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Description

[0001] The presentinvention relates to object position
sensing transducers and systems. More particularly, the
present invention relates to object position sensors use-
ful in applications such as cursor movement for comput-
ing devices and other applications.

[0002] Numerous devices are available or have been
proposed for use as object position detectors for use in
computer systems and other applications. The most fa-
miliar of such devices is the computer "mouse". While
extremely popular as a position indicating device a
mouse has mechanical parts and requires a surface up-
on which to roll its position ball. Furthermore, a mouse
usually needs to be moved over long distances for rea-
sonable resolution. Finally, a mouse requires the user
to lift a hand for the keyboard to make the cursor move-
ment, thereby upsetting the prime purpose, which is
usually typing on the computer.

[0003] Trackball devices are similar to mouse devic-
es. A major difference, however is that, unlike a mouse
device, a trackball device does not require a surface
across which it must be rolled. Trackball devices are still
expensive, have moving parts, and require a relatively
heavy touch as doe the mouse devices. They are also
large in size and do not fit well in a volume sensitive
application like laptop computer.

[0004] There are several available touch-sense tech-
nologies which may be employed for use as a position
indicator. Resistive-membrane position sensors are
known and used in several applications. However, they
generally suffer from poor resolution, the sensor surface
is exposed to the user and is thus subject to wear. In
addition, resistive-membrane touch sensors are rela-
tively expensive. A one-surface approach requires a us-
er to be grounded to the sensor for reliable operation.
This cannot be guaranteed in portable computers. An
example of a one-surface approach is the UnMouse
product by MicroTouch, of Wilmington, MA. A two-sur-
face approach has poorer resolution and potentially will
wear out very quickly in time.

[0005] Surface Acoustic Wave (SAW) devices have
potential use as position indicators. However, this sen-
sor technology is expensive and is not sensitive to light
touch. In addition, SAW devices are sensitive to residue
buildup on the touch surfaces and generally have poor
resolution.

[0006] Strain gauge or pressure plate approaches are
an interesting position sensing technology, but suffer
from several drawbacks. This approach may employ pi-
ezo-electrictransducers. One drawback is that the piezo
phenomena is an AC phenomena and may be sensitive
tothe user's rate of movement. In addition, strain gauge
or pressure plate approaches are somewhat expensive
because special sensors are required.

[0007] Optical approaches are also possible but are
somewhat limited for several reasons.

[0008] All would require light generation which will re-
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quire external components and increase cost and power
drain. For example, a "finger-breaking" infra-red matrix
position detector consumes high power and suffers from
relatively poor resolution.

[0009] US 4,550,221 discloses a touch pad in which
the proximity of an object is detailed by applying a volt-
age controlled oscillator to row and column lines.
[0010] "A High Performance Silicon Tactile Layer
Based on a Coquitive Cell" IEEE TRANSACTIONS of
Electron Devices Vol ED-32 No 7 July 1985 pp
1196-1201 describes a touch sensitive pad utilising an
8x8 array of force sensors.

[0011] FR-2,662,528 discloses a touch sensitive key-
boardin which the barycentre of an object in contact with
the keyboard is calculated by averaging the respective
effects on the capacitance of row and column lines.
[0012] The presentinvention is defined in the append-
ed claims and provides a position-sensing technology
particularly useful for applications where finger position
information is needed, such as in computer "mouse" or
trackball environments. However the position-sensing
technology of the present invention has much more gen-
eral application than a computer mouse, because its
sensor can detect and report if one or more points are
being touched. In addition, the detector can sense the
pressure of the touch.

[0013] A "finger pointer" position sensing system in-
cludes a position sensing transducer comprising a
touch-sensitive surface disposed on a substrate, such
as a printed circuit board, including a matrix of conduc-
tive lines. A first set of conductive lines runs in a first
direction and is insulated from a second set of conduc-
tive lines running in a second direction generally per-
pendicular tothe first direction. An insulating layer is dis-
posed over the first and second sets of conductive lines.
The insulating layer is thin enough to promote significant
capacitive coupling between a finger placed on its sur-
face and the first and second sets of conductive lines.
[0014] Sensing electronics respond to the proximity
of a finger to translate the capacitance changes be-
tween the conductors caused by finger proximity into po-
sition and touch pressure information. Its output is a sim-
ple X, Y and pressure value of the object on its surface.
The matrix of conductive lines are successively
scanned, one at a time, with the capacitive information
from that scan indicating how close a finger is to that
node. That information provides a profile of the proximity
of the finger to the sensor in each dimension. The cen-
troid of the profile is computed with that value being the
position of the finger in that dimension. The profile of
position is also integrated with that result providing the
Z (pressure) information.

[0015] Embodiments of the present invention include
a position sensing transducer as described herein.
Sensing electronics repsond to the proximity of a finger
to translate the capacitance changes between the con-
ductors running in one direction and those running in the
other direction caused by finger proximity into a position
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and touch pressure information. The sensing electron-
ics of the invention saves information for every node in
its sensor matrix and can thereby give the full X/Y di-
mension picture of what it is sensing. It thus has much
broader application for richer multi-dimensional sensing
than does the "finger pointer" system that is described
for reference. In an embodiment, referred to as the "po-
sition matrix" approach the x,y coordinate information
can be used as input to a on-chip neural network proc-
essor. This allows an operator to use multiple fingers,
coordinated gestures, etc. For even more complex in-
teractions.

[0016] The presentinvention will be further described
below with reference to the accompanying drawings, in
which:

FIG. 1a is a top view of an object position sensor
transducer usable with the invention showing the
object position sensor surface layer including a top
conductive trace layer and conductive pads con-
nected to a bottom trace layer;

FIG. 1b is a bottom view of the object position sen-
sor transducer of FIG. 1a showing the botton con-
ductive trace layer,

FIG. 1¢c is a composite view of the object position
sensor transducer of FIGS. 1a and 1b showing the
top and bottom conductive trace layers;

FIG. 1d is a cross-sectional view of the object posi-
tion sensor transducer of FIGS. 1a-1c;

FIG. 2 is a block diagram of sensor decoding elec-
tronics which may be used with the sensor trans-
ducer in a "finger pointer" system described for ref-
erence;

FIGS. 3a and 3b are graphs of output voltage ver-
sus matrix conductor position which illustrate the ef-
fect of the minimum detector;

FIG. 4 is a simplified schematic diagram of an inter-
grating charge amplifier circuit suitable for use inthe
"finger pointer" system;

FIG. 5 is a timing diagram showing the relative tim-
ing of control signals used to operate the "finger
pointer" system with an integrating charge amplifier
as shown in FIG. 4;

FIG. 6a is a schematic diagram of a first alternate
form of an integrating charge amplifier circuit suita-
ble for use in the "finger pointer" system including
additional components to bring the circuit to equi-
librium prior to integration measurement.

FIG. 6b is atiming diagram showing the control and
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timing signals used to drive the integrating charge
amplifier of FIG. 6a and the response to various
nodes in the amplifier to those signals.

FIG. 7a is a schematic diagram of a second form of
an integrating charge amplifier circuit suitable for
use inthe "finger pointer" system including addition-
al components to bring the circuit to equilibrium pri-
or to integration measurement.

FIG. 7b is atiming diagram showing the control and
timing signals used to drive the integrating charge
aplifier of FIG. 7a and the response of various
nodes in the amplifier to those signals.

FIG.8 is a schematic diagram of a minimum circuit;

FIG. 9 is a schematic diagram of a maximum detec-
for circuit;

FIG. 10 is a schematic diagram of a linear voltage-
to-current converter circuit;

FIG. 11 is a schematic diagram of a position encod-
er centroid computing circuit;

FIG. 12 is a schematic diagram of a Z Sum circuit;
FIG. 13is a schematic diagram of a multiplier circuit;

FIG. 14 is a schematic diagram of a combination
driving-point impedance circuit and receiving-point
impedance circuit according to a presently pre-
ferred position matrix embodiment of the invention;

FIG. 15 is a block diagram of a the structure of a
portion of a sample/hold array suitable for use inthe
present invention.

FIG. 16a is a block diagram of a simple version of
a position matrix embodiment of the present inven-
tion in which the matrix of voltage information is sent
to a computer which processes the data.

FIG 16b is a block diagram of a second version of
a position matrix embodiment of the present inven-
tion employing a sample/hold array such as that de-
picted in FIG. 15.

[0017] Those of ordinary skill in the art will realize that
the following description of the present invention is illus-
trative only and not in any way limiting. Other embodi-
ments of the invention will readily suggest themselves
to such skilled persons.

[0018] The present invention brings together in com-
bination a number of unique features which allow for
new applications not before possible. Because the ob-
ject position sensor of the present invention has very
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low power requirements, it is beneficial for use in battery
operated or low power applications such as lap top or
portable computers . It is also a very low cost solution,
has no moving parts (and is therefore virtually mainte-
nance free), and uses the existing printed circuit board
traces for sensors. The sensing technology of the
present invention can be integrated into a computer
motherboard to even further lower its cost in computer
applications. Similarly, in other applications the sensor
can be part of an already existent circuit board.

[0019] Because of its small size and low profile, the
sensor technology of the present invnetion is useful in
lap top or portable applications where volume is impor-
tant consideration. The sensor technology of the
present invention requires circuit board space for only
a single sensor interface chip that Can interface directly
toamicroprocessor, plus the area needed on the printed
circuit board for sensing.

[0020] The sensor material can be anything that al-
lows creation of a conductive X/Y matrix of pads. This
includes not only standard PC board, but also flexible
PC board, conductive elastomer materials, and piezo-
electric Kynar plastic materials. This renders it useful as
well in any portable equipment application or in human
interface where the sensor needs to be molded to fit
within the hand.

[0021] The sensor can be conformed to any three di-
mensional surface. Copper can be plated in two layers
on most any surface contour producing the sensor. This
will allow the sensorto be adapted to the best ergonomic
form needed for a application. This coupled with the
"light-touch" feature will make it effortless to use in many
applications. The sensor can also be used in an indirect
manner, i.e it can have a conductive foam over the sur-
face and be used to detect any object (not just conduc-
tive) that presses against it's surface.

[0022] Small sensor areas are practical, i.e., a pres-
ently conceived embodiment takes about 1.5"x 1.5" of
area, however those of ordinary skill In the art will rec-
ognize that the area is scalable for different applications.
The matrix area is scaleable by either varying the matrix
trace spacing or by varying the number of traces. Large
sensor areas are practical where more information is
needed.

[0023] Besides simple X and Y position information,
the sensor technology of the present invention also pro-
vides finger pressure information. This additional di-
mension of information may be used by programs to
control special features such as "brush-width" modes in
Paint programs, special menu accesses, eic., allowing
provision of a more natural sensory input to computers.
[0024] The user will not even have to touch the sur-
face to generate the minimum reaction. This feature can
greatly minimize user strain and allow for more flexible
use.

[0025] The sense system of the present invention de-
pends on a transducer device capable of providing po-
sition and pressure information regarding the object
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contacting the transducer. Referring first to FIGS. 1a-
1d, top, bottom, composite, and cross-sectional views,
respectively, are shown of a presently-preferred touch
sensor array for use in the present invention. Since ca-
pacitance is exploited by this embodiment of the present
invention, the sensor surface is designed to maximize
the capacitive coupling between top (X) trace pads to
the bottom (Y) trace pads in a way that can be maximally
perturbed and coupled to a finger or other object placed
above the surface.

[0026] A presently preferred sensor array 10 accord-
ing to the present invention comprises a substrate 12
Including a set of first conductive traces 14 disposed on
a top surface 16 thereof and run in a first direction to
comprise rows of the array. A second set of conductive
traces 18 are disposed on a bottom surface 20 thereof
and run In a second direction preferably orthogonal to
the first direction to form the columns of the array. The
top and bottom conductive traces 14 and 18 are alter-
nately in contact with periodic sense pads 22 comprising
enlarged areas, shown as diamonds in FIGS. 1a-1c.
While sense pads 22 are shown as diamonds in FIGS.
1a-1¢, any shape, such as circles, which allows close
packing of the sense pads, is equivalent for purposes of
this invention.

[0027] The number and spacing of these sense pads
22 depends upon the resolution desired. For example,
in an actual embodiment constructed according to the
principles of the present invention, a 0.10 inch center-
to-center diamond-shaped pattern of conductive pads
disposed along a matrix of 15 rows and 15 columns of
conductors is employed. Every other sense pad 22 in
each direction in the pad pattern is connected to con-
ductive traces on the top and bottom surfaces 16 and
20, respectively of substrate 12.

[0028] Substrate 12 may be a printed circuit board, a
flexible circuit board or any of a number of available cir-
cuit interconnect technology structures. Its thickness is
unimportant as long as contact may be made there-
through from the bottom conductive traces 18 to their
sense pads 22 on the top surface 16. The printed circuit
board comprising substrate 12 can be constructed using
standard Industry techniques. Board thickness is not im-
portant. Pad-to-pad spacing should preferably be mini-
mized to something in the range of about 15 mils or less.
Connections from the conductive pads 22 to the bottom
traces 18 may be made employing standard plated-
through hole techniques well known in the printed circuit
board art.

[0029] An insulating layer 24 is disposed over the
sense pads 22 on top surface 16 to insulate a human
finger or other object therefrom. Insulating layer 24 is
preferably athin layer (i.e., approximately 5 mils) to keep
capacitive coupling large and may comprise a material,
such as mylar, chosen for its protective and ergonomic
characteristics.

[0030] There are two different capacitive effects tak-
ing place when a finger approaches the sensor array 10.
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The first capacitive effect is trans-capacitance, or cou-
pling between sense pads 22, and the second capaci-
tive effect is self-capacitance (ground capacitance), or
coupling to earth-ground. Sensing circuitry is coupled to
the sensor array 10 of the present invention and re-
sponds to changes in either or both of these capacitanc-
es. This is important because the relative sizes of the
two capacitances change greatly depending on the user
environment. The ability of the present invention to de-
tect changes in trans-capacitance results in a very ver-
satile system having a wide range of applications.
[0031] Firstly, a "finger position" system is described
for reference. This system includes sensor array 10 and
associated touch detector circuitry will detect a finger
position on a matrix of printed circuit board traces via
the capacitive effect of finger proximity to the sensor ar-
ray 10. The position sensor system will report the X, Y
position of a finger placed near the sensor array 10 to
much finer resolution than the spacing between the row
and column traces 14 and 18. The position sensor will
also report a Z value proportional to the outline of that
finger and hence indicative of the pressure with which
thefinger contacts the surface of insulating layer 22 over
the sensing array 10.

[0032] A very sensitive, light-touch detector circuit
may be provided using adaptive analog VLSI tech-
niques. Thecircuit is very robust and calibrates out proc-
ess and systematic errors. The detector circuit will proc-
ess the capacitive input information and provide digital
information to a microprocessor.

[0033] Sensing circuitry is contained on a single sen-
sor processor integrated circuit chip. The sensor proc-
essor chip can have any number of X and Y matrix" in-
puts. The number of X and Y inputs does not have to be
equal. The Integrated circuit has a digital bus as output.
In the illustrative example disclosed in FIGS. 1a-1d
herein, the sensor array has 15 traces in both the Y and
Y directions. The sensor processor chip thus has 15 X
inputs and 15 Y inputs.

[0034] The X and Y matrix nodes are successively
scanned, one at a time, with the capacitive information
from that scan indicating how close a finger is to that
node. The scanned information provides a profile of the
finger proximity in each dimension. Accordingto this as-
pect of the present invention, the profile centroid is de-
rived in both the X and Y directions and is the position
in that dimension. The profile curve of proximity is also
integrated to provide the Z information.

[0035] Referring now to FIG. 2, a block diagram of
presently preferred sensing circuitry 30 is shown. The
sensing circuitry of this embodiment employs a driving-
point impedance measurement for each Xand Y line in
the sensing matrix 10. The block diagram of FIG 2 illus-
trates the portion of the sensing circuitry for developing
signals from one direction (shown as X in the matrix).
The circuitry for developing signals from the other direc-
tion in the malrix is identical and its interconnection to
the circuitry shown in FIG 2 will be disclosed herein. The
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circuitry of FIG. 2 illustratively discloses an arrangement
in which information from six X matrix lines X1 ... X6 are
processed. Those of ordinary skill in the art will recog-
nize that this arrangement is illustrative only, and that
actual systems may employ an arbitrarily sized matrix,
limited only by technology constraints.

[0036] The driving-point capacitance measurement
for each of Xlines X1 ... X6 is derived from an integrating
charge amplifier circuit. These circuits are shown in
block form at reference numerals 32-1 through 32-6.
The function of each of integrating charge amplifier cir-
cuits 32-1 through 32-6 is to develop an output voltage
proportional to the capacitance sensed on its corre-
sponding X matrix line.

[0037] The driving-point capacitance measurement is
made for all X (row) conductors 14 and all Y (column)
conductors 18 in the sensor matrix array 10. A profile of
the finger proximity mapped into the X and Y dimension
is generated from the driving-point capacitance meas-
urement data. This profile is then used to determine a
centroid in both dimensions, thereby determining the X
and Y position of the finger.

[0038] The output voltages of integrating charge am-
plifier circuits 32-1 through 32-6 are utilized by several
other circuit elements and are shown for convenience
in FIG. 2 as distributed by bus 34. Bus 34 is a six con-
ductor bus, and those of ordinary skill in the art will rec-
ognize that each of its conductors comprises the output
of one of integrating charge amplifiers 32-1 through
32-8.

[0039] The first of circuit elements driven by the out-
puts of integrating charge amplifier circuits 32-1 through
32-6is linear voltage-to-current converter 36. The func-
tion of linear voltage-to-current converter 36 is to con-
vert the output voltages of integrating charge amplifiers
32-1 through 32-6 to currents for subsequent process-
ing.

[0040] The current outputs from linear voltage-to-cur-
rent converter 36 are presented as inputs to X position
encode circuit 38. The function of X position encode cir-
cuit 38 is to convert the input information into a signal
representing object proximity in the X dimension of the
sensor array matrix.

[0041] This circuit will provide a scaled weighted
mean (centroid) of the set of input currents. The result
is a circuit which is a linear position encoder,having an
output voltage which varies between the power supply
rails. Because it is a weighted mean, it averages all cur-
rent inputs and can in tumn generate an output voltage
which represents an X position with a finer resolution
than the spacing of the X matrix grid spacing.

[0042] The output voltage of X position encode circuit
38 is presented to sample/hold circuit 40, the output of
which, as is well known in the art, either follows the Input
or holds a value present at the input depending on the
state of its control input 42. The structure and operation
of sample/hold circuits are well known in the art.
[0043] The output of sample/hold circuit 40 drives the
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input of analog-to-digital (A/D) converter 44. The output
of A/D converter 44 is a digital value proportional to the
position of the object in the X dimension of the sensor
array matrix 10.

[0044] While the portion of the circuit described so far
is useful for providing a digital signal indicating object
position in one dimension, the addition of further circuit
elements yields a more useful device which is more im-
mune to noise, detects and subtracts the no-object-
proximate signal from the outputs of the sensors, and
provides threshold detection of an approaching object.
[0045] The first of these additional circuit elements is
minimum detector circuit 46. The function of minimum
detector circuit 46 is to determine the level of signal rep-
resenting ambient no-object-proximate to the sensor ar-
ray matrix 10 and to provide a signal which may be fed
back to integrating charge amplifiers 32-1 through 32-6
to control their output voltages to effectively zero out the
outputs of the amplifiers under the ambient condition.
The output of minimum detector 46 circuit is a voltage.
This voltage is compared in operational amplifier 48 with
an adjustable voltage representing a minimum thresh-
old value Vqymin- Through feedback to the integrating
charge amplifiers 32-1 through 32-6, amplifier 48 ad-
justs its output to balance the output voltage of Minimum
detector circuit 46 with the voltage VThmin. Feedback'is
controlled by P-channel MOS transistor 50, which al-
lows the feedback to operate only when the PROCESS
signal is active.

[0046] FIGS. 3a and 3b are graphs of output voltage
versus matrix conductor position which illustrate the ef-
fect of the minimum detector circuit 46. In order to better
illustrate the effect of offset cancellation, FIGS. 3a and
3b show the outputs of integrating charge amplifiers
from a fifteen row matrix, rather than from a six row ma-
trixas is implied by FIG. 2. FIG. 3a shows the offset com-
ponent of the voltage outputs of integrating charge am-
plifiers without the operation of minimum detector 46,
and FIG. 3b shows the voltage outputs with the offset
having been zeroed out by the feedback loop compris-
ing minimum detector circuit 46, P-channel MOS tran-
sistor 50, and feedback conductor 52.

[0047] Another additional circuit component is maxi-
mum, detector circuit 54. The function of maximum de-
tector circuit 54, working in co-operation with amplifier
56, OR gate 58, and AND gate 60 is to provide a MAX
INTERRUPT signal. The MAX INTERRUPT signal
alerts the microprocessor controlling the object sensor
system that an object is approaching the sensor array
matrix 10. The amplifier 56 acts as a comparator which
trips if the output voltage from maximum detector circuit
54 exceeds the threshold set by the voltage Vipmax:
When the output voltage from maximum detector circuit
54 exceeds the threshold, orthe output voltage from the
corresponding Y maximum detector (not shown) ex-
ceeds the threshold set for its corresponding amplifier,
the output of OR gate 58 becomes true. That and a true
SAMPLE signal at the second input of AND gate 60
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causes a true MAX INTERRUPT signal at its output.
[0048] The Z Sum circuit 62 produces an output which
is proportional to the pressure with which a finger is
pressing on the sensor. This is done in both the X and
Y dimensions by effectively integrating the areas under
the curves of FIG. 3b. Referring again to FIG. 3b for il-
lustration purposes, it can be seen that the width of the
contact area in the X dimension of the sensor array 10
is from about X, to X;q. Z Sum circuit 62 is configured
to produce an output voltage V. Output voltage Vg is
a scaled function of all the input voltages.

[0049] Since the outputs of the Z Sum circuits 62 in
both the Xand Y directions are proportional to the width
of the pointing finger or other flexible object in the two
dimensions of the sensor array matrix 10, the area of
the finger or other flexible object is a reliable measure
of the pressure with which the finger is contacting the
surface of the sensor array matrix 20. The area may be
calculated by multiplier circuit 64, having the output of
the Z Sum circuit in the X dimension as one of its inputs
and the output of the Z Sum circuit in the Y dimension
as the other one of its inputs.

[0050] The multiplier circuit takes two analog voltage
inputs and performs an analog computation on those
voltages to create a voltage output which is proportional
to the product of the two input voltages. As shown in
FIG. 2, afirst input term is the output voltage of the X
dimension Z Sum circuit 62 and a second input term is
the output of the Y dimension Z Sum circuit (not shown).
[0051] Since multiplication is commutative process
and since the multiplier inputs are symmetrical, it does
not matter which of the X and Y Z sum circuits contrib-
utes the first input term and which contributes the sec-
ond input term.

[0052] The output of multiplier circuit 64 is a voltage
and drives a sample/hold circuit 66. Sample/hold circuit
66 may be identical to sample/hold circuit 40 and may
be driven by the same SAMPLE signal which drives
sample/hold circuit 40.

[0053] The output of sample/hold circuit 66 drives the
input of analog-to-digital (A/D) converter 68. A/D con-
verter 68 may be identical to A/D converter 44. The out-
put of A/D converter 68 is a digital value proportional to
the pressure with which the finger (or other flexible ob-
ject) is contacting the surface of sensor array matrix 10.
[0054] The object position sensor system may be op-
erated under the control of a microprocessor which pro-
vides the timing and other control signals necessary to
operate the system. For example, the MAX INTER-
RUPT signal from the output of AND gate 60 may be
used to interrupt the microprocessor and invoke an ob-
ject sensing routine. The particular timing and control
signals employed by any system will vary according to
the individual design.

[0055] Referringnow to FIG. 4, a simplified schematic
diagram of an integrating charge amplifier circuit 70 op-
erating in a driving-point capacitance measuring mode
suitable for use in the present invention is shown. Inte-
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grating charge amplifier circuit 70 is derived from the
common integrating amplifier seen in the literature, for
example in Gregorian and Temes, Analog MOS Inte-
grated Circuits, John Wiley & Sons (1986) pp. 270-271;
Haskard and May, Analog VLSI Design, Prentice Hall
(1988), pp. 105-106, and is built around amplifying ele-
ment 72, which may comprise a common transconduct-
ance amplifier as described in Mead, Analog VLSI and
Neural Systems, Addison-Wesley (1989) pp. 70-71. The
inverting input of amplifying element is connected to an
input node 74 through a switch 76 controlled by a SE-
LECT(n) node 78. The input node is connected to one
of the lines in the sensor array matrix of FIG. 1. While
the disclosure herein illustrates the use of an integrating
charge amplifier connected to a row line of the matrix,
the operation of the integrating charge amplifiers con-
nected to the column lines of the array is identical.
[0056] The non-inverting input of amplifying element
72 is connected to a Voltage step input node 80. A ca-
pacitor 82 is connected as an integrating feedback ele-
ment between the output and inverting input of amplify-
ing element 72. Capacitor 82 may have a capacitance
of about 10 pF.

[0057] The output of amplifying element 72 is con-
nected to an output node 84 through a switch 86. Switch
86 is controlled by the SELECT(n) node 78 which also
controls switch 76. A capacitor 88, which may have a
capacitance of about 3 pF, is connected between output
node 84 and an offset adjust node 90. Switches 76 and
86 may comprise common CMOS pass gates, each in-
cluding an N-channel and a P-channel MOS transistor
connected in parallel with their gates driven by compli-
mentary signals. The combination of switch 86 and ca-
pacitor 88 form a simple sample/hold circuit the offset
of which may be adjusted when the switch is in its off
position via the voltage on node 90.

[0058] Amplifying element 72 also includes a BIAS in-
put node 92, which may be connected to an on-chip cur-
rent bias reference which may be used for all of the in-
tegrating charge amplifiers on the chip.

[0059] A driving-point capacitance measurement is
made by closing switches 76 and 86 and stepping, by
an amount Vstep, the input voltage on Voltage step input
node 80 at the non-inverting input of amplifying element
72. Because of the negative feedback arrangement, the
output of amplifying element 72 will then move to force
the voltage at its inverting input to match the voltage at
its non-inverting input. The result is that the voltage at
the output node 84 changes to a value that injects
enough charge into capacitor 82 to match the charge
that is injected into the capacitance on the sensor array
matrix line connected to input node 74. This change may
be expressed as:

Vo= Vstep* (1+C /C

matrix 82)

where V,; is the output voltage, C.iix IS the capaci-
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tance on the row or column line of the sensor array ma-
trix to which input node 74 is connected and Cg, is ca-
pacitor 82..

[0060] When a finger approaches the sensor array
matrix 10, G, .uix Will increase in magnitude. The result
is that Vout will also increase in a driving-point capaci-
tance measurement made as the finger approaches.
V.t i8 proportional to the proximity of a finger (conduc-
tive object) to the sensor array matrix line connected to
inputnode 74. As described above, the driving-point ca-
pacitance measurement gives an output voltage change
that is directly proportional to the sensor capacitance
that is to be measured.

[0061] Subtracting the V,,; value with no object
present from the V,,; value where there is an object
present results in a V,,, difference that is proportional
tothe change in capacitance at the row line of the sensor
array matrix to which input node 74 is connected. Thus:

\Y

out(final) = Vout (with finger) ~ Vout (no object)

Vout (with finger) = VSTEP *(1 +((Cno object + Cfinger)/CBZ))

= Vgrep *(14(C /c

Vout (no object) no object’ ~'82 ))

\Y /C

out (final) = VSTEP (Cfinger 82)

[0062] This subtraction operation may be performed
by applying an the offset adjust voltage to capacitor 88
at offset adjust node 90. This voltage may be presented
to the amplifier circuit via line 52 (FIG. 2) and is control-
led by the Minimum Detect circuit 46 when the PROC-
ESS control line is active. The Offset Adjust subtracts
the "no object voltage" from the output node 84 and
leaves an output voltage directly proportional to the
change of the capacitance at the row line of the sensor
array matrix to which input node 74 is connected caused
by the approaching object.

[0063] To operate the object position sensing system
the integrating charge amplifiers 70 are selected one at
a time using their select nodes 78. This closes both
switch 76 and 86 to start the integrator and to start sam-
plingthe results of this operation. The voltage at the Volt-
age step input node 80 is stepped, and the circuit is al-
lowed to settle. After sufficient settling time the select
signal is disabled, switches 76 and 86 are opened and
the sampled result is left stored at the output node 84
on capacitor 88.

[0064] After all of the row and column lines of the sen-
sor array matrix 10 have been scanned, a PROCESS
cycle takes place, and the minimum Detect circuits 46
in both the X and Y dimensions adjust the output volt-
ages on capacitors 88 in all integrating charge amplifiers
70 via the common input line 52 to all amplifiers.



13 EP 0 574 213 B1 14

[0065] Referring now to FIG. 5 a timing diagram
shows the relationship between the timing and control
signals used to operate the object position sensor sys-
tem utilizing the integrating charge amplifier of FIG. 4.
As illustrated in FIG. 5, first all X and Y integrating
charge amplifiers are sequentially selected, followed by
a PROCESS signal and then a SAMPLE signal.
[0066] Additional components may be added to inte-
grating charge amplifiers 70, largely to bring the circuits
to equilibrium before the integration takes place. Refer-
ring now to FIG. 6a, in an alternate arrangement of an
integrating charge amplifier 100, all components of the
system of FIG. 4 are present. Inthe arrangement of FIG.
6a, the portion of the cycle in which a global RESET
node is true is used to equibrilate the circuit by discharg-
ing the integrating feedback capacitor to zero volts. The
voltage Vgrep is then provided to the non-inverting input
of the amplifying element 72 in a manner which allows
easily controlled stepping between the two designated
voltages, V| oy and Vygh-

[0067] The additional components in integrating
charge amplifier 100 include a switch 102 connected
across capacitor 82 connected to a RESET node 104
connected to all of the integrating charge amplifiers in
the system. When the RESET signal is true at the be-
ginning of each scanning cycle, switch 102 turns on and
discharges the capacitor 82 to zero volts.

[0068] A switch 106 is connected between the input
node 74 and ground has a control element connected
toa RESET1(n) node 108. The RESET1(n) node 108 is
active for all Integrating charge amplifiers except for the
one selected by its SELECT(n) node to perform the driv-
ing-point impedance measurement. lts function is to dis-
charge any voltage present on those nodes due to the
capacitive coupling to the other nodes which have been
driven by the scanning process and thereby eliminate
or minimize the error which such voltages would intro-
duce into the measurement process.

[0069] Finally, the Vg7gp voltage may be provided to
the non-inverting input of amplifying element 72 by em-
ploying switches 110 and 112. Switch 110 is connected
between a Vg voltage node 114 and the non-invert-
ing input of amplifying element 72, and is controlled by
a STEP node 116. Switch 112 is connected between a
Vi ow Vvoltage node 118 and the non-inverting input of
amplifying element 72, and is controlled by a STEP\
node 120. Switches 102, 106, 110, and 112 may com-
prise common CMOS pass gates.

[0070] Referring now to FIG. 6b, a timing diagram
shows the relationships between the various control sig-
nals and the voltages present on selected nodes of the
integrating charge amplifier circuit 100 of FIG. 6a during
scan cycles (n-1), (n), and (n+1). As can be seen from
FIG. 6b, the global RESET signal at node 104 discharg-
es the capacitors 82 of all integrating charge amplifiers
100 in the system at the beginning of each scanning cy-
cle.

[0071] The RESET1(n) signal at node 108 is coinci-
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dent with the RESET signal during scanning cycles (n-
1) and (n+1) but does not appear at the node 108 of the
integrating charge amplifier 100 which is making the
driving-point impedance measurement during scanning
cycle (n).

[0072] The RESET1(n) signal for any integrating
charge amplifier 100n may be generated by simple logic
circuitry to implement the logic function RESET1(n) =
RESET « SELECT(n)\.

[0073] FIG. 6b also shows the STEP and STEP\ sig-
nals drive the non-inverting input of amplifying element
72 firstto V| oy andthen to Vi gy during each scanning
cycle. The signals N1, N2, and N3 represent the voltag-
es present at the inverting input, the non-inverting input,
and the output, respectively, of amplifying element 72.
As can be seen from FIG. 6b, the voltage Vs, the volt-
age of interest, remains at the output node of integrating
charge amplifier 100 even after the end of scan cycle
(n) in which it was developed.

[0074] ReferringnowtoFIG. 7a, anintegratingcharge
amplifier 130 provides a larger operating range for the
integration. The arrangement of FIG. 7a is nearly iden-
tical in its structure and operation to the arrangement of
FIG. 6a, except that instead of switch 102 acting to dis-
charge capacitor 82 to zero volts when the RESET input
104 is true, switch 132, which may comprise a common
CMOS pass gate, is used to force the output of ampli-
fying element 72 to ground (zero volts) instead of to
V| ow @s in the arrangement of FIG. 6a. A switch 134,
also controlled by RESET input 104, is used to short to-
gether the inverting and non-inverting inputs of amplifier
72, forcing them both to an equilibrium voltage of V| ow.
In low power supply-voltage applications, such as found
in notebook computers, this circuit increases the signal
sensitivity by a factor of two.

[0075] FIG. 7b is a timing diagram which shows the
relationships between the various control signals and
the voltages present on selected nodes of the integrat-
ing charge amplifier circuit 130 of FIG. 7a during scan
cycles (n-1), (n), and (n+1). As can be seen from FIG.
7b, the global RESET signal at node 104 forces the out-
puts of all integrating charge amplifiers 100 in the sys-
tem to zero volts at the beginning of each scanning cy-
cle. As in the embodiment of FIG. 7a, the RESET1(n)
signal at node 108 is coincident with the RESET signal
during scanning cycles (n-1) and (n+1) but does not ap-
pear at the node 108 of the integrating charge amplifier
130 which is making the driving-point impedance meas-
urement during scanning cycle (n).

[0076] Like the arrangement of FIG. 6a, in the ar-
rangement of FIG. 7a the STEP and STEP\ signals drive
the non-inverting input of amplifying element 72 first to
V| ow and then to Vy gy during each scanning cycle.
The signals N1, N2, and N3 represent the voltages
present at the inverting input, the non-inverting input,
and the output, respectively, of amplifying element 72.
As canbe seen from FIG. 7b, the voltage Vs, the volt-
age of interest, remains at the output node of integrating
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charge amplifier 130 even after the end of scan cycle
(n) in which it was developed.

[0077] Referring now to FIG. 8, a schematic diagram
is presented of a minimum detector circuit 46 of FIG. 2.
While the X dimension minimum detector circuit 46 is
illustratively disclosed herein, the Y dimension minimum
detector circuit functions in the same manner.

[0078] Minimum detector circuit 46 includes a P-chan-
nel bias transistor 142 having its source connected to a
voltage source Vpp and its gate connected to a bias volt-
age Vgas The inputs of the minimum detector circuit
are connected to the output nodes 84 of the respective
integrating charge amplifiers. In the minimum detector
circuit illustrated in FIG. 8, there are (n) inputs. Each
input section comprises a series pair of MOS transistors
connected between the drain of P-channel bias transis-
tor 142 and ground.

[0079] Thus, the input section for In; comprises P-
channel MOS input transistor 144 having its source con-
nected to the drain of P-channel MOS bias transistor
142 and N-channel MOS current-limiting transistor 146
having its drain connected to the drain of P-channel
MOS input transistor 144 and its source connected to
ground. The gate of P-channel MOS input transistor 144
is connected to In; input node 148 and the gate of N-
channel MOS current-limiting transistor 146 is connect-
ed to a source of limiting bias voltage VLg|ag at node
150.

[0080] Similarly, the input section for In, comprises P-
channel MOS input transistor 152 having its source con-
nected to the drain of P-channel MOS bias transistor
142 and N-channel MOS current-limiting transistor 154
having its drain connected to the drain of N-channel
MOS input transistor 152 and its source connected to
ground. The gate of P-channel MOS input transistor 152
is connected to In, input node 156 and the gate of N-
channel MOS current-limiting transistor 154 is connect-
ed to node 150.

[0081] The input section for Ing comprises P-channel
MOS input transistor 158 having its source connected
to the drain of P-channel MOS bias transistor 142 and
N-channel MOS current-limiting transistor 160 having its
drain connected to the drain of P-channel MOS Input
transistor 158 and Its source connected to ground. The
gate of P-channel MOS Input transistor 158 |s connect-
edtoIng Input node 162 and the gate of N-channel MOS
current-limiting transistor 160 is connected to node 150.
[0082] The inputsection for In(n) comprises P-channel
MOS input transistor 164 having its source connected
to the drain of P-channel MOS bias transistor 142 and
N-channel MOS current-limiting transistor 166 having its
drain connected to the drain of P-channel MOS input
transistor 164 and its source connected to ground. The
gate of P-channel MOS input transistor 164 is connect-
ed to Ing, input node 168 and the gate of N-channel
MOS current-limiting transistor 146 is connected to
node 150. The output of minimum detector circuit 46 is
node 170.
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[0083] Without averaging control, Vgias @and V| gjas
would be set so that the saturation currents in any one
of transistors 146, 154, 160 .. 166 is much larger than
the saturation current in transistor 142. In this mode, as-
sume that In, is the smallest voltage of all n inputs. In
this case transistor 144 is turned on strongly with tran-
sistor 146 taking all the current from transistor 142. As
a result, output node 170 moves down until transistor
144 is on just enough to sink all the current from tran-
sistor 142. Inthis case all other transistor pairs (152/154,
158/160, ...164/166) tum off because their p-channel
devices have an input voltage drive of less than that of
transistor 144. The result is that the output is directly
related to the minimum input voltage and is offset there-
from by a gate bias voltage.

[0084] Operating the minimum detector circuit 46 of
FIG. 8 in an averaging mode provides substantial noise
rejection in the system. I for some reason one input was
noisy and gave a much smaller value than all other val-
ues it could cause the generation of an erroneous output
voltage. The goal is to detect the "background level" of
an input with no input stimulus. This would be the true
minimum value. Since there are typically more than one
input in this state, several inputs can be averaged to
form the minimum signal. This is done via the averaging
mode, which is enabled by setting the V| g ag current of
eachtransistor 146, 154, 160, ... 166 to be some fraction
of the current from transistor 142.

[0085] The current set by V, gaq iS approximately
one-third of the current from transistor 142. Therefore,
in order to sink all of the current from transistor 142, at
least three input pairs (144/146, ...164/166) must be
turned on. For that to happen the output node 170 must
then be sitting at a voltage equal to a p-channel bias
voltage above the third lowest input. It has thus, in effect,
filtered out and ignored the two lower values.

[0086] The minimum detect circuit of FIG. 8 has been
described in terms of separately deriving an X minimum
signal and a Y minimum signal and separately comput-
ing their weighted minima. The weighted minima of the
combined X and Y signals could be computed utilizing
the principles disclosed herein.

[0087] Referring again to FIG. 2, the output of ampli-
fier 48 (a transconductance amplifier operating as a
comparator) and the bottom of capacitor 88 in the inte-
grating charge amplifiers 70, 100, and 130 of FIGS. 4,
6a, and 7a has been held high by MOS transistor 50
during the scan operation or non-PROCESS cycles
when the global PROCESS signal (FIG. 5) is low. When
the PROCESS cycle starts, the PROCESS line goes
high and MOS transistor 50 is turned off, thus enabling
the action of minimum detector circuit 46. If the output
of minimum detector circuit 46 is greater than the Vi in
at the input of amplifier 48, the output of amplifier 48 is
driven low. This is a feedback loop because when the
bottom of capacitor 88 in the integrating charge ampli-
fiers drives low it pulls the outputs of all integrating
charge amplifiers (32-1 through 32-6) low also. This in
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turn pulls the output of minimum detector circuit 46 low.
This feedback-settling process continues until the min-
imum detector circuit 46 output equals the Vq,min (FIG.
3b).

[0088] The Viymin Voltage is chosen so that when the
integrating charge amplifiers (32-1 through 32-6) out-
puts are shifted down, the minimum charge amplifier
output will generate no current in the voltage-to-current
converter circuits 36.

[0089] ReferringnowtoFIG. 9,the maximum detector
circuit 54 will be disclosed. Maximum detector circuit 54
includes an N-channel bias transistor 182 having its
source connected to ground and its gate connected to
a bias voltage Vg at node 184. The inputs of the max-
imum detector circuit are connected to the output nodes
84 of the respective integrating charge amplifiers In the
maximum detector circuit illustrated in FIG. 9, there are
(n) inputs. Each input section comprises a series pair of
MOS transistors connected between the drain of N-
channel bias transistor 182 and a voltage source Vpp.

[0090] Thus, the input section for In; comprises P-
channel MOS current-limiting transistor 186 having its
source connected to Vpp and its drain connected to the
drain of N-channel MOS input transistor 188. The gate
of N-channel MOS input transistor 188 is connected to
In; input node 190 and the gate of P-channel MOS cur-
rent-limiting transistor 186 is connected to a source of
bias voltage VLg|pg at node 192. Similarly, the input sec-
tion for In, comprises P-channel MOS current-limiting
transistor 194 having its source connected to Vpp and
its drain connected to the drain of N-channel MOS input
transistor 196. The gate of N-channel MOS input tran-
sistor 196 is connected to In, input node 188 and the
gate of P-channel MOS current-limiting transistor 194 is
connected to node 192. The input section for Iny com-
prises P-channel MOS current-limiting transistor 200
having its source connected to VDD and its drain con-
nected to the drain of N-channel MOS input transistor
202. The gate of N-channel MOS input transistor 202 is
connected to Ing input node 204 and the gate of R-chan-
nel MOS current-limiting transistor 200 is connected to
node 192. The input section for In(n) comprises P-chan-
nel MOS current-limiting transistor 206 having its source
connected to VDD and its drain connected to the drain
of N-channel MOS input transistor 208. The gate of N-
channel MOS input transistor 208 is connected to Ingy,,
input node 210 and the gate of N-channel MOS current-
limiting transistor 206 is connected to node 192. The
sources of N-channel MOS input transistors 188, 196,
202, and 208 are connected together to the drain of N-
channel MOS bias transistor 182. The output of maxi-
mum detector circuit 54 is node 212 at the common con-
nection of the drain of N-channel bias transistor 182 and
the sources of the N-channel input transistors.

[0091] The maximum detector circuit 54 acts analo-
gously to the minimum detector circuit 46. The differ-
ence is that an N-channel bias transistor is used instead
of a P-channel bias transisior and an N-channel
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transconductance amplifier is used in place of a P-chan-
nel transconductance amplifier. The result is the output
will now track approximately an N-channel bias drop be-
low the largest input (in non-averaging mode), since that
much difference is needed to guarantee at least one in-
put pair is on (186/188, 194/196, ... 206/208).

[0092] However for this circuit the output is not used
for feedback, but is instead used to drive a comparator
56 (FIG. 2) which is set to trip if the input is greater than
the voltage Vrpmax If tripped, a MAX INTERRUPT sig-
nal is generated. The MAX INTERRUPT is used to
"wake-up" a microprocessor and tell it that there is an
object detected at the sensor. The signal is prevented
from appearing on the MAX INTERRUPT line by gate
AND gate 60 and the SAMPLE signal. The SAMPLE sig-
nal only allows the interrupt signal to pass after the cir-
cuit has settled completely. As shown in FIG. 2 by OR
gate 58, either the X or the Y dimension maximum de-
tector circuit may be used to enable the MAX INTER-
RUPT signal.

[0093] Referring now to FIG. 10, a of linear voltage-
to-current circuit 36 is shown in schematic form.
[0094] Block 36 in FIG. 2 actually contains one volt-
age to current converter circuit of FIG. 10 for each output
of an integrating charge amplifier.

[0095] In the circuit of FIG. 10, a current mirror com-
prises diode-connected P-channel MOS transistor 222
having its source connected to voltage source Vpp, and
P-channel MOS transistor 224 having its source con-
nected to voltage source Vpp and its gate connected to
the gate and drain of fransistor 222. An N-channel MOS
input transistor 226 has its drain connected to the drain
of P-channel transistor 222, its gate connected to a volt-
age input node 228, and its source connected to the
drain of N-channel bias transistor 230. The source of N-
channel bias transistor 230 is connected to ground and
its gate is connected to bias input 232. The drain of P-
channel MOS transistor 224 is connected to the gate
and drain of diode connected N-channel MOS transistor
234. The source of diode connected N-channel MOS
tfransistor 234 is connected to ground. The common
gate and drain connection of diode-connected N-chan-
nel MOS transistor 234 is an N Bias current output node
236 and the common connection of the gate of P-chan-
nel MOS transistor 224 and the drain of P-channel MOS
transistor 222 is a P Bias current output node 236 of the
voltage-to-current-converter.

[0096] To generate a linear transformation N-channel
MOS bias transistor 230 is biased in it's linear region by
setting Vg ag to be a value which is much greater than
the largest value expected on the voltage input node
228. This will guarantee it is always operating in its linear
region. For this invention the voltage to be expected at
the voltage input 228 of the voltage-to-current converter
circuit is typically less than half of the power supply, so
it will operate linearly if Vg g is set to the power supply
or greater.

[0097] Thetransconductance of N-channelinputtran-
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sistor 226 is designed to be as large as reasonable. The
result is that N-channel input transistor 226 will operate
like a follower with a resistor in it's source, and hence
will give a linear change of output current versus a linear
change in input voltage.

[0098] The current is sourced by diode-connected P-
channel MOS transistor 222 which acts as half of a
CMOS P-channel current mirror and provides a refer-
ence for P Bias Output node 236 for the position encoder
circuit. The currentis mirrored thru P-channel MOS tran-
sistor 224 and diode connected MOS transistor 232
generating a reference at N Bias Output node 238 for
the position encoder circuit.

[0099] A linear transfer function between voltage and
current has been selected. Under certain circumstanc-
es, a non-linear transfer function will be desired.
[0100] The linear voltage-to-current converter of FIG.
10 is disclosed in U.S. Patent No. 5,096,284 operating
in the weak inversion region.. This circuit is used in the
strong inversion region in this system, however, for cer-
tain applications, the weak inversion mode may be pre-
ferred.

[0101] Referring now to FIG. 11, a position encoder
circuit 38 of FIG. 2 is shown in schematic diagram form.
The circuits in the X and Y dimensions are identical. The
position encoder circuit 38 is shown having six inputs,
due to its symmetry, it may be arbitrarily expanded.
[0102] Aspresently preferred, position encoder circuit
38 includes a plurality of transconductance amplifiers
242-1 through 242-6 connected as followers. The out-
puts of all amplifiers 242-1 through 242-6 are connected
together to a common node 244, which comprises the
output node of the circuit.

[0103] The non-inverting inputs of amplifiers 242-1
through 242-6 are connected to a resistive voltage di-
vider network comprising resistors 246, 248, 250, 252,
254, 256, and 258, shown connected between Vpp and
ground.

[0104] Amplifiers 242-1 through 242-3 have P-chan-
nel bias transistors and differential pair inputs due to the
input operating range between zero volts and Vpp/2,
and amplifiers 242-4 through 242-6 have N-channel bi-
as transistors and differential pair inputs due to the input
operating range between Vpp/2 and Vpp. Those of or-
dinary skill in the art will readily recognize that amplifiers
242-4 through 242-6 will be configured exactly like am-
plifiers 242-1 through 242-3, except that all transistor
and supply voltage polarities are reversed. The input
nodes |,; through |, (reference numerals 260, 262,
264, 266, 268, and 270) of the circuit are connected to
the gates of the bias transistors of the transconductance
amplifiers 242-1 through 242-6, respectively. The inputs
l|,1 through |5 are driven by the P Bias output nodes
236 of their respective linear voltage-to-current convert-
ers and the inputs I,,4 through ;5 are driven by the N
Bias output nodes 238 of their respective linear voltage-
to-current converters.

[0105] The position encoder circuit of FIG. 11 will pro-
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vide a weighted mean (centroid) of the input currents
weighted by the voltages on the resistor divider circuit
to which the inputs of the amplifiers are connected. If
the resistors 246, 248, 250, 252, 254, 256, and 258 are
all equal then the result is a circuit which is a linear po-
sition encoder, with its output voltage varying between
the power supply rails. Because it is a weighted mean,
it averages all current inputs which in turn generates an
interpolated output. This arrangement affords finer res-
olution than the voltage spacing of voltage nodes "n" at
the input. This is key to making a dense circuit function.
This circuit is an improvement of a circuit described in
DeWeerth, Stephen P., Analog VLSI Circuits For Sen-
sorimotor Feedback, Ph.D Thesis. California Institute of
Technology, 1991.

[0106] Referringnow to FIG. 12, a ZSum circuit 62 of
FIG. 2 is shown. For purposes of illustration, Z Sum cir-
cuit 62 is shown to include four inputs. Those of ordinary
skill in the art will readily understand how to provide ad-
ditional inputs.

[0107] The four input sections for the Z Sum circuit
illustrated in FIG. 12 each comprise two N-channel MOS
tfransistors connected in series. Thus afirst input section
comprises N-channel MOS input transistor 290, having
its drain connected to the drain of P-channel MOS bias
transistor 282 and its source connected top the drain of
N-channel MOS transistor 292. The gate of N-channel
MOS input transistor 290 is connected to input node In,
at reference numeral 294. The gate of N-channel MOS
bias transistor 292 is connected to bias input node 296.
[0108] A second input section comprises N-channel
MQOS input transistor 298, having its drain connected to
the drain of P-channel MOS bias transistor 282 and its
source connected top the drain of N-channel MOS tran-
sistor 300. The gate of N-channel MOS input transistor
298 is connected to input node In, at reference numeral
302. The gate of N-channel MOS bias transistor 300 is
connected to bias input node 296.

[0109] A third input section comprises N-channel
MQOS input transistor 304, having its drain connected to
the drain of P-channel MOS bias transistor 282 and its
source connected top the drain of N-channel MOS tran-
sistor 306. The gate of N-channel MOS input transistor
304 is connected to input node In5 at reference numeral
308. The gate of N-channel MOS bias transistor 306 is
connected to bias input node 296.

[0110] A fourth input section comprises N-channel
MQOS input transistor 310, having its drain connected to
the drain of P-channel MOS bias transistor 282 and its
source connected top the drain of N-channel MOS tran-
sistor 312. The gate of N-channel MOS input transistor
310 is connected to input node Iny at reference numeral
314. The gate of N-channel MOS bias transistor 312 is
connected to bias input node 296. The common drain
connections of N-channel MOS input transistors 290,
298, 304, and 310 are connected to the gate of P-chan-
nel MOS transistor 316.

[0111] The Z sum circuit FIG. 12 is analogous to the
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Linear voltage-to-current converter circuit 36 of FIG. 10.
However in this case there are multiple circuit sections
which have their currents all summed together (transis-
tors 290/292, 298/300, 304/3086, ... 310/312) into the P-
channel MOS transistor 282.

[0112] P-channel MOS transistors 282 and 316 form
a current mirror. Their sources are connected to voltage
source Vpp and their gates are connected together to
the drain P-channel MOS of transistor 282. The drain of
P-channel MOS transistor 316 is connected to the drain
of N-channel MOS transistor 318, which has its source
connected to ground. The common connection of the
drains of MOS transistors 316 and 318 forms a voltage
output node 288 for the circuit.

[0113] MOS transistor 316 drives MOS transistor 318
which is operating in its linear region. The result is a volt-
age which is proportional to the current from transistor
316. Therefore the voltage at voltage output node 320
is a scaled sum of all the input voltages, and is utilized
by the multiplier circuit.

[0114] Referring now to FIG. 13, the multiplier circuit
64 of FIG. 2 is presented in schematic form. P-channel
MOS transistors 332 and 334 form a current mirror. N-
channel MOS transistor 336 has its drain connected to
the drain of P-channel MOS transistor 332, its gate con-
nected to first voltage input node 338, and its source
connected to the drain of N-channel MOS transistor 340.
The gate of N-channel MOS transistor 340 is connected
to second voltage input node 342 and its source is con-
nected to ground. N-channel MOS transistor 344 has its
drain connected to the gate and drain of P-channel MOS
transistor 332. The gate of N-channel MOS transistor
344 is connected to second voltage input node 342 and
its source is connected to the drain of N-channel MOS
transistor 346. The gate of N-channel MOS transistor
346 is connected to first voltage input node 338 and its
source is connected to ground. The sources of P-chan-
nel MOS transistors 332 and 334 are connected to volt-
age source Vpp. The drain of P-channel MOS transistor
334 is connected to output node 348 and to the drain of
N-channel MOS transistor 350 The gate of N-channel
MGOS transistor 350 is connected to input bias node 352.
[0115] The multiplier circuit of FIG. 13 is a sym-
metrized extension of the multiplier described in U.S.
Patent 5,095,284 and is a wide input range, voltage-in-
put, voltage-output multiplier circuit. Because of the
symmetrical input stage, the multiplier can be operated
both above and below the threshold voltages of transis-
tors 340 and 346.

[0116] The currents from the two transistor pairs
336/340 and 344/346 are summed into the current mir-
ror of transistors 332 and 334 and appear at the drain
of transistor 334. Transistor 350 is biased to be in its
linear region by bias input 352. Therefore, the output
voltage at output node 348 will be proportional to the
conductance of device 350 multiplied by the current driv-
en by device 334. The bias voltage at input 352 is ad-
justedto scale the range of Vout values at node 348 and,
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once set, is left constant. Thereafter, the output voltage
is proportional to the current injected from device 334,
and hence is proportional to the product of the two input
voltages at input nodes 338 and 342.

[0117] A position matrix sensing system according to
the present invention, is now disclosed. The position
matrix embodiment of the present invention is a straight-
forward extension of the finger position system and uses
much the same circuitry and basic signal flow. The main
differences are in the measurement technique and the
amount of information stored. The goal is to provide a
matrix of voltages, V(x,y), that represent the proximity
of the object to every node (x,y) on the sensor matrix.
Instead of using this set of voltages to drive position en-
coders in the X and Y dimensions separately, as in the
finger position embodiment, the information is instead
sent to the input of a neural network circuit, which uses
this multi-dimensional information to help it make deci-
sions about what the input means.

[0118] In the finger position system the driving-point
capacitance information is used for position detection.
However, because the driving-point capacitance looks
at the total capacitive effect on the node being meas-
ured, it is incapable of resolving what is happening at
each XandY location on the sensor.

[0119] The position matrix embodiment of the present
invention has the capability of resolving the capacitive
effect at each Xand'Y location of the sensor. In this em-
bodiment the driving-point capacitance circuit is only
used to inject charge into the X matrix node. The trans-
capacitance (i.e, the capacitance between a selected X
node and a selected Y node in the sensor matrix) causes
some of that charge to in turn be injected into a Y node.
This injected charge is measured by the charge-sensi-
tive amplifier connected to the Y node, thus forming a
receiving-point capacitance circuit.

[0120] Referringnowto FIG. 14, a presently preferred
combination driving-point capacitance circuit and re-
ceiving-point capacitance circuit is shown in schematic
diagram form. A representative X node X, at reference
numeral 14 and a selected Y node Y, at reference nu-
meral 18, are shown each having a self capacitance Cy
and Cy, respectively. Transcapacitance between nodes
Xm) Y(n) Is represented by capacitor Cyy.

[0121] A driving-point capacitance measurement is
made of row line X, by a circuit which as shown, may
be one of the integrating charge amplifier circuits of ei-
ther FIG. 6a or FIG. 7a, equipped with switches to zero
out the matrix prior to injecting charge onto the matrix.
The output of this circuit need not be used for anything.
After the driving-point measurement has been made for
a particular X line, charge is injected into all of the Y
receiving-point impedance measuring circuits (the inte-
grating charge amplifier). If all Y outputs are monitored
simultaneously then for one X node, a profile of all the
trans-capacitive effects at all the Y nodes that cross it
will be created as a set of voltages V(x,1), V(x,2), ... V
(x,m) that are a profile of the object (or objects) proximity
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on that X node. This sequence is done for every X node
in the matrix resulting in a complete matrix of voltages
whose values are proportional to the proximity of nearby
objects.

[0122] Asshownin FIG. 14, the receiving-point circuit
can be an integrating charge amplifier identical to that
used in the driving-point circuit. However, there are
three differences in the way that the Y receiving circuit
is used. First, the Vgrgp node is left at a constant volt-
age, Vo, by disabling the STEP input such that switch
112 (FIGS. 6a and 7a) is always on and switch 110 is
always off. Second, the Y receiving circuits are not indi-
vidually selected, but instead are all selected simultane-
ously. Hence, there is only one Y select line for all Y
inputs. Third, the RESET line is not used in the receiv-
ing-point circuit, and switch 106 (FIGS. 6a and 7a) is
always off. These circuits will give an output voltage
which is proportional to the amount of charge injected
ontothe Y node. Since the trans-capacitance varies with
the proximity of an object, the voltage is proportional to
the proximity of an object.

[0123] The position matrix embodiment requires stor-
age of all of the output signals from the receiving-point
impedance circuits in both the X and Y directions. This
may be a accomplished by providing a sample/hold cir-
cuit matrix or a charge-coupled device (CCD) array as
is known in the art. The structure of an illustrative sam-
ple/hold matrix is disclosed in FIG. 15, which shows a
portion of a sample/hold array 350 suitable for use in the
present invention. The array 350 is arranged as a plu-
rality of rows and columns of individual sample/hold cir-
cuits. The number of rows is equal to the number of Y
positions in the sensor matrix and the number of col-
umns is equal to the number of X positions in the sensor
matrix. For example, a 15x15 sensor matrix requires 15
rows and 15 columns. All of the voltage data inputs in a
row are wired together and the sample/hold control in-
puts of all the sample/hold circuits in a column are con-
nected to one of the select signals (FIG. 5) such that the
select inputs from the X direction drive the sample/hold
circuits in the matrix storing the Y data. Those of ordi-
nary skillin the art will note that the roles of X and Y may
be reversed.

[0124] Referring now to FIGS. 16a and 16b two pos-
sible embodiments of the position matrix system of the
present invention are illustrated. In the simplest embod-
iment, the matrix of voltage information is sent to a com-
puter which processes the data. This simple embodi-
ment is shown in FIG. 16a. The approach of FIG. 16ais
feasible if the input profile shapes change no faster than
about every millisecond.

[0125] In the embodiment of position matrix system
(reference numeral 360) illustrated in FIG. 16a, the X
dimension integrating charge amplifiers (reference nu-
merals 362-1 through 362-n) are used to perform the
driving-point capacitance measurements disclosed
hereinfor all X lines in the matrix. For each X line driven,
the Y dimension integrating charge amplifiers (refer-
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ence numerals 364-1 through 364-n) are used to per-
form the receiving-point capacitance measurements
disclosed herein. The sample/hold matrix of FIG. 15 is
not required. Instead, one sample/hold amplifier (366-1
through 366-n) is required per Y output to sample the
outputvoltages fromthe Y dimension integrating charge
amplifiers 364-1 through 364-n at the end of each X se-
lect period.

[0126] These outputs are digitized by A/D converters
368-1 through 368-n respectively. In the illustrative em-
bodiment of FIG. 16a, the digital resolution will be of the
order of 8 bits. The 8-bit data words from each A/D con-
verter 368-1 through 368-n are multiplexed down to a
bus width that is more easily handled by a computer by
multiplexer 370. Multiplexer 370 is a conventional mul-
tiplexer device known to those of ordinary skill in the art.
The output of multiplexer 370 is presented to a computer
which may then process the data in an appropriate man-
ner.

[0127] A second illustrative embodiment of position
matrix system (reference numeral 380) is shown in FIG.
16b. As in the embodiment of FIG. 16a, the X dimension
integrating charge amplifiers (reference numerals 362-1
through 362-n) are used to perform the driving-point ca-
pacitance measurements disclosed herein for all X lines
in the matrix. For each X line driven, the Y dimension
integrating charge amplifiers (reference numerals 364-1
through 364-n) are used to perform the receiving-point
capacitance measurements disclosed herein.

[0128] The sample/hold array 350 of FIG. 15 is em-
ployed and describes the extraction of derivation of the
n by m array of voltages applications (V(1,1) to V(n,m)).
These voltages are then sent to the input of a single or
multiple level neural network 382. Each input neuron will
have to have n+m input nodes to support the full size of
the sensor array voltage matrix V(n,m).

[0129] Anexample of a single level neural network ar-
ray circuitry 382, including the pre-processing and sam-
ple/hold circuitry 350 required, is disclosed in U.S. Pat-
ent No. 5,083,044. This circuit could be used as is or
could be replicated and built into two or three layers giv-
ing more power and functionality. These variations and
many others are well described in the literature, such as
Hertz, Krogh, and Palmer, A Lecture Notes Volume in
the Santa Fe Institute Studies in the Sciences of Com-
plexity, Allen M. Wilde, Publ. (1991).

[0130] The typical application of this embodiment
would require a neural network or computer program
that at the primitive level can discern objects (finger
touch points). This is the basic symbol, the presence of
a finger, that is manipulated. From that point there may
be predetermined gestures that the system looks for
which indicate action. Motion may also need o be de-
tected. A possible solution for this may be found in
Mead, Analog VLS| and Neural Systems, Addison-Wes-
ley (1989), Chapter 14, Optical Motion Sensor.

[0131] Because of the unique physical features of the
presentinvention, there are several ergonomically inter-
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esting applications that were not previously possible.
Presently a Mouse or Trackball is not physically conven-
ientto use on portable computers. The present invention
provides a very convenient and easy-to-use cursor po-
sition solution that replaces those devices.

[0132] In mouse-type applications, the sensor of the
present invention may be placed in a convenient loca-
tion, e.g., below the "space bar" key in a portable com-
puter. When placed inthis location, the thumb of the user
may be ysed as the position pointer on the sensor to
control the cursor position on the computer screen. The
cursor may then be moved without the need for the us-
er's fingers to leave the keyboard. Ergonomically, this is
similar to the concept of the Macintosh Power Book with
it's trackball, however the present invention provides a
significant advantage in size over the track ball. Exten-
sions of this basic idea are possible in that two sensors
could be placedbelow the "space bar" key for even more
feature control.

[0133] The computer display with it's cursor feedback
is one small example of a very general area of applica-
tion where a display could be a field of lights or LED's,
a LCD display, or a CRT. Examples include touch con-
trols on laboratory equipment where present equipment
uses a knob/button/touch screen combination. Because
of the articulating ability of this interface, one or more of
those inputs could be combined into one of our inputs.
[0134] Consumer Electronic Equipment (stereos,
graphic equalizers, mixers) applications often utilize sig-
nificant front panel surface area for slide potentiometers
because variable control is needed. The present inven-
tion can provide such control in one small touch pad lo-
cation. As Electronic Home Systems become more
common, denser and more powerful human interface is
needed. The sensortechnology of the present invention
permits a very dense control panel. Hand Held TV/VCR/
Stereo controls could be ergonomically formed and al-
low for more powerful features if this sensor technology
is used.

[0135] The sensor of the present invention can be
conformed to any surface and can be made to detect
multiple touching points, making possible a more pow-
erful joystick. The unique pressure detection ability of
the sensor technology of the present invention is also
key to this application. Computer games, "remote" con-
trols (hobby electronics, planes), and machine tool con-
trols are a few examples of applications which would
benefit from the sensor technology of the present inven-
tion.

[0136] Musical keyboards (synthesizers, electric pi-
anos) require velocity sensitive keys which can be pro-
vided by the pressure sensing ability of this sensor.
There are also pitch bending controls, and other slide
switches that could be replaced with this technology. An
even more unique application comprises a musical in-
strument that creates notes as a function of the position
and pressure of the hands and fingers in avery articulate
3-d interface.
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[0137] Thesensortechnology of the present invention
can best detect any conducting material pressing
against it. By adding a conductive foam material on top
of the sensor the sensor of the present invention may
also Indirectly detect pressure from any object being
handled, regardless of its electrical conductivity.
[0138] Because of the amount of information availa-
ble from this sensor it will serve very well as an input
device to virtual reality machines. It is easy to envision
a construction that allows position-monitoring in three
dimensions and some degree of response (pressure) to
actions.

[0139] While embodiments and applications of this in-
vention have been shown and described, it would be ap-
parent to those skilled in the art that many more modi-
fications than mentioned above are possible within the
scope of the appended claims.

Claims
1. An object proximity sensor, including:

a plurality of spaced-apart conductive sensor
pads (22) disposed in a matrix of rows and col-
umns on a first face (16) of a substrate (12);

a plurality of row conductive lines (18) disposed
on said substrate and generally aligned with
said rows, each of said row conductive lines
electrically contacting certain ones of said sen-
sor pads in one of said rows; and

a plurality of column conductive lines (14) dis-
posed on said substrate, insulated from said
row conductive lines and generally aligned with
said columns, each of said column conductive
lines electrically contacting the ones of said
sensor pads in one of said columns which are
not contacted by said row conductive lines;
characterised by:

means for applying a step voltage to each of
said row conductive lines one at a time to per-
form a driving point capacitance measurement,
charge being injected into each of said column
conductive lines in response to said step volt-
age; and

sensing means for sensing said charge on each
of said column conductive lines simultaneously
and for producing a set of object-sensed elec-
trical signals related thereto.

2. The object proximity sensor of claim 1, further in-
cluding:

means for sensing a no-object-present capac-
itance of each of said row conductive lines and
sensing a no-object-present capacitance of
each of said column conductive lines, for pro-
ducing a set of no-object-present electrical sig-
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nals related thereto; and

means for subtracting said set of no-object-
present electrical signals from said set of ob-
ject-sensed electrical signals.

The object proximity sensor of claim 2 wherein said
means for producing a set of no-object-present
electrical signals related to said no-object-present
capacitance of each of said row conductive lines
and said no-object-present capacitance of each of
said column conductive lines (14) comprises means
for computing weighted minima of said object-
sensed electrical signals thereof.

The object proximity sensor of any one of the pre-
ceding claims wherein said row conductive lines
(18) are disposed on said first face of said substrate
and said column conductive lines (14) are disposed
on a second face of said substrate opposite said
first face.

An object proximity sensor according to any one of
the preceding claims, wherein the sensor pads (22)
in odd numbered rows are disposed along afirst set
of column positions and the sensor pads in even
numbered rows are disposed at a second set of col-
umn positions offset from said first set of column
positions such that said sensor pads form a repeti-
tive diamond pattern;

said row conductive lines (18) electrically con-
tact every one of said sensor pads (22) in one
of said odd-numbered rows; and

said column conductive lines (14) are generally
aligned with said offset column positions, each
electrically contacts through said substrate the
sensor pads (22) in one of said offset column
positions.

6. An object proximity sensor, according to any one of

claims 1 to 4 wherein:

the sensor pads (22) in odd numbered rows are
disposed along a first set of column positions
and the sensor pads in even numbered rows
are disposed at a second set of column posi-
tions offset from said first set of column posi-
tions and said rows are spaced apart such that
said sensor pads form a closely packet repeti-
tive pattern wherein each pad is not in contact
with adjoining pads;

each of said row conductive lines (18) electri-
cally contacts every one of said sensor pads
(22) in one of said odd-numbered rows;

said column conductive lines (14) are generally
aligned with said offset column positions and
each of said column conductive lines electrical-
ly contacts the ones of said sensor pads (22) in
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one of said offset column positions.

7. An object proximity sensor according 1o any one of

the preceding claims wherein said sensing means
comprises:

a plurality of sense amplifiers (CA;-CAg), each
of said sense amplifiers having an input con-
nected to a different one of said column con-
ductive lines and an output;

a plurality of sample/hold circuits (S/H), each of
said sample/hold circuits having a data input
connected to the output of a different one of
said sense amplifiers, a control input, and an
output; and

means for simultaneously placing a sample sig-
nal on the control inputs of all of said sample/
hold circuits in response to said step voltage
placed onto each of said row conductive lines
to produce a set of object-sensed electrical sig-
nals related thereto at the outputs of said sam-
ple/hold circuits.

8. Amethod for sensing the proximity of an object, in-

cluding the steps of:

providing a sensing plane (10) including a ma-
trix of conductive lines arranged as a plurality
of rows and columns of spaced apart row and
column conductive lines (14,18), said sensing
plane including an inherent capacitance be-
tween the various ones of said row and column
conductive lines, said capacitance varying with
the proximity of an object to said row and col-
umn conductive lines; characterised by:
placing a step voltage onto each of said row
conductive lines one at a time to perform a driv-
ing capacitance measurement, and sensingthe
charge injected onto each of said column con-
ductive lines simultaneously in response to said
step voltage;

producing a set of object-sensed electrical sig-
nals related to said charge injected onto each
of said column conductive lines as a result of
placing said step voltage on each of said row
conductive lines.

The method of claim 8, further including the step of
subtracting a set of electrical signals obtained when
no object is proximate said sensing plane (10) from
said set of object-sensed optical signals to form a
set of row and a set of column electrical signals de-
fining a profile of the proximity of said object in both
said row and column dimensions.
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Patentanspriiche

1.

Objekindhefihler, der enthalt

mehrere voneinander beabstandete, leitende
Fahlerstreifen (22), die in einer Matrix aus Zei-
len und Spalten auf einer ersten Seite (16) ei-
nes Substrats (12) angeordnet sind;

mehrere leitende Zeilenleitungen (18), die auf
dem Substrat und allgemein fluchtend mit den
Zeilen angeordnet sind und von denen jede
Zeilenleitung in elekirischem Kontakt mit be-
stimmten Fuhlerstreifen in einer der Zeilen
steht; und

mehrere leitende Spaltenleitungen (14), die auf
dem Substrat angeordnet, von den Zeilenlei-
tungen isoliert und im allgemeinen mit den
Spalten fluchtend liegen, wobei jede Spalten-
leitung in elektrischem Kontakt mit denjenigen
Fahlerstreifen in einer der Spalten im Kontakt
stehen, die nicht in Kontakt mit den Zeilenlei-
tungen stehen; gekennzeichnet durch:

eine Einrichtung, die jeder Zeilenleitung zeitlich
aufeinanderfolgend eine Stufenspannung an-
legt, um eine Kapazitatsmessung an einem An-
steuerpunkt auszufiihren, wobeidie Ladung je-
der Spaltenleitung in Reaktion auf die Stufen-
spannung aufgeladen wird, und

Fahlmittel, die gleichzeitig die Ladung an jeder
Spaltenleitung erfassen und einen dazu in Be-
ziehung stehenden Satz aus elektrischen Ob-
jekterfassungssignalen erzeugen.

2. Objekindhefihler nach Anspruch 1, der weiterhin

enthalt:

eine Einrichtung, die eine die Abwesenheit ei-
nes Objekts angebende Kapazitat jeder Zeilen-
leitung und eine die Abwesenheit eines Objekts
angebende Kapazitat jeder Spaltenleitung er-
faft, um einen dazugehérigen Satz von die Ab-
wesenheit eines Objekts angebenden elekiri-
schen Signalen zu erzeugen; und

eine Einrichtung zur Subtraktion des Satzes,
der die Abwesenheit eines Objekts angeben-
den elektrischen Signale vom Satz der elekiri-
schen Objekterfassungssignale.

Objekindheflhler nach Anspruch 2, bei dem die
Einrichtung, die einen Satz der die Abwesenheit ei-
nes Objekis angebenden elekirischen Signale er-
Zeugt, die zu der die Abwesenheit eines Objekts an-
gebenden Kapagzitat jeder Zeilenleitung und der die
Abwesenheit eines Objekts angebenden Kapazitat
jeder Spaltenleitung (14) in Beziehung stehen, Mit-
tel zur Berechnung gewichteter Minimalwerte ihrer
elektrischen Objekterfassungssignale aufweist.
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4. Objekinahefiihler nach einem der vorangehenden

Anspriiche, bei dem die Zeilenleitungen (18) aufder
ersten Seite des Substrats und die Spaltenleitun-
gen (14) auf einer zweiten Seite des Substrats an-
geordnet sind, die der ersten Seite gegenuberliegt.

Objekinahefiihler nach einem der vorangehenden
Anspriiche, bei dem die Fiihlerstreifen (22) in un-
geradzahligen Zeilen langs eines ersten Satzes
Spaltenpositionen und die Fiihlerstreifen geradzah-
liger Zeilen an einem zweiten Satz Spaltenpositio-
nen angeordnet sind, welcher gegeniiber dem er-
sten Satz Spaltenpositionen derart versetzt ist, dai3
die Fihlerstreifen ein sich wiederholendes Rauten-
muster bilden;

bei dem die Zeilenleitungen (18) in elektri-
schem Kontakt mit jedem Fihlerstreifen (22) in
einer der ungeradzahligen Zeilen stehen und
bei dem die Spaltenleitungen (14) allgemein
mit den versetzten Spaltenpositionen fluchten
und jede Spaltenleitung (14) durch das Sub-
strat in elekirischem Kontakt mit den Sensor-
streifen (22) in einer der versetzten Spaltenpo-
sitionen steht.

Objekinahefiihler nach einem der Anspriiche 1 bis
4, bei dem die Funhlerstreifen (22) in ungeradzahli-
gen Zeilen langs eines ersten Satzes Spaltenposi-
tionen und die Fihlerstreifen in geradzahligen Zei-
len an einem zweiten Satz von Spaltenpositionen
angeordnet sind, der gegeniiber dem ersten Satz
der Spaltenpositionen versetzt ist, und die Zeilen
gegenseitig derart beabstandet sind, daf} die Flh-
lerstreifen ein enges Paket eines sich wiederholen-
den Musters bilden, bei dem sich jeder Fiihlerstrei-
fen nicht in Kontakt mit angrenzenden Flhlerstrei-
fen befindet;

jede Zeilenleitung (18) in elektrischem Kontakt
mit jedem Fihlerstreifen (22) in einer der unge-
radzahligen Zeilen steht; und

die Spaltenleitungen (14) im allgemeinen mit
den versetzten Spaltenpositionen fluchten und
jede Spaltenleitung elektrisch jene Flhlerstrei-
fen (22) in einer der versetzten Spaltenpositio-
nen kontaktiert.

7. Objekinahefiihler nach einem der vorangehenden

Anspriiche, bei dem die Fiihimittel aufweisen:

mehrere Flhlverstarker (Ca;-Cag), die jeweils
einen Eingang, der mit einer unterschiedlichen
Spaltenleitung verbunden ist und einen Aus-
gang haben;

mehrere Abtast/Halteschaltungen (S/H), die je-
weils einen mit dem Ausgang eines unter-
schiedlichen Fihlverstarkers verbundenen Da-
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teneingang, einen Steuereingang und einen
Ausgang haben; und

Mittel, die simultan ein Abtastsignal an die
Steuereingange aller Abtast/Halteschaltungen
in Reaktion auf die an jede Zeilenleitung ange-
legte Schrittspannung anlegen, um einen dazu
in Beziehung stehenden Satz elekirischer Ob-
jektfuhlsignale an den Ausgangen der Abtast/
Halteschaltungen zu erzeugen.

8. Verfahren zur Erfassung der Nahe eines Objekts,

das folgende Schritte enthalt:

Vorsehen einer Flihlebene (10), die eine Matrix
aus leitenden Leitungen in Form von einer Viel-
zahl gegenseitig beabstandeter Zeilen und
Spalten bildenden leitenden Zeilen- und Spal-
tenleitungen (14, 18) enthalt, wobei die Flhle-
bene eine Eigenkapazitdt zwischen den ver-
schiedenen Zeilen- und Spaltenleitungen hat
und diese Kapazitat mit der Annaherung eines
Objekts an die Zeilen- und Spaltenleitungen va-
riiert, gekennzeichnet durch :

Zeitlich aufeinanderfolgendes Anlegen einer
Schrittspannung an jede Zeilenleitung zur Aus-
fihrung einer Ansteuerkapazitdtsmessung und
Erfassung der gleichzeitig jeder Spaltenleitung
in Reaktion auf die Schrittspannung zugefihr-
ten Ladung; und

Erzeugen eines Satzes elekirischer Objekifihl-
signale, die in Beziehung zu der den Spalten-
leitungen zugefihrten Ladung stehen, als Er-
gebnis des Anlegens der Schrittspannung an
jede Zeilenleitung.

9. Verfahren nach Anspruch 8, das auBerdem einen

Schritt enthalt, der einen Satz elekirischer Signale,
die man erhal, wenn sich kein Objekt in der Nahe
der Fuhlebene (10) befindet, von einem Satz elek-
trischer Objektfuhlsignale subtrahiert, um einen
Satz elekirischer Zeilensignale und einen Satz
elektrischer Spaltensignale zu erzeugen, die ein
Profil der Anndherung des Objekis sowohl in Zei-
len- als auch in Spaltenrichtung definieren.

Revendications

Capteur de proximité d'objet, comportant :

une pluralité de tampons conducteurs de dé-
tection espacés (22), disposés dans une matri-
ce de rangées et de colonnes sur une premiére
face (16) d'un substrat (12),

une pluralité de lignes conductrices de rangée
(18) disposées sur ledit substrat et générale-
ment alignées avec lesdites rangées, chacune
desdites lignes conductrices de rangée venant
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en contact électrique avec certains premiers
tampons desdits tampons de détection dans
une desdites rangées, et

une pluralité de lignes conductrices de colonne
(14) disposées sur ledit substrat, isolées des-
dites lignes conductrices de rangée et généra-
lement alignées avec lesdites colonnes, chacu-
ne desdites lignes conductrices de colonne ve-
nant en contact électrique avec les premiers
tampons desdits tampons de détection dans
une desdites colonnes qui ne sont pas en con-
tact avec lesdites lignes conductrices de ran-
gée, caractérisé par :

des moyens pour appliquer une tension en
échelon a chacune desdites lignes conductri-
ces de rangée, une ligne & lafois, pour effectuer
une mesure de capacité au point d'application,
une charge étant injectée dans chacune desdi-
tes lignes conductrices de colonne en réponse
a ladite tension en échelon, et

des moyens de détection pour détecter simul-
tanément ladite charge sur chacune desdites
lignes conductrices de colonne et pour produire
un ensemble de signaux électriques d'objet dé-
tecté liés a celle-ci.

2. Capteur de proximité d'objet selon la revendication

1, comportant de plus :

des moyens pour détecter une capacité de non-
présence d'objet de chacune desdites lignes
conductrices de rangée et pour détecter une
capacité de non-présence d'objet de chacune
desdites lignes conductrices de colonne pour
produire un ensemble de signaux électriques
de non-présence d'objet liés a celles-ci, et
des moyens pour soustraire ledit ensemble de
signaux électriques de non-présence d'objet
audit ensemble de signaux électriques d'objet
détecté.

3. Capteur de proximité d'objet selon la revendication

2, dans lequel lesdits moyens pour produire un en-
semble de signaux électriqgues de non-présence
d'objet liés a ladite capacité de non-présence d'ob-
jet de chacune desdites lignes conductrices de ran-
gée et & ladite capacité de non-présence d'objet de
chacune desdites lignes conductrices de colonne
(14) comportent des moyens pour calculer des mi-
nima pondérés desdits signaux électriques d'objet
détecté.

Capteur de proximité d'objet selon I'une quelcon-
que des revendications précédentes, dans lequel
lesdites lignes conductrices de rangée (18) sont
disposées sur ladite premiére face dudit substrat et
lesdites lignes conductrices de colonne (14) sont
disposées sur une seconde face dudit substrat si-
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tuée en vis-a-vis de ladite premiére face.

Capteur de proximité d'objet selon I'une quelcon-
que des revendications précédentes, dans lequel
les tampons de détection (22) des rangées de nom-
bre impair sont disposés le long d'un premier en-
semble de positions de colonne et les tampons de
détection des rangées de numéro pair sont dispo-
sés au niveau d'un second ensemble de positions
de colonne décalées par rapport audit premier en-
semble de positions de colonne de sorte que lesdits
tampons de détection forment un motif de losange
répétitif,

lesdites lignes conductrices de rangée (18)
viennent en contact électrique avec tous lesdits
tampons de détection (22) dans une desdites
rangées de numéro impair, et

lesdites lignes conductrices de colonne (14)
sont généralement alignées avec lesdites po-
sitions de colonne décalées, chacune venant
en contact électrique a travers ledit substrat
avec les tampons de détection (22) dans une
desdites positions de colonne décalées.

6. Capteur de proximité d'objet selon I'une quelcon-

que des revendications 1 & 4, dans lequel :

les tampons de détection (22) des rangées de
numéro impair sont disposés le long d'un pre-
mier ensemble de positions de colonne et les
tampons de détection des rangées de numéro
pair sont disposés au niveau d'un second en-
semble de positions de colonne décalées par
rapport au premier ensemble de positions de
colonne et lesdites rangées sont espacées de
sorte que lesdits tampons de détection forment
un motif répétitif trés condensé, aucun tampon
n'étant en contact avec des tampons adja-
cents,

chacune desdites lignes conductrices de ran-
gée (18) vient en contact électrique avec cha-
cun desdits tampons de détection (22) dans
une desdites rangées de numéro impair,
lesdites lignes conductrices de colonne (14)
sont généralement alignées avec lesdites po-
sitions de colonne décalées et chacune desdi-
tes lignes conductrices de colonne vient en
contact électrique avec les premiers tampons
desdits tampons de détection (22) dans une
desdites positions de colonne décalées.

7. Capteur de proximité d'objet selon I'une quelcon-

que des revendications précédentes, dans lequel
lesdits moyens de détection comportent :

une pluralité d'amplificateurs de lecture (CA;-
CAg), chacun desdits amplificateurs de lecture
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ayant une entrée reliée a une ligne différente
parmi lesdites lignes conductrices de colonne
et une sortie,

une pluralité de circuits d'échantillonnage/
maintien (S/H), chacun desdits circuits
d'échantillonnage/maintien ayant une entrée
de données reliée a ladite sortie d'un amplifica-
teur différent parmi lesdits amplificateurs de
lecture, une entrée de commande et une sortie,
et

des moyens pour appliquer simultanément un
signal d'échantillonnage aux entrées de com-
mande de tous lesdits circuits d'échantillonna-
ge/maintien en réponse a ladite tension en
échelon appliquée a chacune desdites lignes
conductrices de rangée, pour produire un en-
semble de signaux électriques d'objet détecté
liés & celui-ci au niveau des sorties desdits cir-
cuits d'échantillonnage/maintien.

8. Procédé de détection de la proximité d'un objet,

comportant les étapes consistant a :

fournir un plan de détection (10) comportant
une matrice de lignes conductrices agencée
sous forme d'une pluralité de rangées et de co-
lonnes, constituée de lignes conductrices de
rangée et de colonne espacées (14, 18), ledit
plan de détection comportant une capacité in-
hérente entre les diverses lignes desdites li-
gnes conductrices de rangée et de colonne, la-
dite capacité variant en fonction de la proximité
d'un objet par rapport auxdites lignes conduc-
trices de rangée et de colonne, caractérisé par
les étapes consistant a:

appliquer une tension en échelon a chacune
desdites lignes conductrices de rangée, une li-
gne a la fois, pour effectuer une mesure de ca-
pacité au point d'application, et détecter la
charge injectée sur chacune desdites lignes
conductrices de colonne simultanément en ré-
ponse a ladite tension en échelon,

produire un ensemble de signaux électriques
d'objet détecté liés a ladite charge injectée sur
chacune desdites lignes conductrices de colon-
ne en résultat de 'application de ladite tension
en échelon a chacune desdites lignes conduc-
trices de rangée.

Procédé selon la revendication 8, comportant de
plus I'étape consistant & soustraire un ensemble de
signaux électriques obtenus lorsqu'aucun objet
n'est & proximité dudit plan de détection (10) audit
ensemble de signaux électriques d'objet détecté
pour former un ensemble de signaux électriques de
rangée et un ensemble de signaux électriques de
colonne définissant un profil de la proximité dudit
objet dans lesdites deux dimensions de rangée et



de colonne.
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