation of an 
encoder wheel and delivers a corresponding Signal to a host 
computer which in turn can be used to move an image as is 
known in the art and disclosed in U.S. Pat. No. 5,912,661. 
This can occur without the user moving the position of the 
mouse and/or the cursor. However, many types of docu 
ments, Such as Spreadsheets and graphics files, are usually 
wider than the width of the display Screen and the user may 
want to Scroll horizontally acroSS the Screen to see the entire 
file. When the user needs to move the image horizontally 
acroSS the display Screen, the user must typically Stop what 
he or she is doing and perform a number of tedious and 
potentially frustrating Steps. These include locating a graphi 
cal user interface in the form of a horizontal Scroll bar 
usually located near the bottom of the display, positioning 
the cursor on the Scroll bar, and then rotating the wheel. 
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Locating the scroll bar can be very difficult for people with 
bad eyesight, Small display Screens and/or poor hand-eye 
coordination. As a result, the user will waste time and delay 
the completion of his project while fumbling to find the 
bottom horizontal Scroll bar. These delayS can cause the user 
great frustration and unnecessary StreSS that is magnified 
when he or she is operating under a deadline. Alternative 
graphically assisted tools for horizontal Scrolling requiring 
cursor repositioning have Similar drawbackS. 
0006 If the user does not accurately position the cursor 
over the horizontal scroll bar, the image will not scroll 
horizontally with respect to the display Screen as he or she 
operates the mouse cursor of the graphical interface or 
rotates the mouse wheel. Instead, when using the mouse 
cursor on the graphical interface, nothing happens until he or 
She tries again to position the mouse cursor correctly on the 
Scroll bar's points of operation. Or, when using the mouse 
wheel, the image will move vertically relative to the display 
Screen and erroneously change the displayed image. These 
errors will force the user to take additional Steps to reposi 
tion the desired image on the display Screen. These steps 
include the user confirming that the cursor is not positioned 
on the horizontal Scroll bar and rotating the Scroll wheel in 
the opposite direction to return the image to its previous 
position. Unfortunately, repositioning an image can lead to 
errors if the image is being amended. For example, the user 
may not return the image to its previous position. As a result, 
he may amend the wrong Section of the image. Even if the 
proper image or portion of an image is returned to the 
display Screen, the user must still attempt to locate the 
bottom, horizontal scroll bar a second time in order to finally 
move the image in a horizontal direction. 
0007 Microside Corporation of Miami, Fla., offers a 
“Micro Scroll II' mouse that permits a user to scroll an 
image in multiple perpendicular directions. This mouse 
includes a first rotatable wheel for Scrolling an image up and 
down, and a Second, Separate rotatable wheel for Scrolling an 
image left and right. The rotatable wheels are oriented So 
they extend and rotate in planes that are perpendicular to 
each other. The two Scroll wheels are independently oper 
able. However, this arrangement has drawbacks as the two 
wheels takes up valuable upper Surface area on the mouse 
which could be used for Supporting the hand of the user or 
for additional input keys. Further, the two wheels have been 
made to be a Small size to accommodate both wheels on the 
upper Surface of the mouse. The Smaller sized Scroll wheels 
make the Scrolling more difficult to control. Additionally, the 
location of the horizontal Scroll wheel is inconvenient for 
effective control. Further, with this design, it is difficult to 
easily reach and manipulate one of the wheels, as he or she 
must reposition his or her hand on the mouse to avoid 
reaching without awkwardly finger manipulation 

0008 Accordingly, an alternative arrangement for scroll 
ing a document along multiple axes was needed. 

BRIEF SUMMARY OF THE INVENTION 

0009. One aspect of the present invention relates to a 
peripheral device for use with a computer to Scroll an image 
relative to an image display Screen along perpendicular axes. 
The device comprises a housing that has at least one 
opening. The device also comprises a Scroll wheel assembly 
that is provided within the housing. The scroll wheel assem 
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bly includes a rotatable member positioned within the open 
ing of the housing. The rotatable member is rotatable about 
an axis that extends within the housing and is laterally 
pivotable within the opening relative to the housing. The 
Scroll wheel assembly also includes a movement Sensing 
System that determines when the rotatable member is piv 
oted laterally relative to the housing. A ball joint is used to 
facilitate movement of the Scroll wheel in the different 
directions. 

0.010 Another aspect of the present invention includes a 
peripheral computer input device for Scrolling an image 
acroSS a display Screen in perpendicular directions. The 
device includes a housing and a Scroll wheel assembly. The 
scroll wheel assembly includes a rotatable member that is 
laterally pivotable relative to the housing and a Sensor 
positioned within the housing for Sensing laterally pivotal 
movement of the rotatable member. The device also includes 
a controller coupled to the Sensor. The controller is config 
ured to generate a signal to Scroll the image acroSS the 
display Screen. 

0.011) Another aspect of the present invention includes a 
computer input device having a Scroll wheel and a rotational 
shaft forming an axis of rotation for the scroll wheel. The 
scroll wheel is coupled to the shaft to enable a rotational 
force applied to the scroll wheel rotate the shaft with the 
Scroll wheel and to enable a lateral force applied to the Scroll 
wheel to pivot the scroll wheel relative to the shaft. 
0.012 The device according to the present invention 
makes it easy for a user to Scroll an image both horizontally 
and Vertically relative to a display Screen without reposi 
tioning the peripheral device. Additionally, the wheel move 
ments and/or configuration of the Scroll wheel assembly of 
the present invention to cause Scrolling in the perpendicular 
directions eliminate problems and frustrations that may 
result from using the prior art devices. 
0013 Another aspect of the present invention includes a 
computer input device having a Scroll wheel that is endlessly 
rotatable about a laterally extending axis and is laterally 
pivotable. Systems are included for (a) Sensing the rotation 
of the Scroll wheel, (b) sensing the angular displacement of 
the Scroll wheel, and (c) biasing the Scroll wheel towards a 
neutral position. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.014. The present invention will be described in detail 
herein with reference to the attached drawings, in which: 
0.015 FIG. 1 illustrates an input device according to the 
present invention for Scrolling an image on a display Screen 
of a host computer in multiple directions, 

0016 FIG. 2 is a perspective view of a scroll wheel 
assembly according to one embodiment of the present 
invention with the plane of the scroll wheel in a first 
position; 

0017 FIG. 3 is a perspective view of the scroll wheel 
assembly of FIG. 2 after the scroll wheel has been displaced 
in laterally pivotal direction relative to FIG. 2; 

0018 FIG. 4 is an isometric view of details of the 
arrangement for coupling the Scroll wheel to its shaft accord 
ing to one embodiment of the present invention; 
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0019 FIG. 5 is a schematic perspective view of details of 
the arrangement for Sensing rotational movement of the 
Scroll wheel according to one embodiment of the present 
invention; 

0020 FIG. 6 is a schematic end view of details of the 
arrangement for Sensing laterally pivotable movement of the 
Scroll wheel according to one embodiment of the present 
invention; 

0021 FIG. 7 is a schematic end view of details of the 
arrangement for Sensing laterally pivotable movement of the 
Scroll wheel according to an alternate embodiment of the 
present invention; 
0022 FIG. 8 is a schematic perspective view of details of 
the arrangement for Sensing laterally pivotable movement of 
the Scroll wheel according to an alternative embodiment of 
the present invention; 
0023 FIG. 9 is a schematic end view of details of the 
arrangement for Sensing laterally pivotable movement of the 
Scroll wheel according to an alternative embodiment of the 
present invention; 
0024 FIG. 10 is a schematic perspective view of details 
of the arrangement for Sensing laterally pivotable movement 
of the scroll wheel according to another embodiment of the 
present invention; 

0025 FIG. 11 is a schematic end view of a scroll wheel 
assembly including details of the Scroll wheel relative to the 
opening in the housing. 

0026 FIG. 12 is a schematic perspective view of a scroll 
wheel assembly including details of an arrangement with 
Z-Switch capabilities according to an embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0027. As shown in the figures, an exemplary embodiment 
of the present invention includes a scroll wheel assembly 10 
having a rotatable member 30 (scroll wheel) that can be used 
with different types of computer input devices for Scrolling 
an image 1 in multiple directions and along multiple axes 
(X, Y) (4 and 5 respectively) relative to a display screen 2 
used with a host computer 8 another type of computing 
device, or an Internet appliance. AS shown in FIG. 1, one 
embodiment of the scroll wheel assembly 10 according to 
the present invention can be incorporated as part of an 
electronic mouse 6. However, according to other embodi 
ments of the present invention, not shown, the Scroll wheel 
assembly 10 is incorporated into other peripheral computer 
input devices Such as a trackball device or a keyboard, or a 
Similar input device. For example, it could also be located in 
the bezel of a hand-held computer, a larger portable com 
puting device, a web pad, or an Internet appliance, or could 
be located on the chassis of a laptop computer. Like the 
mouse 6, these other known peripheral devices can have 
wired or wireleSS connections to the host computer 8 as is 
known in the art. The scroll wheel assembly 10 can alter 
natively be located in a computer monitor or in the base 
portion of a laptop computer. For Simplicity in description, 
the present invention will be described as embodied in a 
computer mouse 6, and the mouse 6 includes actuator 
buttons 13. However, it should be understood that the 
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discussion of the scroll wheel assembly 10 is equally appli 
cable for use in other types of computer input devices. 
0028. As used herein, the terms “laterally pivoted” and 
“laterally pivotable” describe motion of the rotatable mem 
ber that includes the general Side-to-side pivotable move 
ment of a rotatable member within an opening of an input 
device in a direction that tilts the primary plane in which the 
rotatable member resides and rotates. This laterally pivot 
able movement is generally in the direction of the Sidewalls 
of the opening. 
0029. As shown in FIG. 1, one embodiment of the scroll 
wheel assembly 10 comprises a rotatable member, Such as a 
circular disk-shaped scroll wheel 30 positioned within an 
elongated opening 15 in a housing 11 of the mouse 6. A 
portion of the wheel 30 protrudes through the opening 15 
and away from the outer Surface of the mouse 6 So that it can 
be contacted and manipulated by a user. AS described in 
more detail hereinafter, in addition to its normal rotational 
movement for vertical scrolling, the rotatable member 30 is 
laterally pivotable to horizontally Scroll an image on the 
display screen 2. The outer surface of the rotatable member 
30 of the scroll wheel assembly 10 may include a slip 
resistant material (Such as a rubber coating) and/or a slip 
resistant arrangement (Such a grooves or a knurled Surface) 
that are contacted by the user's finger in order to enhance 
Scrolling control. 
0030. With reference to FIGS. 2-4, an exemplary scroll 
wheel assembly 10 includes the scroll wheel 30, a rotatable 
shaft 50, and a convex hub/ball joint 60. The rotatable shaft 
50 may be coupled to the mouse 6 in any desired manner that 
achieves the described functionality of providing Support 
and endless rotation capabilities. For example, the opposing 
ends 51 and 52 of rotatable shaft 50 may be mounted within 
support blocks 55 and 56 having cylindrical bearing Sur 
faces. Alternatively, one end of the shaft 50 may be rotatably 
received within a Support and the other end may be slidably 
received within a Support Such that it too permits rotational 
movement of the shaft 50. Similarly, the Supports could also 
be positioned along the length of shaft 50 so that they are 
Spaced from its ends. 
0031. Due to the coupling by the ball joint 60, a rotational 
force applied to the scroll wheel 10 will cause the shaft 50 
to rotate with the scroll wheel 10 and with respect to the 
housing 11, and a laterally pivotable force applied to the 
scroll wheel 10 will cause the scroll wheel 10 to laterally 
pivot relative to the shaft 50 and the housing 11. While not 
shown in FIGS. 2-4, the scroll wheel assembly 10 also 
includes a rotation Sensing System 70, a tilt Sensing System 
80 and a tilt biasing system 100. As described hereinafter, 
the tiltsensing system 80 and the tilt biasing system 100 may 
share common components. 
0032) The ball joint 60 is fixed to the shaft 50 such that 
the ball joint 60 rotates with the shaft 50. The ball joint 60 
and shaft 50 may, but need not be, integrally formed 
therewith by molding or other technique. If desired, the 
lateral ends 61 and 62 of the ball joint 60 may be truncated 
as shown in the FIGS. 2-4. The ball joint 60 includes a 
convex outer surface 63. The ball joint 60 also includes two 
lateral slots or grooves 65 and 66 therein. In an exemplary 
arrangement depicted in FIG. 4, the grooves 65 and 66 
extend from one lateral end 65 to the other lateral end 66. 
The grooves 65 and 66 are spaced apart 180° about the 
rotational axis of the Scroll wheel 30, which is coincident 
with the shaft 50. In an alternative embodiment of the 
invention, not shown, only one pin and one groove are 
included. 
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0033. The scroll wheel 30 includes an inner concave 
Surface 33 that faces and is Supported by the convex outer 
surface 63 of the ball joint 60. The scroll wheel 30 also 
includes first and second pins 35 and 36 projecting inwardly 
from the inner Surface 33. The pins 35 and 36 are spaced 
apart 180° about the rotational axis of the scroll wheel 30 so 
as to align with the grooves 65 and 66 respectively. 

0034. The pins 35 and 36 are circular in cross section. 
The circular pins 35 and 36 in combinations with the 
grooves 65 and 66 enable the scroll wheel 30 to laterally 
pivot with respect to the shaft 50 and the ball joint 60 
regardless of the angular position of the shaft 50. For 
example, if the ball joint 60 is oriented relative to the 
aperture Such that a laterally pivotable force on the Scroll 
wheel 30 is substantially within the plane of pins 35 and 36 
and the grooves 65 and 66, then the pins 35 and 36 would 
travel within the grooves 65 and 66 when the scroll wheel30 
laterally pivots in the direction shown by arrow A. If the ball 
joint 60 is oriented relative to the aperture such that a 
laterally pivotable force on the scroll wheel 30 is perpen 
dicular to the axis extending through the pins 35 and 36 and 
parallel to the plane of the grooves 65 and 66, then the pins 
35 and 36 pivot about axis B within in the grooves 65 and 
66, and would not translationally move when the scroll 
wheel 30 laterally pivots. If the ball joint 60 is oriented 
relative to the aperture between those positions, each of the 
pins 35 and 36 would pivot and translate within their 
respective groove 65 and 66. When the scroll wheel 30 is 
rotated in the direction shown by arrow C, the pins 35 and 
36 press against the sides of the grooves 65 and 66 So that 
the ball joint 60 and shaft 50 rotate with the scroll wheel30. 
0035) In an exemplary embodiment the scroll wheel 30 is 
made from two different materials, an outer region 38 made 
from rubber material to enhance gripping and control during 
the Scrolling process, and an inner region 39 made from a 
plastic. This can be manufactured by an overmolding pro 
cess if desired. The outer surface 63 region of the ball joint 
60 is also made from a plastic. In an exemplary arrangement, 
the plastics of the inner region 39 of the scroll wheel 30 and 
the outer surface 63 region of the ball joint 60 are made from 
different types of plastic, such as ABS and Nylon, for 
wear-related purposes. However, it is recognized that other 
materials may be used in addition to those described. 
0036) As described above, all embodiments preferably 
include a rotation Sensing System 70, a tilting Sensing System 
80, and a tilt biasing system 90. For simplicity of explana 
tion, Some embodiments of these Systems have been 
depicted Separately. 

0037 FIG. 5 depicts an embodiment of a rotation sensing 
System 70. In an exemplary arrangement, the rotation Sens 
ing system 70, which senses the rotation of the endlessly 
rotatable Scroll wheel 30, includes a disk encoder 72 and 
separate elements 73 and 74 from an optical pair. The 
encoder 72 is fixedly mounted to the scroll wheel shaft 50. 
The Outer periphery of the encoder wheel includes Spaced 
light blocking elements, Such as angularly Spaced, radially 
extending blades 75. The two elements 73 and 74 of the 
optical pair on opposing Sides of the encoder 72. Of the 
optical pair elements, one is a light Source 73 and the other 
is a light sensor 74. The rotation of the scroll wheel 30 
rotates the shaft 50 and the encoder 72 mounted thereto. The 
spaced light blocking elements 75 periodically block the 
path of light and pulses are picked up each time a blade 
blocks the light path. AS the encoder wheel rotates, light 
from the light Source is alternately (1) transmitted through 
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the openings and (2) blocked by the material of the encoder 
wheel. The pulses of light transmitted through the openings 
are detected by the light Sensor. In response to the pulses of 
light, the light Sensor transmits a signal to a host computer 
that indicates rotation of the Scroll wheel, thereby inducing 
Scrolling of the image relative to the display Screen. Fur 
thermore, the frequency of the Sensed pulses corresponds to 
the rate at which the Scroll wheel is being rotated. Accord 
ingly, the rate at which the Scroll wheel rotates is generally 
correlated to the Speed at which the image Scrolls. This 
technology is known in the art, and has been disclosed in 
U.S. Pat. No. 5,912,661, which is hereby incorporated by 
reference. Alternative rotation Sensing Systems may be used. 
0038 FIGS. 6-10 depict embodiments of the tilting sens 
ing system 80 and/or the tilt biasing system 90. The tilting 
Sensing System 70 includes at least one Sensor that deter 
mines when the wheel 30 is being tilting which would 
typically occur by a lateral force being applies to the portion 
of the scroll wheel 30 extending through the opening 15 in 
the housing 11. The scroll wheel assembly 10 also includes 
a circuitry, Such as a controller, not shown, for interpreting 
the output from the Sensor, converting it to a signal and 
delivering the signal to the host computer 8. The controller 
can be any known component or combination of compo 
nents that can perform these functions. In one embodiment, 
the controller includes a microprocessor connected to the 
Sensor that generates a signal for the host computer 8 
indicating when the scroll wheel30 is being laterally moved. 
Thus, each Sensor is operatively connected to the micropro 
cessor for generating an electrical signal that controls the 
position of the image 1 relative to the display Screen 2 as 
discussed above. The generated Signal controls the Scrolling 
of the image 1 along the X-axis 4 in response to a force that 
causes the wheel 30 to move laterally. The signal scrolls the 
image 1 in a manner that is consistent with the direction and 
magnitude of the applied force, i.e., either left or right. 
0039. In the depicted exemplary embodiments, the sys 
tems utilize a carriage 100 that receives the lower portion of 
the Scroll wheel 30 on the side of the Scroll wheel 30 that is 
opposite from the aperture 15 in the mouse housing 11. The 
carriage 100 includes opposing Side walls 102 on opposite 
sides of the bottom of the Scroll wheel30. The side walls 102 
of the carriage 100 and the sides of the scroll wheel are 
preferably Separated by a Small gap 104, Such as 0.1 mm. 
When the Scroll wheel 30 is tilted, it will move a small 
amount and then engage the Side wall 102 on the Side of the 
carriage 100 that the scroll wheel 30 has been tilted. This 
Small gap 104 enables Sufficient tilting responsiveness with 
out causing a drag on the Scroll wheel 30 when it is rotated 
in its endless direction with its shaft 50. The carriage 100 
will move, either pivot or linearly Slide, in accordance with 
the movement of the scroll wheel 30. The movement of the 
carriage is Sensed, and an appropriate signal is sent to cause 
lateral Scrolling of the document. 
0040 FIGS. 6 and 7 show embodiments of a sliding 
carriage 100. The sliding carriage 100 is mounted for 
movement along a lateral axis as indicated by the Straight 
arrow in the figures. In response to the scroll wheel 30 being 
pivoted at its portion that extends outside of the housing 11, 
the side of the wheel 30 that the force was applied, pushes 
the inside wall 102 of the carriage near the bottom of the 
wheel 30 in a lateral direction opposite the lateral direction 
of the force applied, but in the same rotational direction 
relative to the pivot of the wheel. Thus for example, with 
reference to FIG. 6, a force applied to tilt the wheel30 to the 
left, applies a counterclockwise force Such that the bottom of 
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the wheel 30 pushes the sliding carriage 100 to the right by 
applying a counterclockwise force. 
0041 Movement of the sliding carriage 100 is detected 
by a sensor. Regarding FIG. 6, the carriage 100 coupled to 
a slide potentiometer 110, which is in turn, mounted to a 
circuit board 106. The slide potentiometer 110 senses 
amount of displacement and provides an electrical resistance 
value accordingly. One such potentiometer 110 is the Low 
Profile Slide Potentiometer made by Bourns. However, 
numerous other linear Slide potentiometers could be used. 
0042. For the sliding carriage arrangement of FIG. 7, 
discrete contact Sensors 120 Such as contact Switches are 
provided on opposing Sides of the wheel 30 and the carriage 
100. Contact Switches 120 sense when Scroll wheel 30 has 
been tilted to a predetermined position indicating that the 
wheel 30 had been tilted. In other arrangements of the 
invention, not depicted, the Sensors for detecting the tilting 
motion of the wheel 30 via the sliding motion of the carriage 
100 include Strain gauges, force plates, and pressure Sensors 
to determine the lateral displacement of the carriage 100. 
0043 FIGS. 8-10 show embodiments of a tilting carriage 
100. The tilting carriage 100 is mounted for limited pivotal 
movement and Such may be accomplished by coupling the 
carriage 100 to one (for cantilever mounting) or front and 
back rotatable shafts 130 and 131. Each shaft 130 and 131 
is mounted for rotational movement within a respective 
support such as block 135 and 136. In response to the scroll 
wheel 30 being pivoted at its portion that extends outside of 
the housing 11, the side of the wheel 30 that the force was 
applied, pushes the inside wall 102 of the carriage near the 
bottom of the wheel 30 in the same rotational direction 
relative to the pivot of the wheel 30. As the carriage is 
pivotally mounted via its shafts 130 and 131 the carriage is 
rotated in the same rotational direction. The tilting carriage 
100 and the scroll wheel 30 preferably rotate about the same 
XS. 

0044) Regarding FIG. 8, the tilting carriage 100 is 
coupled to a rotation Sensing potentiometer 140. The poten 
tiometer 140 Senses amount of angular displacement of the 
carriage shaft and provides an electrical resistance value 
accordingly. In an exemplary embodiment, the rotational 
potentiometer 140 is within the support 135. 
004.5 FIG. 9 shows another exemplary embodiment 
where the tilting of the scroll wheel 30 to a particular degree 
(in either direction) will engage a discrete contact Sensor 140 
Such as contact Switches provided on opposing Sides of the 
wheel 30 and the carriage 100. For the pivoting carriage 
arrangement of FIG. 9, contact switches 140 are provided 
on opposing sides of the wheel 30. Contact switches 140 
sense when scroll wheel 30 has been tilted to a predeter 
mined angular position indicating that the wheel30 had been 
tilted. 

0046. In other arrangements of the invention, not 
depicted, the Sensors for detecting the tilting motion of the 
wheel 30 via the pivotable motion of the carriage 100 
include Strain gauges, force plates, and pressure Sensors to 
determine the pivoting displacement of the carriage 100. 
0047 FIG. 10 shows another embodiment of a sensing 
System for the tilting carriage 100, including a rotary 
encoder 150 and an optical coupling pair 153 and 154. Of the 
optical pair elements, one is a light Source 153 and the other 
is a light sensor 154. The 150 encoder need not be a full disk 
and/or the blades thereon 155 need not extend 360 because 
the wheel 30 only preferably tilts to a range of 45 degrees 
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in either direction. AS with the functioning of the encoder 
described above, the pivoting of the carriage 100 rotates the 
shaft 130, 131 and the encoder 150 mounted thereto. The 
spaced light blocking elements 155 periodically block the 
path of light and pulses are picked up each time a blade 
blocks the light path. 
0.048. A system 90 for physically biasing the carriage 
100, and accordingly also the wheel 30 to a position in a 
neutral Zone, i.e., a central neutral position, within the 
spacing of the gaps 104, is also preferably used. With a 
carriage 100 mounted for linear slidable movement, such as 
shown in FIGS. 6 and 7, the biasing system 90 preferably 
includes one or more linear Springs 114. The linear Springs 
114 apply a force on the carriage 100 to urge it toward a 
neutral position. The Spring or SpringS 114 can be part of or 
Separate from the Sensors used Such as the potentiometer 110 
or a Strain gauge. Alternatively, other Spring biasing Systems, 
Such as leaf Springs, could be used. 
0049. With a carriage 100 mounted for pivotal move 
ment, such as shown in FIGS. 8-10, the biasing system 90 
preferably includes one or more rotational/torsion Springs, 
not numbered. The rotational Springs apply a rotational force 
on the carriage 100 to urge it toward a neutral position. The 
Spring or Springs, not numbered, are preferably mounted 
within on of the shaft support blocks 135 or 136, and can be 
part of or separate from the rotational potentiometer 110. 
0050 FIG. 11 shows an enlarged view of the relationship 
of the scroll wheel 30 to the top of the housing 11 of the 
mouse 6 and its opening 15. The lateral spacing of the 
opening 15 provides the desired angular clearance to give 
the scroll wheel 30 the desired range of motion to laterally 
pivot. Additionally, the scroll wheel 30 may have a portion 
160 extend in a contoured manner inside the housing to more 
closely match the contour of the housing and to minimize the 
gap between the opening 15 and the wheel 30 during the full 
range of motion of the wheel30. Alternatively, a shutter type 
device may be used to minimize the gap between the 
opening 15 and the scroll wheel 30 
0051 FIG. 12 illustrated another exemplary embodiment 
of the scroll wheel assembly 10. In this arrangement, the 
scroll wheel 30 also provides the function of being a 
Z-Switch actuator Such that the depression of the Scroll 
wheel 30 activates a Switch 185. Springs may by mounted 
under supports 55 and 56 to permit the system to slightly 
“floaf. Different arrangements may be used to provide the 
downward movement of wheel 30. In one arrangement, the 
front Support 135 includes multiple portions pivotably 
coupled about a laterally oriented hinge. Alternatively, as 
shown, the front shaft 130' may be designed to permit a 
small degree of downward flexing. A contact switch 185 
may be mounted beneath a desirable portion of the assembly 
10 Such as the carriage 100. In operation, pressing down 
ward on the scroll wheel 30 causes the carriage 100 to 
contact Switch 185 and activate a signal. 
0.052 In operation, when the user wants to scroll the 
image 1 on the display Screen 2 in multiple directions along 
multiple axes 4, 5, he or she will both rotate and/or laterally 
pivot the scroll wheel 30 relative to the mouse 6 to produce 
Vertical and/or lateral Scrolling, respectively. When the 
wheel 30 is rotated by the user, its shaft 50 moves with it, 
and the rotational motion is Sensed by a rotational movement 
Sensing System 70, and the image 1 is Scrolled in either a 
positive or a negative vertical direction that extends parallel 
to the Y-axis 5, i.e., either up or down. Any known Sensing 
System may be used. AS illustrated and described, this 
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rotational movement Sensing System 70 can include a light 
Source 73, an encoder wheel 72, and a light detector 74. 
Blades 75 on the encoder wheel periodically obstruct the 
light beam when the wheel30 is rotated. The detector senses 
these obstructions and is coupled to a controller 11 to 
generate and relay a Signal to the host computer 8 to Scroll 
the image in the Y-direction up or down. 
0053 Laterally pivoting the scroll wheel 30 causes the 
wheel 30 to move relative to the shaft 50 due to the coupling 
of the ball joint 60. A carriage 100 is disposed relative to the 
scroll wheel 30 such that laterally pivoting of the scroll 
wheel 30 causes the carriage 100 to move, either linearly 
slide or pivot. A tilt sensing system 80 detects such move 
ment and causes a signal to be sent to affect horizontal 
scrolling. A tilt biasing system 90 urges the scroll wheel 30 
towards a neutral position. 
0054 The horizontal scrolling may be affected in a 
number of ways in response to a Sensor detecting the lateral 
pivotable movement of the wheel 30. In a first embodiment, 
the image 1 will Scroll acroSS the Screen 2 at a constant, 
predetermined Speed, i.e., panning. The Scrolling Speed may 
be programmed, Set, or changed by a user via any known 
technique. Alternatively, the horizontal Scrolling may be 
time sensitive to the tilting of the wheel30. For example, the 
scrolling may be at a first speed when the wheel 30 is 
laterally displaced for a first period of time. If the wheel 30 
is laterally displaced longer than that first period of time, the 
Scrolling Speed may be increased. In another arrangement, 
lateral Scrolling can be detected and controlled when lateral 
movement reaches a specified pressure or distance, as deter 
mined by pressure or displacement Sensors. With the use of 
Sensors in this arrangement, the Sensed pressure or displace 
ment can also be used to determine the rate of horizontal 
Scrolling. The pressure related Sensing could be accom 
plished by the use of preSSure Sensors with continuous 
Sensing capabilities and by Sensing the continuous preSSure 
level, or by the use of pressure Sensors with discrete Sensing 
and the determination of one or more levels of pressure. 
0055 While the scroll wheel assembly 10 is preferably 
used to cause Scrolling in the horizontal direction, it may 
also be used to provide Single commands other than "Scroll 
right” and "scroll left'. For example, like with some keys on 
mice and keyboards, these commands may be program 
mable. Thus, moving the rotatable member of the scroll 
wheel assembly 10 to the left can activate a pre-programmed 
command such as “BACK', and moving the rotatable mem 
ber to the right can activate a pre-programmed command 
Such as “FORWARD.’ 

0056 Further, with the use of Such a wheel, and modifier 
keys that create the ability to modify the input from the 
wheel, it is possible to control document Zooming or other 
non-Scrolling actions if desired. For example, the combined 
actions of the Alt and Y keystrokes and manipulation of a 
Scroll wheel controls Zooming in and out. If desired, the 
combination of modifier keys in combination with sliding 
the Scroll wheel horizontally could be used to angularly 
rotate an image on the display, Such as a drawing object. In 
Such an example, the horizontal displacement of the wheel 
can affect the amount of angular rotation and/or the Speed of 
the rotation. 

0057. It is understood that while the forms of the inven 
tion herein shown and described include the best mode 
contemplated for carrying out the present invention, they are 
not intended to illustrate all possible forms thereof. It will 
also be understood that the words used are descriptive rather 
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than limiting, and that various changes may be made without 
departing from the Spirit or Scope of the invention as claimed 
below. For example, even though the above discussed 
embodiments use the rotation of the wheel 30 to vertically 
Scroll and the translation and/or laterally pivoting of the 
wheel 30 to horizontally scroll, it is possible that these 
functions be reversed so that rotation of the wheel 30 about 
shaft 50 results in horizontal. Additionally, the directions 
that the image is Scrolled according to the present invention 
can include both X and Y components. Additionally, the 
Scroll wheel 10 according to the present invention is not 
limited to a specific type of peripheral device. Further, while 
not illustrated or Specifically described, a detent System may 
be provided to make the rotation of the wheel 30 occur at 
desired increments. 

0.058 Thus, while there have been shown and described 
features of the present invention as applied to preferred 
embodiments thereof, it will be understood that various 
omissions and Substitutions and changes in the form and 
details of the devices illustrated, and in their operation, and 
in the method illustrated and described, may be made by 
those skilled in the art without departing from the spirit of 
the invention as broadly disclosed herein. 
What is claimed is: 

1. A computer input device, comprising: 
a Scroll wheel; and 
a ball joint, said scroll wheel coupled to the ball joint 

permitting movement of the scroll wheel with the ball 
joint in a first direction and movement of the Scroll 
wheel with respect to the ball joint in a Second direction 
different from the first direction. 

2. The computer input device of claim 1, wherein Said 
Scroll wheel is coupled to the ball joint permitting rotational 
movement of the scroll wheel with the ball joint in the first 
direction and pivotable movement of the scroll wheel with 
respect to the ball joint in the Second direction. 

3. The computer input device of claim 2, further com 
prising housing, and an aperture located in the housing, the 
Scroll wheel extending through the aperture to permit 
manipulation by a user, Said ball joint being Substantially 
disposed within the housing. 

4. The computer input device of claim 2, wherein said ball 
joint includes an outer Surface and Said Scroll wheel includes 
an inner Surface interfacing with the outer Surface of the ball 
joint. 

5. The computer input device of claim 2, further com 
prising a first protruding pin and a corresponding first guide 
slot, wherein one of said scroll wheel and said ball joint 
having the first protruding pin and the other said Scroll wheel 
and Said ball joint having the corresponding first guide slot. 

6. The computer input device of claim 2, wherein Said 
computer input device is an electronic mouse. 

7. The computer input device of claim 2, further com 
prising a tilt Sensor for Sensing the tilt of the Scroll wheel. 

8. The computer input device of claim 7, wherein said tilt 
Sensor includes a binary Switch. 
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9. The computer input device of claim 7, wherein said tilt 
Sensor includes a potentiometer. 

10. The computer input device of claim 7, said tilt sensor 
includes an encoder and an optical Sensor. 

11. The computer input device of claim 10, wherein the 
optical Sensor comprises a light Source and a light Sensor, the 
light Source providing light to the light Sensor in an axis 
parallel to an axis of Said Second direction and wherein the 
encoder rotates in relation to the optical Sensor when the 
Scroll wheel is moved in the Second direction. 

12. The computer input device of claim 1, wherein the ball 
joint is comprised of two Semicircular elements. 

13. A computer input device, comprising: 
a Scroll wheel; 
a rotational axle forming an axis of rotation for the Scroll 

wheel; wherein said scroll wheel is coupled to the axle 
Such that a rotational force applied to the Scroll wheel 
will cause the axle to rotate with the Scroll wheel and 
that a lateral force applied to the Scroll wheel will cause 
the scroll wheel to pivot relative to the axle. 

14. The computer input device of claim 13, wherein said 
computer input device is an electronic mouse. 

15. The computer input device of claim 13, further 
comprising a tilt Sensor for Sensing the tilt of the Scroll 
wheel. 

16. The computer input device of claim 15, further 
comprising a biasing device for urging the Scroll wheel 
towards a neutral position. 

17. The computer input device of claim 13, wherein said 
wheel is mounted for downward displacement to Serve as an 
actuatOr. 

18. A computer input device, comprising: 
a housing, Said housing having an aperture therein; 
a Scroll wheel disposed within the housing and having a 

portion extending through the aperture permitting end 
less rotational and limited tilting movement of the 
Scroll wheel relative to the housing, 

a rotational axle, wherein Said Scroll wheel is coupled to 
the axle Such that a rotational force applied to the Scroll 
wheel will cause the axle to rotate with the Scroll wheel 
and that a lateral force applied to the scroll wheel will 
cause the Scroll wheel to pivot relative to the axle; 

means for Sensing the rotation of the Scroll wheel; 
means for Sensing the angular displacement of the Scroll 

wheel. 
19. The computer input device of claim 18, further 

comprising means for biasing the Scroll wheel towards a 
neutral position. 

20. The computer input device of claim 11 wherein the 
rotation of the encoder in relation to the optical Sensor 
causes light from the light Source to be periodically blocked 
from the light Sensor. 
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