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[57] ABSTRACT

A touch sensitive control device translates touch loca-
tion into output signals. The device includes a substrate
which supports first and second interleaved, closely
spaced, nonoverlapping arrays of conductive plates.
The plates are aligned in rows and columns so that
edges of each plate of one array are proximate to but
spaced from the edges of plates of the other array. The
plates of each column of the first array are connected
together and the plates of each row of the second array
are connected together. An insulating layer overlies the
firsi and second arrays so that when the outer surface of
the insulating layer is touched, the capacitance of at
least one of the columns of plates of the first array and
the rows of plates of the second array underlying the
insulating layer at the location being touched exhibits a
change of capacitance with respect to ambient ground.
The columns of the first array and the rows of the sec-
ond array are periodically connected on a multiplexed
basis to a capacitance measuring circuit. Based upon the
measured capacitance of each column of the first array
and row of the second array, the microcomputer pro-
duces output signals which represent the coordinates of
the location being touched. These output signals can be
used, for example, to control the position of a cursor on
a display screen or to make selected function com-
mands.

18 Claims, 7 Drawing Figures
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1
TOUCH SENSITIVE CONTROL DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to touch sensitive de-
vices. In particular, the present invention relates to a
device which responds to the touch of a finger tip to
move a cursor, make function commands, or provide
control signals to computers or other electrical equip-
ment.

2. Description of the Prior Art

With the ever-increasing popularity of computers,
there has been considerable effort expended in develop-
ing new devices for interaction between the operator
and the computer. At the present time, most of the
interaction between the operator and the computer is
performed through a keyboard and a display screen.

Functions such as editing and menu selection nor-
mally utilize a cursor which appears on the screen and
is controlled by an input device. In some computers,
movement of the cursor is performed by a set of keys
which control movement of the cursor in vertical and
horizontal directions on the screen. The use of keys for
cursor control, however, is relatively slow and inconve-
nient.

Joy sticks have also been used for cursor control in
computers as well as video games. Joy sticks, however,
require movable mechanical parts which tend to wear
out with time.

Another form of cursor control which has found
increasing popularity is the “mouse”, which is a small
hand-held device which is moved by hand over a sur-
face and which, as a result of that movement, provides
cursor control signals which cause movement of the
cursor on the display screen. The mouse also normally
contains one or more programmable buttons which
allow the operator to select a particular function to be
performed as a result of the cursor movement.

At the present time, there are two general types of
“mouse” products commonly in use. The first is the
mechanical mouse in which a ball or a pair of orthogo-
nal wheels are turned as a result of movement of the
mouse over a working surface. The revolutions of a
shaft attached to either the wheels or the ball are
counted to provide an indication of incremental hori-
zontal and vertical movement. While a mechanical
mouse offers relatively high speed and high accuracy
cursor movement, it also suffers from a number of dis-
advantages. In particular, the mechanical mouse has
moving mechanical parts which tend to break or wear
out. In addition, there is a tendency for dust to be
picked up and accumulate in the motion sensing mecha-
nism, which can affect the accuracy of the commanded
movements of the cursor and ultimately result in mal-
function and failure of the mouse.

The second type of mouse is the optical mouse, which
does not require moving mechanical parts. The optical
mouse, however, requires a specially designed pad
which is marked with a grid of dots or lines. As the
optical mouse is moved over this grid, it optically senses
the lines or dots of the grid to produce cursor command
signals representing X and Y coordinates of the cursor
on the display screen. Although there are no moving
parts in the optical mouse, it still has drawbacks. First,
the movement of the optical mouse over the pad surface
can result in wear. In addition, like the mechanical
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mouse, the optical mouse requires a considerable
amount of desk surface in order to operate.

Another type of cursor control device which has
been proposed uses an array of membrane switches
which respond to the pressure of a finger. This type of
pressure sensitive touch control device, however, re-
quires considerable pressure by the operator’s finger in
order to produce movement of the cursor on the screen,
and therefore cannot reliably sense the light sweep of a
finger across its surface. This effectively limits the speed
of the device.

Other types of cursor control devices have also been
used in the past. One of these devices is the touch
screen. In this device, the operator’s finger can com-
mand certain functions or cursor movement by touch-
ing selected areas of the screen. One advantageous form
of touch screen is described in U.S. Pat. No. 3,636,409
by Norman J. Braaten. In this device, transparent con-
ductive pads are deposited on the surface of the display
screen. When a person touches one of the conductive
pads, an increase in capacitance occurs which is sensed
by the change in frequency of an oscillator circuit. The
oscillations corresponding to the various pads are
counted and compared to a threshold value to provide
an indication of which, if any, of the pads has been
touched.

While the touch screen has proved to be very effec-
tive in many applications, it too has some drawbacks. In
particular, the touch screen requires that the operator
lift his arm in order to touch the screen. This can result
in fatigue if done for a long period of time. In addition,
the touching of the screen with the operator’s finger can
result in the screen surface becoming smudged over a
period of time.

There is a continuing need for improved cursor con--
trollers which are relatively compact, accurate and easy
to use.

SUMMARY OF THE INVENTION

The present invention is a touch sensitive device
which translates a location which is touched by an
operator’s finger into output signals. The device of the
present invention includes a substrate which supports
first an second interleaved, closely spaced, nonoverlap-
ping arrays of conductive plates and an insulating layer
which overlies the first and second arrays. The plates of
each array are aligned in a plurality of rows and a plu-
rality of columns, so that the plates of each array have
edges which are adjacent to, but spaced from edges of
the other array. The plates of each column of the first
array are connected together as are the plates of each
row of the second array. When an operator touches the
outer surface of the insulating layer, capacitance of at
least one of the columns of plates of the first array and
at least one of the rows of plates in the second array
underlying the insulating layer at the location being
touched exhibit a change of capacitance with respect to
ambient ground. The device of the present invention
converts this change in capacitance to output signals by
measuring capacitance of each column of the first array
and each row of the second array, and providing the
output signals as a function of the rows and columns
which exhibit a predetermined change in measured
capacitance. These output signals preferably represent
X and Y coordinates of a desired cursor position. By
moving his finger, the operator can change the output
signals to cause movement of the cursor.
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In preferred embodiments of the present invention,
each column of the first array also includes a plate hav-
ing at least a portion which is not adjacent to a plate of
the second array. These additional plates are used to
provide function control output signals. When the oper-
ator touches an area of the insulating layer overlying
one of the additional function control plates, a change
of capacitance occurs at one or more of the columns,
but no corresponding change in capacitance occurs at
any of the rows of the second array. The function con-
trol output signals are provided based upon changes in
capacitance of one or more of the columns without a
corresponding change of capacitance of one of the
rOws.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a perspective view showing the touch sensi-
tive device of the present invention in use controlling
the location of a cursor on a video display screen.

FIG. 2 is a perspective view (with portions broken
away) of the touch sensitive device of the present inven-
tion.

FIG. 3 is a top plan view showing the arrays of con-
ductive plates used in the touch sensitive device of the
present invention.

FIG. 4 is a partial top view showing the interconnec-
tion of the conductive plates in rows and columns.

FIG. 5 is an electrical block diagram of a preferred
embodiment of the present invention in which the touch
sensitive device is used to provide cursor control and
function control output signals to a computer.

"~ FIG. 6 is an electrical block diagram of another em-

“bodiment of the present invention in which the touch
sensitive device is used to control the operation of an
array of lights.

FIG. 7 is a top plan view of a portion of the arrays of
rows and columns of plates of the touch sensitive device
illustrating possible relative positions of a finger with
respect to the rows and columns.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 shows the use of touch sensitive device 10 of
the present invention in controlling the location of cur-
sor 12 which appears on screen 14 of video display 16.
As illustrated in FIG. 1, the position of cursor 12 on
display screen 14 is controlled by an operator by touch-
ing cursor control touch pad 18 with finger 20. Touch
sensitive device 10 senses the proximity of finger 20 and
provides cursor control output signals through cable 22
to digital computer 23 (shown in FIG. §) which in turn
controls the operation of video display 16.

In the particular embodiment shown in FIG. 1, cur-
sor 12 is in the form of a circle which appears on screen
14 within a region bounded by rectangle 24. In this
example, rectangle 24 represents the area of screen 14
within which touch sensitive device 10 is currently
controlling movement of cursor 12. As finger 20 is
moved to one of the edges of touch pad 18, rectangle 24
shifts by half of its width to permit continued movement
of cursor 12. By shifting of rectangle 24, touch sensitive
device 10 can control the position of cursor 12 with
high resolution throughout the entire area of screen 14.

As shown in further detail in FIG. 2, touch sensitive
device 10 includes housing 26 which supports substrate
28 (and which encloses the electrical circuitry of device
10 shown in FIG. 5). On an upper surface of substrate
28 (which in this embodiment is a printed circuit board)
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4
are diamond shaped conductive plates 30. The arrange-
ment of conuctive plates 30 will be described in greater
detail later with reference to FIGS. 3 and 4.

Conductive plates 30 are covered by a thin insulating
layer 32 which is, for example, an epoxy coating, a
plastic spray paint coating, or laminated Mylar. As
shown in FIGS. 1 and 2, touch pad 18 is preferably
divided in two regions: cursor control region 18A and
funtion command region 18B. When touch sensitive
device 10 senses the proximity of finger 20 in cursor
control region 18A, the sensed location of finger 20 is
converted to cursor position control signals (which
represent X and Y cursor coordinates). When touch
sensitive device 10 senses the proximity of finger 20 in
function command region 18B, it produces and supplies
a function command signal to digital computer 23
through cable 22.

In the embodiment shown in FIGS. 1 and 2, regions
18A and 18B are separated by boundary 34, which is
preferably a raised line which is visible to the operator
and which can be felt by the finger 20. This prevents the
operator from inadvertently moving the finger 20 out of
region 18A and into region 18B. In other embodiments
of the present invention, the circuitry of touch sensitive
device 10 will only accept the sensed proximity of a
finger 20 in function command region 18B if that finger
has first been lifted off of cursor control region 18A.

FIGS. 3 and 4 show substrate 28 and conductive
plates 30 of touch pad 18 in further detail. In this em-
bodiment, conductive plates 30 are thin electrically
conductive metal plates which are deposited on the top
surface of substrate 20. Plates 30 are arranged in a pair
of interleaved, closely spaced, nonoverlapping arrays.
In one preferred embodiment, plates 30 are formed of a
metal such as copper which is deposited on substrate 20
and then chemically etched to form the desired pattern.

The plates of the first array are aligned in an array of
thirteen columns and twelve rows. The individual
plates of each row (Y1 through Y12) of the first array
are interconnected so that, for example, thirteen plates
form row Y1. The interconnection between adjacent
plates of each row Y1-Y12 is provided by narrow con-
ductive interconnect sections 36. One plate in each row
Y1-Y12 contains a plated-through hole 38 which inter-
connects that row with a conductor 40 on the bottom
surface of substrate 38 (as shown in FIG. 4). Conduc-
tors 40 interconnect each row Y1-Y12 with one of the
conductive terminals 42 at the top edge of substrate 28.

The second array consists of plates arranged in thir-
teen rows and twelve columns. The plates of each col-
umn X1 through X12 are connected together by means
of plated-through holes 44 and conductors 46 which are
located on the bottom surface of substrate 28 (as shown
in FIG. 4). Each conductor 46 is connected to one of
the terminals 42 at the top edge of substrate 28.

As shown in FIG. 3, each of the plates 30 are in the
form of a diamond, except for plates 30A-30L which
form the uppermost plates of columns X1-X12. For
reference, boundary 34 is shown in phantom in FIG. 3.
The diamond-shaped plates 30 are located within cursor
control region 18A, and are used in the production of
cursor control signals representative of X and Y coordi-
nates. Plates 30A~30L, on the other hand, are located in
region 18B, and are used in the production of function
command signals.

The plates 30 within cursor control region 18A are
closely spaced and interleaved, so that each diamond
shaped plate of rows Y1-Y12 has at least two edges
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{and in most cases four edges) which are adjacent to
plates 30 of columns X1-X12. Similarly, each plate 30 of
columns X1-X12 has at least two edges (and in most
cases four edges) adjacent to plates 30 of rows Y1-Y12.

The size and spacing of plates 30 of rows Y1-Y12 and
columns X1-X12 are selected so that a finger 20, when
placed in contact with insulating layer 32, will overlap
at least one plate of one of the rows Y1-Y12 and at least
one plate of columns X1-X12. In one preferred embodi-
ment, the plates 30 of cursor control region 18A are
about one centimeter square in area each and are spaced
apart by a distance of about 0.30 millimeter to about
0.38 millimeter. For the purposes of clarity, the spacing
between plates 30 is exaggerated and not to scale in
FIGS. 3 and 4, since the spacing would be too small to
show clarity if the Figures were to scale.

The present invention senses the location of the fin-
ger 20 within cursor control region 18A or function
command region 18B by sensing a change in capaci-
tance between one or more of the plates 30 and ambient
ground. When finger 20 is placed in contact with insu-
lating layer 32 over a location within cursor control
region 18A, the presence of the finger 20 adds capaci-
tance between ambient ground and the plates of at least
one of the rows Y1-Y12 and at least one of the columns
X1-X12. The particular row or rows and the particular
column or columns at which a change in capacitance
occurs depends upon the location of finger 20 within
cursor control region 18A. In other words, the present
invention converts the location of finger 20 into X and
Y coordinates by sensing a change of capacitance in at
least one row Y1-Y12 an one column X1-X12. The
present invention does not require pressure in order to
make electrical contact (as in devices which use touch
sensitive membrane switches), because the present in-
vention senses changes in capacitance due to the prox-
imity of finger 20 and plates 30. As a result, even a light
sweep of finger 20 across cursor control region 18A
produces changing X and Y coordinates.

When an operator’s finger 20 touches function com-
mand region 18B, it overlies one or more of plates
30A-30L of columns X1-X12, respectively. This causes
a change of capacitance of one or more of the columns
X1-X12, but does not result in a corresponding change
in capacitance of any of the rows Y1-Y12. When a
change in capacitance is detected in one or more of the
columns X1-X12 without a corresponding change in a
row Y1-Y12, this indicates that finger 20 is in function
command region 18B, and results in a funcion command
signal being produced by touch sensitive device 10.
This function command signal can, for example, be a
command to execute a particular function designated by
cursor 12 on screen 14.

In other preferred embodiments, the particular func-
tion command signal produced by touch sensitive de-
vice 10 depends upon the particular row or rows from
among rows X1-X12 which exhibit a change in capaci-
tance. In that way, the location of finger 20 within
function command region 18B selects one of several
possible functions. In some embodiments in which the
particular function commands are known and fixed,
outlines and legends are printed on the surface of insu-
lating layer 32 to designate selected areas of region 18B
as particular function command “keys”.

FIG. § is an electrical block diagram of touch sensi-
tive device 10 being used to supply cursor control and
function command output signals to computer 23. In
this embodiment, touch sensitive device 10 includes
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touch pad 18, analog multiplexer 50, oscillator 52, fre-
quency divider 54, microcomputer 56 and communica-
tions interface 58.

Analog multiplexer 50 selects one of the rows
Y1-Y12 or columns X1-X12 of capacitor plates to be
connected to oscillator 52. In the embodiment shown in
FIG. 5, analog multiplexer 50 (which preferably is
formed by one or more CMOS analog multiplexers) is
controlled by microcomputer 56 to sequentially con-
nect each of the rows Y1-Y12 and columns X1-X12 to
oscillator 52 for a predetermined time period.

Oscillator 52 preferably includes a voltage controlled
oscillator which generates a squarewave output. The
frequency of the output of oscillator 52 is a linear func-
tion of the capacitance of the particular row Y1-Y12 or
column X1-X12 of the conductive plates connected to
oscillator 52 by analog multiplexer 50. The output fre-
quency of oscillator 52 is changed by the introduction
of a small additional capacitance produced by the
touching or proximity of a human finger to the insulator
layer 32 overlying that particular row or column.

In the embodiment shown in FIG. 5, frequency di-
vider 54 divides the output frequency of oscillator 52 to
bring that frequency within the range which can be
counted by the internal counter of microcomputer 56.
By the number of oscillator pulses received during a
fixed time period, an indication of frequency, and thus
an indication of capacitance of the particular row or
column connected to oscillator 52, is obtained. The use
of frequency divider 54 permits use of lower cost mi-
crocomputer components since it reduces the frequency
of the oscillator output. It can be seen, however, that
the use of frequency divider 54 is not required in all
cases, depending upon the particular microcomputer 56
which is used.

Microcomputer 56 is, in one preferred embodiment,
an Intel 8048 or 8051 single-chip microcomputer which
contains stored program memory, random access mem-
ory, general purpose input and output ports, arithmetic
unit and instruction logic, and one or more internal
counters and timers.

Microcomputer 56 causes analog multiplexer 50 to
sequentially connect each of the rows Y1-Y12 an each
of the columns X1-X12 to oscillator 52 for a predeter-
mined time period. Microcomputer 56 then counts the
number of oscillator pulses during each of the predeter-
mined periods. During initial power-up procedures, and
at other times when touch pad 18 is not being touched,
microcomputer 56 uses the counts generated by each
row and column to create a table of base line values.
During subsequent operation, microcomputer 56 com-
pares the count obtained for each row and for each
column with the corresponding base line value for that
row or column. If an area of insulating layer 32 overly-
ing that column or row is being touched, the additional
capacitance introduced by finger 20 causes a reduction
in oscillator frequency, which results in a reduced count
when that particular row or column is connected to
oscillator 52. If the comparison of the oscillator fre-
quency count to the base line value for the same row or
column indicates the proximity of finger 20, microcom-
puter 56 determines the X or Y coordinate of finger 20
based upon the particular column(s) or row(s) which
exhibits the changed frequency. Microcomputer 56
provides the X and Y coordinates to communications
interface 58.

In a preferred embodiment of the present invention,
microcomputer 56 has an internal resettable timer
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which is reset each time microcomputer 56 determines
that a change of capacitance has occurred at one of the
rows or columns of touch pad 18. If the timer reaches
zero without having been reset, this indicates that touch
pad 18 has not been touched by a finger within the
timing period of the timer (which in one embodiment is
thirty-two seconds). Microcomputer 56 then uses the
frequency counts from the various rows and columns
(which are either obtained during or immediately after
the thirty-two second interval) to create a new table of
base line values. By updating the table of base line val-
“ues, microcomputer 56 provides automatic adjustment
for environmental changes including internal compo-
nent heat, external ambient temperature changes,
changes in humidity, accumulations of dirt and grease
on insulator layer 32, or environmental electrical noise.
Table I is a table describing, in further detail, one
preferred embodiment of the operating program of

microcomputer 56.

TABLE 1

A. Start program
B. Initialize computer components and program
variables (Note 1)
. Read base line values into table for all
touch coordinate lines (Note 2)
1.  While 32 second timer less than 32
seconds (Note 3)
a. Scan all touch coordinates and
save table addresses for X and Y
coordinates whose difference from
the base line frequency is greater
than a preset threshold
(1) Scan table for touch
coincidences
(a) Output codes for touch
coincidences
(b) Reset 32 second timer
(2) Reset all touch table address
variables
b. Return to scan
2. On a 32 second basis (untouched)
determine base line accuracy and
correct or modify
3. Return for continuous operation

Note 1

Read switch settings and blish cc

point to first touch row and column.
Note 2

The Base Line procedure establishes the value of the “free-run” frequencies by
reading the untouched row and column frequencies and contructing a table of their
digital values. This table is used during the scan process as the untouched valuefrom
which the differences is calculated.

Note 3

A 32 second elapsed time function is incorporated for periodic adjustment in base
line table value. This process automatically adjusts for environmentai changes
including internal component temperature, external ambient temperature changes,
changes inhumidity, and pad contamination due to dirt and grease accumulation.

ions mode, initalize multiplexer 50 to

Communications interface 58 provides communica-
tions capability between microcomputer 56 and host
computer 23. In one preferred embodiment of the pres-
ent invention, communications interface 58 converts the
output of microcomputer 56 which is in parallel form to
standard serial data transmission format with a baud
rate and voltage level compatible with the host com-
puter.

Communication interface 58 preferably includes
switches which allow the selection of serial data format,
baud rate, and prefix and suffix code options to append
the touch coordinate codes. Communications interface
58 also accepts serial data transmission from host com-
puter 23 and retransmits the data on the output commu-
nication line of cable 26. This allows a transparent mode
when incorporating touch sensitive device 10 on most
industry standard computer terminals. In this configura-
tion interface 58 inserts codes resulting from touch pad
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8
18 having been touched into the normal communica-
tions stream from host computer 23. Host computer 23
differentiates these touch coordinate codes through the
prefix code appended to the touch coordinate codes.

Touch sensitive device 10 of the present invention,
while being particularly advantageous for providing
cursor control and function command signals to a host
digital computer, is equally applicable to other control
functions. FIG. 6 illustrates an embodiment of the pres-
ent invention in which touch sensitive device 10 is used
to control the operation of an array of lights 70 through
light control triacs switching circuit 72. Array 70 pref-
erably includes twelve individual light units 70A-70L.
The particular light or lights which are energized are
selected based upon the particular column X1-X12 of
touch pad 18 which are being touched by fingers of an
operator. Touch sensitive device 10 provides control
signals to light control triac switching circuit 72 to
energize triacs corresponding to the particular columns
X1-X12 which have been touched. When one of the
triacs is turned on, it permits AC power to be supplied
to the corresponding light 70A-70L.

In this embodiment of the present invention multiple
lights can be controlled at the same time by using more
than one finger to touch insulating layer 32 of touch pad
18. By rhythmically tapping fingers on insulating sur-
face 32, the operator can control lights 70A-70L to
flash in rhythm to music which is being played.

In a preferred embodiment of the present invention,
the horizontal coordinates which are being touched
control the lights which are energized, and the vertical
coordinates (i.e. rows Y1-Y12 of touch pad 18) control
the intensity of the lights which are turned on. In this
embodiment, communications interface 58 (shown in
FIG. 5) provides control signals to light control triac
switching circuit 72 which control the firing of the triac
to modulate the intensity of the light output based upon
the Y coordinate of the uppermost finger.

In this preferred embodiment of the present inven-
tion, function control region 18B is preferably used to
“lock on” selected lights of array 70. By touching func-
tion command region 18 over one of the plates
30A-30L, the operator selects a corresponding light
70A-70L which is to be turned on continuously.

Although the Figures illustrate particularly advanta-
geous embodiments of the present invention, it will be
understood that other embodiments of the present in-
vention are also possible. For example, although an
arrangement showing twelve rows (Y1-Y12) and
twelve columns (X1-X12) has been described, it will be
appreciated that greater or smaller numbers of rows and
columns can be used in accordance with the present
invention.

Even in those embodiments which use twelve rows
(Y1-Y12) and twelve columns (X1-X12), the resolution
of touch sensitive device 10 can in effect be the equiva-
lent of a 2323 array. FIG. 7 illustrates this unique
feature of the present invention by showing a portion of
touch pad 18 which includes columns X8 through X12
and rows Y1 through Y12. FIG. 7 shows four circles
100A, 100B, 100C and 100D which illustrate the four
possible positions of the center of the tip of the finger
with respect to the individual plates 30 forming rows
Y1-Y12 and columns X1-X12.

As shown in FIG. 7, the length and width dimensions
of each individual plate 30 are about half of the diameter
of the area (represented by circles 100A-100D) which is
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covered when finger 20 touches insulating layer 32 of
touch pad 18. In the first position illustrated by circle
100A, finger 20 is centered on a single column (XII) and
a single row (Y4). Circle 100A overlies substantially all
of two plates of column X11 and covers substantially all
of two plates of row Y4. The coordinates of circle 100A
are given, therefore, by a single column address (X11)
and a single row address (Y4).

In the second position illustrated by circle 100B,
finger 20 is centered on one column (X10) and between
two rows (Y6 and Y7). Circle 100B covers all of one
plate and parts of two other plates in column X10. It
also covers a small portion of one plate in column X9
and a small portion of a plate in column X11. The
amount of change in capacitance in column X10 is suffi-
cient to be detected, but change in capacitance in col-
umns X9 and X11 is not sufficient for detection. Circle
100B also covers most of two plates in row Y6 and most
of two plates in row Y7. Both row Y6 and Y7 will
exhibit a change in capacitance which is large enough to
be detected. The coordinates of circle 100B, therefore,
is given by a single X coordinate (X10) and bytwo Y
coordinates (Y6 and Y7). This indicates that circle 100B
is essentially centered on column X10 and on a line
between columns Y6 and Y7.

Circle 100C illustrates the third position which is
centered between two columns (X10 and X11) and
between two rows (Y8 and Y9). One plate in each of
columns X10 and X11 is almost entirely covered, and
one plate in each of rows Y8 and Y9 is essentially cov-
ered by circle 100C. The change in capacitance is suffi-
ciently large that both columns and both rows are de-
tected as being touched. The coordinates of circle 100C,
therefore, are defined by a pair of columns (X10 and
X11) and a pair of rows (Y8 and Y9).

Circle 100D illustrates the fourth position in which
circle 100D is centered between a pair of columns (X9
and X10) and is centered on one row (Y11). Sufficient
changes in capacitance occur in both columns X9 and
X10 to be detected, while only row Y11 exhibits a suffi-
. cient capacitive change to be detected. The coordinates
of circle 100D, therefore, are defined by a pair of X
coordinates (X9 and X10) and by a single Y coordinate
(Y11).

In this embodiment of the present invention, mi-
crocomputer 56 searches for and stores columns and
rows which exhibit sufficient capacitive change to be
above the threshold value. If a pair of the stored rows or
columns are adjacent to one another, microcomputer 56
determines that the position of finger 20 is centered

between the two adjacent rows or columns, and pro- -

vides an intermediate address. In effect, therefore, the
position of finger 20 is defined by a total of twenty-three
possible locations in both the X and Y dimensions. The
effective resolution of touch sensitive device 10, there-
fore, is increased by a factor of four without any change
in the pattern of plates 30.

Although touch pad 18 has been shown in FIGS. 1-4
as being formed on a flat printed circuit board substrate
28, the present invention is also applicable to substrates
which have either convex or concave curvature in ei-
ther the X or Y dimensions, or both.

In the embodiments illustrated in the Figures, all of
the conductive plates 30 are coplanar (on the front
surface of substrate 28). In other embodiments of the
present invention, however, one array of plates (for
example the plates forming rows Y1-Y12) are on a front
surface, while the plates of the other array (for example
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the plates forming columns X1-X12) are located on a
back surface of substrate 28. This arrangement is partic-
ularly advantageous if plated-through holes (like holes
38 and 44) are not possible. One such application is
where touch pad 18 is in the form of a thin glass plate
mounted on the front surface of a video display screen.
In that case, substrate 28 is a very thin glass plate (hav-
ing a thickness of on the order of about 1.25 mm to
about 2.5 mm). In these embodiments, plates 30 are
transparent conductive films, so that the screen of the
display device can be viewed through substrate 28 and
plates 30.

In those embodiments where the plates of rows
Y1-Y12 and columns X1-X12 are not actually copla-
nar, substrate 28 must be very thin, so that the rows and
columns are essentially coplanar. This is required so
that the proximity of a finger contacting insulating layer
32 over the front surface of the touch pad 18 can be
sensed by changes in capacitance of both the rows and
columns of plates 30. In addition, conductive plates 30
must not overlap to create cross talk which would make
detection of changes in capacitance due to the proxim-
ity of finger 20 difficult to detect.

In conclusion, the present invention is a device which
provides high speed and high accuracy without the
need for moving parts. The present invention is, in the
preferred embodiments, small in size and does not re-
quire movement over a tabletop, so that the amount of
table area required for use of the device is far less than
the prior art “mouse” cursor controllers.

Although the present invention has been described
with reference to preferred embodiments, workers
skilled in the art will recognize that changes may be
made in form and detail without departing from the
spirit and scope of the invention.

What is claimed:

1. A touch sensitive device for translating touch loca-
tion into output signals, the device comprising:

a substrate;

first and second interleaved, closely spaced, non-

overlapping arrays of conductive plates supported
by the substrate, the plates of each array having
edges proximate to but spaced from the edges of
plates of the other array, the plates of each array
being aligned in a plurality of rows and a plurality
of columns, the plates of each column of the first
array being connected together and the plates of
each row of the second array being connected
together;

an insulating layer overlying the first and second

arrays so that when an outer surface of the insulat-
ing layer is touched, capacitance of at least one of
the columns of plates of the first array and the rows
of plates of the second array underlying the insulat-
ing layer at a location being touched exhibits a
change of capacitance with respect to ambient
ground;

means for measuring capacitance of each column of

the first array and each row of the second array;
and

means for providing the output signals as a function

of the measured capacitances; wherein the output
signals include coordinate output signals and func-
tion command output signals; and wherein the
means for providing output signals provides coor-
dinate output signals when a change in capacitance
is measured at both a row and a column, and pro-
vides function command output signals when a
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change in capacitance is measured at a column
without a corresponding change in capacitance
being measured at a row.

2. The touch sensitive device of claim 1 wherein each
column of the first array includes a plate having at least
a portion which is not adjacent to a plate of the second
array.

3. The touch sensitive device of claim 1 wherein the
coordinate output signals represent X and Y coordi-
nates of the location being touched based upon the row
and the column at which the change in capacitance is
measured.

4. The touch sensitive device of claim 1 wherein the
function command output signals are a function of the
column at which the change in capacitance is measured.

5. The touch sensitive device of claim 1 wherein the
insulating layer has a coordinate control region overly-
ing rows of plates of the second array and the columns
of plates of the first array which are adjacent one an-
other, and has a function command region overlying the
portions of the plates of the columns of the first array
which are not adjacent a plate of the second array.

6. The touch sensitive device of claim 1 wherein the
means for measuring capacitance comprises:

oscillator means for providing an oscillator signal

" having a frequency which is a function of capaci-

tance of a row or column of plates connected to the
oscillator means;

multiplexer means for selectively connecting each

row and column to the oscillator means for a pre-
determined time period;

means for producing a capacitance value for each

row and column which is a function of the fre-
quency of the oscillator signal during the predeter-
mined time period when that row or column is
connected to the oscillator means;

means for storing a base line value for each row and

column which is representative of a capacitive
value for that row or column during a base line
period when the insulating layer is not being
touched; and

means for comparing the capacitance values with the

corresponding base line values to produce an indi-
cation of each row and column at which a change
in capacitance due to touching has occurred.

7. The touch sensitive device of claim 6 wherein the
means for storing a base line value for each row and
column updates the base line values each time a prede-
termined time interval occurs without a change in ca-
pacitance due to touching having occurred, the base
line values being updated based upon capacitance val-
ues produced during the predetermined time interval.

8. The touch sensitive device of claim 6 wherein the
means for providing output signals provides the output
signals based upon the indication of each row and col-
umn at which a change in capacitance due to touching
has occurred.

9. The touch sensitive device of claim 8 wherein the
output signals represent coordinates of locations where
touching has occurred.

10. The touch sensitive device of claim 9 wherein,
based upon the indication of each row and column of
which a change in capacitance due to touching has
occurred, the means for providing output signals deter-
mines whether a change of capacitance at two adjacent
rows has occurred and if so provides an output signal
indicating a coordinate between the two adjacent rows,
and determines whether a change of capacitance at two
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adjacent columns has occurred and if so provides an
output signal indicating a coordinate between the two
adjacent columns.

11. The touch sensitive device of claim 1 wherein the
first and second arrays are supported on a common
surface of the substrate.

12. The touch sensitive device of claim 1 wherein the
plates of the first and second arrays are diamond
shaped.

13. A touch sensitive device for translating touch
location into output signals, the device comprising:

a substrate;

a plurality of conductive plates supported by the
substrate and arranged and connected in a plurality
of rows and a plurality of columns;

an insulating layer overlying the plates so that when
an outer surface of the insulating layer is touched,
capacitance of at least one of the columns and rows
of plates underlying the insulating layer at a loca-
“tion being touched exhibits a change of capacitance
with respect to ambient ground;

oscillator means for providing an oscillator signal
having a frequency which is a function of capaci-
tance of a row or column of plates connected to the
oscillator means;

multiplexer means for selectively connecting each
row and column to the oscillator means for a pre-
determined time period;

means for producing a capacitance value for each
row and column which is a function of the fre-
quency of the oscillator signal during the predeter-
mined time period when that row or column is
connected to the oscillator means;

means for storing a base line value for each row and
column which is representative of a capacitance
value for that row or column during a base line
period when the insulating layer is not being
touched;

means for updating the base line values each time a
predetermined time interval occurs without a
change in capacitance due to touching having oc-
curred;

means for comparing the capacitance values with the
corresponding base line values to produce an indi-
cation of each row and column at which a change
in capacitance due to touching has occurred; and

means for providing the output signals based upon
the indication of each row and column at which a
change in capacitance due to touching has oc-
curred.

14. The touch sensitive device of claim 13 wherein
the output signals represent coordinates of locations
where touching has occurred.

15. The touch sensitive device of claim 14 wherein,
based upon the indication of each row and column at

. which a change in capacitance due to touching has

60

65

occurred, the means for providing output signals deter-
mines whether a change of capacitance at two adjacent
columns has occurred and if so provides an output sig-
nal indicating a coordinate between the two adjacent
columns, and determines whether a change of capaci-
tance at two adjacent rows has occurred and if so pro-
vides an output signal indicating a coordinate between
the two adjacent rows.

16. A touch sensitive device for translating touch
location into output signals, the device comprising:

a substrate;
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a plurality of touch-responsive capacitive sensors
supported by the substrate, the sensors exhibiting a
change in capacitance when touched,;

oscillator means for providing an oscillator signal
having a frequency which is a function of capaci-
tance of a sensor connected to the oscillator means;

multiplexer means for selectively connecting each of
the sensors to the oscillator means for a predeter-
mined time period,;

means for producing a capacitance value for each
sensor which is a function of the frequency of the
oscillator signal during the predetermined time
period when that sensor is connected to the oscilla-
tor means;

means for storing a base line value for each sensor
which is representative of a capacitance value for
that sensor during a base line period when the
sensor is not being touched;

means for updating the base line values each time a
predetermined time interval occurs without a
change in capacitance due to touching having oc-
curred;
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means for comparing the capacitance values with the
corresponding base line values to produce an indi-
cation of each sensor at which a change in capaci-
tance due to touching has occurred; and

means for providing the output signals based upon
the indication of each sensor at which a change in
capacitance due to touching has occurred.

17. The touch sensitive device of claim 16 wherein

the sensors are arranged in rows and columns and the

output signals represent coordinates of locations where
touching has occurred.

18. The touch sensitive device of claim 17 wherein,
based upon the indication of each row and column at
which a change in capacitance due to touching has
occurred, the means for providing output signals deter-
mines whether a change of capacitance at two adjacent
columns has occurred and if so provides an output sig-
nal indicating a coordinate between the two adjacent
columns, and determines whether a change of capaci-
tance at two adjacent rows has occurred and if so pro-
vides an output signal indicating a coordinate between

the two adjacent rows.
* * kX *
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