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(57) ABSTRACT 

A pointing device some or all of Whose elements are made 

from capacitive sensors. Such elements may include a rotary 

motion detector Which includes a rotating member and a 

plurality of ?xed capacitive detecting members; a rolling 
ball With patterned conductive surface and a plurality of 

?xed capacitive detecting members; capacitive touch sen 
sors or capacitive sWitches to serve as mouse buttons; and a 

scrolling Wheel, knob, or touch surface built from capacitive 
sensors. The pointing device further includes a capacitance 
measuring circuit and processor to measure variations of 

capacitance on the various capacitive elements and to deter 
mine the movement of and other activations of the mouse. 
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CAPACITIVE MOUSE 

[0001] This patent discloses a computer mouse imple 
mented partially or Wholly using capacitive sensors. 

BACKGROUND OF THE INVENTION 

[0002] Pointing devices are an essential component of 
modern computers. One common type of pointing device is 
the mouse. Computer mice have been Well knoWn for many 
years. US. Pat. No. 3,541,541 to Engelbart discloses an 
early mouse implementation using either potentiometers or 
Wheels With conductive patterns to measure the motion. The 
conductive patterns on these Wheels are measured by direct 
electrical contact. Direct electrical contact to moving objects 
has many Well-knoWn disadvantages, such as increased 
friction, and Wear and corrosion of contacts. 

[0003] Modern mice folloW a plan similar to that of US. 
Pat. No. 4,464,652 to Lapson et al, With a rolling ball 
mechanically coupled to optical rotary motion encoders. The 
mouse also includes one or several buttons that operate 
mechanical sWitches inside the mouse. Recent mouse 
designs also feature a Wheel for scrolling; US. Pat. No. 
5,530,455 to Gillick et al discloses a mouse With a scroll 
Wheel mechanically coupled to another optical rotary 
encoder. Such mechano-optical mice are Widely used and 
Well understood, but they do suffer several draWbacks. First, 
as moving parts they are susceptible to mechanical failure 
and may need periodic cleaning. Second, they are exposed 
to dirt, moisture and other contaminants and environmental 
effects. Third, as loW-cost mechanical devices they may be 
less sensitive to ?ne movements than fully electronic 
devices. Fourth, electromechanical sensors may be more 
expensive than purely electronic sensors. And ?fth, optical 
sensors draW a signi?cant amount of poWer due to their use 
of light emitting diodes. 

[0004] Another Well-knoWn type of mouse measures 
motion by direct optical sensing of the surface beneath the 
mouse. US. Pat. No. 4,364,035 to Kirsch discloses an 
optical mouse that Worked With patterned surfaces, and US. 
Pat. No. 5,907,152 to Dandliker et al discloses a more 
sophisticated example that Works With natural surfaces. US. 
Pat. No. 5,288,993 to Bidiville et al discloses a pointing 
device Which includes a rotating ball but measures the 
rotation of the ball by purely optical means. Optical mice 
eliminate the dif?culties associated With moving parts in the 
motion sensor, but even they must typically use mechanical 
mouse buttons and a mechanical scroll Wheel. 

[0005] Many alternatives to scroll Wheels have been tried. 
US. Pat. No. 5,883,619 to Ho et al discloses a mouse With 
a four-Way scrolling button. US. Pat. No. 5,313,229 to 
Gilligan et al discloses a mouse With a thumbactivated 
scrolling knob. US. Pat. No. 5,122,785 to Cooper discloses 
a mouse that is squeeZed to initiate scrolling. The Scroll 
Point Mouse from International Business Machines includes 
an isometric joystick for scrolling, and the ScrollPad Mouse 
from Fujitsu includes a resistive touch sensor for scrolling. 
The proliferation of such devices shoWs both that there is a 
need for a good scrolling device for use With mice, and that 
none of the technologies tried so far are completely satis 
factory. 

[0006] Capacitive touch pads are also Well knoWn in the 
art; US. Pat. No. 5,880,411 discloses a touch pad sensor and 
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associated features. Touch pads can simulate the motion 
detector and buttons of a mouse by measuring ?nger motion 
and detecting ?nger tapping gestures. Touch pads can also 
be used for scrolling, as disclosed in US. Pat. No. 5,943, 
052. Capacitive touch pads are solid state electronic devices 
that avoid many of the pitfalls of mechanical sensors. 
HoWever, many users prefer mice over touch pads for 
reasons of ergonomics or familiarity. 

[0007] Capacitive touch sensors for use as sWitches are 
Well knoWn in the art. For example, US. Pat. No. 4,367,385 
to Frame discloses a membrane pressure sWitch that uses 
capacitance to detect activation. US. Pat. No. 5,867,111 to 
CaldWell et al discloses a capacitive sWitch that directly 
detects the capacitance of the user. The circuits of the ’411 
patent already cited could also be used to implement a 
capacitive sWitch. Applications of capacitive sWitches to 
mice are relatively rare, but in the paper “Touch-Sensing 
Input Devices” (ACM CHI ’99, pp. 223-230), Hinckley and 
Sinclair disclose an experimental mouse With capacitive 
touch sensors to detect the presence of the user’s hand on or 
near various mouse controls. 

[0008] US. Pat. No. 5,805,144 to Scholder et al discloses 
a mouse With a touch pad sensor embedded in it. HoWever, 
Scholder only considers resistive and thermal touch sensors, 
Which are less sensitive and less able to be mounted Within 
the plastic enclosure of the mouse than capacitive sensors. 
Scholder suggests using the touch sensor in lieu of mouse 
buttons, but does not consider the use of the touch sensor for 
scrolling. 

[0009] The purpose of the present invention is to create a 
device With the familiar form and function of a mouse, 
Wherein some or all of the mechanical functions of the 
mouse have been replaced by capacitive sensors. 

SUMMARY OF THE INVENTION 

[0010] The present invention is directed toWard a pointing 
device similar to a conventional mouse, but some or all of 
Whose elements are made from capacitive sensors. Such 
elements may include a rotary motion detector Which 
includes a rotating member and a plurality of ?xed capaci 
tive detecting members; a rolling ball With patterned con 
ductive surface and a plurality of ?xed capacitive detecting 
members; capacitive touch sensors or capacitive sWitches to 
serve as mouse buttons; and a scrolling Wheel, knob, or 
touch surface built from capacitive sensors. The pointing 
device further includes a capacitance measuring circuit and 
processor to measure variations of capacitance on the vari 
ous capacitive elements and to determine the movement of 
and other activations of the mouse. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1A is a side plan vieW of a mouse typical of 
the prior art. 

[0012] FIG. 1B is a top plan vieW of a mouse typical of 
the prior art. 

[0013] FIG. 2A is a schematic vieW of a typical prior art 
rotary encoder. 

[0014] FIG. 2B is a partial side plan vieW of a rotary disk 
and light detector employed by mice of the prior art. 
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[0015] FIG. 2C is a digital quadrature Waveform gener 
ated by the rotary disk of FIG. 2B. 

[0016] FIG. 2D shows an alternative Waveform to that of 
FIG. 2C. 

[0017] FIG. 3A is a schematic vieW of a rotary encoder 
that operates on capacitive principles rather than that Which 
operates on optical principles as depicted in FIG. 2A. 

[0018] FIG. 3B is a partial side plan vieW of a notched 
disk and related capacitance detector. 

[0019] FIG. 3C is a depiction of a Waveform as generated 
by the notched disk and capacitance detector of FIG. 3B. 

[0020] FIGS. 3D and 3E are depictions of Waveforms as 
generated by the notched disk and capacitance detector of 
FIG. 3B Where the capacitance plates rotate in an opposite 
direction to that of FIG. 3C. 

[0021] FIG. 4 is a partial schematic side vieW of a 
capacitive rotary encoder for use herein. 

[0022] FIG. 5 is a partial side plan vieW of a rotary 
encoder as an enhancement of the encoder depicted in FIG. 
3A. 

[0023] FIG. 6 is a partial schematic side vieW of a 
mechanism for capacitively sensing mouse motion. 

[0024] FIG. 7 is a partial schematic side vieW of a 
capacitance detector and capacitance measurement circuit 
for use herein. 

[0025] FIGS. 8A and 8B are side vieWs of typical capaci 
tive sWitches housed Within a mouse enclosure. 

[0026] FIG. 9 is a partial schematic side vieW of a 
scrolling Wheel, capacitive rotary encoder and processor for 
use herein. 

[0027] FIG. 10 is a partial schematic vieW of a further 
version of a capacitive scrolling control for use in the present 
invention. 

[0028] FIGS. 11A through 11D are side and top plan 
vieWs, respectively, of a mouse enclosure shoWing plates for 
capacitive sensing. 

[0029] FIGS. 12A through 12E are side vieWs of sensors 
mounted for use herein. 

[0030] FIGS. 13A through 13D are schematic vieWs of 
alternative patterns for sensors for use herein. 

[0031] FIG. 14 is a top plan vieW of a mouse enclosure 
and scrolling area for use in creating the present capacitive 
mouse. 

[0032] FIG. 15 are graphical depictions shoWing total 
summed capacitance signal over time in employing the 
capacitive mouse of the present invention. 

[0033] FIGS. 16A through 16C are graphical depictions 
of the coasting feature of the present invention. 

[0034] FIG. 17 is a side vieW of a mouse enclosure 
housing the capacitive features of the present invention. 

[0035] FIG. 18 is a schematic vieW of a scrolling module 
for use as a component of the present capacitive mouse. 
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DESCRIPTION OF PREFERRED EMBODIMENT 

[0036] For reference, FIG. 1A shoWs the elements of a 
conventional prior art mouse 100 in side vieW. Enclosure 
102, typically of hard plastic, forms the body of the mouse. 
Ball 104 protrudes from the bottom of enclosure 102 
through a small hole. Motion of the mouse over a ?at surface 
causes ball 104 to rotate; this rotation is measured by rotary 
encoders 106. Typically tWo rotary encoders are used to 
measure motion of the mouse in tWo orthogonal axes. 
Buttons 108 form part of the top surface of enclosure 102. 
Finger pressure on buttons 108 is detected by sWitches 110 
mounted beloW the buttons. Scroll Wheel 112 is mounted 
betWeen buttons 108; its rotation is measured by rotary 
encoder 114. Inputs from rotary encoders 106 and 114 and 
sWitches 110 are combined by processor 116 and transmitted 
to a host computer via cable 118. 

[0037] FIG. 1B shoWs the same mouse 100 in top vieW, 
featuring enclosure 102, ball 104, buttons 108, scroll Wheel 
112, and cable 118. 

[0038] FIG. 2A shoWs a typical prior art rotary encoder 
200. Rotation of ball 202 causes shaft 204 to spin, thus 
rotating notched disc 206. Light emitter 208 passes light 
beam 214 through the notches of disc 206 to light detector 
210. As disc 214 spins, the pattern of signals from detector 
210 alloWs processor 212 to deduce the direction and speed 
of rotation. Note that shaft 204 is excited only by rotation of 
ball 202 about an axis parallel to shaft 204. By mounting a 
second rotary decoder (not shoWn) perpendicular to rotary 
decoder 200, rotation of ball 202 about tWo axes, and hence 
motion of the mouse in a tWo-dimensional plane, can be 
detected. 

[0039] FIG. 2B shoWs a detail vieW of notched disc 206 
and light detector 210. Detector 210 actually contains tWo 
light sensitive elements 220 and 222 spaced closely together 
relative to the spacing of notches 224. As disc 206 rotates in 
the direction indicated by arroW 226, light sensitive ele 
ments 220 and 222 are ?rst both exposed to light through 
notch 224, then element 220 is eclipsed by the body of disc 
206, then element 222 is also eclipsed, then element 220 is 
exposed to light through adjacent notch 228, then element 
222 is also exposed to light through notch 228. Sensors 220 
and 222 thus generate the digital quadrature Waveform 
shoWn in FIG. 2C over time. If disc 206 rotates in the 
direction opposite arroW 226, the sensors are eclipsed in the 
opposite order and they generate the digital Waveform 
shoWn in FIG. 2D. By digitally reading the outputs of light 
sensors 220 and 222 and decoding the quadrature signals 
therein, the processor can determine the direction and 
amount of motion of disc 206. 

[0040] In an alternate embodiment, light sensitive ele 
ments 220 and 222 can be separated and placed at analogous 
positions Within tWo distinct notch positions of disc 206. 
This embodiment is preferable if the light sensors 220 and 
222 are too large to be placed closely together; the disad 
vantage is that it is more difficult to align sensors 220 and 
222 precisely relative to one another. 

[0041] FIG. 3A shoWs a rotary encoder 300 that operates 
on capacitive instead of optical principles. Ball 302 spins 
shaft 304 and notched disc 306. Shaft 304 and disc 306 are 
made of a conductive material such as metal, and the 
assembly consisting of shaft 304 and disc 306 is electrically 


















