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Description

Background of the Invention

The invention disclosed broadly relates to data processing technology and more particularly relates to
input devices for use in conjunction with visual disptays.

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
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
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 lsarn to use
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-hsld pen, which is pfaced against the display surface of a cathode ray tube scraen. When the dot of
light represented by the scanning raster is detected by the light pen, the coordinates of the raster dot are
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 pianes by a finger touch, the conductors are
brought into electrical contact with the conductors in the second plane. The elsctrical resistance of the
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
elactronic stylus, have been provided in the prior art. In opaque graphics tablets, a horizontal wire grid and
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 4,008,338, 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 ali regions of
lhe tablet surface emit signals which are detected by the stylus as it approaches the surface. When the
ampiitude 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
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 panst with his/her finger.

The popularity of the Personal Computer can be atiributed, in part, to the enhanced productivity which
can ba achieved by applying data processing techniques to the execution of tasks which were previously
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, perbaps selecting the
mode of operation or particular image to be displayed, prior to using the interactive input device for
inpulting data to the system. For example, in hotel management applications, the operator would snter
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controt 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 oparator be able to make data entries by means of the interactive input at the
display surface.

Objects of the ‘invention

It is therefore an object of the invention to provide an improved interactive input device for a display
surface.

It is ancther object of the invention to provide an interactive input device which permits sither 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
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 simuftansous detection of both a finger touch and a stylus position.

The invention as claimed solves these stated and further objectives in advantageous manner.

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 IO
terminal coupled to the visual display device, an array of horizontal and vertical conductors arranged on the
viewing surface of the visual display device for conducting electrical signals between the KO 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 /O terminal of the
array and having a control input, for connecting selected patterns of a plurality of the horizontal and vertical
conductors to the switchable path in response to control signals applied to the controt 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
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, coupied to the
radiative pickup stylus, for measuring the electromagnstic 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
the selection means. The control processor is connected to the capacitance measuring means, for receiving
measured capacitance valuas 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
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, io
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.

The system can be used for both sequential and simultansous detection of finger touch and stylus
pasition. 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
surfaces. ' :

In addition, according to the invention, there is provided a method for detscting either finger touch or
stylus location as defined by claim 9 and a method for simultaneousty detecting both finger touch location
and stylus tocation as defined by claim 10.
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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:
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 ovetlay 20 and the stylus 80 for stylus detection;

Fig. 4 is a schematic view of the overlay for stylus detection;

Fig. 5 illustrates the radiative signal amplitude for measuring pair PO 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;

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 overtay 20 along the section line 12-12' of

Fig. 13 is a front breakaway view of the overlay 20 in the bus region;
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 simultansous
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.

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
sheets of durable, transparent plastic, with an array of horizontal transparent conductors smbedded 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 portien 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.

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 um (0.002) inches. An array of horizontal transparent conductors is deposited
on the surface of the inner substrate 50 and are designaled as Y1, Y2, Y3, efc., 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 approximatety 635 um {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
Y wires and can be composed of a transparent adhesive such as ultraviolet initiated vinyl acrylic polymer
having a thickness of approximately 50 wm (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 um {0.002 inches). Deposited on
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the surface of the outer substrate 54 is a vertical array of transparent conductors designated X1, X2,
X3..XB... The conductors X1, etc. are also composed of indium tin oxide and have a thickness of
approximately 100 nm, a width of approximately 635 um (0.025 inches) and a spacing of approximately
3.175 mm (0.125 inches), center-to-center. The outer subsirate 54 and the vertical conductors X are joined
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 ochms 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
distance 62. The principle of operation in the stylus detection mode is that the X and/or ¥ 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 elactronics connected to the stylus digitizes the magnitude of the signal. The magnitude of the signal
detected by the stylus is a function of the height of the stylus above the overlay 20. By comparing this
magnitude to known thrasholds, 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
manner that the radiation picked up by the stylus 60 can enable the attribution of an instantanecus 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 severat conductors
to the left thereof being either grounded or connected to a first reference potential and the right-hand
conductor and several conductors to the right thereof being driven by the oscillator driver. Fig. 4 shows the
wire pair PO 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 feft to right from above the
conductor Xt 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 PO. Fig. 6 shows the second stage in the measurement where the wire pair P1 is formed with the
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 fower refative 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 PO. 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
or reference polential. 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 X1,
X2, X3, elc. is done in two stages. First, the base coordinate is calculated and then second an offset
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 o 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
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 coordmate is equal to the wire separation pitch in the horizontal direction times (P0-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
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 lo the base coordinate, results in the interpolated value for the horizontal position of the stylus
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with respect to the vertical X conductors. The resclution for this measurement is typically 0,254 um (0.01
inches). A similar operation is conducted for the horizontal conductors Y1, Y2, efc. 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
conductors must be arranged with each conductor in any group of at least six adjacent conductors, uniquely
connected 1o 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 approximatelyi 3,175 mm (0.125 inches) must be maintained for the conductors in both the horizontal
direction and in the vertical direction. i a display area of 30-33 cm (12-13 inches) in the horizontal and the
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
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
conductors were divided into groups. To make the individual groups of array conductors unigue 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
conductors in the array connected to the same bus wire.

The probiem 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 iillustrated
in Fig. 8. The finger 70, when touching the surface of the outer substrats 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
the finger 70 is to be measured with the resolution equivalent to the pitch of the conductors, in this case
3,176 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 betwsen the finger 70 and the X3
conductor must be measured and the capacitance CF4 between the finger 70 and the conductor )(4 must
be measured. The capacitance of all the X conductors X1-X5 and all of the Y conductors can be measured,
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
connecled through the X connector 182 to the drive electronics. Similarly, the Y bus connector 184
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 wites 1-16 in the X bus 80. Correspondingly, the horizontal transparent conductors Y1-Y112 are
selactively connected to the 16 bus wires of the ¥ 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
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
lo make connection to the transparent wire X2. The actual pattern for interconnecting the 16 bus wires 1-18
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 |. _

In the preferred embodiment, the number of vertical array conductors X1, X2,..., which must be capable
of independent control, 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

4]




- 10

15

20

25

30

35

4}

45

50

55

TR 3
EP 0 250 931 B1

t

the wire pair concept shown in Figs. 47, 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
distance which will be disptaced 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 uniguely connected to
one of the plurality of bus wires in the horizontal bus 80. The same is equally true for the horizontal array
conductors ¥1; Y2, ...

For example, if the maximum speed of the stylus is 48 inches per second, the sampling rate is 100
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 uniguely 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 | and in Fig. 15.
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Sequence With Four-Wires-On Tracking TABLE I

Drive No. 16 114 213 312 411 510 & 9 7 8 15
Occurrence 1 1 1 1 1 1 1 1 1 1
N to Self T T

N to Four - e e m e e e e e e e e e e = .

Prive No. 2 1 314 413 512 611 710 8 915 3
Occurrence 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 10 910 910 910 9 10 10 11 11 9 10 10 10

[ 4]
%]
[ V]
[\
[ &)
9]
[~
8]
[ 8]
[\

Drive No. 16 2 4 1 514 613 7 12 8 11 9 16 10 15
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

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
N to Four 10 10 11 10 11 10 31 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
QOccurrence 4 5 5 5 5 5 5 5 5 5 5 5 5 5-5 5
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 8B 3 9 210 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 1C¢ 9 10 11 10

Drive No. 16 &€ 8 5 9 410 3 11 212 1 13 16 14 15
Occurrence 6 7. 7 1 1 7 717 7 71 7 71 7 7 71 1T 7
N to Self 31 16 13 17 13 17 13 17 13 17 13 17 14 12 18 1i6
N to Four 11 10 11 10 11 10 1t 10 11 i1 9 10 11 12 15 1i6

To reduce the number of elements in the X bus 80, each bus wire 1-18 drives multiple X array
conductors X1-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 conductorsiconnected 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
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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 simultansously during the
tracking operation, as shown in Figs. 4-7, with respect to the next occurrence of another conductor
comnected 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.
Low force touches only change the capacitance of two adjacent conductors. The bus wirg attachrment
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 onty one
pair of adjacent conductors in the array should be connected to the same pair of bus wires. In a 16 wire bus
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
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.

Table { and Fig. 15 represent an optimum bus connection sequence for the condition that the bus
contains 16 bus wires which are connected 1o 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.

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
GRT 24. The display input area 188 is shown in cross-sectionat 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
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 sliminate 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
exceed an oplical 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 Xt, X2, etc. The indium tin oxide coating is
etched to provide 635 um (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,
vertical conduclors X1, X2,..X112. The outer substrale 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, ¥2,..¥112 on the outer substrate 54 are oriented at right
angles with respect to the vertical X conductors deposited on the inner substrate 50. Buring manufacture,
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
resulting overlay composite 20 has an overall thickness in the display input area 188 of approximately 127
um {0.005 inches), has a high optical ransparency, 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
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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
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 slectricai contact with the selected, exposed array conductors. For example, as is
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 um (0.015") width line. The thickness
of the bus wires does not exceed 25 um (0.001 inches).

Fig. 9 shows an architectural diagram of the detection system. The vertical conductors X1-X112 are
connected through the X bus 80 to the wire select muitiplexer 112 and the horizontal Y conductors Y1-Y112
are connected through the Y 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 measurerment device 128
which is used for capacitance finger touch detection. The wire selection muttiplexer 112 is also connected
through the mode multiplexer 116 to the 40 kilohertz oscillator driver 126 which is used to drive the X bus
80 and the Y 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 cutput of the capacitance measurement
device is connected through the analog-to-digital converter 130 to the processor address/data bus 110. The
output of the radiative pickup measurement device 122 is connacted 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 O controller 106. The KO controller 106 has an /O bus 108
which connects to a host processing system such as the I/O bus of an IBM Personal Computer.

The wire selection muiltiplexer 112 and the mode multiplexer 116 connects selected patterns of a
pturality 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
capacitance measuring device 128 has its input coupled through the mode muitiplexer 116 and the wire
selection multiplexer 112 to selected ones of the horizontal and vertical conductors in the overtay 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 110 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
operalor'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 contro! inputs 114 and 118
from the control processor 100. The electromagnetic signals received from the overlay 20 by the stylus 60
arg passed through the gate 120 to Lhe radiative pickup measurement device 122, which measures those
stgnals 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 iocation and tracking mode. The
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 valuss and other result
information can be output through the 7O controller 106 on the IO bus 108 to the host processor for further
analysis and use lin applications software.

Fig. 10 is a flow diagram of a first embodiment of the invention where sither finger touch operations or
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
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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
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 foliowed 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
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 besen 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 muitiplexer 116 disconnects the capacitance measurement device 128 and connects the 40 kilohertz
oscillator driver 126 to the overlay 20 through the wire selection multiplexer 112. The mode multiplexer 116
alsc 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 ¥ conductors in
the overlay 20 and by the radiative pickup measurement device 122 determining whether the stylus 60 has

“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
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 siep
150 where the touch locate mode begins. The capacitance measurement device 128 is connected through
the mode multiplexer 116 and the wire select mulliplexer 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
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 Xl and Xl +1 having
the highest capacitance and that is attributed as the horizontal position of the finger touch. Gorrespondingly,
the unique paif of the 112 horizontal ¥ 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
the control processor 100 through the KO controlter 106 to the I/O bus 108.

i 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-X112 are energized in groups of at teast 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
the digitat values output from the converter 124 are passed to the control processor 100. A similar operation
takes place for the horizontal ¥ conductors Y1-Y112 in the overiay 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 O controller 106 to the IO bus t08. The operation of
tracking the consecutive positions of the stylus 60 with respect to the overlay 20 then takes place by
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
embodiment both finger touch and stylus detection operations can be carried out simultanecusly. 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 ilocate cycle 220, and multiplexing track stylus location
detaction and finger touch sensing in the tracking loop 240, as shown in the fiow diagram of Fig. 16.

Fig. 18 shows the proximity loop 200 including steps 202-210 and Fig. 17 shows the timing diagram
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 80 is
picking up a sufficiently large amplitude representation of that signal to pass a threshold valus. This is
represented by step 202 of the proximity loop 200. in step 204, the contro! processor 100 determines if the
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threshold has been passed and if so, the control processor 100 sets a flag S1. Whether the stylus proximity
threshold has been excesded or not, the program then passes {0 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
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-Y112 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 IO controller 108, as previously described. The program then
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. 17. 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,
as described above, would be carried out for the vertical array conductors X1-X112 and then the program
would pass to step 224 to perform a similar stylus location operation for the horizontal array conductors ¥1-
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 wilt output the X location attributed to the stylus 60 and in step 224 the control
processor 100 will output the Y location atiributed 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. ! 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 VO controller 106 to the VO bus 108, as previously described
for step 208. Note that both the stylus location and the finger touch location can be separately and
substantially simultaneously output by the cantrol processor 100 over the VO 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,
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 IFO 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 VO bus 108, in 2 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 simultanecusly, by the control processor 100 to the VO bus 108. In step 250, the
control processor 100 determines whether the amplitude of the signal received by the stylus 60 is less than
the threshold value for proximity detection. i the magnitude is greater than the threshold value, then the
program passes to step 242, continuing the tracking loop cycle. i the magnitude of the signal detected by
the stylus 60 is foss than the threshold value, then the program passes back to the proximity loop 200 and
restarls step 202 for the remote proximity stylus sensing operation. This is shown for the stylus tracking
ioop 240 as depicted in the timing diagram of Fig. 17.

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 B0 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 simultanecus 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 YO bus 108 by the control processor 100. Also depicted in Fig. 19 is the
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 VO bus 108 by the control processor 100,

Fig. 18 depicts an example memory organization for the RAM 102 in the second embodlment of the
invention, where the RAM 102 is connected by the processor bus 110 to the control processor 100, as is
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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
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 vegisters 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
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 80 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
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 O
bus 108. Similarly, an X bus wire radiation value file and a Y bus wire radiation value file is provided for the

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 VO bus 108, as previously
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
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
interface, enabling sither the sequential or simultanecus detection of both stylus position and finger touch,
thereby increasing the range of applications for interactive input devices. The resulling 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.

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 VO terminal (112} coupled to said visual display device;
an array (20) of horizontal (Y1, Y2, Y3, ... ¥n) and vertical (X1, X2, X3, ... Xn) conductors arranged on
the viewing surface of the visual display device for conducting electrical signals between said VO
terminat (112) and the vicinily of said viewing surface (32);
a radiative pickup stylus {60), having an output terminal, for receiving electromagnetic signals radiated
from said array;
a seleclion means having a switchable path (116) connected to said G terminat (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
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; :
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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 1o sequentiatly output said control signals to said selection
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 {0 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
surface of said display device;
said contrel -processor connecled 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 detsct
the location of said stylus with respect to said viewing surface of said display device;
whereby, both finger (70} touch location and stylus (60) location with respect to said viewing surface
(32) of said display, can be detected.

The apparatus of claim 1, which further comprises:

an overlay membrane (20) upon which is mounted said array of horizontal and vertical conductors;

a horizontal bus {80} mounted on said overlay for interconnecting said vertical conductors (X1, X2, X3,
... Xn) to said /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
connected to a unigue 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,
thereby detecting the horizomtal location of said finger tip with respect to said viewing surface of said
display.

The apparatus of claim 2, which further comprises:

said plurality of vertical 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 horizontal bus
wires;

said control processor controlling said selection means to connect selected ones of said verticat
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 cnes
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.

The apparatus of claim 2 or 3, which further comprises:

a vertical bus (90) mounted on said overlay for interconnecting said horizontal conductors (Yt, Y2, Y3,
... Yn) to said /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;

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
tip, thersby detecting the vertical location of said finger tip with respect to said viewing surface of said
display.

The apparatus of claim 4, which further comprises:
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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 unigue one of said N vertical bus
wires,
said control processor controlling said selection means to connect selected ones of said horizontal
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
distinguishabie by said radiated signal measuring means over signals radiating from more distant ones
of said horizontal conductors iocated outside of said group in said array, thereby detecting the vertical
location of. said stylus with respect to said viewing surface of said display.

The appariatus of claim 5, wherein N =16 and said subplurality is 8.

The apparatus of claim 5 or 6, which comprises:

said overlay membrane including an inner larinate (58) 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 oxids, gold and
silver;

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) thersin
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
electrical contact with selected ones of said vertical conductors;

said outer laminate including an outer substrate (54) consisting of a sheet of polyethyiene terephthalate
upon which is deposited said horizontal conductors and over which is deposited a second insulation
layer (527) 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
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'), torming a
unitary flexible transparent membrane.

The apparatus of claim 5 or 8, which further comprises:

said overlay membrane inciuding 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 pluratity of horizontal conductors being composed of a group consisting of indium tin oxide, gold
and silver;

said inner laminate further including an insulation layer (52) composed of vinyl acrylic polymer
deposited over the surface of said horizontal conduclors, with a plurality of apertures (180) therein
seleclively 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
layer and penetrating through selected ones of said apertures in said insulation layer to make electricai
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
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 electricai
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 tlexible transparent membrans.

A method for detecting either finger touch or stylus location in an overlay membrane having horizontal

conductors and vertical conductors seleclively connected to a capacitance measuring device or a
radiative source, and further including a stylus pickup connected to a radiative signal measurement
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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
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 elsctromagnetic signals radiated from the
conductors;
repeating said step of delermining 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. ‘

A method for simultaneously detecting both finger touch location and stylus location on an overlay
membrane including an array of horizontai 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
emitted by said conductors in said overlay and picked up by said stylus; the steps comprising:
cyclically detscting, 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 measurernent means, in a proximity loop;

passing control te a stylus location step to identify the coordinates for the location of said stylus with
respect lo said overlay, followed by sensing any possible finger touch to satd 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 untit the detected
magnitude of said signals picked up by said stylus become less than a thresheld valtue;

passing conirol 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.

Patentanspriiche

1.

Kombination eines beriihrungsakiiven und einen Griffel detektierenden Systems zur Verwendung auf
der Anzeigefliche (32) eines Anzeigegerats (24), enthaltend:

einen Ein-/Ausgabe-Anschiuf (112), der mit diesem Anzeigegerat gekoppelt ist;

eine Matrix (20} aus horizontalen (Y1, Y2, Y3, ... Yn} und vertikalen (X1, X2, X3, ... Xn) Leitern, die auf
der Anzeigefliche des Anzeigegerits angeordnet sind und zur Ubertragung von elektrischen Signalen
zwischen diasem Ein-/Ausgabe-Anschiuf (112) und der Umgebung dieser Anzeigefliiche (32) dienen;
ein Strahlungs-Aufnahmegriffel (60) mit Ausgabe-Anschluff zum Empfang elektromagnetischer Signale,
die von dieser Matrix ausgestrahlt werden;

eine Wahlvorrichtung mit schalibarermn Plad {116}, die an diesen Ein-/Ausgabe-Anschiuf (112} dieser
Matrix angeschlossen ist und einen Steuereingang (118) aufweist, Uber den als Reaktion auf Steversi-
gnale, die an diesen Steuersingang angelegt werden, bestimmte Kombinationen von mehreren dieser
horizontalen und vertikalen Leiter mit diesem schaltbaren Pfad verbunden werden;

eing KapazitdtsmefBvorrichtung (128) mit einem Eingang, der an diesen schaltbaren Pfad (116} dieser
Wahlvorrichtung gekoppelt ist, zur Messung der Kapazitdt bestimmter Leiter dieser Matrix als Reaktion
auf diese Steuersignate, welche an diesem Steuersingang anliegen;

eine Strahlungs-Signalquelle (126) mit einem Ausgang, welcher an diesen schaltbaren Pfad disser
Wabhlvorrichtung gekoppelt ist, zur Ansteusrung bestimmter dieser Leiter dieser Matrix als Reaktion auf
die an diesem Steuereingang anlisgenden Steuersignale;

eine Strahlungs-Signalmefvorrichtung (122) die mit diesem Strahlungs-Aufnahmegriffel (118) gekoppelt
ist, zur Messung dieser elektromagnetischen Signale, die von diesem Griffel empfangen werden;

einen an diesen Steuereingang (118) dieser Wahlvorrichtung angeschlossenen Steuerprozessor (100)
zur Ausfithrung einer Folge gespeicherter Programmanweisungen fir die sequentielle Ausgabe dieser
Steuersignale an diese Wahlvorrichtung;

16




15

20

25

J0

35

40

50

55

EP 0 250 931 B1

1
diesen Steuverprozessor (100), der an diese KapazitdtsmefBvorrichtung (128) angeschlossen ist, welche
zum Empfang gemessener Kapazitdtswerte dieser Leiter dient, wenn diese Wahlvorrichtung als Reak-
tion auf diese Steuersignale eine erste Kombination aus mehreren dieser Leiter in dieser Matrix mit
dieser KapazitéiitsmegBvorrichtung verbunden hat, und der die Position einer Fingerberilhrung (70) mit
Bezug zu dieser Anzeigefldche dieses Anzeigegerits detektiert;
dieser Steuerprozessor, dor an diese Strahlungs-Signalmefivorrichtung angeschlossen ist und gemes-
seone Strahlungs-Signalwerte empfangt, wenn diese Wahlvorrichtung 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 Anzeigefliiche dieses
Anzeigegerits detektiert;
wodurch sowohl die Position der Fingerberithrung (70) als auch die Position des Griffels {60) mit Bezug
zu dieser f\nzeigefléche {32) dieses Anzeigegerits detektiert werden kdnnen.
Vorrichtung nach Anspruch 1, enthaltend:
eina Membranauflage (20), auf welcher diese Matrix aus horizontalen und vertikaten Leitern angeordnet
ist;
einen Horizontal-Bus (80), der auf dieser Auflage angeordnet ist und die vertikalen Leiter (X1, X2, X3, ...
Xn) dieses Ein-/Ausgabe-Anschlusses (112) untereinander verbindet;
diesen Horizontal-Bus mit N Bus-Adern und diese vertikalen Leiter, maximal jedoch N(N-1)/2 vertikale
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, wobei der Abstand
zwischen jeweils zwei benachbarten vertikalen Leitern ungefihr der Breite einer menschlichen Finger-
spitze entspricht;
diesen Steuerprozessor, der von dieser Kapazitdtsmefvorrichtung diese gemessenen Kapazitdtswerte
von jeweils zwel benachbarten dieser vertikalen Leiter empfingt, welche dieser menschlichen Finger-
spitze mit Bezug auf diese Anzeigefldche dieses Anzeigegerits gegeniiberliegen, wodurch die horizon-
tale Position dieser Fingerspitze mit Bezug zu dieser Anzeigefliche dieses Anzeigegerits bestimmt
wird.

Vorrichtung nach Anspruch 3, enthaltend:

diese vertikalen Leiter, welche weiterhin so angeordnset sind, daf jeder Leiter einer Gruppe einer
Untermenge benachbarter Leiter jeweils mit einer dieser N horizontalen Bus-Leitungen verbunden ist;
diesen Steuerprozessor, der diese Wahivorrichtung dahingehend steuert, dafl bestimmte dieser vertika-
len Leiter dieser Gruppe mit dieser Strahlungs-Signalguelle verbunden werden;

digsen Strahlungs-Aufnahmegriffel, der bei Anndherung an diese Gruppe elektromagnetische Signale
empféngt,; die von diesen bestimmten dieser vertikalen Leitern dieser Gruppe ausgestrahlt werden,
wobei diese empfangenen Signale von dieser Strahlungs-Signalmefvorrichtung von Signalen unter-
schieden werden kdnnen, welche von weiter entfernten, auferhalo dieser Gruppe dieser Matrix
liegenden dieser vertikalen Leitern ausgestrahlt werden, wodurch die horizontale Position dieses Griffels
mit Bezug zu dieser Anzetgefldche dieses Anzeigegerits detektiert wird.

Vorrichtung nach Anspruch 2 oder 3, enthaltend:

sinen vertikalen Bus (90), der auf dieser Auflage angeordnet ist und diese horizontalen Leiter (Y1, Y2,
¥3, ... Yn) mit diesem Ein-/Ausgabe-Anschluf (112) verbindet;

diesen vertikalen Bus, der N Bus-Leitungen aufweist und diese horizontalen Leiter, wobei es sich um
maximal N{N-1)/2 horizontale Leiter handslt;

diese horizontalen Leiter, die so angsordnet sind, dafB jeweils zwei benachbarte Laiter mit einer
spezifischen Kombination aus zwsei dieser vertikalen Bus-Leitungen verbunden sind, wobei der Abstand
zwischen zwei benachbarten dieser horizontalen Leiter ungefdhr der Breite einer menschlichen Finger-
spitze entspricht;

diesen Steuerprozessor, der von dieser Kapazitdtsmefivorrichtung diese gemessenen Kapazititswerte
von zwei benachbarten dieser horizontalen Leiter empféingt, welche dieser menschlichen Fingerspitze
gegenilberliegen, wodurch die verlikale Position dieser Flngerspltze mit Bezug zu dieser Anzeigefliche
auf diesemn Anzeigegerit delektiert wird.

Vorrichlung nach Anspruch 4, enthaltend:
diese horizontalen Leiter, welche weiterhin so angeordnet sind, daf jeder Leiter einer Gruppe einer
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Untermenge benachbarter Leiter mit einem bestimmten dieser N vertikalen Bus-Leitungen verbunden
ist;
diesen Steuserprozessor, welcher diese Wahivorrichtung so steuert, daB bestimmte dieser hotizontalen
Leiter dieser Gruppe mit dieser Strahlungs-Signalquslle verbunden werden;
diesen Strahlungs-Aufnahmegriffel, welcher bei AnnZdherung an diese Gruppe selekiromagnstische
Signale empfingt, die von diesen bestimmten dieser horizontalen Leiter dieser Gruppe ausgestrahit
werden, wobei diese empfangenen Signale von dieser Strahlungs-SignalmefBvorrichtung von andersn
Signalen unterschieden werden kdnnen, die von weiter entfernt und auferhalb dieser Gruppe in dieser
Matrix liegenden dieser horizontalen Leiter ausgestrahlt werden, wodurch die vertikale Position dieses
Griffals mit Bezug zu dieser Anzeigefliche dieses Angzsigegerits detektiert wird.

Vorrichtung nach Anspruch 5, wobei N =16 und die genannte Untermenge =8.

Vorrichtung nach Anspruch 5 oder 6, enthaltend:

diese Membranauflage mit sinem inneren Laminat (56) und sinem duBeren Laminat (58);

dieses innere Laminat mit einem inneren Substrat (50), bestehend aus einer Lage Polyithylen-
Terephtalat, auf dem diese vertikalen Leiter aufgebracht sind;

diese vertikalen Leiter, zusammengeselzl aus einer Gruppe bestshend aus Indium-Zinnoxid, Gold und
Siiber;

dieses innere Laminat, welches weiterhin eine Isolierschicht (52) aus Vinyl-Acryipolymer enthdlt, die auf
der Oberfliche 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 Oberfliche dieser Isolierschicht
aufgebracht ist und bestimmte dieser Offnungen in dieser Isolierschicht ausfiiit, wodurch ein elektri-
scher Kontakt mit bestimmten dieser vertikalen Leiter hergestellt wird;

dieses HuBere lLaminat mit einem Zufleren Substrat (54), bestehend aus einer Lage Polydthylen-
Terephialat, 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 Siiber, das auf dieser zweiten
Isolierschicht aufgebracht ist und bestimmte dieser Offnungen in dieser Isolierschicht ausflillt, wodurch
sin elektrischer Kontakt mit bestimmten dieser horizontaten Leiter hergestellt wird;

dieses innere Laminat und digses HuBere Laminat, welche durch einen Kiebstoff (52'} verbunden sind
und eine sinheitliche, flexible, {ransparente Membran bilden.

Vorrichtung nach Anspruch 5 oder 6, enthaltend:

diese Membranauflage mit sinem inneren und einem dufieren Laminat;

dieses innere Laminat mit einem inneren Substrat (50), bestehend aus einer Lage Polyéithylen-
Terephtalat, auf welcher diese horizontalen Leiter aufgebracht sind;

diese horizontalen Leiter, bestehend aus einer Gruppe aus tndium-Zinnoxid, Gold und Silber;

dieses innere Laminat, welches weiterhin eine Isolierschichl (52) aus Vinyl-Acrylpolymer enthidit, welche
auf der Oberfliche dieser horizontalen Leiter aufgebracht ist und mehrere Offnungen (180) aufweist,
welche selektiv liber den sinzelnen horizontalen Leitern positioniert sind;

diesen vertikalen Bus mit N Bus-Leitungen aus Silber, das auf der Oberfliche dieser Isolierschicht
aufgebracht ist und bestimmte dieser Offnungen in dieser Isolierschicht ausfillt, wodurch ein elektri-
scher Kontakt mit bestimmten dieser horizontalen Leiter hergestellt wird;

dieses Auflere Laminat mit einem duferen Substrat, bestehend aus einer Lage Polyithylen-Terephtalat,
auf der diese vertikaten Leiter aufgebracht sind, auf weichen eine zweite Isolierschicht (52") aufge-
bracht ist, welche Offnungen (180} aufweist, die bestimmte dieser vertikalen Leiter freilegen, sowie
weilerhin diesem horizontalen Bus mit N Bus-Leitungen aus Siber, das auf dieser zweiten Isolierschicht
aufgebracht ist und bestimmte disser Offnungen in dieser lsolierschicht ausfiillt, wodurch ein elektri-
scher Kontakt mit bestimmten dieser vertikalen Leiter hergestellt wird;

dieses innere Laminat und dieses #ufere Laminat, welche durch sinen Klebstoff (52') verbunden sind
und sine einheitliche, flexible, transparente Membran bilden.

Veorfahren zur Detektion von Fingerberlhrung oder Griffelposition auf siner Membranauflage mit
horizontalen Leitern und vertikalen Leitern, welche selektiv mit einer KapazititsmeBvorrichtung oder
siner Strahlungsquelie verbunden werden, sowie weiterhin einem Aufnahmegriffel, der mit einer
Strahlungs-Signatmegvorrichtung zur Messung der Stirke elekiromagnetischer Signale verbunden ist,
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die von den Leitern in der Auflage bei Aufnahme mit dem Griffel ausgestrahlt werden; folgende Schritte
enthaltend:
Bestimmung, ob ein Fingerberthrungs-Schwellwert liberschritten wird;
Lokalisierung der FingerberlUhrung, falls dieser Berlihrungsschwellwert Uberschritten wird, wobei diese
KapazitAtsmepvorrichtung zur Messung der Kapazitdt bestimmter dieser Leiter dient;
Bestimmung, ob ein Griffel-Schwellwert Uberschritten wird, falls festgestellt wurde, daB dieser Berlih-
rungsschwellwert nicht Uberschritten wurde;
Lokalisierung der Position des Griffels, falls dieser Griffel-Schwellwert Uberschritten wird, wobei diese
Strahlungs-SignalmeBvorrichtung zur Messung der Stérke der von den Leitern ausgestrahiten elekiro-
magnetischen Signale dient;
Wiederholung dieses Schrittes, mit dem bestimmt wird, ob dieser Berlihrungsschwellwert iiberschritten
wurde, falts dieser Griffel-Schwellwert nicht liberschritten wird;
wobei sowohl Detektion von Fingerberlihrung als auch Griffeldetektion bei dieser Membranauflage
alternativ durchgefiihrt werden k&nnen.

Verfahren zur gleichzeitigen Detektion von FingerberUhrungsposition und Griffelposition auf einer
Membranauflage mit einer Matrix aus horizontalen Leitern und vertikalen Leitern, welche selektiv mit
einer Kapazitdtsmefvorrichtung oder einer Signalquelte verbunden werden, und mit einem Griftel,
welcher an eine Strahlungs-AufnahmemeBvorrichtung zur Messung der von diesen Leitern in dieser
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-
mefvorrichtung und Detektion der Fingerberiihrung auf dieser Auflage mit Hilfe dieser Kapazitatsmes-
vorrichtung in etner Niherungsschleife;

Ubergabe der Steuerung an einen Schritt zur Griffeliokalisierung zur Bestimmung der Koordinaten der
Position dieses Griffels mit Bezug zu dieser Auflage und anschiieBender Erfassung einer mdéglichen
Fingerberiihrung auf dieser Auflage;

Start einer Bestimmungsschieife zur zyklischen Aktualisierung der Koordinaten flr die Position dieses
Griffels mit Bezug zu dieser Auflage und Detektion siner méglichen Fingerberiihrung auf dieser
Auflage;

Wiederholung dieser Bestimmung und dieser Schritte zur Erfassung einer Fingerberiihrung in dieser
Bestimmungsschleife, bis die detektierte Grife dieser von diesem Griffel aufgenommenen Signale
kleiner ist als ein Schwellwert;

Ubergabe der Steuerung an diese Niherungsschleife;

wobsi die Koordinaten sowohl der Griffelposition als auch der Position der Fingerberlihrung auf dieser
Auflage wihrend dieses Lokalisierungszyklus und dieser Bestimmungsschleife ausgegeben wsrden
k&nnen.

Revendications

1.

Systeme combiné d'écran tactile et de détection de style pour utilisation sur la surface de visualisation
(32) d'un dispositit d'affichage visuel (24), comprenant :

une borne d'entréefsortie E/S {112) reliée audit dispositif d'affichage visuel ;

un réseau (20) de conducteurs horizomtaux (Y1, Y2, Y3, .. Yn) et verticaux (X1,X2,X3, ...Xn)
agencés sur la surface de visualisation du dispositif d'affichage visuel pour conduire des signaux
électrigues entre ladite borne E/S (112) et le voisinage de ladite surface de visualisation (32) ;

un style de détection de rayonnement {60), ayant une borne de sortie, pour recevoir les signaux
électromagnétiques rayonnés par ledit réseau ;

des moyens de sélection ayant un chemin commutable (118) connecté 4 ladite borne E/S (112)
dudit réseau et ayant une entrée de commande (118), pour connacter des configurations choisies d'une
pluralité de dits conducteurs horizontaux et verticaux audit chemin commutable en réponse & des
signaux de commande appliqués 2 ladite entrée de commande ;

des moyens de mesure de capacité électrique (128) ayant une entrée reliée audit chemin
commutable (116) des dits moyens de sélection, pour mesurer la capacité électrique de conducteurs
choisis parmi lesdits conducteurs dudit réseau, en réponse auxdits signaux de commande appliqués 3
ladite entrée de commande ;

une source de signal de rayonnement (126) ayant une sortie reliée audit chemin commutable
desdits moyens de sélection, pour exciter des conducteurs choisis parmi lesdits conducteurs dudit
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réseau, en réponse aux dits signaux de commande appliqués 2 ladite entrée de commande :

des moyens de mesure de signal de rayonnement (122) reliés audit style de détection de
rayonnement, pour mesurer lesdits signaux électromagnétiques regus par le dit style ;

un processeur de commande (100) connecté a la dite entrée de commande (118} desdits moyens
de sélection, pour exécuter une séquence d'instructions de programme stockées,afin de fournir
séquentiellement lesdits signaux de commande auxdits moyens de sélection ;

ledit processeur de commande (100} étant connecté auxdits moyens de mesure de capacité (128)
pour recevaoir les valeurs de capacité mesurées desdits conductsurs lorsque lesdits moyens de
sélection, en réponse auxdits signaux de commande, ont connecté une premiére configuration d'une
pluralité dedits conducteurs dudit réseau aux dits moyens de mesure de capacité, afin de détecter la
position d'un effleursment de doigt (70} par rapport & la dite surface de visualisation dudit dispositif
d'affichage ;

ledit processeur de commande étant connecté auxdits moyens de mesure de signal de rayonne-
ment pour recevoir les valeurs de signal de rayonnement mesurées lorsque lesdits moyens de
sélection, en réponse auxdits signaux de commande, ont connecté une deuxidme configuration d’'une
pluralité dedits conducteurs dudit réseau 3 ladite source de signal de rayonnement, afin de détecter la
position dudit styie par rapport & ladite surface de visualisation dudit dispositif d'affichage ;

de sorte qu'on peut détecter & la fois la position d'effleurement du doigt (70) et la position du style
(B0) par rapport & ladite surface de visualisation (32) dudit affichagse.

Appareil suivant la revendication 1, qui comprend en cutre :

une membrane de recouvrement (20) sur faquelle est monté ledit réseau de conducteurs horizon-
taux et verticaux ;

un bus horizontal (80) monté sur ledit recouvrement pour interconnecter iesdits conducteurs
verticaux (X1,X2,X3, ... Xn) 3 ladite borne E/S (112) ;

ledit bus horizontal ayant une pluralité de N conducteurs de bus et lesdits conducteurs verticaux
étant une pluralité n'excédant pas N(N-1)/2 conducteurs verticaux ;

ladite pluralité de conducteurs verticaux étant agencée de sorte que chaque paire de conducteurs
adjacents de cette pluralité est connectée 4 une combinaison unique de deux conducteurs de ladite
pluralité de conducteurs du bus horizontal, la distance séparant des conducteurs adjacents parmi
lesdits conducteurs verticaux étant approximativement égate & ta largeur d'un bout de doigt humain ;

ledit processeur de commande recevant des dits moyens de mesure de capacité lesdites valeurs
de capacité mesurées de deux conducteurs adjacents parmi lesdits conducteurs verticaux,qui coinci-
dent avec ledit bout de doigt humain, de fagon & détecler la position horizontale dudit bout de doigt par
rapport & ladite surface de visualisation dudit affichage.

Appareil suivant la revendication 2, qui comprend en oultre :

ladite pluralité de conducteurs verticaux étant en outre agencée de sorte que chaque conducteur
d'un groupe quelconque d'une sous-pluralité de conducteurs adjacents parmi les conducteurs verticaux
est connecté & un conducteur unigue desdits N conducteurs du bus horizontal ;

ledit processeur de commande commandant lesdits moyens de sélection afin de connecter des
conducteurs choisis parmi lesdils conducteurs verticaux dudit groupe 3 ladite source de signal de
rayonnement ;

ledit style de détection de rayonnement, lorsqu'il est prés dudit groupe, recevant les signaux
électromagnétiques rayonnés par lesdits conducteurs choisis parmi lesdits conducteurs verticaux dudit
groupe, les dits signaux regus pouvant étre distingués par lesdits moyens de mesure de signal de
rayonnement,par rapport aux signaux rayonnés par des conducteurs plus distanis parmi tesdits
conducteurs verticaux sitvés en dehors dudit groupe dans ledit réseau, afin de détecter la position
horizorale dudit style par rapport a ladite surface de visualisation dudit affichage.

Appareil suivant la revendication 2 ou 3, qui comprend en outre :

un bus vertical (90) monté sur ledit recouvrement pour interconnecter lesdits conducteurs horizon-
taux (Y1,Y2,Y3,..¥Yn) & ladite borne E/S (112) ;

ledit bus vertical ayant une pluralité de N conducteurs de bus et lesdits conducteurs horizontaux
étant une pluralité n'excédant pas N(N-1)/2 conducteurs horizontaux ;

ladite pluralité de conducteurs horizontaux étant agencée de sorte que chague paire de conduc-
teurs adjacents de cette pluralité est connectée 2 une combinaison unique de deux conducteurs de
ladite plurafité de conducteurs du bus vertical, la distance qui sépare des conducteurs adjacents parmi
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lesdits conducteurs horizontaux étant approximativernent égale 4 la largeur d'un bout de doigt humain ;
ledit processeur de commande recevant desdits moyens de mesure de capacité lesdites valeurs
de capacité mesurées de deux conducteurs adjacents, parmi lesdits conducteurs horizontaux, qui sont
juxtaposés audit bout de doigt humain, afin de détecter ta position verticale dudit bout de doigt par
rapport & ladite surface de visualisation dudit affichage.

Appareil suivant la revendication 4, qui comprend en outre :

ladite pluralité de conducteurs horizontaux étant en outre agencée de sorte gue chaque conductsur
d'un groupe quelconque d’'une sous-pluralité de conducteurs adjacents parmi les conducteurs horizon-
taux est connecté 4 un conductsur unique parmi lesdits N conducteurs du bus vertical ;

ledit processeur de commande commandant les dits moyens de sélection pour connecter des
conducteurs choisis parmi lesdits conducteurs horizontaux dudit groupe & ladite source de signal de
rayonnement ;

ledit style de détection de rayonnement, lorsqu'il est prés dudit groupe, recevant des signaux
électromagnétiques rayonnés par lesdits conducteurs choisis parmi lesdits conducteurs horizontaux
dudit groupe, lesdits signaux regus pouvant étre distingués par lesdits moyens de mesure de signal
rayonné par rapport aux signaux émanant de conducteurs plus distants parmi lesdits conducteurs
horizontaux situés en dehors dudit groupe dans ledit réseau, afin de détecter la position verticale dudit
style par rapport A ladite surface de visualisation dudit affichage.

Appareil suivant la revendication 5, dans lequel N = 16 et ladite sous-piuralité est de 8.

Appareil suivant la revendication § ou 6, qui comprend :

ladite membrane de recouvrement inciuant un stratifié intérieur (56) et un stratifié extérieur (58)

ledit stratifié intérieur incluant un substrat intérieur (50) constitué d'une feuille da téréphtalate de
polyéthyléne sur laquelle est déposée ladite pluralité de conducteurs verticaux ;

ladite pluralité de conducteurs verticaux étant composée d'un groupe constitué d'oxyde d'étain-
indium, d’or et d'argent ;

ledit stratifié intérieur comportant en outre une couche d'isolation (52) composée d'un polymeére de
type vinyl acrylique déposé sur la surface desdits conducteurs verticaux, une pluralité d'ouvertures
{180) dans cetfte couche étant sélectivement positionndes audessus de chacun desdits conducteurs
verticaux ;

ledit bus horizontal comportant lesdits N conducteurs de bus composés d'argent déposé sur la
surface de ladite couche isolante et pénétrant 2 travers des ouvertures choisies parmi lesdites
ouvertures de ladite couche isolante, de manigre & effectuer un contact électrique avec des conduc-
teurs choisis parmi lesdits conducteurs verticaux ;

ledit stratifié extérieur comportant un subsrat extérieur (54) constitué d'une feuille de téréphtalate
de polyéthyléne sur laguelle sont déposés lesdits conducteurs horizontaux et au-dessus de laguelle est
déposée une deuxieme couche d'isolation (52") présentant des ouvertures qui découvrent des conduc-
teurs choisis parmi lesdils conducteurs horizontaux, et comportant en outre ledit bus vertical dont
lesdits N conducteurs de bus sont formés par de l'argent déposé sur ladite deuxiéme couche
d'isolation el pénétrant dans des ouvertures choisies parmi lesdites ouvertures, afin d'effectuer un
conlact électrique avec des conducleurs choisis parmi lesdits conducteurs horizontaux ;

tedit stratifié intérieur et ledit stratifié extérieur étant reliés par une matigre adhésive (52}, de
maniére & constituer une membrane transparente flexible unitaire.

Appareil suivant la revendication 5 ou 8, qui comprend en outre :

ladite membrane de recouvrement comportant un stratifié intérieur et un stratifié extérieur ; ledit
stratifié intérieur incluant un substrat intérieur (50) constitué d'une feuilie de téréphtalate de polyéthyle-
ne sur laquelle est déposée ladite pluralité de conducteurs horizontaux ;

tadite pluralité de conducteurs horizontaux étant composée d'un groupe constitué d'oxyde d'étai-
nindium, d'or et d'argent ;

ledit stratifié intérieur incluant en outre une couche d'isolation {52) composée d'un polymére de
type vinyl acryliqus, déposée sur la surface desdits conducteurs horizontaux et présentant une pluralité
d'ouvertures {180) sélectivement positionnées au-dessus de chacun desdits conducteurs horizontaux ;

fedit bus vertical ayant lesdits N conducteurs de bus composés d'argent déposé sur la surface de
la dite couche d'isolation et pénétrant & travers des ouvertures choisies parmi lesdites ouvertures de
ladite couche d'isolation pour effectuer un contact électrique avec des conducteurs choisis parmi
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lesdits conducteurs horizontaux ;

ledit stratifié extérieur incluant un substrat extérieur constitué d'une feuille de téréphtalate de
polyéthyléne sur lagquelle sont déposés lesdits conducteurs verticaux et au-dessus de laguele est
déposée une deuxiéme couche d'isolation {52™) présentant des ouvertures (180) qui découvrent des
conducteurs choisis parmi les dits conducteurs verticaux, et incluant en outre ledit bus horizontal dont
lesdits N conducteurs de bus sont formés par de l'argent déposé sur ladite deuxiéme couche
d'isolation et pénétrant dans des ouveriures choisies parmi lesdites ouvertues afin d'effectuer un
contact électrique avc des conducteurs choisis parmi lesdits conducteurs verticaux ;

ledit stratifié intérieur et ledit stratifié extérieur étant liés par une matiére adhésive (52') de maniére
4 constituer une membrane transparente flexible unitaire.

Méthode de détection 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 sélectivement connec-
tés 4 un dispositif de mesure de capacité ou & une source de rayonnement, st comprenant en outre un
style de détection connecté & un dispositif de mesure de signal de rayonnement pour mesurer
Vintensité de signaux électromagnétiques rayonnés par les conducteurs sur le recouvrement, lorsgu'ils
sont détectés par Ie style, les étapes comprenant:

la détermination de ce qu'un seuil d'effleurement de doigt a été dépassé ou non ;

la localisation de I'effleurement de doigt, si ledit seuil d'effleurement est dépassé,par utilisation
dudit dispositif de mesure de capacité choisie afin de mesurer la capacité sur des conducteurs choisis
parmi les dits conducteurs ;

la détermination de ce qu'un seuil de style est dépassé ou non, si on a déterminé que ledit seuil
d'effleurement n'a pas été dépassé ;

la localisation de la position du style si le dit seuil de style a été dépassé,par utilisation dudit
dispositif de mesure de signal de rayonnement pour mesurer l'intensité des signaux électromagnéti-
gues rayonnés par les conducteurs ;

la répétition de ladite étape de détermination de ce que ledit seuil d'effleurement a été dépassé ou
non, si ledit seuil de style n'a pas été dépasse ;

de sorte que la détection d'effleurement de doigt et la détection de style psuvent étre alternative-
ment effectuées pour ladite membrane de recouvreemnt.

Méthode pour détecter simultanément une position d’effleurement de doigt et une position de style sur
une membrane de recouvrement comporiant un réseau de conducteurs horizontaux et de conducteurs
verticaux qui sont sélectivernent connectés & undispositif de mesure de capacité ou & une source de
signal, et qui comprend un style connecté a un dispositif de mesure de signal de rayonnement pour
mesurer le rayonnement électromagnétique émis par lesdits conducteurs dudit recouvrement et capté
par ledit style ; les étapes comprenant :

la détection cycligue, par utilisation dudit dispositif de mesure de signal de rayonnement, de la
proximité du style par rapport au recouvrement, et fa détection de P'effleurement de doigt sur ledit
recouvrement au moyen dudit dispositif de mesure de capacité, dans une boucle de proximité ;

la transmission de la commande 3 une étape de localisation de style pour identifier les coordon-
nées de la position dudit style par rapport audit recouvrement, suivie par la détection d’'un possible
effleurement de doigt, sur ledit recouvrement ;

le démarrage d'une boucle de suivi afin de metire & jour cycliguement les coordonnées pour la
position dudil style par rapporl audit recouvrement, et la détection d'un possible effleurement de doigt
sur ledit recouvrement ;

la répétition desdites étapes de suivi et de détection d' effleurement de doigt dans ladit boucte de
suivi, jusqu'a ce que Famplitude détectée desdits signaux captés par ledit style devienne iniérieure a
une valeur de seuil ;

la transmission de la commande & tadite boucle de proximité ;

de sorte que les coordonnées a la fois pour la position du style et la position d'effleursement de
doigt sur ledit recouvrement peuvent étre obtenues pendant le cyclte de localisation et la boucle de
Suivi.

22



EP 0 250 931 B1

9 -

EW

Nmmzﬁz

)

J

J
0\'.

\g¢

-

02 N 1H3A0

oj-¢

I A W . LY

23

(343 SNIINIOH QXY AV14340)
/ 9/




EP 0 250 931 B1

. 143 40
¢¢ J0V1 SSY1

\‘
0¢ AW TIN0

<

}

|

_

T {9 INFHIOVTASIO NMOVYEL 3104A0-3N0 HOWIXYH

b 180 30 HOM3LNI

, .
AN S L

A \

08 YHISENS YINNY

|

9y SX by e QW X A X
v 07 (S. v 26 ¥34¥1 NOLYINSNI

!
Ubg 31v41580S 43100

™29 J0NVISIO OTOHSIHL I1v001

09 STIALS

NOILO3L30 SMIALS
£ 9/

24




EP 0250 931 B1

FlG. 4.

USING THE WIRE PAIR CONGEPT, THERE ARE THREE MEASUREMENTS THAT ARE
NEEDED TO DETERMINE THE PE&%&%IG&OT %IINIDA%;’ODSlgleN. THESE MEASUREMENTS ARE

T0 MEASURE PO, CONSIDER THE DRIVE PATTERN FOR A WIRE PAIR:

3
PAIR PO qp &
\ - .
S P N R N I S ——
X X8 X 10X X6 - GROUNDED WIRE

(THE NUMBERS ARE FOR WIRE REFERENCE OMLY) X =DRIVEN WIRE

FIG. 5

IF THE PEN WERE MOVED ACROSS THE TABLET ALONG THIS AXIS WITH THIS ORIVE
PATTERN CONSTANT, THE MEASURED SIGNAL WOULD BE:

PO ERXRREXRY
FERAARER
X
| A XX
INCREASING ! ¥
SIGNAL ! ¥¥
MAGNITUDE | *%
¥
X%
¥¥
o
1
X
YRR
T ,fPAm PO
XXX r . "]_
e I (e oo o ——
X X2 X3 Xip X5 6

NOTE THAT WITHIN AND AROUND THE WIRE PAIR, THE PEN SIGNAL VARIES LINEARLY
WITH POSITION. THIS LINEARITEAE}CEEET%%S FOR ACGURATE INTERPOLATION

25
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F1G. 6.

THE NEXT DATA, Pi, IS FORMED BY SHIFTING THE PREVIOUS PO PLOT TO THE
RIGHT BY ONE WIRE:

Pi
ARERNNE
X%
A X%
INCREA&NG | %X
SIGNAL | *¥
MAGNITUDE | X%
X%
*¥
%%
%¥
¥¥
¥¥ mmpl
AXARX
ARXXNRARR
XENARXERRRARRS
| S (R .ﬂ__m"__—q___m*“__,,
Xl X2 X3
FlG. 7

THE FINAL DATA, P2, IS THE INVERSE OF PO. THAT 1S, ALL OF THE WIRES
BEING DRIVEN FOR PO ARE GROUNDED FOR P2. SIMILARLY, THE GROUNDED WIRES

FOR PO ARE DRIVEN FOR P2. AS A RESULT, THE SIGNAL PATTERN FOR P2 IS THE
MIRROR IMAGE OF PO ABOUT THE WIRE PAIR MIDPOINT:

334 P2
XN
FRARK
*¥
¥¥
¥
%%
¥
¥¥

A *X
INCREASING | ¥¥
SIGNAL [ ¥¥
MAGNITUDE | X%

XXX
ERARRXAR
333383513
B i R e e A |

Xl 2 18 X4 X5 X6
PAR P2 |
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FI1G. /2.
OVERLAY 20
(DISPLAY AREA 188)
SEC, 12-12'
INNER LAMINATE 56
54 QUTER SUBSTRATE ]

(

Y3 TRANSPARENT WIRE

Z"LSZ“ INSULATION LAYER
N

N NN OO NN N Y

Z
/
¢
4

e L
M e e
RE X277
RESISTANT COAT 55 J\/ INNER SUBSTRATE 50 ~" Lo~
D R ELECTROSTATIC SHIELD 51/ A
ANTI-NEWTON RI
OUTER LAMINATE 58) NEWTON RING COAT 53

o
e}

_fw

CRT GLASS FACE 32
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