
EP 0 250 931 B1 Description Background of the Invention 5     The invention
disclosed broadly relates to data processing technology and more
particularly relates to input devices for use in conjunction with visual
displays. In data processing systems, a central processor executes a
sequence of stored program instructions to process data provided by an
input device and to present the results of the data processing operations
to an output device. Data processing results can be presented in either
alphanumeric text or in graphical form 10  and a universal mechanism for
manifesting those results is by means of a visual display device such as a
cathode ray tube monitor, a gas panel display, an array of light emitting
diodes, or other types of visual display devices. Frequently, the results
presented to the user on a visual display device, will require the user to
provide additional data to the data processing system. Various types of
data input devices have been employed in data processing systems, for
example keyboard input, graphical tablet input, and various 15 forms of
display surface inputs. Human factors studies have shown that by providing
a means for inputting data on the visual display screen itself, the user
can achieve the most closely coupled interactive operations with the data
processing system. When the user responds to visual signals output at the
face of the visual display device, by inputting signals at that same visual
display surface, an accuracy and immediacy in the interaction between man
and machine can be achieved. This form of input device is easy to learn to
use 20 and seems the most natural and user-friendly to the operator.
Various types of interactive input devices for use at the display surface
have been provided in the prior art. One of the first forms of interactive
devices was the light pen, which is an optical detector provided in a
hand-held pen, which is placed against the display surface of a cathode ray
tube screen. When the dot of light represented by the scanning raster is
detected by the light pen, the coordinates of the raster dot are 25
attributed as the location of the hand-held pen. Another type of
interactive input device for use on a display surface is the mechanical
deformation membrane, which is a transparent laminate placed over the
display surface. The laminate consists of two conductor planes respectively
deposited on a flexible medium so that when the user mechanically displaces
one of the conductor planes by  a finger touch, the conductors are brought
into electrical contact with the conductors in the second plane. The
electrical resistance of the 30  conductor plane is changed as a function
of the position of the finger touch on the membrane and appropriate
electronics are provided to translate that resistance value into the
position attributed to the finger touch. Opaque graphics tablets, upon
which a sheet of drawing paper can be supported for tracing with an
electronic stylus, have been provided in the prior art. In opaque graphics
tablets, a horizontal wire grid and 35 a vertical wire grid are embedded in
the surface of the tablet. The wires in the tablet are driven with a signal
which is electromagnetically radiated from the surface of the tablet and
which is received by a pickup stylus connected to a signal detector. In one
type of opaque graphics tablet, a field gradient is imposed from one side
to the other side of the tablet and the strength of the field as picked up
by the stylus, is correlated with the position attributed to the stylus.
Another approach has been described by H. Dym, et al. in USPs 3,992,579;
3,999,012; and 4,009,338, those patents being assigned to the IBM
Corporation. Dym, et al. describe driving the conductors embedded in the
opaque graphics tablets so that they are selectively energized with 40
kilohertz signals in a multiple stage operation to first determine the
stylus proximity to the surface of the tablet and then to track the
position of the stylus along the surface of the tablet in the horizontal
and vertical directions. During the proximity stage of operation, the
conductors in all regions of 45 the tablet surface emit signals which are
detected by the stylus as it approaches the surface. When the amplitude of
the received signals is great enough, the operation then changes into the
locate and tracking mode which is programmed to produce periodic
indications of the stylus position with respect to the horizontal and
vertical conductors embedded in the tablet. In US-A-4 290 052 a capacitive
touch entry apparatus having an array of capacitive touch sensors upon 50
the opposite surface of a high-dielectric-constant member Is disclosed.
Thus a capacitive touch entry panel with a high degree of user personnal
safety is provided. The array of capacitive sensors locates the position on
which a human being touches the panel with his/her finger. The popularity
of the Personal Computer can be attributed, in part, to the enhanced
productivity which can be achieved by applying data processing techniques
to the execution of tasks which were previously 55  done manually. Typical
applications employing an interactive input at the display surface of the
monitor in a Personal Computer, require the operator to make control
selections at the keyboard, perhaps selecting the mode of operation or
particular image to be displayed, prior to using the interactive input
device for inputting data to the system. For example, in hotel management
applications, the operator would enter 2  



EP 0 250 931 B1 control information at the keyboard to select either a
first displayed image for a room assignment application or a second
displayed image for entering billing information. Only after having made
the control input at the keyboard, will the operator be able to make data
entries by means of the interactive input at the display surface. 5 Objects
of the Invention It is therefore an object of the invention to provide an
improved interactive input device for a display surface. 10    It is
another object of the invention to provide an interactive input device
which permits either finger touch input or stylus detection input modes. It
is yet a further object of the invention to provide an improved interactive
input for a display surface which can be adapted to a variety of surface
contours. It is yet a further object of the invention to provide an
improved interactive input for a display surface 15 which is reliable and
is inexpensive to manufacture. It is yet a further object of the invention
to provide an interactive input device for use at a display surface, which
permits the simultaneous detection of both a finger touch and a stylus
position. The invention as claimed solves these stated and further
objectives in advantageous manner. 20  Disclosure of the Invention A
combined finger touch and stylus detection system is disclosed for use on
the viewing surface of a visual display device. The system according to the
invention which is defined by claims 1-8, includes an I/O terminal coupled
to the visual display device, an array of horizontal and vertical
conductors arranged on the 25  viewing surface of the visual display device
for conducting electrical signals between the I/O terminal and the vicinity
of the viewing surface. A radiative pickup stylus is also included, having
an output terminal, for receiving electromagnetic signals radiated from the
array. The system includes a selection means having a switchable path
connected to the I/O terminal of the array and having a control input, for
connecting selected patterns of a plurality of the horizontal and vertical
30  conductors to the switchable path in response to control signals
applied to the control input. A capacitance measuring means is also
included, having an input coupled to the switchable path of the selection
means, for measuring the capacitance of selected ones of the conductors in
the array, in response to the control signals applied to the control input.
The system further includes a radiative signal source having an output
coupled to the switchable path of 35  the selection means, for driving
selected ones of the conductors in the array, in response to the control
signals applied to the control input. A radiative signal measuring means is
also included, coupled to the radiative pickup stylus, for measuring the
electromagnetic signals received by the stylus. In addition, the system
includes a control processor connected to the control input of the
selection means, for executing a sequence of stored program instructions to
sequentially output the control signals to 40  the selection means. The
control processor is connected to the capacitance measuring means, for
receiving measured capacitance values of the conductors when the selection
means, in response to the control signals, has connected a first pattern of
a plurality of the conductors in the array to the capacitance measuring
means, to detect the location of a finger touch with respect to the viewing
surface of the display device. The control processor is also connected to
the radiative signal measuring means, for receiving 45  measured radiative
signal values when the selection means, in response to the control signals,
has connected a second pattern of a plurality of the conductors in the
array to the radiative signal source, to detect the location of the stylus
with respect to the viewing surface of the display device. In this manner,
both finger touch location and stylus location with respect to the viewing
surface of the display, can be detected. so     The system can be used for
both sequential and simultaneous detection of finger touch and stylus
position. The system makes use of a unique interconnection arrangement for
the horizontal and vertical conductors to respective buses which are of a
reduced size, thereby saving space and driver electronics. A unique overlay
membrane structure supports the horizontal and vertical conductors of the
array and has sufficient mechanical flexibility to enable it to conform to
the surface contour of a variety of display 56  surfaces. In addition,
according to the invention, there is provided a method for detecting either
finger touch or stylus location as defined by claim 9 and a method for
simultaneously detecting both finger touch location and stylus location as
defined by claim 10. 3 



EP 0 250 931 B1 Brief Description of the Drawings The foregoing and other
advantages of the invention will be more fully understood with reference to
the description of the best mode embodiments as shown in the drawing in
which: 5    Fig. 1    is a front view of the overlay 20 and the mounting
frame 22; Fig. 2    is a side cross-sectional, breakaway view of the
overlay and mounting frame of Fig. 1, along with section line 2-2'; Fig. 3
is a side view of the overlay 20 and the stylus 60 for stylus detection;
Fig. 4    is a schematic view of the overlay for stylus detection; 10
Fig. 5    illustrates the radiative signal amplitude for measuring pair P0
in stylus detection; Fig. 6    shows the measurement for the pair P1 for
stylus detection; Fig. 7    shows the measurement for the pair P2 for
stylus detection; Fig. 8    is a cross-sectional view of the overlay 20 and
the finger 70 for finger touch detection; Fig. 9    is an architectural
diagram of the detection system; 15    Fig. 10   is a flow diagram of the
operation of the first embodiment of the invention for detecting either
finger touch or stylus position; Fig. 11   is a rear view of the general
layout of the overlay 20; Fig. 12   is a side cross-sectional view of the
overlay 20 along the section line 12-12' of Fig. 13   is a front breakaway
view of the overlay 20 in the bus region; 20    Fig. 14   is a side
cross-sectional view along the section line 14-14' of Fig. 13; Fig. 15   is
a front view of the layout of the X bus for the overlay 20; Fig. 16   is a
flow diagram of a second embodiment of the invention, when both finger
touch and stylus detection can be simultaneously carried out; Fig. 17   is
a timing diagram for the second embodiment of the invention, for the
simultaneous 25             detection of both finger touch and stylus
location; Fig. 18   is a diagram of the memory organization for the RAM 102
in the second embodiment of the invention, and Fig. 19   is a front view of
the display as seen through the overlay 20, showing the simultaneous finger
touch and stylus detection, in accordance with the second embodiment of the
invention. 30 Description of the Best Mode for Carrying Out the Invention
The combined finger touch and stylus detection system is shown in a front
view in Fig. 1 and in a side cross-sectional view in Fig. 2, in association
with a cathode ray tube display. The overlay 20 consists of two 35 sheets
of durable, transparent plastic, with an array of horizontal transparent
conductors embedded in the first sheet and an array of vertical transparent
conductors embedded in the second sheet. The overlay 20 can be mounted by
means of the frame 22 onto the display surface 32 of the cathode ray tube
24. The mounting frame 22 consists of a base portion 28 which attaches to
the sidewall 26 of the cathode ray tube (CRT) 24. The front facing surface
30 of the base portion 28 can have a curvature substantially the same as
the curvature of the display surface 32. The overlay 20 is mechanically
flexible and can be laid directly upon the surface 32 of the CRT so that
its edges overlap the surface 30 of the base portion 28 for the mounting
frame 22. The clamping member 34 can then be placed over the edges of the
overlay 20 so that the mating surface 38, which has a curvature similar to
that of the surface 30, clamps the edges of the overlay 20. The mounting
bolts 36 secure the member 34 to the base portion 28. 45     Fig. 2 shows a
cross-sectional view of the overlay 20 positioned on the display surface 32
of the CRT. The overlay is stretched slightly by the mounting frame, to
provide a smooth, tight and well supported surface for finger touch and
stylus detection. The overlay shown in Fig. 3 consists of the inner
substrate 50 which is a sheet of polyethylene terephthalate which is
transparent, electrically insulative, and has a thickness of approximately
50 [err] (0.002) inches. An array of horizontal transparent conductors is
deposited 50  on the surface of the inner substrate 50 and are designated
as Y1, Y2, Y3, etc., with the Y3 wire being shown in Fig. 3. The
transparent conductors can be composed of indium tin oxide, for example,
which is a well-known transparent conductor material. The thickness of the
transparent conductor can be approxi- mately 100 nm. The conductors are
approximately 635 [err] (0.025 inches) wide and are spaced approxi- mately
3,175 mm (0.125 inches) on a center-to-center spacing. An insulation layer
52 covers the horizontal 55  Y wires and can be composed of a transparent
adhesive such as ultraviolet initiated vinyl acrylic polymer having a
thickness of approximately 50 [err] (0.002 inches). The upper portion of
the overlay 20 shown in Fig. 3 consists of the outer substrate 54 which is
a sheet of polyethylene terephthalate which is optically 



transparent, electrically insulative and has a thickness of approximately
50 [err] (0.002 inches). Deposited on 4    EP 0 250 931 B1 the surface of
the outer substrate 54 is a vertical array of transparent conductors
designated X1, X2, X3...X6.... The conductors X1, etc. are also composed of
indium tin oxide and have a thickness of approximately 100 nm, a width of
approximately 635 [err] (0.025 inches) and a spacing of approximately 3,175
mm (0.125 inches), center-to-center. The outer substrate 54 and the
vertical conductors X are joined 5  by the adhesive insulation layer 52 to
the inner substrate 50 and the horizontal wires Y. The X and the Y
transparent conductors can also be composed of gold and silver or other
suitable materials. The thickness of the conductors is adjusted to provide
resistance below 50 ohms per square and an optical transmission which is
greater than 80 percent. Fig. 3 depicts the arrangement for detection of
the stylus 60 when it is closer than the locate, threshold 10 distance 62.
The principle of operation in the stylus detection mode is that the X
and/or Y conductors are driven by a 40 kilohertz oscillator driver so that
the X and/or Y conductors act as a transmitter of electromagnetic radiation
and the stylus 60 acts as a receiver of that radiation. To transmit a
signal, the oscillator selectively drives either the X conductors or the Y
conductors. The stylus 60 detects the signal and electronics connected to
the stylus digitizes the magnitude of the signal. The magnitude of the
signal is detected by the stylus is a function of the height of the stylus
above the overlay 20. By comparing this magnitude to known thresholds, the
height of the stylus above the overlay can be determined. When the stylus
signal has reached the contact threshold corresponding to the locate
threshold distance 62, the operation of stylus detection can shift from
proximity detection to a location and tracking mode. The object of tracking
the stylus is to have the X conductors and the Y conductors in the overlay
driven in such a 20 manner that the radiation picked up by the stylus 60
can enable the attribution of an instantaneous position for the stylus. The
basic drive pattern for determining the stylus position is schematically
shown in Fig. 4. A wire pair is defined as two adjacent X conductors, for
example, with the left-hand conductor and several conductors to the left
thereof being either grounded or connected to a first reference potential
and the right-hand 25 conductor and several conductors to the right thereof
being driven by the oscillator driver. Fig. 4 shows the wire pair P0
located beneath the stylus 60, with the conductor X3 being the left-handed
conductor and the conductor X4 being the right-handed conductor. The
conductors X1, X2 and X3 are connected to ground potential whereas the
conductors X4, X5 and X6 are connected to the oscillator driver. Fig. 5
shows the amplitude of the signal received by the stylus 60 as it would
pass from left to right from above the 30 conductor X1 to a position above
the conductor X6. Note that within and around the wire pair X3 and X4, the
stylus signal varies linearly with position. This linearity is the basis
for an accurate interpolation technique for providing a precise measure of
the position of the stylus 60 based upon the measurement of radiation from
three wire pairs. The first stage in the measurement is measuring the
amplitude for the wire pair P0. Fig. 6 shows the second stage in the
measurement where the wire pair P1 is formed with the 35 conductors X4 and
X5. The plot of the magnitude of the signal received by the stylus 60 which
remains fixed at its location shown in Figs. 4 and 5, would indicate a
lower relative measured amplitude for the wire pair P1 measurement. The
final data in the three stage operation of locating the position of the
stylus 60 is shown in Fig. 7, where the wire pair P2 is the inverse of the
wire pair P0. That is, the conductors X1, X2 and X3 are driven with the
oscillator driver, whereas the conductors X4, X5 and X6 are connected to
ground 40 or reference potential. The signal amplitude is shown for the
wire pair P2 in Fig. 7. Once again, with the stylus 60 remaining in the
same position that it had for Figs. 4, 5 and 6, the magnitude of this
signal for the wire pair P2 will be measured. The calculation of the
horizontal position of the stylus 60 with respect to the vertical X
conductors Xl, X2, X3, etc. is done in two stages. First, the base
coordinate is calculated and then second an offset 45 coordinate is
calculated which is added to the base coordinate to form the resultant
measured position. To calculate the base coordinate, the system calculates
the number of wires between the origin of coordinates at the left-hand edge
of the overlay and the first wire adjacent to the axis of the stylus 60.
This number of wires is multiplied times the pitch of the X conductor
separation, in this case 3,175 mm (0.125 inches), to obtain the base
coordinate value. The base coordinate produced is the midpoint between the
wire pair X3 50 and X4 in this example. The offset coordinate is the
coordinate of the stylus relative to the midpoint of the wire pair X3 and
X4. The offset cootdinate is equal to the wire separation pitch in the
horizontal direction times (PO-P2) divided by 2x(P0-P1).  The numerator of
this expression is a linear expression within a wire pair whereas the 



denominator is  a constant. Both of these terms depend upon the angle of
the stylus with respect to the 55  tablet which can vary during normal
operation. The division operation cancels this dependence, allowing the
expression to be invariant as to the angle at which the stylus is held. The
resulting ratio varies linearly between approximately -1 and +1 and, when
multiplied times the pitch, gives an additive factor which, when added to
the base coordinate, results in the interpolated value for the horizontal
position of the stylus 5    EP0  250 931 B1 with respect to the vertical X
conductors. The resolution for this measurement is typically 0,254 urn
(0.01 inches). A similar operation is conducted for the horizontal
conductors Y1, Y2, etc. to establish the vertical position of the stylus
with respect to the horizontal conductors. It is seen that in order to
locate position of the stylus with respect to the vertical conductors, the
vertical 5  conductors must be arranged with each conductor in any group of
at least six adjacent conductors, uniquely connected to the, oscillator
driver. A similar condition must also prevail for the horizontal Y
conductors. As was previously mentioned, in order to obtain an
approximately 0,254 mm (0.01 inch) resolution, a grid pitch of
approximately  3,175 mm (0.125 inches) must be maintained for the
conductors in both the horizontal direction and in the vertical direction.
If a display area of 30-33 cm (12-13 inches) in the horizontal and the 10
vertical direction is to be covered by the overlay, then approximately 100
vertical X4 conductors and 100 horizontal Y conductors will be required in
the overlay 20. If 200 different drivers were required to drive all 200
conductors, the mechanical and electrical complexity necessary to make that
connection would be prohibitive. It is clearly advantageous to provide some
means for reducing the number of driver wires which interconnect the
conductor wires in the array to the oscillator driver. Dym, et al. have
provided in their 15 above cited patents, a busing technique which employs
a horizontal bus having 24 separate driver wires - each of which are
respectively connected to several vertical conductors in the opaque
graphics tablet disclosed therein  The horizontal conductors are similarly
arranged and are connected through a vertical bus also having 24 wires.
Taking the vertical array conductors for example, the 24 wires in the
horizontal bus feeding the vertical array conductors were classified into
three sets of eight wires each. The vertical array 20  conductors were
divided into groups. To make the individual groups of array conductors
unique for the purposes of detection by the stylus, the order of the array
conductors is changed for every group. This reduced the number of drive
wires in the bus since each wire in the bus was connected to and drove
multiple array conductors. The separation between array conductors
connected to the same bus wire has to be large enough so that signals
sensed in one region of the array are not influenced by the other 25
conductors in the array connected to the same bus wire. The problem with
the arrangement of the array conductors as described by Dym, et al. for
their opaque graphics tablet, is that it cannot be used for the capacitive
detection of a finger touch such as is illustrated in Fig. 8. The finger
70, when touching the surface of the outer substrate 54 in Fig. 8, will, at
best, approximately cover only two adjacent array conductors, in the case
illustrated, X3 and X4. If the location of 30  the finger 70 is tp be
measured with the resolution equivalent to the pitch of the conductors, in
this case 3,175 mm (0.125 inches), then the capacitance change for a first
conductor and for an adjacent second conductor must be measured. In the
case of Fig. 8, the capacitance CF3 between the finger 70 and the X3
conductor must be measured and the capacitance CF4 between the finger 70
and the conductor X4 must be measured. The capacitance of all the X
conductors X1 -X5 and all of the Y conductors can be measured, 35  but the
finger location is determined by identifying the two adjacent vertical X
conductors and the two adjacent horizontal Y conductors having the maximum
change in their capacitance. The array conductors must be connected to
their bus drive wires in such a manner that each adjacent pair of array
conductors constitutes a unique combination which is never duplicated
elsewhere on the array. One of the problems solved by the invention
disclosed herein is how to combine both finger touch detection and stylus
location detection using the same array of horizontal and vertical
conductors connected through their respective drive buses. Fig. 11 is a
rear view over the overlay 20 showing the general layout of the overlay.
The X bus 80 consists of 16 drive wires 1, 2,...16 and similarly the Y bus
90 consists of 16 bus wires. The X bus 80 is connected through the X
connector 182 to the drive electronics. Similarly, the Y bus connector 184
45  connects the Y bus 90 to the drive electronics. The display input area
188 has the transparent array conductors arranged therein with the vertical
transparent conductors X1-X112 selectively connected to the bus wires 1-16
in the X bus 80. Correspondingly, the horizontal transparent conductors
Y1-Y112 are selectively connected to the 16 bus wires of the Y bus 90. Fig.
13 is a front detailed view of the X bus 80, showing the bus wires 1, 2, 3,
4 and 5 of the X bus 80. Two vertical transparent array wires X1 and X2 are



50  shown respectively connected to the X bus wires 1 and 3, for example.
Fig. 14 is a cross-sectional view of Fig. 13, showing how the horizontal
bus wire 3 connects through an aperture 180 in the insulation layer 52 to
make connection to the transparent wire X2. The actual pattern for
interconnecting the 16 bus wires 1-16 of the X bus 80 to the 112 vertical,
transparent array conductors X1 -X112, is shown for the X bus layout in
Fig. 15. The order of connection is also given in Table I. 55    In the
preferred embodiment, the number of vertical array conductors X1, X2,....
which must be capable of independent cntrol, is a function of the pitch of
the wires in the array (the number per unit distance in the horizontal
direction), the number of position determinations per unit time (the
sampling rate of the wires in the array), and the maximum speed of the
stylus movement which is desired to be accommodated. Using 6    EP 0 250
931 B1 the wire pair concept shown in Figs. 4-7, let the number of wires to
the left of the wire pair (including the left-hand member of the pair) be
the quantity M and let there also the same number M of wires to the right
of the wire pair (including the right-hand member of the pair). The total
quantity of 2M adjacent wires represents a group, which must span a
horizontal distance great enough to exceed the maximum allowable 5
distance which will be displaced by the stylus during one interval between
successive position determina- tions (the sampling interval). In each group
of adjacent 2M wires, each wire must be uniquely connected to one of the
plurality of bus wires in the horizontal bus 80. The same is equally true
for the horizontal array conductors Y1 Y2,.... For example, if the maximum
speed of the stylus is 48 inches per second, the sampling rate is 100 10
position determinations per second, the pitch of the wires is 3,175mm
(0.125 inches), then the quantity of M will be four wires on each side of
the wire pair. In this example, the array must be organized so that each
group of eight adjacent wires has each wire therein uniquely connected to
the bus wires in its correspond- ing bus, in order to accurately track the
position of the stylus moving at up to 122 cm/s (48 inches per second). A
wiring pattern which will accommodate this example is shown in Table I and
in Fig. 15. 16 20 25 30 0 45 60 55 7    EP 0 250 931 B1 Sequence With
Four-Wires-On Tracking                               TABLE I 5      Drive
No.    16   1 14   2 13   3 12   4 11   5 10  6  9  7  8 15 Occurrence    1
1  1  1  1  1  1  1  1  1  1  1  1  1  1  1 N to Self       -  -  -  -  -
-  -  -  -  -    -  -  -  -  -  - N to Four       -  -  -  -  -  -  -  -  -
-  -  -  -  -  -  - 10 Drive No.        2  1  3 14   4 13  5 12  6 11   7
10  8  9 15  3 Occurrence    2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  3
N to Self    12 15 12 16 12 16 12 16 12 16 12 16 13 16 14 12 N to Four
10  9 10   9 10  9 10  9 10 10 11 11  9 10 10 10 Drive No.    16   2  4  1
5 14   6 13  7 12   8 11   9 16 10 15 20     Occurrence    2  3  3  3  3  3
3  3  3  3  3  3  3  3  3  3 N to Self    31 16 13 17 13 17 13 17 13 17 13
17 16 12 18 16 N to Four    11 10 11 10 11 10 11 10 11 12  9 10 11 10 11  9
25 Drive No.        4  3  5  2  6  1  7 14   8 13   9 12 10 11 15  5
Occurrence    4  4  4  4  4  4  4  4  4  4  4  4  4  4  4  5 N to Self
13 17 12 17 13 17 13 17 13 17 13 17 13 17 14 12 



30     N to Four    10 10 11 10 11 10 11 10  11 10  11 11  9 10 11 10 Drive
No.    16  4   6  3  7  2  8  1  9 14 10 13 11 16 12 15 Occurrence    4  5
5  5  5  5  5  5  5  5  5  5  5  5    5 35 N to Self    31 14 13 17 13 17
13 17 13 17 13 17 14 12 18 16 N to Four    11 10 11 10 11 10 11 10 11 11  9
10 11 10 11 10 Drive No.        6  5  7   4  8  3  9  2 10   1 11 14 12 13
15   7 Occurrence    6  6  6  6  6  6  6  6  6  6  6  6  6  6  6  7 N to
Self    13 17 13 17 13 17 13 17 13 17 13 17 13 17 13 12 N to Four    11 10
11 10 11 10 11 10 11 10 11 10  9 10 11 10 45 Drive No.    16   6  8  5  9
4 10   3 11   2 12   1 13 16 14 15 Occurrence    6  7  7  7  7  7  7  7  7
7  7  7  7  7  7  7 50     N to Self    31 16 13 17 13 17 13 17 13 17 13 17
14 12 18 16 N to Four    11 10 11 10 11 10 11 10 11 11   9 10 11 12 15 16
To reduce the number of elements in the X bus 80, each bus wire 1-16 drives
multiple X array 55  conductors Xl-X112. The separation between those X
array conductors which are attached to the same bus wire, must be large
enough so that signals sensed in one region of the overlay 20 are not
affected by the other conductors connected to that same bus wire. The bus
attachment pattern must isolate conductors attached to the same bus wire,
by a sufficient distance to avoid confusion errors in the stylus locate
mode 8    EP 0 250 931 B1 and the stylus tracking mode. In the locate mode,
the distance between any three adjacent vertical array conductors and the
next occurrence of any of those conductors that is attached to the same bus
wire, must be greater than the maximum height 62 at which a locate
operation can begin, as is shown in Fig. 3. For the tracking mode, the
distance between any group of adjacent wires that are driven simultaneously
during the 5  tracking operation, as shown in Figs. 4-7, with respect to
the next occurrence of another conductor connected to the same bus wire,
must be greater than the expected displacement of the stylus which may
occur during one complete tracking position determination cycle. This is
typically approximately 1,9 cm (0.75 inches). Added to this is the
constraint necessary to accomplish capacitance finger touch sensing.
Fingers are sensed by the change in capacitance when the fingers cover the
transparent array conductors. 10  Low force touches only change the
capacitance of two adjacent conductors. The bus wire attachment sequence
must be patterned so that the finger sensing portion of the system can
identify capacitance changes in two adjacent conductors as a touch, which
is unique and will not occur for any other combination of adjacent
conductor pairs in the array. The essential finger sensing constraint is
that only one pair of adjacent conductors in the array should be connected
to the same pair of bus wires. In a 16 wire bus 15  such as the X bus 80,
there are 120 unique combinations of adjacent pairs of wires which will
satisfy this condition. If there were a quantity of N bus wires in the bus,
then there would be N(N-1) divided by 2 unique combinations of adjacent
pairs of conductors which will satisfy this condition. The bus wire
attachment pattern requirement is to select a sequence that meets these
adjacent conductor constraints and which maintains an adequate grid
distance between groups of wires which are attached to the same bus 20
wire. The allowable bus wire attachment sequences will differ for different
numbers of bus wire elements N and for different numbers of array
conductors X for vertical conductors. The greater the number of bus wires,
the easier it is to meet the physical constraints on tracking speed and the
threshold distance for stylus detection, for a given size overlay. All of
the above considerations apply equally to the horizontal Y array conductors
as they do for the vertical X array conductors. 25     Table I and Fig. 15
represent an optimum bus connection sequence for the condition that the bus
contains 16 bus wires which are connected to 112 transparent array
conductors. The pattern was created by interleaving ascending and
descending sequences of bus wires for most of the array conductors and then
making special adjustments at the end to fill out the set of 112 array
conductors in either the horizontal or the vertical direction. 30     Fig.
11 shows the general layout of the overlay 20 and shows the relative
position of the four bolt holes 186 through which the bolts 36 of Fig. 2
pass, enabling the mounting of the overlay 20 onto the face of the CRT 24.
The display input area 188 is shown in cross-sectional view in Fig. 12. The
overlay is comprised of two major portions, the inner laminate 56 and the
outer laminate 58 which are attached as shown in Fig. 12 by the adhesive
layer 52. The inner laminate 56 is stretched upon the outer surface of the
glass face 32 of 



35 the CRT 24. The inner laminate 56 has an anti-newton ring coating 53
which is applied to the display side of the overlay to eliminate newton
rings when the inner laminate comes into contact with the glass face 32. An
electrostatic shield layer 51 consists of a full panel coating of indium
tin oxide which is grounded. This coating shields the vertical X conductors
and horizontal Y conductors from electrostatic noise generated by the
cathode ray tube 24. The electrostatic shield layer 51 must be less than
100 ohms per square and must 40 exceed an optical transmissivity of 80
percent. The inner substrate layer 50 is an optically clear layer of
polyethylene terephthalate onto which is magnetron sputtered the
transparent wire coating of indium tin oxide which will result in the
vertical transparent conductors X1, X2, etc. The indium tin oxide coating
is etched to provide 635 [err] (0.025 inch) wide lines on 3,175 mm (0.125
inch) center line spacing. The resistance of the indium tin oxide layer
must not exceed 80 ohms per square. There are 112 transparent, 45  vertical
conductors X1, X2,...X1 12. The outer substrate layer 54 of the outer
laminate 58 is substantially the same as the inner substrate 50 and the
indium tin oxide transparent conductor layer deposited on the outer
substrate 54 has the same properties as the indium tin oxide transparent
wire layer deposited on the inner substrate 50. The horizontal Y conductors
Y1, Y2,...Y112 on the outer substrate 54 are oriented at right angles with
respect to the vertical X conductors deposited on the inner substrate 50.
During manufacture, 50 the inner laminate 56 is built up as a composite and
is coated with the insulation layer 52 which is a thin layer of ultraviolet
initiated vinyl acrylic polymer. Similarly, during manufacture, the outer
laminate 58 is coated with the insulation layer 52" which is identical in
composition with the insulation layer 52. After the inner laminate 56 and
the outer laminate 58 have been respectively constructed as separate
composites, they are joined with the adhesive layer 52' which has the same
composition as the insulation layer 52. The 55  resulting overlay composite
20 has an overall thickness in the display input area 188 of approximately
127 urn (0.005 inches), has a high optical transparency, and has a durable
mechanical quality. The overlay 20 can be stretched and bent within limits
to conform to the curvature of the cathode ray tube display surface,
without rupturing the electrical continuity of the transparent conductors
in the array. In an alternate 9    EP 0 250 931 B1 embodiment, the X and Y
array conductors could be deposited on the outer laminate 54 and the inner
laminate 56, respectively. Fig. 13 shows a front view of the X bus 80 for
the overlay 20 and Fig. 14 shows a side cross-sectional view, illustrating
how the bus wire 3 is electrically connected to the transparent array
conductor X2. When 5  the insulation layer 52 Is applied to the surface of
the inner laminate 56, it is deposited in a printing operation such as silk
screening so that the array of apertures 180 and 180' as shown in Figs. 13
and 15 are left open exposing selected transparent conductors. Thereafter,
silver ink bus wires 1-16 are deposited on the outer surface of the
insulation layer 52 so that they pass over selected ones of the apertures
180 and 180', thereby making electrical contact with the selected, exposed
array conductors. For example, as is io shown in Fig. 13 and Fig. 14, the
bus wire 3 passes through the aperture 180 in the insulation layer 52 and
makes electrical contact with the vertical transparent conductor X2. The
resistance of the silver ink bus wires 1-16 does not exceed (50 Ohm/cm) 20
ohms per inch for a 380 [err] (0.015") width line. The thickness of the bus
wires does not exceed 25 [err] (0.001 inches). Fig. 9 shows an
architectural diagram of the detection system. The vertical conductors X1
-X1 2 are 15 connected through the X bus 80 to the wire select multiplexer
11 2 and the horizontal Y conductors Y1 -Y11 12 are connected through the V
bus 90 to the wire selection multiplexer 112. The radiative pickup stylus
60 is connected through the gate 120 to the radiative pickup measurement
device 122. The wire selection multiplexer  112 is connected through the
mode multiplexer 116 to the capacitance measurement device 128 which is
used for capacitance finger touch detection. The wire selection multiplexer
112 is also connected 20 through the mode multiplexer 116 to the 40
kilohertz oscillator driver 126 which is used to drive the X bus 80 and the
V bus 90 for the stylus detection operation. The mode multiplexer 116 also
has an enabling output to the gate 120 to selectively connect the output of
the stylus 60 to the radiative pickup measurement device 122, for stylus
detection operations. The output of the capacitance measurement device is
connected through the analog-to-digital converter 130 to the processor
address/data bus 1 10. The 25 output of the radiative pickup measurement
device 122 is connected through the analog-to-digital converter 124 to the
bus 110. A control input 114 to the wire selection multiplexer 112 is
connected to the bus 110 and the control input 118 to the mode multiplexer
116 is connected to the bus 110. The processor address/data bus 110
interconnects the control processor 100 with the read only memory (ROM)
104, the random access memory (RAM) 102, and the I/O controller 106. The
I/O controller 106 has an I/O bus 108 30 which connects to a host
processing system such as the I/O bus of an IBM Personal Computer. 



The wire selection multiplexer 112 and the mode multiplexer 116 connects
selected patterns of a plurality of the horizontal and vertical conductors
in the overlay 20 to either the capacitance measurement device 128 or the
40 kilohertz oscillator driver 126, in response to control signals applied
over the control inputs 114 and 118 from the bus 110 by the control
processor 100. During finger touch operations, the 35 capacitance measuring
device 128 has its input coupled through the mode multiplexer 116 and the
wire selection multiplexer 112 to selected ones of the horizontal and
vertical conductors in the overlay 20 in response to control signals from
the control processor 100. The output of the capacitance measurement device
128 is converted to digital values by the converter 130 and is applied over
the bus 1 10 to the control processor 100, which executes a sequence of
stored program instructions to detect the horizontal array conductor pair
and the vertical array conductor pair in the overlay 20 which are being
touched by the operator's finger. In the stylus detection mode, the 40
kilohertz output of the oscillator driver 126 is connected through the mode
multiplexer 116 and the wire selection multiplexer 112 to selected ones of
the conductors in the overlay 20, in response to control signals applied
over the control inputs 114 and 118 from the control processor 100. The
electromagnetic signals received from the overlay 20 by the stylus 60 45
are passed through the gate 120 to the radiative pickup measurement device
122, which measures those signals and provides an output which is digitized
by the converter 124 and output to the control processor 100. The control
processor 100 executes a sequence of stored program instructions to detect
the proximity of the stylus to the overlay 20 in the proximity detection
mode and then to locate and track the horizontal and vertical position of
the stylus with respect to the overlay 20 in the location and tracking
mode. The 50 stored program instructions for carrying out these operations
can be stored in the read only memory 104 and/or the RAM 102, for execution
by the control processor 100. Positional values and other result
information can be output through the I/O controller 106 on the I/O bus 108
to the host processor for further analysis and use in applications
software. Fig. 10 is a flow diagram of a first embodiment of the invention
where either finger touch operations or 55 alternately stylus  detection
operations can be carried out, one to the exclusion of the other during a
particular sensing interval. During the proximity search mode, the
capacitance finger touch operations are interleaved with the radiative
stylus pickup operations to determine whether either a finger touch has
been initiated or a stylus has been brought into threshold proximity to the
overlay 20. When either of these 10    EP 0 250 931 B1 conditions are
found, the stored program instructions represented by the flow diagram of
Fig. 10, will lock out the opposite search sequence and will proceed to the
locate sequence for the finger touch or for the stylus detection, whichever
has been sensed. This alternate scanning for either the initiation of a
finger touch or the beginning of stylus detection is 5  carried out by
steps 140-148 and 154-160 of the flow diagram of Fig. 10. In step 140, the
X-drive sequence is updated followed by step 142 where the touch sensing
function of the capacitance measurement device 128 is turned on by
appropriate control signals to the mode multiplexer 116 and the wire
selection multiplexer 112. Then in step 144 the X axis conductors in the
overlay 20 are sensed by the capacitance measurement device 128. In step
146 the signal strength for capacitive coupling by a finger touch is 10
determined by the control processor 100. Control processor 100 then
determines whether the touch threshold has been crossed In step 148. If the
touch threshold has been crossed, the program transfers to step 150 to the
touch locate mode. If the touch threshold has not been crossed, the program
transfers to step 154 to determine whether the stylus has come into close
proximity to the overlay 20. In step 154, the mode multiplexer 116
disconnects the capacitance measurement device 128 and connects the 40
kilohertz is  oscillator driver 126 to the overlay 20 through the wire
selection multiplexer 112. The mode multiplexer 116 also enables the gate
120 so that the received signals by the stylus 60 can be passed to the
radiative pickup measurement device 122. In step 156, proximity sensing
operations are carried out by the oscillator driver 126 driving a plurality
of either the X conductors or the Y conductors or both X and Y conductors
in the overlay 20 and by the radiative pickup measurement device 122
determining whether the stylus 60 has 20 received a sufficiently large
magnitude signal to indicate close proximity of the stylus to the overlay.
In step 158, the signal strength measured by the radiative pickup
measurement device 122 is analyzed by the control processor 100 and in step
160 the control processor 100 determines whether the stylus threshold has
been crossed. If the stylus threshold has not been crossed, then the
program returns to step 140 to check again as to whether a finger touch has
been initiated. If the stylus threshold has been crossed in step 25  160,
then the program passes to step 162 for the stylus locate and tracking mode
to begin. When the touch threshold has been crossed, as determined by step
148, the program passes to step 



150 where the touch locate mode begins. The capacitance measurement device
128 is connected through the mode multiplexer 116 and the wire select
multiplexer 112 and the capacitance of each respective vertical bus wire
1-16 in Y-bus 90 and each respective horizontal bus wire 1-16 in X-bus 80
is measured 30 and their values digitized by the converter 130 and output
over the bus 110 to the control processor 100. The control processor 100
identifies the unique pair of the 112 vertical X conductors X1 and X1+ 1
having the highest capacitance and that is attributed as the horizontal
position of the finger touch. Correspondingly, the unique pair of the 112
horizontal Y conductors YJ and YJ + 1 having the highest capacitance values
are identified and those are attributed as the vertical location for the
finger touch. This information is output by 35  the control processor 100
through the I/O controller 106 to the I/O bus 108. If the stylus detection
threshold is crossed in step 160, then the stylus locate and tracking mode
in step 162 commences. The vertical X conductors X1 -X1 12 are energized in
groups of at least six conductors in a manner previously described for
Figs. 4-7, and the magnitude of the electromagnetic signals radiated
therefrom are picked up by the stylus 60, measured by the radiative pickup
measurement device 122 and 40 the digital values output from the converter
124 are passed to the control processor 100. A similar operation takes
place for the horizontal Y conductors Y1-Y112 in the overlay 20. The
control processor 100 then processes these signals to locate the horizontal
and vertical position of the stylus with respect to the overlay 20 and this
resultant information is output through the I/O controller 106 to the I/O
bus 108. The operation of tracking the consecutive positions of the stylus
60 with respect to the overlay 20 then takes place by 45 sequentially
updating the position of the stylus 60. If the magnitude of the signals
received by the stylus 60 diminishes as determined in step 166, the program
then passes back to step 140 where the finger touch initiation and stylus
proximity detection operations are alternately carried out. A second
embodiment of the invention is shown in Figs. 16-19 where, instead of
locking out either the finger touch operation or the stylus detection
operation when the other is being conducted, in the second 50 embodiment
both finger touch and stylus detection operations can be carried out
simultaneously. This is achieved by multiplexing stylus detection and
finger touch sensing in the proximity loop 200, multiplexing stylus
location and finger touch sensing in the locate cycle 220, and multiplexing
track stylus location detection and finger touch sensing in the tracking
loop 240, as shown in the flow diagram of Fig. 16. Fig. 16 shows the
proximity loop 200 including steps 202-210 and Fig. 17 shows the timing
diagram 55 which includes  the stylus proximity loop 200. As was previously
mentioned, stylus proximity is determined by radiating a  uniform 40
kilohertz signal from the overlay 20 and determining whether the stylus 60
is picking up a sufficiently large amplitude representation of that signal
to pass a threshold value. This is represented by step 202 of the proximity
loop 200. In step 204, the control processor 100 determines if the    EP 0
250 931 B1 threshold has been passed and if so, the control processor 100
sets a flag S1. Whether the stylus proximity threshold has been exceeded or
not, the program then passes to step 206 where the finger touch sensing
operation takes place, during which the capacitance measurement device 128
is sequentially connected to each of the 16  bus wires in the X bus 80 and
each of the 16 bus wires in the Y bus 90. The control 5  processor 100
determines in step 208 whether the capacitance for any of the vertical
array conductors X1- X112 or any of the horizontal Y conductors Y1 -Y1 12
is greater than a threshold value and if it is, then the adjacent pair of
vertical array conductors and the adjacent pair of horizontal array
conductors which have the highest measured capacitance, are identified by
the control processor 100 and attributed as the location of a finger touch
which is output by the I/O controller 106, as previously described. The
program then 10 passes to step 210 to test whether the flag S1 is on or off
indicating whether the proximity threshold for stylus detection was passed
in step 202. If S1 is still off, then the program returns to step 202 to
once again test for the proximity of the stylus. This operation for the
stylus proximity loop 200 is shown in the timing diagram of Fig. i7. The
control processor 100 can access a table stored in the RAM 102 and perform
a table lookup to determine the correlation between the 16 bus wires in the
X bus 80 and the corresponding vertical conductor adjacent pairs and also
the 16 bus wires in the Y bus 90 and the corresponding horizontal adjacent
conductor pairs, thereby speeding up the operation of finger touch
location. If step 202 detected that the stylus had come within the
threshold proximity distance to the overlay 20, then the flag S1 would have
been turned on and step 210 would have passed program control to the locate
cycle 220. This would involve the passage of the program to step 222 where
the stylus location procedure, 20 as described above, would be carried out
for the vertical array conductors X1-X1 12 and then the program would pass
to step 224 to perform a similar stylus location operation for the
horizontal array conductors Y1- Y112. Here again, tables can be stored in
the RAM 102 which correlate detected amplitude maximum by the stylus 60
with the position attributable to the stylus in the horizontal and vertical
directions. In step 222, 



the control processor 100 will output the X location attributed to the
stylus 60 and in step 224 the control 25 processor 100 will output the Y
location attributed to the stylus 60, in the same manner as was described
above. The locate cycle 220 then passes control to step 226 where, once
again, the finger touch sensing operation takes place in a manner similar
to that described for step 206. If an increased capacitance for the array
conductors is detected in step 226, then the control processor 100 in step
228, will output the coordinates for the finger touch through the I/O
controller 106 to the 110 bus 108, as previously described 30 for step 208.
Note that both the stylus location and the finger touch location can be
separately and substantially simultaneously output by the control processor
100 over the I/O bus 108 during the locate cycle 220. This can be seen for
the representation of the stylus locate cycle 220 in Fig. 17. The program
then passes to the tracking loop 240 as shown in Fig. 16 and for which a
timing diagram Is shown in Fig. 17. Step 242 tracks the stylus X location,
computing the offset distance in the X direction, 35 followed by step ;244
which tracks the stylus in a similar manner for the Y direction. In steps
242 and 244, the control processor 100 outputs over the I/O bus 108, the
periodically updated horizontal and vertical position attributed to the
stylus 60 with respect to the overlay 20. The program passes to step 246
which conducts another finger touch sensing operation in a manner similar
to that described for step 206. In step 246, if a finger touch is sensed,
step 248 has the control processor 100 outputting the coordinates of the
finger touch on the I/O  bus 108, in a manner similar to that described for
step 208. Note that during each cycle of the tracking loop 240, horizontal
and vertical coordinates representing the position attributed to the stylus
60 and horizontal and vertical coordinates attributed to the position of
the finger touch can both be output, substantially simultaneously, by the
control processor 100 to the I/O bus 108. In step 250, the control
processor 100 determines whether the amplitude of the signal received by
the stylus 60 is less than 45 the threshold value for proximity detection.
If the magnitude is greater than the threshold value, then the program
passes to step 242, continuing the tracking loop cycle. If the magnitude of
the signal detected by the stylus 60 is less than the threshold value, then
the program passes back to the proximity loop 200 and restarts step 202 for
the remote proximity stylus sensing operation. This is shown for the stylus
tracking loop 240 as depicted in the timing diagram of Fig. 17. 50     Thus
it is seen that in the second embodiment of the invention, the system can
be operated so as to provide the simultaneous detection of both the pickup
stylus 60 and a finger touch. This is depicted in Fig. 19, which is a view
of the display as seen through the overlay 20, showing the simultaneous
display of the touch cursor 270 whose location is produced by the host
computer based upon the coordinates for the finger touch output over the
1/O bus 108 by the control processor 100. Also depicted in Fig. 19 is the
55  display of the stylus cursor 260, whose image is produced by the host
processor, based upon coordinates for the stylus which are output over the
I/O bus 108 by the control processor 100. Fig. 18 depicts an example memory
organization for the RAM 102 in the second embodiment of the invention,
where the RAM 102 is connected by the processor bus 110 to the control
processor 100, as Is 12    EP 0 250 931 B1 seen in Fig. 9. The RAM 102 can
be partitioned into a sequence control routine which is a sequence of
stored program instructions which carries out the operation depicted in the
flow diagram of Fig. 16. The stylus proximity routine, the stylus locate
routine and the stylus tracking routine are each a sequence of stored
program instructions for carrying out the respective operations of
proximity detection, location and 5  tracking of the stylus, as previously
described. A finger locate routine is a sequence of stored program
instructions to carry out the operation of locating the coordinates of a
finger touch, as previously described. Multiplex control registers and
measurement control registers can be provided in the RAM 102. Optionally, a
cursor shape table can be included in the RAM 102 to define the shape of
the touch cursor 270 and the stylus cursor 260, or alternately the function
of the cursor shape table can be carried out in the host 10 processor. The
X bus wire capacitance value file and the Y bus wire capacitance value file
will provide. temporary storage for the measured values of each of the
respective 16 bus wires in the X bus 80 and the Y bus 90 during the finger
touch sensing operations of steps 206, 226 and/or 246 of Fig. 16. After
those stored capacitance values are processed by the control processor 100,
the identity of the two bus wires in the X bus 80 and the two bus wires In
the Y bus 90 corresponding to the maximum measured capacitance is  can be
stored in the bus files partitioned in RAM 102 of Fig. 18. The finger X
location table and the finger Y location table are also shown partitioned
in the RAM 102. After the operation of the control processor 100 In
conducting the table lookup for the X location and the Y location of the
finger touch, the X and Y coordinates for the finger touch can be
temporarily stored in the RAM 102 before being output over the I/O bus 108.
Similarly, an X bus wire radiation value file and a Y bus wire radiation
value file is provided for the 



20 temporary storage of measured values of radiation received by the stylus
60 corresponding to three bus wire pairs, as previously described. Bus file
partitions, stylus X location and stylus Y location lookup tables, and
array files are provided in the RAM 102 to facilitate the control processor
100 carrying out the stylus location and tracking operations. The final
computed value for the X and Y coordinates of the stylus can then be
temporarily stored in the RAM 102 before being output over the I/O bus 108,
as previously 25 described. A utilization routine can also be included in a
partition in the RAM 102, which consists of a sequence of stored program
instructions for carrying out cooperative operations between the finger
touch detection and stylus detection operations described above. For
example, a utilization routine can be provided to identify when finger
touches occur in a region vertically below the coordinates for stylus
detection, with the finger 30 touch being in an otherwise prohibited area.
This may indicate that the user has rested the palm of his hand on the
surface of the overlay 20 while positioning the stylus 60 at the desired
point. The utilization routine can be selectively controlled to mask
outputting the finger touch coordinates in such a situation, if desired by
the operator. The resulting combined finger touch and stylus detection
system provides an enhanced man-machine 35 interface, enabling either the
sequential or simultaneous detection of both stylus position and finger
touch, thereby increasing the range of applications for interactive input
devices. The resulting invention has a reduced bus size and is adaptable
for use with a variety of display types having both flat and convex display
surfaces. The structure of the overlay permits low cost manufacture and
long-term reliability. 40 Claims 1. A combined finger touch and stylus
detection system for use on the viewing surface (32) of a visual display
device (24), comprising: an I/O terminal (112) coupled to said visual
display device; 45     an array (20) of horizontal (Y1, Y2, Y3, ... Yn) and
vertical (X1, X2, X3, ... Xn) conductors arranged on the viewing surface of
the visual display device for conducting electrical signals between said
I/O terminal (1 12) and the vicinity of said viewing surface (32); a
radiative pickup stylus (60), having an output terminal, for receiving
electromagnetic signals radiated from said array; 50     a selection means
having a switchable path (116) connected to said I/O terminal (112) of said
array and having a control input (118), for connecting selected patterns of
a plurality of said horizontal and vertical conductors to said switchable
path in response to control signals applied to said control input; a
capacitance measuring means (128) having an input coupled to said
switchable path (116) of said selection means, for measuring the
capacitance of selected ones of said conductors in said array, in 55
response to said control signals applied to said control input; a radiative
signal source (126) having an output coupled to said switchable path of
said selection means, for driving selected ones of said conductors in said
array, in response to said control signals applied to said control input;
13    seen in Fig. 9. The RAM 102 can be partitioned into a sequence
control routine which is a sequence of stored program instructions which
carries out the operation depicted in the flow diagram of Fig. 16. The
stylus proximity routine, the stylus locate routine and the stylus tracking
routine are  each a sequence of stored program instructions for carrying
out the respective operations of proximity detection, location and 5
tracking of the stylus, as previously described. A finger locate routine is
a sequence of stored program instructions to carry out the operation of
locating the coordinates of a finger touch, as previously described.
Multiplex control registers and measurement control registers can be
provided in the RAM 102. Optionally, a cursor shape table can be included
in the RAM 102 to define the shape of the touch cursor 270 and the stylus
cursor 260, or alternately the function of the cursor shape table can be
carried out in the host 10  processor. The X bus wire capacitance value
file and the Y bus wire capacitance value file will provide temporary
storage for the measured values of each of the respective 16 bus wires in
the X bus 80 and the Y bus 90 during the finger touch sensing operations of
steps 206, 226 and/or 246 of Fig. 16. After those stored capacitance values
are processed by the control processor 100, the identity of the two bus
wires in the X bus 80 and the two bus wires in the Y bus 90 corresponding
to the maximum measured capacitance 15  can be stored in the bus files
partitioned in RAM 102 of Fig. 18. The finger X location table and the
finger Y location table are also shown partitioned in the RAM 102. After
the operation of the control processor 100 In conducting the table lookup
for the X location and the Y location of the finger touch, the X and Y
coordinates for the finger touch can be temporarily stored in the RAM 102
before being output over the I/O 



bus 108. Similarly, an X bus wire radiation value file and a Y bus wire
radiation value file is provided for the 20 temporary storage of measured
values of radiation received by the stylus 60 corresponding to three bus
wire pairs, as previously described. Bus file partitions, stylus X location
and stylus Y location lookup tables, and array files are provided in the
RAM 102 to facilitate the control processor 100 carrying out the stylus
location and tracking operations. The final computed value for the X and Y
coordinates of the stylus can then be temporarily stored in the RAM 102
before being output over the I/O  bus 108, as previously 25  described. A
utilization routine can also be included in a partition in the RAM 102,
which consists of a sequence of stored program instructions for carrying
out cooperative operations between the finger touch detection and stylus
detection operations described above. For example, a utilization routine
can be provided to identify when finger touches occur in a region
vertically below the coordinates for stylus detection, with the finger 30
touch being in an otherwise prohibited area. This may indicate that the
user has rested the palm of his hand on the surface  of the overlay 20
while positioning the stylus 60 at the desired point. The utilization
routine can be selectively controlled to mask outputting the finger touch
coordinates in such a situation, if desired by the operato. The resulting
combined finger touch and stylus detection system provides an enhanced
man-machine 35  interface, enabling either the sequential or simultaneous
detection of both stylus position and finger touch, thereby increasing the
range of applications for interactive input devices. The resulting
invention has a reduced bus size and is adaptable for use with a variety of
display types having both flat and convex display surfaces. The structure
of the overlay permits low cost manufacture and long-term reliability. 40
Claims 1. A combined finger touch and stylus detection system for use on
the viewing surface (32) of a visual display device (24), comprising: an
I/O terminal (112) coupled to said visual display device; 45     an array
(20) of horizontal (Y1, Y2, Y3, ... Yn) and vertical (XI, X2, X3, ... Xn)
conductors arranged on the viewing surface of the visual display device for
conducting electrical signals between said I/O terminal (112) and the
vicinity of said viewing surface (32); a radiative pickup stylus (60),
having an output terminal, for receiving electromagnetic signals radiated
from said array; 50     a selection means having a switchable path (116)
connected to said I/O terminal (112) of said array and having a control
input (118), for connecting selected patterns of a plurality of said
horizontal and vertical conductors to said switchable path in response to
control signals applied to said control input; a capacitance measuring
means (128) having an input coupled to said switchable path (116) of said
selection means, for measuring the capacitance of selected ones of said
conductors in said array, in 55     response to said control signals
applied to said control input; a radiative signal source (126) having an
output coupled to said switchable path of said selection means, for driving
selected ones of said conductors in said array, in response to said control
signals applied to said control input; 13    EP 0 250 931 B1 a radiative
signal measuring means (122) coupled to said radiative pickup stylus, for
measuring said electromagnetic signals received by said stylus; a control
processor (100) connected to said control input (118) of said selection
means, for executing a sequence of stored program instructions to
sequentially output said control signals to said selection 5      means;
said control processor (100) connected to said capacitance measuring means
(128), for receiving measured capacitance values of said conductors when
said selection means, in response to said control signals, has connected a
first pattern of a plurality of said conductors in said array to said
capacitance measuring means, to detect the location of a finger (70) touch
with respect to said viewing 10     surface of said display device; said
control processor connected to said radiative signal measuring means, for
receiving measured radiative signal values when said selection means, in
response to said control signals, has connected a second pattern of a
plurality of said conductors in said array to said radiative signal source,
to detect the location of said stylus with respect to said viewing surface
of said display device; 15    whereby, both finger (70) touch location and
stylus (60) location with respect to said viewing surface (32) of said
display, can be detected. 



2. The apparatus of claim 1, which further comprises: an overlay membrane
(20) upon which is mounted said array of horizontal and vertical
conductors; 20     a horizontal bus (80) mounted on said overlay for
interconnecting said vertical conductors (X1, X2, X3, Xn) to said I/O
terminal (112); said horizontal bus having a plurality of N bus wires and
said vertical conductors being a plurality of no more than N(N-1)/2
vertical conductors; said plurality of vertical conductors being arranged
with each adjacent conductor pair thereof being 25     connected to a
unique combination of two of said plurality of horizontal bus wires, the
distance separating adjacent ones of said vertical conductors being
approximately the width of a human finger tip; said control processor
receiving from said capacitance measuring means said measured capacitance
values of two adjacent ones of said vertical conductors which are
juxtaposed with said human finger tip, 30     thereby detecting the
horizontal location of said finger tip with respect to said viewing surface
of said display. 3. The apparatus of claim 2, which further comprises: said
plurality of vertical conductors being further arranged with each conductor
of any group of a 35     subplurality of adjacent conductors thereof being
connected to a unique one of said N horizortal bus wires; said control
processor controlling said selection means to connect selected ones of said
vertical conductors in said group to said radiative signal source; said
radiative pickup stylus, when proximate to said group, receiving
electromagnetic signals radiated from said selected ones of said vertical
conductors in said group, said received signals being distinguishable by
said radiative signal measuring means over signals radiating from more
distant ones of said vertical conductors located outside of said group in
said array, thereby detecting the horizontal location of said stylus with
respect to said viewing surface of said display. 45  4. The apparatus of
claim 2 or 3, which further comprises: a vertical bus (90) mounted on said
overlay for interconnecting said horizontal conductors (Y1, Y2, Y3, ... Yn)
to said I/O terminal (112); said vertical bus having a plurality of N bus
wires and said horizontal conductors being a plurality of no more than
N(N-1)/2 horizontal conductors; 50     said plurality of horizontal
conductors being arranged with each adjacent conductor pair thereof being
connected to a unique combination of two of said plurality of vertical bus
wires, the distance separating adjacent ones of said horizontal conductors
being approximately the width of a human finger tip; said control processor
receiving from said capacitance measuring means, said measured capacitance
values of two adjacent ones of said horizontal conductors which are
juxtaposed with said human finger 55    tip, thereby detecting the vertical
location of said finger tip with respect to said viewing surface of said
display. 5. The apparatus of claim 4, which further comprises: 14    said
plurality of horizontal conductors being further arranged with each
conductor of any group of a subplurality of adjacent conductors thereof
being connected to a unique one of said N vertical bus wires; said control
processor controlling said selection means to connect selected ones of said
horizontal 5      conductors in said group to said radiative signal source;
said radiative pickup stylus, when proximate to said group, receiving
electromagnetic signals radiated from said selected ones of said horizontal
conductors in said group, said received signals being distinguishable by
said radiated signal measuring means over signals radiating from more
distant ones of said horizontal conductors located outside of said group in
said array, thereby detecting the vertical 10     location of, said stylus
with respect to said viewing surface of said display. 6. The apparatus of
claim 5, wherein N = 16 and said subplurality is 8. 7. The apparatus of
claim 5 or 6, which comprises: 16     said overlay membrane including an
inner laminate (56) and an outer laminate (58); said inner laminate
including an inner substrate (50) consisting of a sheet of polyethylene
terephthalate upon which is deposited said plurality of vertical
conductors; said plurality of vertical conductors being composed of a group
consisting of indium tin oxide, gold and silver; 



20     said inner laminate further including an insulation layer (52)
composed of vinyl acrylic polymer deposited over the surface of said
vertical conductors, with a plurality of apertures (180) therein
selectively positioned over each of said vertical conductors; said
horizontal bus having said N bus wires composed of silver deposited on the
surface of said insulation layer and penetrating through selected ones of
said apertures in said insulation layer to make 26     electrical contact
with selected ones of said vertical conductors; said outer laminate
including an outer substrate (54) consisting of a sheet of polyethylene
terephthalate upon which is deposited said horizontal conductors and over
which is deposited a second insulation layer (52") including apertures
therein exposing selected ones of said horizontal conductors, and further
including said vertical bus having said N bus wires thereof formed by
silver deposited on said second 30     insulation layer and penetrating
selected ones of said apertures therein to make electrical contact with
selected ones of said horizontal conductors; said inner laminate and said
outer laminate being joined by an adhesive material (52'), forming a
unitary flexible transparent membrane. 36  8  The apparatus of claim 5 or
6, which further comprises: said overlay membrane including an inner
laminate and an outer laminate; said inner laminate including an inner
substrate (50) consisting of a sheet of polyethylene terephthalate upon
which is deposited said plurality of horizontal conductors; said plurality
of horizontal conductors being composed of a group consisting of indium tin
oxide, gold 40     and silver; said inner laminate further including an
insulation layer (52) composed of vinyl acrylic polymer deposited over the
surface of said horizontal conductors, with a plurality of apertures (180)
therein selectively positioned over each of said horizontal conductors;
said vertical bus having said N bus wires composed of silver deposited on
the surface of said insulation 45     layer and penetrating through
selected ones of said apertures in said insulation layer to make electrical
contact with selected ones of said horizontal conductors; said outer
laminate including an outer substrate consisting of a sheet of polyethylene
terephthalate upon which is deposited said vertical conductors and over
which is deposited a second insulation layer (52") including apertures
(180) therein exposing selected ones of said vertical conductors, and
further 50     including said horizontal bus having said N bus wires
thereof formed by silver deposited on said second insulation layer and
penetrating selected ones of said apertures therein to make electrical
contact with selected ones of said vertical conductors; said inner laminate
and said outer laminate being joined by an adhesive material (52'), forming
a unitary flexible transparent membrane. 55 9. A method  for detecting
either finger touch or stylus location in an overlay membrane having
horizontal conductors and vertical conductors selectively connected to a
capacitance measuring device or a radiative source, and further including a
stylus pickup connected to a radiative signal measurement 15    EP 0 250
931 B1 device for measuring the strength of electromagnetic signals
radiated from the conductors on the overlay as picked up by the stylus, the
steps comprising: determining whether a finger touch threshold has been
exceeded; locating the finger touch if said touch threshold is exceeded, by
using said selected capacitance 5     measuring device for measuring the
capacitance on selected ones of said conductors; determining whether a
stylus threshold is exceeded, if said touch threshold was determined not to
have been exceeded; locating the position of the stylus if said stylus
threshold has been exceeded, by using said radiative signal measurement
device for measuring the strength of electromagnetic signals radiated from
the 10     conductors; repeating said step of determining whether said
touch threshold has been exceeded, if said stylus threshold has not been
exceeded; whereby both finger touch and stylus detection can be alternately
carried out for said overlay membrane. 10. A method fdr simultaneously
detecting both finger touch location and stylus location on an overlay
membrane including an array of horizontal conductors and vertical
conductors which are selectively 



connected to a capacitance measuring means or a signal source, and which
includes a stylus connected to a radiative pickup measurement means for
measuring the electromagnetic radiation 20     emitted by said conductors
in said overlay and picked up by said stylus; the steps comprising:
cyclically detecting, thereby using said radiative pickup measurement
means, the remote proximity of the stylus from the overlay and detecting
the finger touch on said overlay, thereby using said capacitance
measurement means, in a proximity loop; passing control to a stylus
location step to identify the coordinates for the location of said stylus
with 25     respect to said overlay, followed by sensing any possible
finger touch to said overlay; starting a tracking loop to cyclically update
the coordinates for the location of said stylus with respect to said
overlay and detecting any possible finger touch to said overlay; repeating
said tracking and said finger touch sensing steps in said tracking loop
until the detected magnitude of said signals picked up by said stylus
become less than a threshold value; 30     passing control to said
proximity loop; whereby coordinates for both stylus location and finger
touch location on said overlay can be output during said locate cycle and
said tracking loop. Patentanspr~ich0 35 1. Kombination leines
berUhrungsaktiven und einen Griffel detektierenden Systems zur Verwendung
auf der Anzeigefliche (32) eines AnzeigegerAts (24), enthaltend: elnen
Ein-/Atsgabe-AnschluB (112), der mit diesem Anzelgegerat gekoppelt ist;
eine Matrix (20) aus horizontalen (Y1, Y2, Y3, ... Yn) und vertikalen (X1,
X2, X3, ... Xn) Leitern, die auf der Anzeigeflche des Anzeigegerdts
angeordnet sind und zur Obertragung von elektrischen Signalen zwischen
diesem Ein-/Ausgabe-Anschlub (112) und der Umgebung dieser Anzeigefl~che
(32) dienen; ein Strahlungs-Aufnahmegriffel (60) mit Ausgabe-AnschluD zum
Empfang elektromagnetischer Signale, die von dieser Matrix ausgestrahlt
warden; eine Wahlvorrichtung mit schaltbarem Pfad (116), die an diesen
Ein-/Ausgabe-AnschluSl (112) dieser 45     Matrix angeschlossen ist und
einen Steuereingang (118) autweist, Uber den als Reaktion auf Steuersi-
gnale, die an diesen Steuereingang angelegt warden, bestimmte Kombinationen
von mehreren dieser horizontalen und vertikalen Leiter mit diesem
schaltbaren Pfad verbunden werden; eine KapazititsmeBvorrichtung (128) mit
einem Eingang, der an diesen schaltbaren Pfad (116) dieser Wahivorrichtung
gekoppelt ist, zur Messung der Kapazitit bestimmter Leiter dieser Matrix
als Reaktion 50     auf diese Steuersignale, welche an diesem Steuereingang
anriegen; eine Strahlungs-Signalquelle (126) mit einem Ausgang, welcher an
diesen schaltbaren Pfad dieser Wahlvorrichtung gekoppelt ist, zur
Ansteuerung bestimmter dieser Leiter dieser Matrix als Reaktion auf die an
diesem Steuereingang anliegenden Steuersignale; eine
Strahlungs-Signalmelvorrichtung (122) die mit diesem
Strahlungs-Aufnahmegriffel (118) gekoppelt 55     ist, zur Messung dieser
elektromagnetischen Signale, die von diesem Griffel empfangen werden; einen
an diepen Steuereingang (118) dieser Wahlvorrichtung angeschlossenen
Steuerprozessor (100) zur AusfUhrung einer Folge gespeicherter
Programmanweisungen far die sequentielle Ausgabe dieser Steuersignale an
diese Wahivorrichtung;    EP 0 250 931 BI                  c   L   M   S
diesen Steuerprozessor (100), der an diese KapazitatsmeBvorrichtung (128)
angeschlossen ist, welche zum Empfang gemessener Kapazitatswerte dieser
Leiter dient, wenn diese Wahivorrichtung als Reak- tion auf diese
Steuersignale eine erste Kombination aus mehreren dieser Leiter in dieser
Matrix mit dieser KapazitatsmeIvorrichtung verbunden hat, und der die
Position einer Fingerberilhrung (70) mit 5      Bezug zu dieser
Anzeigeflache dieses Anzeigegerdts detektiert; dieser Steuerprozessor, der
an diese Strahlungs-Signalmeovorrichtung angeschlossen ist und gemes- sene
Strahlungs-Signalwerte empfangt, wenn diese Wahivorrichtung als Reaktion
auf diese Steuersi- gnale eine zweite Kombination aus mehreren dieser
Leiter dieser Matrix mit dieser Strahlungs- Signalquelle verbunden und der
die Position dieses Griffels mit Bezug zu dieser Anzeigeflache dieses 70
Anzeigegerlts detektiert; wodurch sowohl die Position der FingerberUhrung
(70) als auch die Position des Griffels (60) mit Bezug zu dieser
Anzeigeflache (32) dieses Anzeigegerdts detektiert werden konnen. 2.
Vorrichtung nach Anspruch 1, enthaltend: -. t5    elne Membranauflage (20),
auf welcher diese Matrix aus horizontalen und vertikalen Leitern angeordnet
ist; 



einen Horizontal-Bus (80), der auf dieser Auflage angeordnet ist und die
vertikalen Leiter (XI, X2, X3, Xn) dieses Ein-/Ausgabe-Anschlusses (112)
untereinander verbindet; diesen Horizontal-Bus mit N Bus-Adern und dlese
vertikalen Leiter, maximal jedoch N(N-1)/2 vertikale 20     Leiter; diese
vertikalen Leiter, die so angeordnet sind, daB jedes benachbarte Leiterpaar
mit jeweils einer spezifischen Kombination aus zwei dieser horizontalen
Bus-Adern verbunden ist, wobel der Abstand zwischen jeweils zwei
benachbarten vertikalen Leitern ungefahr der Breite einer menschlichen
Finger- spitze entspricht; 25     diesen Steuerprozessor, der von dieser
Kapazitatsme~vorrichtung diese gemessenen Kapazitatswerte von jeweils zwei
benachbarten dieser vertikalen Leiter empfangt, welche dieser menschlichen
Finger- spitze mit Bezug auf diese Anzeigefldche dieses Anzeigegerats
gogenlberliegen, wodurch die horizon- tale Position dieser Fingerspitze mit
Bezug zu dieser Anzeigeflache dieses Anzeigegerats bestimmt wird. 30 3
Vorrichtung nach Anspruch 3, enthaltend: diese vertikalen Leiter, welche
welterhin so angeordnet sind, daO jeder Leiter elner Gruppe elner
Untermenge benachbarter Leiter jeweils mit einer dieser N horizontalen
Bus-Leitungen verbunden ist; diesen Steuerprozessor, der diese
Wahivorrichtung dahingehend steuert, dafl bestimmte dieser vertika- 35
len Leiter Oieser Gruppe mit dieser Strahlungs-Signalquelle verbunden
werden; diesen Strjahlungs-Aufnahmegriffel, der bei Annaherung an diese
Gruppe elektromagnetische Signale empfangt,1 die von diesen bestimmten
dieser vertikalen Leitern dieser Gruppe ausgestrahit werden, wobei diese
empfangenen Signale von dieser Strahlungs-Signalmej~vorrichtung von
Signalen unter- schieden iwerden k6nnen, welche von weiter entfernten,
aulerhalb dieser Gruppe dieser Matrix ,04 40  liegenden dieser vertikalen
Leitern ausgestrahit werden, wodurch die horizontale Position dieses
Griffels mit Bezug zu dieser Anzeigefl~che dieses AnzeigegerAts detektiert
wird. 4. Vorrichtung nach Anspruch 2 oder 3, enthaltend: einen vertikalen
Bus (90), der auf dieser Auflage angeordnet ist und diese horizontalen
Leiter (Y1, Y2, 4S     Y3, ... Yn) mit diesem Ein-/Ausgabe-Anschlul (112)
verbindet; diesen vertikalen Bus, der N Bus-Leitungen autweist und diese
horizontalen Leiter, wobei es sich um maximal N(N-1)/2 horizontale Leiter
handelt; diese horizontalen Leiter, die so angeordnet sind, daB jeweils
zwei benachbarte Leiter mit einer spezifischen Kombination aus zwei dieser
vertikalen Bus-Leitungen verbunden sind, wobei der Abstand 60     zwischen
zwei benachbarten dieser horizontalen Leiter ungefihr der Breite einer
menschlichen Finger- spitze entspricht; diesen Steuerprozessor, der von
dieser Kapazitdtsmefvorrichtung diese gemessenen Kapazitatswerte von zwei
benachbarten dieser horizontalen Leiter empfangt, welche dieser
menschlichen Fingerspitze gagenriberliegen, wodurch die vertikale Position
dieser Fingerspitze mit Bezug zu dieser Anzeigeflache 55     auf diesem
Anzeigegerdt detektiert wird. 5. Vorrichtunp nach Anspruch 4, enthaltend:
diese horizontalen Leiter, welche weiterhin so angeordnet sind, daS jeder
Leiter einer Gruppe einer 17    1 1111111111111111111111 lIID EP 0 250 931
BI               c   L       S Untermenge :benachbarter Leiter mit einem
bestimmten dieser N vertikalen Bus-Leitungen verbunden ist; diesen
Steuerprozessor, welcher diese Wahivorrichtung so steuert, daB bestimmte
dieser horizontalen Leiter dieser Gruppe mit dieser Strahlungs-Signalquelle
verbunden werden; 5      diesen Strahlungs-Aufnahmegriffel, welcher bei
Annaherung an diese Gruppe elektromagnetische Signale empfangt, die von
diesen bestimmten dieser horizontalen Leiter dieser Gruppe ausgestrahit
werden, wobel diese empfangenen Signale von dieser
Strahlungs-Signalmellvorrichtung von anderen Signalen unterschieden werden
konnen, die von weiter entfernt und aunerhalb dieser Gruppe in dieser
Matrix liegenden dieser horizontalen Leiter ausgestrahit werden, wodurch
die vertikale Position dieses 10     Griffels mit Bezug zu dieser
Anzeigeflche dieses Angzeigegerats detektiert wird. 6. Vorrichtung nach
Anspruch 5, wobei N = 16 und die genannte Untermenge = 8. 7. Vorrichtung
rnach Anspruch 5 oder 6, enthaltend: diese Membranauflage mit einem inneren
Laminat (56) und einem auferen Laminat (58); 



K     c dieses innere Laminat mit elnem inneren Substrat (50), bestehend
aus einer Lage Polylthylen- Terephtalat, auf dem diese vertikalen Leiter
aufgebracht sind; diese vertikalen Leiter, zusammengesetzt aus einer Gruppe
bestehend aus Indium-Zinnoxid, Gold und Silber; 20     dieses innere
Laminat, welches weiterhin eine Isolierschicht (52) aus Vinyl-Acrylpolymer
enthalt, die auf der 0berfl~che dieser vertikalen Leiter aufgebracht ist
und mehrere Offnungen (180) aufweist, welche selektiv Uber den einzelnen
vertikalen Leitern positioniert sind; diesen horizontalen Bus mit N
Bus-Leitungen aus Silber, das auf der Oberfl~che dieser Isolierschicht
aufgebracht ist und bestimmte dieser Offnungen in dieser Isolierschicht
ausfUillt, wodurch ein elektri- 25     scher Kontakt mit bestimmten dieser
vertikalen Leiter hergestellt wird; dieses Auflere Laminat mit einem uBeren
Substrat (54), bestehend aus einer Lage Polyathylen- Terephtalat, auf der
diese horizontalen Leiter aufgebracht sind, auf welchen eine zweite
Isolierschicht (52") aufgebracht ist, welche Offnungen aufweist, die
bestimmte dieser horizontalen Leiter freilegen, sowie weiterhin diesem
vertikalen Bus mit N Bus-Leitungen aus Silber, das auf dieser zweiten 30
lsolierschicht aufgebracht !st und bestimmte dieser Qiffnungen in dieser
Isolierschicht ausfUllt, wodurch ein elektrischer Kontakt mit bestimmten
dieser horizontalen Leiter hergestellt wird; dieses innere Laminat und
dieses auBere Laminat, welche durch einen Klebstoff (52') verbunden sind
und elne einheitliche, flexible, transparente Membran bilden. 35   .
Vorrichtung ,4ach Anspruch 5 oder 6, enthaltend: diese Membranauflage mit
einem inneren und einem auferen Laminat; dieses innere Laminat mit einem
inneren Substrat (50), bestehend aus einer Lage Polyathylen- Terephtalat,
auf welcher diese horizontalen Leiter aufgebracht sind; diese horizogtalen
Leiter, bestehend aus einer Gruppe aus Indium-Zinnoxid, Gold und Silber;
dieses innere Laminat, welches weiterhin eine Isolierschicht (52) aus
Vinyl-Acrylpolymer enthalt, welche auf der Oberflache dieser horizontalen
Leiter aufgebracht ist und mehrere Offnungen (180) aufwelst, welche
selektiv Ober den einzelnen horizontalen Leitern positioniert sind; diesen
vertikalen Bus mit N Bus-Leitungen aus Silber, das auf der OberflAche
dieser lsolierschicht aufgebracht ist und bestimmte dieser Offnungen in
dieser Isolierschicht ausftilt, wodurch ein elektri- 45     scher Kontakt
mit bestimmten dieser horizontalen Leiter hergestellt wird; dieses guIere
Laminat mit einem Aufleren Substrat, bestehend aus einer Lage
Polyathylen-Terephtalat, auf der diese vertikalen Leiter aufgebracht sind,
auf welchen eine zweite Isolierschicht (52") aufge- bracht ist, welche
Offnungen (180) aufweist, die bestimmte dieser vertikalen Leiter freilegen,
sowie weiterhin diesem horizontalen Bus mit N Bus-Leitungen aus Silber, das
auf dieser zweiten Isolierschicht 50     aufgebracht ist und bestimmte
dieser 6ffnungen in dieser Isolierschicht ausfUllt, wodurch ein elektri-
scher Kontakt mit bestimmten dieser vertikalen Leiter hergesteilt wird;
dieses innere Laminat und dieses gul3ere Laminat, welche durch einen
Klebstoff (52') verbunden sind und eine einheitliche, flexible,
transparente Membran bilden. s5  9. Verfahren zur Detektion von
Fingerberuhrung odor Griffelposition auf einer Membranauflage mit
horizontalen Leitern und vertikalen Leitern, welche selektiv mit einer
Kapazitatsmelvorrichtung oder einer Strahlungsquelle verbunden werden,
sowie weiterhin einem Aufnahmegriffel, der mit elner
Strahlungs-SignalmeIvorrichtung zur Messung der St~rke elektromagnetischer
Signale verbunden ist, 18    EP O 250 931 Bl              I    1111111 IHIH
III l III 1 III die von den Leitern in der Auflage bei Aufnahme mit dem
Griffel ausgestrahit werden; folgende Schritte enthaltend: Bestimmung, ob
ein FingerberUhrungs-Schwellwert Oberschritten wird; Lokalisierung der
FingerberUhrung, falls dieser Bertlhrungsschwellwert Oberschritten wird,
wobel diese 5      KapazitgtsmeI~vorrichtung zur Messung der Kapazit~t
bestimmter dieser Leiter dient; Bestimmung, ob eln Griffel-Schwellwert
Oberschritten wird, falls festgestellt wurde, daI dieser Ber~h-
rungsschwellwert nicht Uberschritten wurde; Lokalisierung der Position des
Griffels, falls dieser Griffel-Schwellwert Oberschritten wird, wobei diese
Strahlungs-Slgnalmeflvorrichtung zur Messung der Stgrke der von den Leitern
ausgestrahlten elektro- 10     magnetischen Signale dient; Wiederholung
dieses Schrittes, mit dem bestimmt wird, ob dieser Ber0hrungsschwellwert
Uberschritten wurde, falls dieser Griffel-Schwellwert nicht Oberschritten
wird; wobei so*ohl Detektion von FingerberUhrung als auch Griffeldetektion
bei dieser Membranauflage 



alternativ dlurchgefUhrt werden konnen. t5 - K.~ 10. Verfahren zur
gleichzeitigen Detektion von Fingerberihrungsposition und Griffelposition
auf einer Membranauflage mit einer Matrix aus horizontalen Leitern und
vertikalen Leitern, welche selektiv mit einer KapazitAtsmeIvorrichtung oder
elner Signalquelle verbunden werden, und mit einem Griffel, welcher an eine
Strahlungs-Aufnahmemelivorrichtung zur Messung der von diesen Leitern in
dieser 20     Auflage, die mit diesem Griffel aufgenommen wurden,
abgegebenen elektromagnetischen Strahlung; folgende Schritte enthaltend:
zyklische Detektion des Abstandes des Griffels von der Auflage mit Hilfe
dieser Strahlungs-Aufnahme- melvorrichtung und Detektion der
FingerberUhrung auf dieser Auflage mit Hilfe dieser KapazitatsmeB-
vorrichtung in einer Naherungsschleife; 25     Obergabe der Steuerung an
einen Schritt zur Griffellokalisierung zur Bestimmung der Koordinaten der
Position dieses Griffels mit Bezug zu dieser Auflage und anschlielender
Erfassung einer m6glichen Fingerber~hrung auf dieser Auflage; Start einer
Bestimmungsschleife zur zyklischen Aktualisierung der Koordinaten fOr die
Position dieses Griffels mit Bezug zu dieser Auflage und Detektion einer
m6glichen Fingerberthrung auf dieser 30     Auflage; Wiederholung dieser
Bestimmung und dieser Schritte zur Erfassung einer FingerberUhrung in
dieser Bestimmungsschleife, bis die detektierte GrW~e dieser von diesem
Griffel aufgenommenen Signale kleiner ist als ein Schwellwert; Obergabe der
Steuerung an diese Naherungsschleife; 35     wobei die iKoordinaten sowohl
der Griffelposition als auch der Position der Fingerberilhrung auf dieser
Auflage w~Ihrend dieses Lokalisierungszyklus und dieser
Bestimmungssechleife ausgegeben werden k6nnen. Revendlcatlonis ,40 1.
Systeme combin6 d'ecran tactile et de detection de style pour utilisation
sur la surface de visualisation (32) d'un dispositif d'affichage visuel
(24), comprenant: une borne d'entreelsortie E/S (112) reliee audit
dispositif d'affichage visuel; un reseau (20) de conducteurs horizontaux
(Y1, Y2, Y3, ... Yn) et verticaux (Xl,X2,X3, ...,Xn) 45     agenc6s sur la
surface de visualisation du dispositif d'affichage visuel pour conduire des
signaux electriques entre ladite borne EIS (112) et le voisinage de ladite
surface de visualisation (32); un style de d6tection de rayonnement (60),
ayant une borne de sortie, pour recevoir les signaux 6lectromagn6tiques
rayonnes par ledit rdseau; des moyens de selection ayant un chemin
commutable (116) connect6 a ladite borne E/S (112) 50     dudit reseau et
ayant une entr6e de commands (118), pour connecter des configurations
choisies d'une pluralite de dits conducteurs horizontaux et verticaux audit
chemin commutable en reponse a des signaux de commands appliques & ladite
entree de commande; des moyens de mesure de capacite 6lectrique (128) ayant
une entree reiiee audit chemin commutable (116) des dits moyens de
s~lection, pour mesurer la capacit6 electrique de conducteurs 55
choisis parmi lesdits conducteurs dudit r6seau, en reponse auxdits signaux
de commande appliques A ladite entrde de commande; une source de signal de
rayonnement (126) ayant une sortie reli6e audit chemin commutable desdits
m'yens de selection, pour exciter des conducteurs choisis parmi lesdits
conducteurs dudit 19    EP 0 250 931 BI                       c   L  M   S
reseau, en reponse aux dits signaux de commando appliques a ladite entree
de commande: des moyens de mesure de signal de rayonnement (122) reli6s
audit style de detection de rayonnementj pour mesurer lesdits signaux
electromagn6tiques recus par le dit style; un processeur de commande (100)
connecte 3 la dite entr6e de commando (118) desdits moyons 5      de
selection, pour ex6cuter une sequence d'instructions de programme
stockees,afin de fournir s6quentiellement lesdits signaux de commande
auxdits moyens de s6lection; ledit processeur de commando (100) etant
connect6 auxdits moyens de mesure de capacite (128) pour recovoir les
valeurs de capacit6 mesur6es desdits conducteurs lorsque lesdits moyens de
selection, en r6ponse auxdits signaux de commando, ont connecte une
premibre configuration d'une 1o     pluralite dedits conductours dudit
r6seau aux dits moyens de mesure de capacit6, afin de detecter la 



position d'un effleurement de doigt (70) par rapport a la dite surface de
visualisation dudit dispositif d'affichage; ledit processeur de commando
6tant connect6 auxdits moyons de mosure de signal de rayonne- ment pour
tecevoir les valeurs de signal de rayonnement mesurees lorsque lesdits
moyens de s6lection, en reponse auxdits signaux de commande, ont connecte
une deuxieme configuration d'une '> v    pluralite dedits conducteurs dudit
reseau a ladite source de signal de rayonnement, afin de detecter la
position dudit style par rapport a ladite surface de visualisation dudit
dispositif d'affichage; de sorte. qu'on pout detecter a la fois la position
d'effleurement du doigt (70) et la position du style (60) par rapport A
ladite surface de visualisation (32) dudit affichage. 20 2. Appareil
suivant la revendication 1, qui comprend en outre: une membrane de
recouvrement (20) sur laquelle est mont6 ledit reseau de conducteurs
horizon- taux et verticaux; un bus horizontal (80) monte sur ledit
recouvrement pour interconnecter lesdits conducteurs 25     verticaux (X1
,X2,X3, ... Xn) A ladite borne E/S (112); ledit bus horizontal ayant une
pluralit6 de N conducteurs de bus et lesdits conducteurs verticaux etant
une pluralit6 n'excedant pas N(N-1)/2 conducteurs verticaux; ladite
pluralit6 de conducteurs verticaux 6tant agencee de sorte que chaque paire
de conducteurs adjacents de cette pluralit6 est connect6e A une combinaison
unique de deux conducteurs de ladite 30     pluralit6 de conducteurs du bus
horizontal, la distance separant des conducteurs adjacents parmi lesdits
conducteurs verticaux 6tant approximativement 6gale a la largeur d'un bout
de doigt humain; ledit processeur de commande recevant des dits moyens de
mesure de capacite lesdites valeurs de capaciteS mesurees de deux
conducteurs adjacents parmi lesdits conducteurs verticaux,qui comnci- dent
avec ledit bout de doigt humain, de fagon a detecter la position
horizontale dudit bout de doigt par 35     rapport a ladite surface de
visualisation dudit affichage. 3  Appareil suivant la revendication 2, qui
comprend en outre: ladite pluralite de conducteurs verticaux etant en outre
agencee de sorte que chaque conducteur d'un groupe quelconque d'une
sous-pluralite de conducteurs adjacents parmi les conducteurs verticaux est
connecte a un conducteur unique desdits N conducteurs du bus horizontal;
ledit processeur de commando commandant lesdits moyens de selection afin de
connecter des conducteurs choisis parmi lesdits conducteurs verticaux dudit
groupe A ladite source de signal de rayonnement; ledit style de d6tection
de rayonnement, lorsqu'il est pres dudit groupe, recovant les signaux 45
6lectromagn6tiques rayonn6s par lesdits conducteurs choisis parmi lesdits
conducteurs verticaux dudit groupe, les dits signaux recus pouvant 8tre
distingu6s par lesdits moyens de mesure de signal de rayonnement,par
rapport aux signaux rayonnes par des conducteurs plus distants parmi
lesdits conducteurs verticaux situes en dehors dudit groupe dans ledit
reseau, afin de detecter la position horizontale dudit style par rapport i
ladite surface de visualisation dudit affichage. 50 4. Appareil suivant la
revendication 2 ou 3, qui comprend en outre: un bus vertical (90) mont6 sur
ledit recouvrement pour interconnecter lesdits conducteurs horizon- taux
(Y1,Y2,Y3,...Yn) a ladite borne E/S (112); ledit bus vertical ayant une
pluralite de N conducteurs de bus et lesdits conducteurs horizontaux 55
etant une pluralit6 n'exc6dant pas N(N-1)/2 conducteurs horizontaux; ladite
pluralitd de conducteurs horizontaux 6tant agenc6e de sorte que chaque
paire de conduc- teurs adjacents de cette pluralit6 est connectee a une
combinaison unique de deux conducteurs de ladite pluralite de conducteurs
du bus vertical, la distance qui separe des conducteurs adjacents parmi 20
EP 0 250 931 B1                       L I  N lesdits conducteurs
horizontaux 6tant approximativement egale A Ia largeur d'un bout de dolgt
humain; ledit processeur de commando recevant desdits moyens de mesure de
capacite lesdites valeurs de capacite mesurees de deux conducteurs
adjacents, parmi lesdits conducteurs horizontaux, qui sont juxtaposes audit
bout de doigt humain, afin de d6tecter la position verticale dudit bout de
doigt par 5      rapport a ladite surface de visualisation dudit affichage.
5. Appareil suivant la revendication 4, qui comprend en outre: ladite
pluralit6 de conducteurs horizontaux etant en outre agenc6e de sorte quo
chaque conducteur 



d'un groupe quelconque d'une sous-pluralit6 de conducteurs adjacents parmi
les conducteurs horizon- 10     taux est connect6 a un conducteur unique
parmi lesdits N conducteurs du bus vertical; ledit processeur de commande
commandant les dits moyens de selection pour connecter des conducteurs
choisis parmi lesdits conducteurs horizontaux dudit groupe a ladite source
de signal de rayonnement; ledit style de detection de rayonnement,
lorsqu'il est "prbs dudit groupe, recevant des signaux .15
electromagnetiques rayonnes par lesdits conducteurs choisis parmi lesdits
conducteurs horizontaux dudit groupe, lesdits signaux regus pouvant etre
distingues par lesdits moyens de mesurede signal rayonne par rapport aux
signaux 6manant de conducteurs plus distants parmi lesdits conducteurs
horizontaux situes en dehors dudit groupe dons ledit r6seau, afin de
d6tecter la position verticale dudit style par rapport a ladite surface de
visualisation dudit affichage. 20 6. Appareil suivant la revendication 5,
dans lequel N = 16 et ladite sous-pluralite est de 8. 7. Appareil suivant
la revendication 5 ou 6, qui comprend: ladite membrane de recouvrement
incluant un stratii int6rieur (56) et un stratifie exterieur (58) 25
ledit stratifi6 int(rieur incluant un substrat interieur (50) constitu6
d'une feuille de ter6phtalate de polyethylene sur laquelle est d6pos6e
ladite pluralite de conducteurs verticaux; ladite pluralite de conducteurs
verticaux etant composee d'un groupe constitue d'oxyde d'4tain- indium,
d'or et d'argent; ledit stratifie int6rieur comportant en outre une couche
d'isolation (52) compos6e d'un polymere de 30     type vinyl acrylique
depose sur la surface desdits conducteurs verticaux, une pluralite
d'ouvertures (180) dans cette couche 6tant s6lectivement positionnees
audessus de chacun desdits conducteurs verticaux; ledit bus horizontal
comportant lesdits N conducteurs de bus composes d'argent depos6 sur la
surface de ladite couche isolante et pen6trant a travers des ouvertures
choisies parmi lesdites 36     ouvertures de ladito couche isolante, de
manibre a effectuer un contact electrique avec des conduc- teurs choisis
parmi lesdits conducteurs verticaux; ledit sAtratifiM ext6rieur comportant
un subsrat ext~rieur (54) constitue d'une feuille de terephtalate de
poly6thylene sur laquelle sont d~pos6s lesdits conducteurs horizontaux et
au-dessus de laquelle est deposae utne deuxieme couche d'isolation (52")
presentant des ouvertures qui decouvrent des conduc- 40     tours choisis
parmi lesdits conducteurs horizontaux, et comportant en outre ledit bus
vertical dont lesdits N conducteurs de bus sont form6s par de l'argent
d6pos6 sur ladite deuxieme couche d'isolation et pen6trant dans des
ouvertures choisies parmi lesdites ouvertures, afin d'effectuer un contact
electrique avec des conducteurs choisis parmi lesdits conducteurs
horizontaux; ledit stratifiN interieur et ledit stratifie exterieur etant
relies par une matibre adh6sive (52'), de 45     manibre a constituer une
membrane transparente flexible unitaire. . Appareil suivant la
revendication 5 ou 6, qui comprend en outre: ladite membrane de
recouvrement comportant un stratifie intdrieur et un stratifi6 ext6rieur ;
ledit stratifid int6rieur incluant un substrat interieur (50) constitue
d'une feuille de terephtalate de polyethyle- 50     no sur laquelle est
d6posee ladite pluralite de conducteurs horizontaux; ladite pluralite de
conducteurs horizontaux etant compos6e d'un groupe constitu6 d'oxyde
d'etai- nindium, d'or et d'argent; ledit stratifi6 int6rieur incluant en
outre une couche d'isolation (52) composee d'un polymere de type vinyl
acrylique, depos6e sur la surface desdits conducteurs horizontaux et
pr4sentant une pluralit6 55     d'ouvertures (180) selectivement
positionn6es au-dessus de chacun desdits conducteurs horizontaux; ledit bus
vertical ayant lesdits N conducteurs de bus compos6s d'argent ddpos6 sur la
surface de la dite couche d'isolation et pen6trant 3 travers des ouvertures
choisies parmi lesdites ouvertures de ladite cou~he d'isolation pour
effectuer un contact dlectrique avec des conducteurs choisis parmi 21    EP
0 250 931 Bi                   !'1J HIIJLI Iliji lI! 1 lesdits conducteurs
horizontaux; ledit stratifie ext6rieur incluant un substrat ext6rieur
constitue d'une feuille de terephtalate de polyethylene sur laquelle sont
d6poses lesdits conducteurs verticaux et au-dessus de laquelle est d6pos6e
une douxieme couche d'isolation (52") presentant des ouvertures (180) qui
d~couvrent des 5      conducteurs choisis parmi les dits conducteurs
verticaux, et incluant en outre ledit bus horizontal dont lesdits N
conducteurs de bus sont formes par de I'argent d6pose sur ladite douxieme
couche 



d'isolation et pdn6trant dans des ouverturss choisies parmi lesdites
ouvertues afin d'effectuer un contact electrique avc des conducteurs
choisis parmi lesdits conducteurs verticaux; ledit stratifie intdrieur et
ledit stratifiW exterieur 6tant li6s par une matibre adh6sive (52') de
maniere 10     a constituer une membrane transparente flexible unitaire. 9.
M6thode de detection de la position d'un effleurement de doigt ou d'un
style dans une membrane de recouvrement ayant des conducteurs horizontaux
et des conducteurs verticaux selectivement connec- tes a un disoosltif de
mesure de capacit6 ou a une source do rayonnement, et comprenant on outre
un style de detection connect6 a un dispositif de mesure de signal de
rayonnoment pour mesurer )       l'intensitM do signaux dloctromagn6tiques
rayonnds par los conducteurs sur le recouvrement, lorsqu'ils sont d6tectes
par le style, les etapes comprenant: la determination de ce qu'un seuil
d'effleurement de doigt a 6te depass6 ou non; la localisation de
l'effleurement de doigt, si ledit seull d'efflourement est depasse,par
utilisation 20     dudit dispositif de mesure de capacite choisie afin de
mesurer la capacite sur des conducteurs choisis parmi les dits conducteurs;
la determination de ce qu'un seuil de style est depasse ou non, si on a
determine quo lodit seull d'effleurement n'a pas 6t4 d6pass4; la
localisation de la position du style si le dit seuil de style a et6
depass6,par utilisation dudit 25     dispositif de mesure de signal de
rayonnement pour mesurer l'intensit6 des signaux electromagn6ti- ques
rayonn6s par les conducteurs; la r6p6tition de ladite etape de
determination de ce que ledit soull d'effleurement a 6t6 d~pass6 ou non, si
ledit seuil de style n'a pas 6te d6passe; de sorte que la d6tection
d'elfleurement de doigt et la d6tection de style peuvent 8tre alternative-
30     ment effectuees pour ladite membrane de recouvreemnt. '  ~10 M6thode
pour detecter simultandment une position d'effleurement de doigt et une
position de style sur une membrane de recouvrement comportant un r6seau de
conducteurs horizontaux et de conducteurs verticaux qui sont s6lectivement
connectes & undispositif de mesure de capacit6 ou a une source de 35
signal, et qui comprend un style connecte a un dispositif de mesure de
signal de rayonnement pour mesurer le rayonnement electromagnetique dmis
par lesdits conducteurs dudit recouvrement et capt6 par ledit style; les
etapes comprenant: la d6tection cyclique, par utilisation dudit dispositif
de mesure de signal de rayonnement, de la proximite du, style par rapport
au recouvrement, at la detection de l'effleurement de doigt sur ledit
recouvrement au moyen dudit dispositif de mesure de capacite, dans une
boucle de proximit6; la transrnission de la commande A une etape de
localisation de style pour identifier les coordon- n6es de la position
dudit style par rapport audit recouvrement, suivie par la d~tection d'un
possible effleurement de doigt, sur ledit recouvrement; le d6marrage d'une
boucle de suivi atin de mettre a jour cycliquement les coordonn6es pour la
45     position dudit style par rapport audit recouvrement, et la detection
d'un possible effleurement de doigt sur ledit recouvrement; la r6petition
desdites 6tapes de suivi et de dbtection d' effleurement de doigt dans
ladit boucle de suivi, jusqu'A ce que l'amplitude d6tect~e desdits signaux
capt6s par ledit style devienne inferieure a une valeur de souil; 50
la transmission de la commande a ladite boucle de proximite; de sorte quo
les coordonnees a la fois pour la position du style et la position
d'effleurement de doigt sur ledit recouvrement peuvent etre obtenues
pendant le cycle de localisation et la boucle de suivi. 56 22    


