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(57) Cette invention conceme un circuit de commande a
effleurement composé d’une touche de détection et d’un
circuit de commutation servant a mettre une charge sous
tension alternative, la source de courant alternatif
comportant un conducteur sous tension et un conducteur
neutre, le premier étant connecté a la masse sous 1’effet
de leffleurement de la touche pour déclencher le
commutateur. Le circuit objet de ’invention comprend
un circuit de détection connecté entre la touche a
effleurement et le circuit de commutation et un circuit
d’alimentation et de référence a circuit redresseur
incorporé¢ qui produit des tensions cc de référence
positive et a4 la masse proportionnelles au courant
alternatif du secteur et qui alimente le circuit de détection
et le circuit d’alimentation en courant cc.

I*I Industrie Canada  Industry Canada

[AC LINE MEUTRAL

(57) A touch sensitive sensor circuit having a touch input,
pad for receiving a person’s touch, and a power
switching circuit for applying AC power to a load,
wherein the Ac power includes a line-hot and line-
neutral input, and wherein a person’s touch on the touch
input pad creates a circuit connection between the line-
hot AC input and earth ground that triggers the power
switch, the touch sensor circuit comprising a sense input
circuit connected between the touch input pad and the
power switching circuit and a power supply and
reference circuit including AC to DC conversion
circuitry that generates positive ground DC voltage
references that track the line-hot AC input, and that
supply DC power to the sense input circuit and the power
switching circuitry.
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ABSTRACT

A touch sensitive sensor circuit having a touch
input pad for receiving a person's touch, and a
power switching circuit for applying AC power to a
load, wherein the Ac power includes a line-hot and
line-neutral input, and wherein a person's touch on
the touch input pad creates a circuit connection
between the line-hot AC input and earth ground that
triggers the power switch, the touch sensor circuit
comprising a sense input circuit connected between
the touch input pad and the power switching circuit
and a power supply and reference circuit including
AC to DC conversion circuitry that generates
positive ground DC voltage references that track the
line-hot AC input, and that supply DC power to the
sense input circuit and the power switching

circuitry.
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TOUCH SENSOR CIRCUIT

BACKGROUND OF THE INVENTION

The present invention is directed toward the
field of electronic touch sensor circuits, in
particular to a touch sensor circuit for sensing a
human touch and for switching AC power to a
connected load, such as a string of Christmas lights
on a Christmas tree. According to the present
invention, a high-reliability touch sensor circuit
is provided that includes a power supply that tracks
the line-hot AC power input for powering included
sense input, logic and switching circuits. The
sense input circuit is configured such that when a
person touches a touch pad connected to the sense
input circuit, a conductive path is established
between the line-hot AC power input and earth ground
through a resistor divider and the person’s body,
thereby generating an easily detectable sense signal
which causes AC power to be switched to the
connected load.

Prior art circuits exist that sense the touch
of a person and correspondingly cause some action to
occur, such as switching power to a connected load.

These prior art circuits suffer from a variety of
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technical problems, all of which are overcome by the
teaching of the present invention.

Prior art touch sensor circuits are essentially
ccmposed of two types: (i) charge detection
circuits; and (ii) oscillator circuits. For
example, United States Patent No. 4,289,980 to
McLaughlin shows a typical charge detection touch
sensor circuit. According to the teaching of
McLaughlin, the touch input pad 36 (where the user’s
tcuch is received) is connected to a charge sensing
capacitor 34 and an input resistive biasing network
30, 32. The purpose of these RC components is to
bias the one-shot multivibrator 28 to a point where
it is almost generating a pulse, but not gquite.

When a person touches the input pad 36, the static
charge on the person’s body causes a slight increase

in the charge stored on the capacitor 34, which

trips the one-shot circuit (See, Mclaughlin, US
Patent No. 4,289,980, Figure 2). McLaughlin
actually teaches away from the present invention, by
stating that the invention does not use the body
contact for a conductive path for current flow
(Mclaughlin, Column 1, lines 58-60). By

distinction, the present invention uses a sense
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input circuit configured so that when a person
touches the connected touch pad, a conductive path
is established between the line-hot AC power input
and earth ground, thereby generating an easily

5 detectable sense signal.

Other examples of charge detection circuits
include United States Patent No. 4,159,473 to Senk,
and United States Patent No. 4,199,864 to Petrizio.
Each of these prior art charge detection circuits,

10 like McLaughlin, operate by biasing a capacitor to a
particular voltage level, and by sensing the
momentary increase in charge stored on the capacitor
when a human touches a metallic touch pad connected
to the charge storage capacitor. These circuits

15 suffer from a number of problems. First, the input
touch sensing circuity must be biased to a precise
voltage level which will not trip the logic
circuitry, but which is close enough to the trip
level so that when a person touches the pad the

20 » incremental charge increase on the detection
capacitor caused by the transfer of static charge
from the person’s body causes the circuit to
trigger. Because of this biasing technique, these

types of circuits are quite sensitive to variations
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in component values, fluctuations in AC line
voltage, and environmental conditions.

An additional disadvantage of the charge
detection circuits is the small voltage amplitude of
the trip or sense signal detectable by the logic
circuitry. Because the input biasing circuitry of
the charge detection circuits is designed to detect
small changes in static charge from the person
touching the touch pad, the corresponding sense
signal that is connected to the logic circuitry is
small in amplitude, and therefore is difficult to
properly detect. Because of this small amplitude
sense signal, these types of circuits routinely
suffer from false-detections and mis-detections of a
person’s touch. By distinction, the present
invention overcomes these false and missed
detections by generating a large amplitude voltage
swing on an internal sense node by referencing the
touch sensor circuit to the line-hot AC power input
and by utilizing a sense input circuit that creates
the large amplitude voltage swing, or sense signal,
by creating a conductive path between the line-hot
AC power input and earth ground through a resistive

divider and the person’s body.
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Another type of touch sensor circuit is the
oscillator input circuit. In this type of circuit a
person’s touch on the touch pad causes a change in
the frequency of a reference oscillator, or a change
in the amplitude of the pulses from the oscillator,
which, when compared to a reference signal or
voltage causes a trigger signal to be generated.
These types of circuits are superior to the charge
detection circuit in terms of reliability (i.e. not
missing true touch or generating a false signal),
but are much more complex and expensive to design
due to the requirement of the oscillator and
comparator circuitry.

Therefore, there remains aAneed for a simple,
inexpensive, and reliable touch sensor circuit that
senses a person’s touch and triggers some action,
such as the switching of power to a load.

There remains a further need for a touch sensor
circuit that does not require either a complex
oscillator circuit or a sensitive charge-detection
circuit in order to reliably sense the person’s
tcuch.

In addition, there remains a need for a touch

sensor circuit that generates a reliable, large
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amplitude voltage signal swing when the touch pad of
the circuit is touched by a person.

There remains a further need for such a touch
sensor circuit that generates the large amplitude
voltage signal swing by referencing the circuitry of
the touch sensor to the line-hot AC power input, and
by creating a current path between line-hot AC and
earth ground when the person touches the touch pad.

There remains a further need for such a touch
gsensor circuit where the large amplitude voltage
signal, or sense signal, is detected by a one-shot
circuit that generates a pulse which turns on and
off a power switch that switches power to a load.

There remains a further need for such a touch
sensor circuit, where the pulse period from the one-
shot circuit is adjustable so as to avoid multiple

switching of the power switch.

SUMMARY QOF THE INVENTION

The present invention overcomes the problems
noted above and satisfies the needs in this field
for a high-reliability, inexpensive touch sensor
circuit that does not require either an expensive

oscillator circuit, or a sensitive charge-detection
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circuit. According to the disclosed touch sensor
circuit, a sense input circuit senses a person’'s
tcuch and generates a large voltage amplitude sense
signal to a logic circuit that detects the sense
signal and causes a power switch to apply AC power
tc a load. The large amplitude sense signal is
created by referencing the included power supply,
sense input circuit and logic to the line-hot AC
pcwer input. This referencing enables a circuit
connection between line-hot AC powered reference
detection logic and earth ground when the person
touches the touch input pad of the sense input
circuit.

The present invention includes: (i) a sense
input circuit; (ii) a logic trigger circuit; (iii) a
pcwer switch; and (iv) a power supply and reference
circuit. These elements are configured to operate
as described above, and are discussed in more detail
in conjunction with the description of the preferred
embodiment.

An advantage of the present invention is that
by referencing the sense input circuit and the logic
trigger circuit to line-hot AC power, a large

amplitude sense signal can be generated that is
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easily detectable, and that overcomes the
disadvantages associated with the small amplitude
sense signal in the prior art charge-detection
circuits.

An additional advantage of the present
invention is that it requires only a small number of
low cost components, and thereby overcomes the
disadvantages of the oscillator-type touch sensor
circuits.

Yet another advantage of the present invention
is that the logic circuitry can be adjusted such
that multiple triggers of the power switch can be
avoided if a person touches the touch pad of the
sense input circuit for more than a brief moment.

As will be appreciated; the invention is
capable of other and different embodiments, and its
se&eral details are capable of modifications in
various respects, all without departing from the
invention. Accordingly, the drawings and
description of the preferred embodiment are to be
regarded as illustrative in nature and not

restrictive.
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BRIEF DESCRIPTION OF THE DRAWINGS

The above advantages will become apparent from
the following description when read in conjunction

with the accompanying drawings wherein:

FIG. 1 is a block diagram of a circuit according to

the present invention;

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring now to the drawings, Figure 1 sets
fcrth a detailed circuit schematic according to the
present invention. The touch sensor circuit set
fcrth in Figure 1 is composed of four major
elements: (i) sense input circuit 12; (ii) logic
trigger circuit 14; (iii) power switching circuit
16; and (iv) power supply'and referencing circuit
18.

Before discussing the sensing, logic and
switching circuitry, it is important to understand
how power is supplied to these elements of the touch
sensor circuit. The power supply and reference
circuit 18 is connected to line-hot and line-neutral
AC power lines such that it tracks the line-hot AC

power input. The AC power input lines are connected

CLLIT01 Doc: 226678 1
427600-600-003



10

15

20

CA 02229189 1998-02-10

-10-

to respective sides of a full-wave bridge rectifier
circuit composed of diodes 40, 42, 44 and 46, in
order to generate a full-wave rectified signal at
node B, and provide proper circuit referencing.
Capacitors 48, 50, 52, resistor 54, and zener diodes
56 and 58 are then used to generate the positive and
ground DC reference level at V+ and GND. The V+
level follows the AC line-hot input, although it is
one diode drop in voltage below the voltage level
present at the AC line-hot input. The GND voltage
level follows the V+ level, but is 24VDC lower, as
set by the clamping voltage of one of the zener
diodes. 1In this manner a positive and ground DC
reference voltage are generated that track the line-
hot AC input. These reference voltages are used to
supply DC power to the remainder of the circuit, and
in this manner the entire touch sensor circuit is
referenced to the line-hot AC input. Resistors 60,
64 and capacitor 62, connected between the AC line
neutral and one side of the bridge rectifier, are
used to charge up the power supply when AC power is
applied to the circuit.

A more detailed discussion of the operation of

the voltage reference circuitry, and how the full-
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wave rectified and positive and ground reference
signals are generated is not necessary as the
operation of this circuitry is well known in the
field of power electronics. In the preferred
embodiment of the present invention diodes 40, 42,
44 and 46 are preferably type IN4003 diodes,
capacitor 48 has a value of 47 micro-farads,
capacitor 50 has a value of 47 micro-farads,
capacitor 52 has a value of 0.1 micro-farads, zener
diode 56 is preferably a 1 watt, 24 Volt zener, and
zener diode 58 is preferably a 0.5 watt 9.1 volt
zener. Resistor 60 preferably has a value of 1
mega-ohm, resistor 64 has a value of 220 ohms, and
capacitor 62 is preferably a 256 volt, 1 micro-farad
capacitor.

The sense input circuit 12 is composed of a
touch input pad 20; RC current limiting components
22, 24; filter capacitor 26; and pull-up resistor
28. The touch input pad 20 is preferably a metallic
or other type of conductive plate with little
resistance. Touch input pad 20 is connected through
RC current limiting components 22, 24 to node A, the
sense node. Node A is the electrical point of the

sense input circuit where the sense signal is sensed
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and acted upon by the logic circuitry. This node
serves as the input to the logic trigger circuit 14,
and is the point where the large amplitude voltage
signal, or sense signal, is generated. Also
connected to node A is pull-up resistor 28, which
pulls the node A voltage level to the positive DC
reference voltage V+ when no touch is present at the
touch input pad 20. Also connected to node A is
filter capacitor 26 which serves to suppress noise
on the input line (node A) to the logic circuit 14.
Filter capacitor 26 is connected between node A and
the ground DC reference voltage GND.

When no touch is present at the touch pad 20
resistor 28 pulls the voltage at the sense output
node (node A) to the positive reference level V+,
which tracks the line-hot AC power input. When a
person touches the touch pad 20, a conductive path
is created between the series connection of the
positive reference level V+, resistor 28, capacitor
24, resistor 22, the person, and earth ground. As
this connection is made between line-hot AC power
and earth ground, current flows through the above
circuit and through the person’s body, but is

limited by the resistors 22, 28 and capacitor 24 to
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a safe level as determined by UL listing. The
current flow through resistors 22, 28 causes the
voltage at node A to drop several volts, thus
generating the easily detectable sense signal. In
the preferred embodiment of the present invention,
resistor R22 has a value of 2 mega-ohms, capacitor
24 has a value of 0.1 micro-farads, capacitor 26 has
a value of 0.001 micro-farads, and resistor 28 has a
value of 1.2 mega-ohms.

Logic circuit 14 is composed of one-shot logic
gate 30, RS flip flop (or latch) 66, and several
passive RC components, including the initial
condition setting components 68, 70. The one-shot
logic gate input is connected to node A, the sense
node, and triggers (i.e. generates a pulse) on a
down-going voltage edge at node A. As described
above, when a person touches the touch pad 20, the
circuit connection to earth ground through the
person’s body causes a large negative going voltage
drop at node A. The edge of this negative going
drop is detected by the one-shot 30, and causes a
pulse to be generated on the output pin Q of the

one-shot 30, node C.
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The duration of the pulse generated by the one-
shot 30 is adjustable via the component values of
resistor 34 and capacitor 32. This is useful in
avoiding multiple pulses from being generated by the
orie-shot when a person touches the touch pad 20 for
too long a period of time, thereby causing a 60Hz
"pulse train" that turns the switched load on and
off many times in a very short period.

The trigger pulse generated on node C is input
to the clock input signal of RS flip flop 66, which
is configured to toggle its output pin Q from low to
high whenever a clock pulse is present on the clock
input signal (CLK). The Q output of the flip flop
66 is connected through voltage dropping resistors
72, 74 to the power switching circuit 14.

The power switching circuit 14 is composed of
NPN bipolar transistor 76, normally closed relay 80,
and load clips 82, 84. The base of the bipolar
transistor is connected to the Q output of the flip
flop 66 through voltage dropping resistors 72, 74.
The collector of bipolar transistor 76 is connected
to the coil of normally open relay 80.

When power is initially applied to the touch

sensor circuit resistor 70 and capacitor 68 reset
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the RS flip flop 66 such that the output of the flip
flop is low. Since the base of the NPN bipolar
transistor is low the transistor will be off, and
the relay will be open. When the first trigger
pulse is applied to the clock input of the flip flop
66, the flip flop’s Q-output transitions high. The
high signal on the Q-output causes the bipolar
transistor 76 to turn on and pull current through
the coil of relay 80, thereby closing the relay
switch and applying AC power to the load connected
to load clips 82, 84. The next pulse generated by
the one-shot 30 will toggle the Q output of the flip
flop low, thereby returning the touch sensor circuit
to its initial state, with the relay open and no AC
power flowing through the load.

In the preferred embodiment of the present
invention the one-shot is preferably a Motorola
MC14538, resistor 34 has a value of 1 mega-ohms,
capacitor 32 has a value of 0.1 microfarads, the
flip flop is preferably a 4013 type device, resistor
72 has a value of 20 kilo-ohms, resistor 74 has a
value of 10 kilo-ohms, transistor 76 is a type
2N39304 NPN bipolar transistor, capacitor 68 has a

value of 0.1 microfarads, resistor 70 has a value of
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510 kilo-ohms, resistor 36 has a value of 1000 ohms,
and diode 78 is preferably a 1N4934. These values
and component types, as well as the other specific
component values and device types listed above are
merely examples of individual circuit components
that could be used with the present invention and
should not be construed as limiting the invention to
either the specific component value, or to the
specific type of device set forth.

A preferred embodiment of the touch sensor
circuit of the present invention is set forth in
Figure 1, the elements and connections of which are
described in detail above. The touch sensor circuit
enters its initial state when AC power is applied to
the circuit. As AC power is applied, voltage
reference sub-circuit 18 charges up through
resistors 60, 64 and capacitor 62 to generate the DC
voltages (V+, GND) that are referenced to AC line-
hot, and that supply DC power to the remainder of
the circuit. At the same time that AC power is
applied to the touch sensor circuit, the flip flop
66 is reset by a momentary high signal on its reset
line. This signal decays to a low signal level as

capacitor 68 is charged up through resistor 70.
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Since the output of the RS flip flop 66 is reset
low, transistor 76 will be off, and the normally
open relay 80 will be open. Assuming that a person
is not touching the touch pad 20 of the sense input
circuit 12, node A will be pulled to the V+ positive
voltage level through resistor 28. This high DC
level at node A will prevent the one-shot 30 from
generating a trigger pulse on node C.

When a person touches the touch pad 20, a
circuit is created between the V+ positive reference
level (which is essentially the same as the AC line-
hot level) through resistors 28 and 22, the person’s
body, and earth ground. The current flow through
this circuit causes a multi—volﬁ negative going edge
at node A which is detected by the one-shot 30 and
which causes the one-shot 30 to generate a pulse at
node C, the period of the pulse being determined by
external components 32, 34. At the same time, the
one-shot flashes the LED 38 to indicate a sensed
touch.

The trigger pulse at node C toggles the RS flip
flop (latch), causing the Q output of the flip flop
66 to go high. This in turn causes the NPN bipolar

transistor 76 to turn on and energize the relay 80

CLLIT01 Doc: 226678 1
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into its closed position, thereby allowing AC power
to be applied to the load through the load clips 82,
84. The next touch on the touch pad 20 will cause

another pulse to be generated by the one-shot, which
toggles the latch 66, thereby returning the touch

sensor circuit to its initial state. 1In this manner
power can be applied and removed from a load using a
simple touch input circuit that generates a reliable

multi-volt sense signal that is easily detectable.

By way of example, the load could be a string
of Christmas lights for a Christmas tree, and the
touch pad could be a metallic ornament that is
placed somewhere in the tree. In this manner, and
using the present invention, when a person touches
the metallic ornament power is applied to the
lights, but if the lights are already on, power is
removed from the lights. By using the circuit of
the present invention, a reliable touch sensor
system is provided which overcomes the disadvantages
of both the charge-detection circuits and the
oscillator circuits of the prior art.

Having described in detail the preferred

embodiment of the present invention, including its
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preferred mode of operation, it is to be understood
that this operation could be carried out with
circuitry different than the circuitry specifically
described. This preferred embodiment is presented
only by way of example and is not meant to limit the
scope of the present invention which is defined by

the following claims.
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What is claimed:

1. A touch sensor circuit having a touch input pad
for receiving a person’s touch, and a power
switching circuit for applying AC power to a load,
wherein the AC power includes a line-hot and line-
neutral input, and wherein a person’s touch on the
touch input pad creates a circuit connection between
the line-hot AC input and earth ground that triggers
the power switch, the touch sensor circuit
comprising:

a sense input circuit connected between the
touch input pad and the power switching circuit; and

a power supply and reference circuit including
AC to DC conversion circuitry that generates
positive and ground DC voltage references that track
the line-hot AC input, and that supply DC power to
the sense input circuit and the power switching

circuitry.

2. The touch sensor circuit according to claim 1,
wherein the sense input circuit includes a pull-up
resistor connected between a sense node and the

positive DC reference voltage.

CLLIT01 Doc: 226678 1
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3. The touch sensor circuit according to claim 2,
wherein a sense signal is generated by the sense
input circuit at the sense node when a person
touches the touch pad, and wherein the sense signal
is generated by the voltage drop across the pull-up
resistor from the circuit connection between the
line-hot AC input and earth ground through the

person’s body.

4. The touch sensor circuit according to claim 2,
wherein the sense input circuit further includes a
current limiting resistor connected between the

touch input pad and the sense node.

5. The touch sensor circuit according to claim 2,
wherein the power switching circuit includes a one-

shot trigger circuit, flip flop and relay.

6. The touch sensor circuit according to claim 5,
wherein the one-shot trigger circuit is connected to
the sense node of the sense input circuit, and
wherein the one-shot trigger circuit detects a

voltage drop on the sense node corresponding to a
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person touching the touch pad and generates a

trigger pulse on its output.

7. The touch sensor circuit according to claim 6,
wherein the period of the trigger pulse generated by

the one-shot trigger circuit is adjustable.

8. The touch sensor circuit according to claim 6,
wherein the flip flop input is connected to the
output of the one-shot trigger circuit and the flip

flop output is connected to the relay.

9. The touch sensor circuit according to claim 8,
wherein the pulse generated by the one-shot trigger
circuit toggles the output of the flip flop, thereby

causing the relay to open and close.

10. The touch sensor circuit according to claim 9,
wherein the relay is connected between AC power and
the load, such that when the one-shot toggles the
output of the flip flop, the relay successively

applies and removes power from the load.
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11. The touch sensor circuit according to claim 1,
wherein the power supply and reference circuit
includes a diode bridge rectifier connected to AC
power and a DC reference circuit connected to the
diode bridge, the DC reference circuit providing the
positive and ground DC reference voltages that track

the line-hot AC power input.

12. The touch sensor circuit according to claim 11,
wherein the power supply and reference circuit
further includes an RC network connected between the
line-neutral AC input and the diode bridge

rectifier.

13. A touch sensor circuit for switching AC power to
a load, said AC power including line-hot and line-
neutral inputs, the circuit comprising:

a touch input pad;

a sense input circuit connected to the touch
input pad, the sense input circuit including a sense
signal that is generated when a person touches the

touch input pad;
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a logic circuit connected to the sense input
circuit for generating a trigger pulse in response
to the sense signal;

a power switch connected to the logic circuit;
and

a power supply that converts AC power to DC
voltage references that track the line-hot AC input,
wherein the voltage references supply DC power to
the sense input circuit, logic circuit and power

switch.

14. The touch sensor circuit according to claim 13,
wherein the DC reference voltages include positive

and ground references.

15. The touch sensor circuit according to claim 14,
wherein the sense input circuit includes a pull-up
resistor connected between the positive DC reference
voltage and a sense node, and wherein the touch

input pad is connected to the sense node.

16. The touch sensor circuit according to claim 15,

wherein the sense input circuit includes a current
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