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MULTIMODAL TOUCH SENSITIVE
PERIPHERAL DEVICE

This application is a continuation of application Ser. No.
08/539,269, filed Oct. 11, 1995, now abandoned which is a
continuation of Ser. No. 08/261,211, filed Jun. 15, 1994 now
abandoned which is a continuation of Ser. No. 07/614,022,
filed Nov. 16, 1990, now abandoned which is a continuation
of Ser. No. 07/430,961, filed Nov. 1, 1989, now abandoned
which is a continuation of Ser. No. 07/056,039, filed Jun. 1,
1987, now abandoned which is a continuation of Ser. No.
06/904,752, filed Sep. 5, 1986, now abandoned which is a
continuation of Ser. No. 06/675,658, filed Nov. 28, 1984,
now abandoned.

BACKGROUND OF THE INVENTION

The present invention relates generally to the field of
computer peripheral devices, and more particularly, is
directed to a multimodal touch sensitive peripheral device
which greatly enhances the input of information to a com-
puter system.

In most general purpose computer systems, commands
and data are entered to the system from a typewriter-style
keyboard and information from the system is displayed on a
CRT display or printed on a hard copy printing device.
Where a CRT is used, the computer normally indicates the
current entry position by displaying a distinctive marker
called a cursor on the CRT screen. The cursor can take
several forms but is usually a flashing underscore or rect-
angle or a graphical type pointer such as an arrow. The
position of the cursor may be controlled in a number of
ways. In some systems, a particular keystroke, or combina-
tion of keystrokes, is interpreted by the computer as a
command to move the cursor to the right, left, up or down.
Depending on the system and/or the particular software
being used at a time, the cursor may be moved in increments
of a single character position, an entire word, line, paragraph
or pixel. In many systems, special keys are devoted to these
functions and are usually located in a keypad separated from
the typewriter keyboard.

Some systems also provide for a pointing device which
can be used by the computer to control the location of the
cursor on the CRT. Such devices include joysticks, paddles,
light pens, touch panels, touch screens, and so-called
“mice”. All of these devices enable an operator to “point” at
a position on the display where the cursor is to be located.

Joysticks and paddles are perhaps the most widely known
pointing devices due to their widespread use in video games.
These devices are usually of the analog or fixed axis type.
The simplest analog joysticks comprise a pair of potenti-
ometers mechanically coupled to a movable handle at right
angles to each other. The potentiometers form part of a
voltage divider network and as the handle is moved, provide
analog signals representing the X and Y coordinate position
of the handle. The analog signals may then be converted to
digital form for processing by a computer to locate the
cursor. The cursor, or other point of interest, can therefore be
positioned on the CRT by manipulating the handle. The fixed
axis type of joystick is usually comprised of a handle
mechanically coupled to a plurality of switches. Each switch
represents an axis and direction of movement of the handle.
In a 8-axis joystick, 4 switches are provided which indicate
handle movement along a vertical, a horizontal and two-
diagonal axes. Paddles are similar in operation to joysticks
but usually provide a signal indicating movement of the
paddle along one axis.
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2

One example of a joystick known in the prior art is
disclosed in U.S. Pat. No. 4,313,277 issued in the name of
Eder. The Eder joystick provides a pair of 4 bit logic signals
which represent the X and Y coordinate axis of the joystick
handle. These signals are continuously scanned by an inte-
gral microcomputer along with the logic output signals from
a small keyboard. The scanned signals are serially transmit-
ted as a modulated infrared light signal to a receiver attached
to a computer for demodulation and processing.

Light pens, touch screens and touch panels represent
another significant class of pointing devices. Light pen and
touch screens are used to detect a desired location on a CRT
screen. Light pens usually have a switch in their side or tip
which the user activates when the pen is positioned at the
desired location on the CRT screen. The light pen then
monitors when the pixel under the pen comes on. Based on
a reference time signal, the location of the pixel on the CRT
screen can then be determined. Touch screens use some form
of overlay on the CRT screen which when touched, indicate
to the host computer a corresponding location on the screen.
Touch panels provide coordinate signals which represent a
contact point on the panel. The coordinate signals are
usually based on some form of grid scheme.

Mice represent another type of pointing device which
have gained popularity with the proliferation of personal
computers. Mice sit on a flat surface, such as a table top, and
are moved about by hand. In some mouse systems, the
movement of wheels or bearings within the mouse are
coupled to switches to provide X and Y motion signals. In
other systems, the movement of wheels is used to rotate an
aperture which interrupts a beam of light to provide the X
and Y coordinate signals. U.S. Pat. No. 4,369,439 issued in
the name of Broos, U.S. Pat. No. 3,541,541 to Engelbart and
U.S. Pat. No. 3,541,521 to Koster disclose mice of the first
category while U.S. Pat. No. 4,464,652 issued in the name
of Lapson discloses a mouse of the latter category.

Another type of mouse uses a glass grid. A light source
inside the mouse is directed toward the grid to determine
how many grid lines the mouse crosses as it is moved. This
information is then provided to the host computer.

While the above described pointing devices aid in the
positioning of the cursor on the CRT screen, they are
deficient in a number of areas. For example, analog joysticks
are difficult to control, have low resolution and cannot be
used to draw straight lines on a CRT screen. Fixed axis
joysticks cannot be used to draw complex curves, are slow
to move from one place to another and their speed cannot be
controlled. Mechanical mice require a large amount of table
space to operate, are difficult to maintain in proper
orientation, are limited in speed and also cannot be used to
draw straight lines. Moreover, mice can readily fall off the
operating surface and be damaged and are prone to collec-
tion of dirt and dust in their mechanism. Optical mice share
many of the same difficiencies as mechanical mice and also
require a special operating surface. Light pens require spe-
cial CRT monitors, are low in accuracy and are fragile in
construction. Touch screens obstruct the user’s view of the
CRT screen and require significant arm motions, and con-
comitant time delay, for their use. Thus, extended use of
touch screens is very fatiguing. Touch screens are also
difficult to use due to parallax problems. The above
described devices are also deficient in that they all require a
significant amount of supervision control and interrogation
by the host computer. Thus valuable computer time is used
to perform relatively mundane operations. Accordingly,
there is a great need in the art for a pointing device which
overcomes the above described deficiencies in prior art

TCL EXHIBIT 1023
Page 17 of 22



6,037,930

3

devices while at the same time being effective, convenient
and easy to use. Moreover, different applications require the
use of different devices. Thus, there is also a need in the art
for a universal or multimodal device to meet the needs and
desires of various users and various computer programs.

SUMMARY OF THE INVENTION

It is the overall object of the present invention to provide
a pressure sensitive multimodal peripheral device which
greatly enhances the input and control of information to a
computer system.

It is a specific object of the present invention to provide
a multimodal device which provides a plurality of useful
operating modes.

It is another specific object of the present invention to
provide a multimodal device which is easier to operate and
to interface to a host computer.

It is another specific object of the present invention to
provide an intelligent multimodal device which does not
significantly add to the overhead of the host computer.

It is still another object of the present invention to provide
a multimodal device which is relatively small in physical
size and is convenient to operate.

Manipulation of on screen data, whether graphic, words,
or numbers, is a difficult process. To move or reorient data,
which can be easily done visually, is currently an awkward
process of typing arrow Kkeys or confusing control
sequences. The present invention allows the user to link his
visual abilities to complex screen movements.

The device comprises a touch sensitive pad to which the
operator applies a light pressure in a prescribed manner to
effect cursor movement on a CRT screen or to input data to
the computer. The device has four operating modes which
may be automatically selected by the host computer or
manually selected by the user.

The four modes are defined as the mouse mode, the
absolute mode, the joystick mode and the numeric keypad
mode. In the mouse mode, the motion of the user’s finger as
it is traced across the touch sensitive pad is continuously
measured and is provided to the host computer as a change
in X and Y, and can be termed an analog input since it
integrates a series of discrete items of information which are
otherwise input of a digital form coordinates, i.e., AX and
AY. This information may be processed by the host com-
puter to perform a number of useful functions. The key
feature of the mouse mode is the ability to readily push the
cursor to a specific location on the screen. The mouse mode
does not require the user to look at the device of the
invention to exactly locate his finger. The device requires
only that the touch sensitive pad be touched somewhere and
the user’s finger be slid in the appropriate direction. Thus the
user need only realize that he wants to make a change to, for
example, a number in the upper right hand portion of the
screen, and the cursor moved to that exact place by the user
sliding his finger in the relative direction. Should the user
reach the edge of the pad before the desired point is reached,
he need only lift his finger from the pad and begin a new
trace until the point is reached.

In the absolute mode, the CRT cursor may be made to
“jump” from one position on the screen to another merely by
the user touching the corresponding point on the touch
sensitive pad. In this mode, each coordinate point on the pad
is mapped to a point on the CRT screen. The key feature of
the absolute mode is the ability to move the cursor instantly
to the location desired. It also affords the ability to trace an
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object, draw, or re-map the touch sensitive pad into function
switches for specific software.

In the joystick mode, the touch sensitive pad is divided
into a plurality of areas which represent cursor direction.
Cursor movement is controllable in terms of direction, speed
of movement and total travel distance, again input in an
analog form. To move the cursor in any of eight directions,
(up, down, right, left, and the four diagonal directions), the
operator touches the pad at a corresponding place. Location
of the user’s finger touch determines the direction of cursor
movement. Speed of cursor movement is also variable. Total
travel of the cursor is determined by the time duration of
touch. The joystick mode enables directionally stable con-
trol of cursor movement. Such directional stability is a
necessity for graphics applications. No other device in the
prior art has the combined capability of drawing a straight
line as well as complex curves and shapes. This is also useful
in operating software that has a column-row format such as
spreadsheets, accounting, financial and other business soft-
ware.

In the numeric key pad mode, the touch sensitive pad in
divided into a plurality of sections, each section representing
a numeric value or numeric key function. The pad may also
have sections which represent cursor back space and car-
riage return. Thus, the device of the present invention may
be used to represent the keypad found in calculator-style
keyboards. To enter numeric data or numeric functions to the
host computer, the user need only touch the area of the pad
assigned to the particular number or function.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a representative illustration of the various modes
of operation of the multimodal device of the present inven-
tion.

FIG. 2 is a block diagram of the multimodal device of the
present invention.

FIG. 3 is a top view of the multimodal device of FIG. 2.

FIG. 4 is a schematic diagram showing one set of driver
transistors for the touch sensitive pad used in the multimodal
device of the invention.

FIG. 5 is a schematic diagram showing all of the driver
transistors for the touch sensitive pad used in the multimodal
device of the invention.

FIG. 6 is a mechanical diagram of the top layer member
used to form the touch sensitive pad used in the multimodal
device of the invention.

FIGS. 7A and 7B are equivalent circuit diagrams for the
electrically resistive portions of the touch sensitive pad used
in the multimodal device of the invention.

FIG. 8 is a flow chart of the main control routine for the
microcontroller used in the multimodal device of the inven-
tion.

FIGS. 9-16 are flow charts of subroutines used in the
main control routine illustrated in FIG. 8.

FIG. 17Ais a schematic diagram of the multimodal device
of FIG. 2.

FIG. 17B is a schematic diagram of one example of an
interface for connecting the multimodal device of the inven-
tion to a host computer.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The present invention is directed to a touch sensitive
multimodal peripheral device which greatly enhances the
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use of a computer. The device comprises a touch sensitive
pad to which the operator applies a light pressure in a
prescribed manner to effect cursor movement on a CRT
screen or to input data to the computer. The device includes
four operating modes which may be automatically selected
by the host computer or manually selected by the user. These
modes are illustrated in FIG. 1 of the drawings and include
a mouse mode, an absolute mode, a joystick mode and a
numeric keypad mode, of which absolute and numeric
keypad are most usefully termed “digital” modes and mouse
and joystick are most usefully termed “analog” modes. For
purposes of explanation with respect to the mouse, absolute
and joystick modes, the touch sensitive pad is represented by
blocks A in FIG. 1 and the actual CRT screen in represented
by blocks B in FIG. 1. The CRT cursor is indicated by an
“X” in blocks B. With respect to the numeric keypad mode,
the touch sensitive pad is divided into a plurality of sections,
each section representing a numeric value or numeric key
function. By touching a particular section, the associated
numeric value or key function can be input to the host
computer.

In the mouse mode, the motion of the user’s finger as it
is traced across the touch sensitive pad is continuously
measured and is provided to the host computer as a change
in X and Y coordinates, i.e., AX and AY. This information
may be processed by the host computer to perform a number
of useful functions.

In the absolute mode, the CRT cursor may be made to
“jump” from one position on the screen to another merely by
the user touching the corresponding point on the touch
sensitive pad. In this mode, each coordinate point on the pad
corresponds to a point on the CRT screen. As shown in FIG.
1 for example, in order to move cursor X to point X', the
user need only touch corresponding point X' on the pad to
effect the move. The cursor can be moved to point X in a
likewise manner or by tracing the finger to point X*.

In the joystick mode, the touch sensitive pad is divided
into a plurality of areas which represent cursor direction.
This mode emulates the function of a conventional 8-axis
joystick.

In the numeric key pad mode, the touch sensitive pad is
divided into a plurality of sections, each section representing
a numeric value or numeric key function. Thus, the device
of the present invention may be used to represent the keypad
found in calculator-style keyboards. To enter numeric data
or numeric functions to the host computer, the user need
only touch the area of the pad assigned to the particular
number or function.

With reference to the block diagram shown in FIG. 2, the
construction of the multimodal touch sensitive device of the
present invention will be generally described. Each of the
elements shown in FIG. 1 are discussed in more detail below
with reference to the remaining figures.

As shown in FIG. 2, the device comprises touch sensor
pad 1 which includes a pair of close spaced parallel layers
which have superposed electrically resistive and conductive
portions. Sensor pad 1 forms a two dimensional plane
which, in combination with switch network 2, provides
analog X and Y coordinate signals representative of a
position of applied pressure in the two dimensional plane.
Sensor pad 1 will be described in more detail below with
reference to FIGS. 3-7. Sensor pad 1 is coupled to switch
network 2 which provides the appropriate bias voltages
required by the pad. As will be described below with
reference to FIG. §, the X and Y coordinate signals are taken
from the inactive surface of the pad at its connection point
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to the emitter electrodes of the PNP driver transistors. The
coordinate signals from switch network 2 are supplied to
scaling circuit 3. Circuit 3 is used to scale the coordinate
signals to a predetermined range and also includes calibra-
tion provisions for calibrating the coordinate signals. The
scaled signals are then provided to A/D convertor 6 which
converts the signals to digital form for processing by micro-
controller 8. Switch network 2 is also coupled to microcon-
troller 8. Mode/Action switches 5 comprise a plurality of
membrane switches which are a part of sensor pad 1. These
switches provide for manual selection of the operating
modes of the multimodal device and also provide manual
switch closure indications for use by the software resident in
the host computer. The switches that perform the latter
function are often called action switches. The host computer
software often interprets their closure to indicate that it is
time to perform some function. For example, in a telecom-
munications program, one could move the cursor over a
phone number and the number could automatically be dialed
when the action switch is pressed. Touch sensor on/off
detector 4 is likewise coupled between switch network 2 and
microcontroller 8. Detector 4 provides a logic signal to
microcontroller 8 which indicates whether the pad is being
touched at a particular moment. LEDs 7 are coupled to
microcontroller 8 and give a visual indication to the user of
the status of the multimodal device. Interface 9 is coupled to
microcontroller 8 and is provided as a means for interfacing
the multimodal device to computer 10. Computer 10 is a
host computer which takes its input from the multimodal
device. Computer 10, however, is not part of the present
invention and may be virtually any digital computer known
in the prior art including so-called personal or home com-
puters. Computer 10 may be driven by an interrupt system,
as is known in the art, which alerts the computer that data is
available from the multimodal device and in the present
invention such an interrupt system would be contained in
microcontroller 8 and connected to host computer 10
through interface 9.

FIG. 3 is a top view and partial mechanical diagram of the
multimodal device of the present invention showing mode/
action switches 5 of FIG. 2 (mode switches SW,—SW, and
action switches SW, and SWy) and and LEDs 7 of FIG. 2
(LED,-LED,). Also shown in FIG. 3 are the electrically
resistive layers of sensor pad 1 and their associated elec-
trodes.

Touch sensor pad 1 comprises two close spaced parallel
layers. The opposed surfaces of the layers have superposed
electrically resistive portions with a respective pair of elec-
trodes. As shown in FIGS. 4 and 6, the electrode pairs for
each layer are positioned at right angles with respect to each
other. The resistive portion of each layer is biased with a
voltage supplied by the driver circuit shown in FIG. § at a
predetermined frequency. The driver circuit comprises a first
pair of transistors, Q,—Q,, and a second pair of transistors,
Q,—Q;. The base electrodes of transistors Q, and Q, are
connected together. Transistor Q; is an NPN type and
transistor Q, is a PNP type. Thus, when one transistor
conducts, the other is cut off. The base electrodes of NPN
transistor Q, and PNP transistor Q5 are similarly connected
together. Each transistor pair (Q;—Q, and Q,—Q5) is con-
trolled by multiplexer 12 shown in FIG. § such that when
one transistor in each pair is cut off the other transistor in
each pair is turned on. This function is controlled by input
line x/y of multiplexer 12. When line X/y is at a logic LO for
example, transistors Q, and Q5 conducts and transistors Q,
and Q, are cut off. This condition reverses when input line
X/y is at a logic HI. Multiplexer 12 is controlled by micro-
controller 8.

TCL EXHIBIT 1023
Page 19 of 22



6,037,930

7

As shown in FIG. 4, transistors Q, and Q5 are connected
to the electrodes associated with the bottom layer of sensor
pad 1. Transistors Q, and Q, are likewise connected to the
electrodes associated with the top layer of sensor pad 1.
Sensor pad 1 provides X and Y coordinate signals in the
following manner. The X coordinate signal is produced by
multiplexer 12 causing transistors Q; and Q; to conduct
while transistors Q, and Q, are cut off. This causes a flow
of current through the resistive portion of the bottom layer
thereby forming a voltage gradient in the X or horizontal
direction. When pressure is applied to sensor pad 1 to point
P for example, the resistive portions of each layer comes into
electrical contact at point P. Thus the equivalent circuit
shown in FIG. 7Ais formed with resistor R representing the
resistance between the emitter electrode of transistor Q, and
point P; resistor R, representing the resistance between point
P and the emitter electrode of transistor Q,; and resistor R,
representing the resistance between point P and the emitter
electrode of transistor Q5. The X coordinate signal is taken
from the emitter electrode of transistor Q. The Y coordinate
signal is produced by multiplexer 12 causing transistors Q,
and Q, to conduct while transistors Q, and Q; are cut off.
This causes a flow of current through the resistive portion of
the top layer forming a voltage gradient in Y or vertical
direction. The equivalent circuit shown in FIG. 7B is formed
with resistor R, representing the resistance between the
emitter of transistor Q, and point P; resistor R5 representing
the resistance between point P and the emitter electrode of
transistor Q,; and R representing the resistance between
point P and the emitter electrode of transistor Q,. The Y
coordinate signal is taken from the emitter electrode of
transistor Q.

As shown in FIGS. 7A and 7B, the X and Y coordinate
signals are tapped from a voltage divider network for
processing by the device. The network comprises resistors
R,, R, and resistors Rs, Ry, respectively. The resistance
value for R, and Ry is selected such that substantially all of
the voltage is dropped across them.

The X and Y coordinate signals are coupled to multiplexer
12 which provides one or the other coordinate signal at
output terminal X/Y depending on the logic state of input
terminal X/y. Multiplexer 12 also includes input terminals for
receiving a positive and a negative voltage. These voltages
are used to drive transistors Q,—Q,, into hard saturation and
deep cut off during their conductive and cut off states,
respectively.

FIG. 8 is a flow chart of the main control routine in
firmware used to drive microcontroller 8. The routine begins
in step 1 and proceeds to step 2 where all parameters,
variables and programmable hardware are initialized. After
initialization, the routine proceeds to step 3 where the status
indicator lamps on the face of the device are flashed several
times to signal the user that the system is functioning. The
routine then moves to step 4 where a mode byte is read from
the host computer indicating the desired operating mode for
the device. In the case where the host computer is an IBM
PC, the mode byte may be read from the data buss by
parallel I/O device U2 via buss transceiver U3 shown in
FIG. 17B.

After the mode byte is read, the routine proceeds to step
5 where the mode byte is interpreted to determined the
desired operating mode. The mode byte is arbitarily assigned
to represent a particular mode. Where the mode byte rep-
resents mode “0” for example, the routine moves to block 6
where the status indicator lights are reset. The routine then
executes a return to block 4. Where the mode byte represents
mode “17, the routine jumps to block 9 where a light setting
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byte is read from the host computer and the status lamps set
and locked accordingly. The routine then returns to block 4.
Where the mode byte represents mode “2” or a “7”, the
routine jumps to block 7 and enters the mouse mode. At the
conclusion of the mouse mode, the routine executes a return
to block 4. Where the mode byte represents mode “3”, the
routine jumps to block 10 and enters the absolute or touch
screen mode. At the conclusion of the touch screen mode,
the routine executes a return to block 4. Where the mode
byte represents a mode “4” or a mode “6”, the routine jumps
to block 8 and enters the joystick or cursor key mode. At the
conclusion of the joystick mode, the routines execute a
return to block 4. Where the mode byte represents “5”, the
routine jump to block 11 and enters the keypad mode. At the
conclusion of the keypad mode, the routine executes a
routine to block 4.

FIG. 9 is a flow chart of the reset lights subroutine
identified in block 6 of FIG. 8. As shown, the control flag is
cleared, thus causing the lamp to return to its quiescent state,
usually off.

FIG. 10 is a flow chart of the lamp set and lock subroutine
identified in block 9 of FIG. 8. In block 1 of the subroutine,
a lamp settings byte is read from the host computer. In the
case where the host computer is an IBM PC, the lamp
settings byte may be read from the data buss by parallel I/O
U2 via buss transeiver U3 shown in FIG. 17B. After the
lamp settings byte is read, the status lamp control flag and
status lamps are set accordingly. The lamp lock feature
prevents the mode and corresponding status lamps from
being manually changed by the user once they are set by the
host computer termed “inhibiting” and represented in FIG.
10 as SET & LOCK LIGHTS.

FIG. 11 is a flow chart of the mouse mode subroutine
identified in block 7 of FIG. 8. In block 1 of the subroutine,
the light control flags are interrogated to determine if they
are set to indicate the mouse mode. If the status lamps are
not set, the subroutine moves to block 2 and sets the lamp
accordingly. The subroutine then proceeds to block 3. If the
light control lamps were properly set, the subroutine pro-
ceeds directly from block 1 to block 3. In block 3, a pair of
X, Y coordinates are obtained from the sensor pad. These
coordinates are provided to block 4 where they are scaled to
a predetermined range. The scaled coordinates are then
supplied to block 5. In block 5, a decision is made whether
the X, Y coordinates represent the first point since the pad
was last touched. If they do, the subroutine proceeds to block
12 where they are saved as the last entry point. If they do not,
the subroutine proceeds to block 6. In block 6, a determi-
nation is made whether the pad has just been released. If the
pad has just been released, the subroutine moves to block 7
where a “pad release” message is sent to the host computer.
In the case where the host computer is an IBM PC, the “pad
release” message may be put on the data buss by parallel I/O
device U2 via buss transceiver U3 shown in FIG. 3B. The
subroutine then moves to block 12. If in block 6, the pad is
determined not to be released, the subroutine moves directly
from block 6 to block 8 where a determination is made
whether the pad is being “touched now”. If the pad is not
being touched now, the subroutine goes to block 12, other-
wise the routine moves to block 9. In block 9, the micro-
controller computes a vector from the last X, Y coordinate
point to the present X, Y coordinate point. The subroutine
then moves to block 10 where the computed data is format-
ted for transfer to the host computer in block 11. The
subroutine then moves to block 12 where the current X, Y
coordinate is saved in temporary storage as the last coordi-
nate point.
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FIGS. 12,13, and 14 are flow charts of the subroutines for
the absolute or touch screen mode, the cursor key or joystick
mode and the numeric keypad mode, respectively. FIG. 15
is a flow chart of the subroutines used to obtain a filtered and
valid X and Y coordinate signal from sensor pad 1. FIG. 16
is a flow chart of the read subroutine used to implement the
read step in block 2 of FIG. 15. These flow charts are
believed to be sufficiently clear and understandable that
additional discussion will not be presented.
FIGS. 17A and 17B are schematic diagrams showing one
example of how the multimodal device of the present
invention may be implemented. The diagrams are sectioned
off with reference numbers corresponding to the block
diagram of FIG. 2. The component parts shown in FIGS.
17A and 17B are all well known in the prior art. For
example, U17s are comparators; Ul4 is a multiplexer such
as a 4053, U13 is a 4-bit register such as a 74L.S173A; U15
is an A/D convertor such as an 8704; U1 is a microprocessor
such as the Intel 8031; U1l and U14 are buffers such as a
741.5244; U6 and U7 are a registers such as a 741.S670; U8
is an address latch such as a 741.S373; U12 is a ROM such
as a 74L.S32 which contains the routines shown in FIGS.
8-16; U2 is a parallel I/O such as an 8255; U3 is a buss
transceiver such as a 741.S245; U4 and U5 are address
decoders such as a 74L.S136 and U16 is a divider such as a
741L.S73.
This invention has been described in detail in connection
with a preferred embodiment, but this embodiment is merely
for example only and this invention is not restricted thereto.
It will be easily understood by those skilled in the art that
other variations and modifications can be easily made within
the scope of this invention, as defined by the appended
claims.
We claim:
1. A multimodal device for providing to a host computer
coordinate signals representative of a position of contact in
a two dimensional plane, said device comprising:
a touch sensitive pad for providing at least one coordinate
signal representing the position of contact on said pad;

logic means coupled to said pad for reading and inter-
preting said coordinate signal to determine the position
of contact;

mode selection means coupled to said logic means for

enabling user selection of one of a plurality of modes
of operation of said multimodal device, said logic
means processing said coordinate signal in accordance
with said selected mode;

interrupt means coupled to said logic means and to said

host computer for alerting said host computer that said
processed coordinate signal is available for further
processing by said host computer; and

wherein said plurality of modes including at least one

digital mode providing for processing digital input
entered into said touch sensitive pad, and further
including at least one analog mode providing for pro-
cessing analog input wherein said logic means continu-
ously processes the coordinate signal corresponding to
the position of contact on said touch sensitive pad and
provides said coordinate signal as a change in coordi-
nates.

2. The multimodal device for claim 1 wherein said touch
sensitive pad comprises two close spaced parallel layers, the
opposed surfaces of said layers having superposed electri-
cally resistive portions coupled to respective first and second
electrode pairs, said resistive portions being maintained out
of electrical contact with each other until the application of
localized pressure at any point in said two dimensional
plane.
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3. The multimodal device of claim 2 further comprising
voltage means coupled to said layers for providing a bias
voltage to said first and second electrode pairs, said bias
voltage producing a voltage gradient across said resistive
portions, said voltage gradient being used to provide said
coordinate signal.

4. The multimodal device of claim 3 further comprising:

switch means coupled to said voltage means for control-

ling the application of said bias voltage to said first and
second electrode pairs and

switch control means coupled to said switch means for

controlling said switch means to apply said bias voltage
between said first electrode pair and said second elec-
trode pair at a predetermined frequency, said switch
control means receiving from said switch means and
supplying as an output therefrom a signal representing
a first coordinate in said two dimensional plane when
said bias voltage is applied to said first electrode pair
and a signal representing a second coordinate in said
two dimensional plane with said bias voltage is applied
to said second electrode pair.

5. The multimodal device of claim 4 further comprising
touch detector means coupled to said switch means and to
said logic means for producing a touch signal having a first
logic state upon the application of localized pressure at any
point in said two dimensional plane and a second logic state
upon the removal of localized pressure in said two dimen-
sional plane, a transition between said first and second logic
states while said logic means is reading said first and second
coordinate signals causing said logic means to reread said
first and second coordinate signals.

6. The multimodal device of claim 4 wherein said first and
second coordinate signals from said switch control means
are analog signals.

7. The multimodal device of claim 6 further comprising
conversion means coupled to said switch means and said
logic means for converting said analog signals to respective
digital signals, said digital signals being supplied to said
switch means.

8. The multimodal device of claim 4 further comprising
scaling means coupled to said switch means and said switch
control means, said scaling means scaling said first and
second coordinate signals to a predetermined range, said
scaled signals being supplied to said switch control means.

9. The multimodal device of claim 4 wherein said switch
means includes first and second transistor pairs, the base
electrodes of each respective transistor pair being commonly
coupled to a respective terminal of said switch control
means, the collector electrode of one transistor of said first
and second transistor pairs being coupled to said bias
voltage and the collector electrode of the other transistor of
said first and second transistor pairs being coupled to
respective said first and second electrode pairs.

10. The multimodal device of claim 1 further comprising
status display means for indicating said selected mode of
operation for said device.

11. The multimodal device of claim 1 wherein said mode
selection means can be manually controlled by the user and
can be automatically controlled by said host computer.

12. The multimodal device of claim 11 wherein automatic
control of said mode selection means by said host computer
inhibits manual control of said mode selection means by the
user.

13. The multimodal device of claim 1 wherein another of
said modes is a joystick mode and when in said joystick
mode said logic means processes the coordinate signal to
correspond to a selected one of a predetermined number of
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directions on said pad and relative speed of movement
between one position of contact on said pad and another
position of contact on said pad and provides a corresponding
coordinate signal.

14. The multimodal device of claim 1 wherein another of
said modes is a numeric key pad mode and when in said
numeric key pad mode said logic means processes the
coordinate signal to associate a selected one of a plurality of
numeric key pad functions with said coordinate signal in
accordance with the position of contact on said pad.

15. An intelligent multimodal peripheral device for pro-
viding to a host apparatus coordinate signals representative
of a position of contact in a two dimensional plane on said
device, said device comprising:

a touch sensitive pad for providing at least one coordinate
signal representing the position of contact on said pad,
said coordinate signal being provided in response to
said contact being made on said pad;
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logic means coupled to said pad for reading and inter-
preting said one coordinate signal to determine the
position of contact;

mode selection means coupled to said logic means for
selecting one of a plurality of modes of operation for
said peripheral device, said logic means processing said
one coordinate signal in accordance with said selected
mode;

output means coupled to said logic means for receiving
said processed coordinate signal; and

interrupt means coupled to said output means and to said
host apparatus for alerting said host apparatus that said
output means contains said processed coordinate signal
whereby said processed coordinate signal is made
available for further processing by said host computer.
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