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I. THE PARTIES

1, Plaintiff, Nartron Corporation (“Nartron™), is 2 Michigan corporation
having a principal place of business at 5000 North U.S. 131, Reed City, Michigan 49677.
2, Defendant, E.G.0. North America, Inc.(*E.G.0.”), is a Georgia
corporation with its principal place of business at 83 Hillwood Circle, Newnan, Georgia
30263.
3. Defendant, Whirlpool Corporation (“Whirlpool”), is a Delaware
corporation with its principal place of business at 2000 North M-63, Benton Harbor,

Michigan 49022-2692.
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II. JURISDICTION AND VENUE

4, This action arises under Title 35 of the United States Code.
5. Jurisdiction is based on 28 U.S.C. §§ 1338 and 1367,

6. Venue is proper in this judicial district pursuant to 28 U.S.C. § 1391(c).
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III. COUNTI —
PATENT INFRINGEMENT UNDER 35 U.S.C. § 271

7. On February 11, 1992, U.S. Patent No. 5,087,825 (“the ‘825 patent”)
was duly and lawfully issued to Nartron for a “Capacity Responsive Keyboard” (copy
attached as Exhibit A). Since that date, Nartron has been and still is the owner of that patent.

8. On July 19, 1988, U.S. Patent No. 4,758,735 (“the '735 patent”) was
duly and lawfully issued to Nartron for a “DC Touch Control Switch Circuit” (copy attached
as Exhibit B).  Since that date, Nartron has been and still is the owner of that patent,

9. On information and belief, defendant Whirlpool makes, uses, sells and
offers to sell appliances throughout the United States, including within this judicial district.
Whirlpool has been, and still is, willfully infringing, actively inducing infringement of, and
contributorily infringing, the ‘825 and *735 patents by making, using, offering to sell, and
selling appliances that include unlicensed capacitive touch switches,

10.  On information and belief, defendant E.G.O. makes, uses, sells and
offers to sell capacitive touch switches throughout the United States, including within this
judicial district. E.G.O. has been, and still is, willfully infringing and actively inducing
infringement of, and/or contributorily infringing, the ‘825 and ‘735 patents by making, using,
offering to sell, and/or selling its capacitive touch switches.

11. Nartron has been, and will continue to be, irreparably harmed by

defendants’ infringement unless defendants are enjoined by this Court.
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12.  For the infringement, Nartron seeks damages in an amount adequate to

compensate for defendants’ infringement.
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IV. DEMAND FOR RELIEF
WHEREFORE, Nartron asks the Court to:
A. enter a preliminary and permanent injunction to enjoin defendants from
infringing the ‘825 and ‘735 patents;
B award Nartron damages against defendants adequate to compensate for
the infringement;
C. award Nartron damages for willful infringement in accordance with 35
U.S.C. § 284,
D. award Nartron reasonable attorney fees in accordance with 35 U.S.C.
§ 285;
E. award Nartron interest and costs; and
F. award Nartron such other relief as is just.
Brooks Kushman P.C.
1000 Town Center, 22nd FI.
Southfield, MI 48075-1238 -5-
Usa
Tel (248) 358-4400

Fax {248) 358-3351
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V. DEMAND FOR JURY TRIAL

Nartron hereby demands a trial by jury for all issues so triable.

Respectfully submitted,

BROOKS KUSHMAN P.C.

John E. Nemazi (P33285)
Sangeeta G, Shah (P49242)
Thomas W. Cunningham (P57899)
Mark D. Chuey (P66879)
1000 Town Center

Twenty-Second Floor
Southfield, Michigan 48075-1238

Tel: (248) 358-4400
Fax; (248) 358-3351
Attorneys for Plaintiff

Dated: November B, 2004
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1
CAPACITY RESPONSIVE KEYBOARD

BACKGROUND OF THE INVENTION

This invention relates to switches thai respond to the 3
change in capacity from a user touching a surface por-
tion of the switch. The invention is especially adapted
for a keyboard made up of & plurality of such capacity
responsive switches. '

Touch-responsive switches in the form of “capacitive
glass™ are common in the appliance field. This special
glass has conductive elements fired on each side in a
manner that forms a pair of series-connected capacitors

having input and output terminals on the glass surface )5

facing away from the user. A common plate of the two
capacitors is formed on the outer glass surface facing
the user. A high frequency oscillator applies pulses to
the capacitors. A switching citcuit connected with the
capacitors interprets the presence of pulses as a no-input
condition. When & user touches the capacitor plate on
the outer surface of the glass, the high {requency pulses
are shunted to ground through the user. The switch
circuit interprets the absence of pulses as a positive
input condition and responds by actuating an output
device. Such a switch system is illustrated in U.S, Pat.
No, 4,308,443, issued 10 Tucker et al,

Such “capacitive-glass™ switch systems are not truly
capacity responsive but require physical contact by the

user with the electrically-conductive common plate of 30

the serics capacitors. This requires a metal film, such as
tin oxide, be deposited on the outer surface of the glass,
Such metwl film is subject to abrasion by repeated clean-
ing and may even abrade to the point of erratic opera-
tion. A further problem with such system is that a fall-
ure of the high frequency oscillator causes a nospulse
condition, to which the switching circuit may detrimen-
tally respond by energizing one or more outputs.

In my U.S. Pat, Nos. 4,731,548 and 4,758,735 I dis-
close touch control switch circuits which respond to a
change in the capacity-to-ground of a plate member as
a result of contact by the body of a user, Such circuits
do not require a metal film en the surface portion cons.
tacted by the user 50 the problem of metal film abrasion
is avoided, Furthet, the circuits disclosed in my patents
arc not subject to the catastrophic failure of erroncous
cutput switching caused by the failure of an oscillator,

SUMMARY OF THE INVENTION

The present invention is directed 10 a keyboard sys-
tem incorporating a plurality of capacity responsive
switches in a keyboard assembly that may be used with
a contro} circuit that embodies the principles of my
aforementioned patents. The present invention may be
embodied in & capacity responsive keyboard system
having a planar substrate with a plurality of electrically
conductive plate members mounted thereto and insu-
Iated from each other. A substantially rigid planar di-
electric member overlies the conductive members and
has a surface facing the conductive members. A plural-
ity of fiexible electrically conductive transmission mem-
bers extend between the dielectric member and individ-
ual conductive members. The transmission members are
sized to provide airtight interfaces with the dielectric
member and the associsted plate member. Circuit means
connected with the plate members respond to capacity
between the plate members and ground for producing a
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signal indicative of a change in capacity between plate
members and ground.

Another problem overcome by the present invention
is the tendency of capacity responsive switches that are
closely positioned in a keyboard system to inadvertently
become actuated even though the user is touching an
adjacent switch. This problem is overcome by a key-
board system which embodies the present invention and
in which an electrically conductive guard band is pro-
vided on the substrate between adjacent plate members.
The guard band is connected with a reference voitage
of the contral circuit to isolate the capacity change

- caused by the user to only one switch, These and other

cbjects, advantages and festures of this invention will
become apparent upon review of the following specifi-
cation in conjunction with the drawings.

BRIEF DESCRIFTION OF THE DRAWINGS

FIG. 1 is an cxploded perspective view of a capaci-
tive responsive keyboard embodying the invention;

FIG. 2 is a side elevation of the keyboard in FIG. 1;
and

FIG. 3 is a schematic diagram of a control circuit
useful with the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now specifically to the drawings, and the
illustrative embodiments depicted therein, a capacity
responsive keyboard system 10 includes a touch plate
assembly 12 and a control circuit 14 connected with,
touch plate assembly 12 (FI1G. 3). FIG. 3 illustcates a
plurality of input portions 13 of touch plate assembly 12
and a control circuit 14 that actuates a single load 69
such as an electric motor, However, it should be under-
stood that the keyboard system 10 may include & greater
or lesser number of input portions 13 than illustrated,
depending on the number and variety of modes in
which load 69 may be controlled, Additionally, more
than one load 69 may be controlled. ‘Touch plate assem-
bly 12 includes a substrate 16 on which a plurality of
clectrically conductive plate members 18 are mounted
on one surface thereof. Substrate 16 is an insulator and
plates 18 are spaced apart in order to insulate plates 18
from one another and from ground. Also positioned on
substrate 16 is a guard band, gencrally shown at 20.
Guard band 20 is a grid of conductor scgments 22 ex-
tending between adjacent pairs of plate members 18. All
conductor segments 22 are physically and electrically
interconnected to define a plurality of spaces 24 with
one plate member 18 positioned centrally within each
space 24. Components of contrel circuit 14 may be
positioned on the side of substrate 16 opposite plate
members 18 and guard band 20 (FIG. 2).

A planar dielectric member 26 is spaced from sub-
strate 16 facing plate members 18, Dielectric member 26
is made from a non-porous insulating material such as
polycarbonate or glass, A plurality of flexible, ‘electri.
cally conductive transmission members 28 are sand-
wiched between a surface 32 of dielectric member 26
and substrate 16. Each transmission member 28 has a
cross section approximately the size of plate members
18 and s positioned to overlic one of the plate members
18, An indicia layer 30 may be adhered to surface 32 of
dielectric member 26 which faces substrate 16, The
purpose of indicia layer 30 is to provide an indication of
the function of each input portion 13.




. = Case 2:04-cv-74367-JCO-PJK Document1 Filed 11/09/04 Page 14 of 25

5,087,825

Touch plate assembly 10 is adapted to providing a
capacity interface with a user. When a user touches
outwardly-facing surface M of dielectric member 26,
the capacity-to-ground for the corresponding plate
member 18 is increased substantially, as illustrated by
capacitor 42 in FIG. 3. Because the dielectric constant
of air is much greater than that of dielectric member 26,
it has been found to be necessary to exclude substan.
tially all of the air from the electrical path between plate
members 1B and dielectric member 26, This is the func-
tion of flexible transmission members 28, In the illus-
trated embodiment, transmission members 28 sre made
from compressible, conducting polymeric foam and are
dimensioned 10 be under compression when dielectric
member 34 and substrate 16 are positioned as illustrated
in FIG. 2. Because transtission members 28 are under

. compression, air is excluded from the interface between

the transmission members and their respective plate
members 18 and between the transmission members and
surface 32 of dielectric member 26.

A detailed description of control circuit 14 is pro-
vided in U.S. Pat. No. 4,731,548, issued Mar. 15, 1988 to
Ronald Ingraham, the disclosure of which is hereby
incorporated herein by reference. Although a complete

deseription of the operation of circuit 14 will not be 25

repeated herein, suffice it to say that a voltage divider is
established between a capacitor 47 and the capacity 42
of the user touching one input portion 13. Capacitor 47
extends between one power line 61 and the base 52 of a
PNP transistor 50, Thus, when a user is not touching the
particular touch input portion 13, capacitor 47 pulls
basc 52 of transistor 50 to a high level which reverse-
biases the base-emitter junction of the transisior. Thus,
transistor 50 will not be conducting. When an individual

5

4

and guard band 20 etched from one conductive surface
thereol. Dielectric member 26 is preferably polycarbon-
ate in order to reduce its susceptibility to breakage, Ina
preferred embodiment, the thickness of diclectric mem-
ber 26 is 0.1" but the thickness may extend up to one-
half and even three-quarter inches. Glass is a suitable
alternative to polycarbonate, Compressible, conductive

" transmission members 28 may be made from any com-

pressible open-cell or closed=cell polymeric foam in

10 which a high percentage of carbon particles are mixed

15

20

30

with the binder. Such foams are commercially available
und are sold by Wescorp under the WESTAT foam
trademark, Model Series W-2700. In the illustrated
embodiment, indicia layer 30 is screened and dried on

,surface 32 of dielectric member 36 but may optionally

be applied to outer surface 34, Transmission members
28 may be electrically connected with the correspond-
ing plate members 18 or may contact a conformal coat-
ing covering the entire surface of substrate 16 facing
dielectric member 26. The primary requircment is that
air be eliminated from the interface between transmis-
sion members 28 and substrate 16, It hes been found that
the response of the keyboard system may be “tuned” by
adjusting the values of capacitor 47 for each input por-
tion 13 to provide equal sensitivity,

The present invention overcomes the difTiculties of
assembling truc capacity-responsive switching devices
in 8 keyboard assembly, The ability to eliminate an
air-entrapped interface between the pad members and
the dielectric member in a keyboard presents planar
alignment problems because of the multitude of switch
members. The present invention overcomes this diffis
culty without the necessity of physically attaching ters

touches input partion 13, the voltage level on base 52 35 minals to the back of the diclectric member. Further-

drops sufliciently to establish a forward-biased base
emitter junction for the transistor. This causes transistor
50 to conduct, which provides an input signal on line 57
to a microcomputer B0. Microcomputer 80 has an out-

more, the use of a guard band around the pad members
and connected to one of the power sources of the con-
trol circuit, allows a close spacing of the individual
switch members,

put port 90 connected through resistor 96 to the gate 65 40 Changes and modifications to the specifically de-

of a triac 67. Triac 67 is connected in series with a load
69 that is proportional to the phase angle provided by
microcomputer 80 with respect 1o line 61, The signal
produced on output port 90 s determined by the pro-

scribed embodiments can be carried out without depart-
ing lrom the principles of the invention which is in.
tended to be limited only by the scope of the appended
clalms, as interpreted according to the principles of

gram logic of microcomputer 80. Thus, when a user 45 Patent law, including the doctrine of equivalents.

touches an input portion, the current to load 69 is either
started, stopped, increased or decreased,

In order to accommodate closc spacing between indi-
vidua!l switches in touch plate assembly 12, a guard
band 20 is provided 10 electrostatically scparate plate
members 18 from each other, All conductor segments
22 which make ugp the grid-like arrangement of guard
band 20 arc electrically interconnected and are cons
nected to emitter 51 of transistor 30 which, in the illus-
trated embodiment, coincides with power source line
61, With this guard band arrangement, the increase in
capacity for one plate member 18 does not result in a
corresponding increase in the capacity of adjacent plate
members 18, There is no requirement for an electrically
conductive transmission member between guard band
20 and dizlectric member 26. However, one or more
isolation resistors similar to reslstors 44, 46 that isolate
plate member 18 for ensuring safety, may also be pro-
vided between guard band 20 and emitter 51. Guard
band 20 may also be extended to the physical space,
separating lines 57 extending to microcomputer 80,

In the illustrated embodiment, substrate 16 is a con.
ventional printed circuit board with plate members 18

30

The embodiments of the invention in which an exclu.
sive property or privilege is claimed are defined as
follows:

L A capacity responsive keyboard system compris-
ing: :

a substrate having a plurality of electrically conduc-
tive plate members mounted thereto, said plate
members being insulated from each other;

a substantially rigid dielectric member overlying said
plate members having a surface facing said plate
members; ‘

a plurality of electrically conductive transmission
members, each of said transmission members being
& compressible conductive polymer extending be-
tween szid diclectric member and one of said plate
members in order to provide an airtight interface
with said dielectric member and with the mssocis
ated one of said plate members; and

circuit means connected with said plate members and
responsive to capacity between sald plate members
and ground for providing a signal indicative of a
change in capacity between at least one of said
plate members and ground.
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2. The keyboard system in claim 1 in which said
circuit means includes a plurality of voltage responsive
switch means, each of said switch means having an
input connected with one of said plate members and
means responsive to a change in voltage of said input 5
for producing a signal.

3. The keyboard system in claim 2 further including &

- reference voltage and at least one capacitor having a

first terminal connected to said reference voltage and a

—

0

the voltage across said one capacitor produced by said
reference voltage is changed when the capacity be-
tween the associated one of said plate members and
ground is changed.

4. The keyboard system in claim 3 further including 13
an electrically conductive guard member extending
between at Jeast two of said plate members, said guard
member being connected to sald reference voltage.

5. The keyboard system in claim 1 further including
an indicia layer adhered 10 said surface of said diclectric
member facing said plate members.

6. The keyboard system in claim 1 wherein said dis
clectric member is made from polycarbonate,

7. A capacity responsive keyboard system compris- 23
ing:

a planar substrate having a plurality of electrically

conductive plate members mounted thereto, said

' plate members being insulated from cach other;

a substantially rigid planar diclectric member overly- 0
ing said plate members and having a surface facing
said plate members and spaced a predetermined
distance therefrom;

a plurality of electrically conductive transmission
members between said dielectric member and said ;4
planar substrate, each of said transmission members
made from compressible conductive polymer and
extending between said dielectric member and one
of said plate members, each of said transmission
members having a Jength greater than said prede- 4
termined distance such that said transmission mem-
bers will be compressed between said diclectric
member and said plate members; and

circuit means connected with said plate members and
responsive to the value of capacity between said 4s
plate members and ground for producing output
signals in respanse to changes in capacity between
said plate members and ground.

8. The keyboard system in claim 7 in which said
circuit means includes a plurality of voltage responsive sp
switch means, each of said switch means having an
input connected with onc of said plate members and
means responsive to a change in voltage of said input
for producing an output signal. ‘

9. The keyboard system in claim 8 further including a 55
reference voltage and at least one capacitor associated
with each of said switch means and having a first termi-
nal connected to said reference voltage and a second
terminal connected to the input of the corresponding
said switch means such that the voltage across said one 60
capacitor produced by said reference wvoltage is
changed when the capacity between the associated one
of said plate members and ground is changed.

63

10. The keyboard system in claim 9 further including
an clectrically conductive guard member extending
between each adjacent pair of said plate members, said
guard members being connected to said reference volt-
age.

11, The keyboard system in claim 7 further including
an indicia layer adhered to said surface of said dielectric
member facing said plate members,

12. The keyboard system in claim T wherein said
dielectric member is made from polycarbonate,

13. A capacity responsive keyboard systers compris.
ing: ‘

& planar substrate having an isolation grid thereon,
said grid including a plurelity of interconnected
intersecting electrical conductor segments delining
spaces between said conductor segments;

a plurality of electrically conductive plate members
mounted to said planar substrate within said grid
with onc of said platc members in cach of said
spaces between conducior segments;

a substantially rigid planar dielectric member overly.
ing said plate members and having a surfuce facing
said plate members and spaced a predetermined
distance therefrom;

a plurality of electrically plate transmission members
between said dielectric member and said planar
substrate, each of said transmission members made
from compressible conductive polymer and ex-
tending between sald dielectric member and one of
said plate members, exch of sald transmission mem.
bers having a length greater than said predeter-
mined distance such that said transmission mem-
bers will be compressed between said dielectric
member and said plate members; and

¢ircuit means connected with said plate members and
said isolation grid for producing distinct output
signals in response to changes in capacity between
¢ach of said plate members and ground, said circuit
means including a reference voltage, said isolation
grid being connected with said reference voltage,

14, The keyboard system in claim 13 in which said
circuit means includes a plurality of voltage responsive
switch means, each of said switch means having an
input connected with one of said plate members and |
means responsive to a change in voltage of sald input
for producing one of said distinct output signal,

15. The keyboard system in claim 14 further includ-
ing at least onc capacitor associated with each of said
switch means and having a first terminal connected 10
said reference voltage and a second terminal connected
to the input of the corresponding sald switch means
such that the voltage across said one capacitor pro-
duced by said reference voltage is changed when the
capacity between the associated one of said plate mem-
bers and ground is changed,

16, The keyboard system in claim 13 further includ-
ing an indicia layer adhered to said surface of said di-
electric member facing sald plate members.

17. The keyboard system in claim 13 wherein said
dielectric member is made from polycarbonate.

18, The keyboard system in claim 13 wherein said

dielectric member is made from glass.
.- @ » »
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INVENTOR(S) : Romald D. Ingraham

Itis certified that error appears in the above-identified patent and that said Letters Patent is hergby
corrected as shown below:

Column 6, Claim 13, Line 25:

After "electrically” insert -- conductive -,

Signed and Scaled this
Twenty-sixth Day of October, 1993

BRUCE LEHMAN
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1
DC TQUCH CONTROL SWITCH CIRCUIT

The present application is a continuation-in-part ap-
plication of pending application Ser. No. 06/913,084
filed Sept. 29, 1986 entitled “Touch Control Switch
Circuit” to Ingraham. The subject matter of this prior
application i incorporated herein by reference,

BACKGROUND OF THE INVENTION

The present invention relates to an electrical circuit
and particularly to a touch controiled electrical switch-
ing circuit for portable direct current operation.

There exists a variety of electrical switching circuits
which respond to a person’s touch on a touch pad
which may be in the form of a lamp buse or a specific
surface area of an electrical appliance to be actuated.
These circuits represent & convenient manner in which
a consumer can casily operate an eppliance without the
need for manually actuating a conventional toggle or
push-button switch. U,S, Pat. Nos. 4,119,864 and
4,360,737 arc representative of existing touch control
switch circuits. Many of these circuits and ather similar
circuits require the utilization of 60 Hz line voltage for
their operation. In some cases the circuits require a 60
Hz induction field which induces a voltage applied to
the circuit by the human body operating as nn antcnna
for generating a control signal, -

SUMMARY OF THE PRESENT INVENTION

The system of the present invention does not rely
upan the utilization of a line frequency voltage source
and as such can be operated as & portable touch control
switch circuit where no alternating current voltage is
available. Applications for the system of the present
invention include vehicles such as automobiles, trucks,
boats and airplanes, The system is not necessarily lim.
ited to, however, portable applications since it can like-
wise be used where ac power is available,

Systems embodying the present lavention include o
source of direct curremt for operating an oscillator
which in turn applies a signal to a touch plate coupled to
& detector cirquit, The detector includes a voltage di-
viding capacitive system or, in one embodiment, & phase
detector circuit. In either embodiments, the output sig-
nal from the phase detector circuit or the voltage di-
vider provides & control signal which can be used for
actuating a solid-state switch such as triac or the like for
providing control functions. When used in vehicles
such ag sutomobiles, the system can be used for actuat-
ing door locks, power windows, or other accessorics.
Thus, the touch control circuit of the present invention
can be used in environments where alternating current
voltage is not generally available,

These and other features, objects and advantages of
the present invention can best be understood by refer-
ence 1o the following description thereof together with
the accompanying drawings in which;

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an electrical circuit dlagram in block and
schematic form of a first embodiment of the present
invention; and

FIG. 2 Is an clectrical circuit disgram in block and
schematic form of an alternative embodiment of the
present invention.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring initially to FIG. 1 there as shown, a direct
current (dc) powered touch control switch system 10
which utilizes a detector circuit including a voltage
dividing capacitive circuit having a first capacitor 12
coupled in series with the body capacitance 14 of a
person touching a touch plate 15, Plate 15 is electrically
coupled to base terminal 20 of PNP switch transistor 22
by a current limiting resistor 17, The touch plate 15 can
be made of an electrically conductive material such as
aluzinum or the like and may be covered by & piastic
overlie 16 which can carry printed indicia 18 thereon
identifylng for example, the switch function. Thus, it is
not .necessary for the operator 1o actually touch the
electrically conductive plate 15 but only come suffi.
clently close to add the body capacitance 14 in series
with the voltage dividing capacitor 12 which is coupled
to an oscillator circuit 30 including a drive transistor 40,
Oscillator 30 is an astable multi-vibrator comprising a
pair of OR gates 32 and 34 coupled as invertors and
cross-coupled by resistors 31, 33 and a capacitor 35ina
conventional manner as shown in the diagram.

Resistor 36 applies the square wave output signal
from the output of gatc 34 to the base terminal 42 of
PNP transistor 48 which has an cmitter terminal cou-
pled to the +V supply. The -V supply represents the
positive terminal of & de supply voltage such as a vehi-
cle battery. Transistor 40 has a coilector terminal 43
coupled to ground 11 which for example, is the negative
terminal of the +V source (i.e. vehicle battery) by
means of resistor 44. Ground 11 typically will comprise
a relatively large conductive area such as the vehicle
chassis coupled to the negative terminat of the vehicle
battery which is necessary for operation of the system.
Circuits 32 und 34 are part of an integrated circuit

.which is supplied operating power from the +V supply

in a conventional manner, A circuit such a3 a commer-
cially available model CD 4070 BE or MC 14070 BCP
<an be employed for circuits 32 and 34 and the remain-
ing lnvertor: circuits 50 and 52 coupled as a Schmitt
trigger as described below.

The square wave signal applied to base terminal 42 of
transistor 40 causes transistor 40 to conduct providing a

. positive going signal to the junction of capacitor 12

35

60

65

with collector tcrminal 43 which is coupled to the emit-
ter terminal 21 of transistor 22. Base terminal 20 is cou-
pled to the emitter terminal 21 by resistor 24 such that
unless capacitance 14 is present by the user tonching or
coming proximate to touch plute 15, transistor 22 will
not be forward biased and will not conduct, Thus, when
plate 15 is not touched, the output signal at collector
terminal 23 and across a pulse stretcher circuit compris-
Ing resistor 26 and capacitor 28 will be zero volts,
When, however, a person touches plate 15 thereby
coupling capacitor 14 in series with capacitor 12, the ac
voltage applied to base terminal 20 will be lower than
the voltage applied to the emitter 21 thereby forward
biasing transistor 22 into pulsed conduction. This tends
10 charge capacitor 28 providing a positive dc voltage
to the Schmitt trigger clreuit 60. A diode 25 is coupled
across the base to emitter junction of transistor 22 to
provide protection ngainst reverse breakover voltage,
The Schmitt trigger 60 comprises serially coupled
inverter circuits 50 and 52 with fesdback resistor 51
coupled from the output of invertor 52 to the input of
Invertor 50 and to capecitor 28 through resistor 54.




3
Thus, when platc 15 or its coating 16 is touched, the dc
level across to the input of Schmitt trigger 60 will rise to
a level sufficient for the Schumitt trigger circuit to trig-
ger providing a positive going output pulse at output

terminal 70 of the circuit, This control output signal can

be employed as a control input for a conventional solid-
state switch circuit 72 shown in block form in the figure
which may include a transistor or the like coupled be-
tween the 4V supply and a load 74 such as a power
window motar, deor lock or the like. The system can
also be employed for controlling an alternating current
(ac) load 74 by coupling the load and switching circuit
472 to the ac supply independently of the +V supply.

In the preferred embodiment of the invention Resis-
tors 31 and 33 arc 10 megohms and 1 megohm, respec-
tively while capacitor 3§ is 0.001 microfarad (mfd).
Resistors 36 and 44 are 4.7 kilo-ohms and 1 kilo-ohm,
respectively while resistor 17 was 10 megohms. Resis-
tor 24 was 4.7 megohms while capacitor 12 was 100
picofarads. The body capacitance 14 typically ranges
from 100-300 picofarads, Resistor 26 is 100 kilo-ohms
while capacitor 28 is 0.01 microfarads. Resistor 54 is 100
kilo-ohms, while resistor 51 is 1 megohm.

Referring now to the FIG. 2 embodiment of the in-
vention, circuit 100 like circuit 10 includes an osciilator
clreult 110 comprising a pair of exclusive OR gates 102
and 104 each having one input terminal coupled to n de
voitage suppl Voo, The remaining input terminals of
gales 102 and 104 are coupled to cach other by resistors
106 and 108 the junction of which are coupled to the
output terminal 115 of gate 104 by feedback capacitor
112, Osciliator 110 provides at output terminal 1152 1
kHz square wave signal.

A power supply 120 is coupled to the +V supply

such as the battery of a vchicle at one input terminal 122
and 1o the chassis ground 124 of the vehicle. An input
resistor 126 couples the -V source 10 a voltage regulat-
ing Zener diode 128 for regulating the de voltage there-
across. The voltage is filtered by a capacitor 130 in a
conventional manner to provide the Vpp output volt-
age which is somewhat lower than the input voltage.
The ground terminal of supply 120 comprises the Vgg
supply indicated in circuit 100,

Output terminal 1138 of oscillator 110 is commonly
coupled to the two input terminals 140 and 142 of a
detector circuit including an exclusive QR gate 145 by
serles coupled resistors 144 and 146, The square wave
signals applied to input terminals 140 and 142 will be
substantially in exact phase when the touch plate 15 is
not touched by a person and therefore body capacitance
14 not in the circult. The exclusive OR. gate in such
circumstance will provide a logic “0" output for all
polarities of these identical voltages applied to input
terminals 140 and 142,

Upon touching the touch plate 15 or coating 16 the
body capacitance 14 couples terminal 142 to ground by
means of resistor 148 to cause a slight phase shift of the
signal applied to input terminal 142, Thus, during at
least a portion of each cycle of the input voltage, gate
145 will provide a dc output or a logic *1* output pulse
which la applied to charge capacitor 150 through the
forward biased diode 149, Typically, gate 148 will de-
tect the dissimilar voltages applied during the leading
edge of the square wave 1 kHz signals supplied by oscile
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includes an exclusive OR gate 162 having one terminal
coupled to the junction of diode 149 and capacitor 150
and the remaining input terminal coupled to Vigs. A 10
megohm resistor 151 is coupled across diode 149 to
permit the discharge of capacitor 150.

The pulse stretcher circuit 160 responds to the posi-
tive output pulses from gote 145 to initially trigger gate
162 through the application of voltage from dicde 149,
As the gate 145 output returns to i zero logic state,
cepacitor 130 which now is partiaily charged maintains
the input terminal 161 of gate 162 high thereby main-
taining the output at terminal 170 at a logic *'1” level
until such time as the pulsing signal from gate 145 dis-
continues when the opcrator releases contact with
touch plate 15 and allows capacitor 150 to fully dis-
charge,

‘The output signal at terminal 170 like the signal at
terminal 70 of the FIG, 1 embodiment is coupled to the
control input terminal of & suitable solid-state switch
such as switch 72 es shown in FIG, 1 which is suitably
coupled to a load 74 for providing a desired control
function.

Thus, in both of the embodiments, a soft touch capac-
itive type switch control system is provided which can
be operated from a dc voltage source without the need
for an alternating current source. These circuits are
particularly well adapted for use in the automotive
cavironment or for other vehicles. It will become ap-
parent to those skilled in the art that varicus modifica-
tions to the preferred embodiments of the invention as
disclosed herein can be made without departing from
the spirit or scope thereof as defined by the appended
claims. )

‘The cmbodiments of the invention in which an exclu-
sive property or priviledge is claimed are defined as
follows:

1. A direct current powered touch controlled switch-
ing circuit comprising:

a source of direct current power;

an oscilator coupled to said source for providing
periodic output signals therefrom;

a series voltage divider circuit coupled to said oscilla-
tor for receiving sald periodic output signals there-
from, said voltage dividing circuit including at
least one capacitor and an input touch terminal for
coupling a person's body capacitance in series with
said at least one capacitor such that the voltage at
the junction of said at least one capacitor and said
touch terminal will vary upon a person touching
said touch terminal; and

a control circult coupled to the junction of said at
least one capacitor and said touch terminal and
responsive 10 a change in voltage thereat for pro-
viding a contro] output signal in response to the
touching of sald touch terminal,

2. A circuit as defined in claim 1 whereln said control -
clrcuit includes & pulse stretcher circuit coupled to the
Junction of said one capacitor and said touch terminal
for providing output pulses having a duration longer
than sajd periodic output signals of said oscillator.

3. A circuit as defined in claim 2 wherein said eontrol
clrcuit includes a Schmitt trigger clrcuit.

4, A direct current powered touch contralled switch-

lator 110. The output signal from gate 145 thus, will be 64 ing circuit comprising:
1 kHz dc pulses when capacitance 14 i3 in the circuit or
0 volts when plate 15 is not touched. These output
signals are applied to a pulse stretcher circuit 160 which

a source of direct current power;
an oscillator coupled to said source and providing
periodic output signals; ‘ )
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a compazator circuit including first and second input

terminals each coupled to said cscillator; and |
an Input touch terminel for coupling a person’s body
capacitunce when touched to onc of said input
" terminals of said comparator such that the periodic
signal thereat will be varied when said touch termi-
nal is touched wherein sald comparator responds to
the signal variation 1o provide an output control
signal indicating the touching of said touch termi-

5. A circuit as defined in claim 4 wherein said com-
parator comprises an exclusive OR gate,

10

6. A circuit es defined In claim § and further including

a pulse stretcher circuit having an input coupled to the
output of said OR gate and responsive 1o said output
control signal for providing e predetermined Jogic out-
put signal when said touch terminal is touched.
7. A circuit as defined in claim 6 and further including
a switch circuit having a control input terminal couplad
to the output of said pulse stretcher circuit and switch
terminals coupling a load to a source of power.
8. A direct current powered touch controlled switch-
ing clreuit comprising:’
a source of direct current power;
an oscillator coupled to sald source for providing
periodic output signals therefrom; and
a detector circuit coupled to said oscillator for raceive
ing said periodic ocutput signals therefrom, said
detector circuit including an input touch terminal
sald detector circuit responsive to signals from sald
oscillator circuit and the simultaneous presence of
a person’s body capacitance coupled to said touch
terminal when touched by a person to provide &
control output signal in response to the touching of
said touch terminal, ‘
9. A circuit as defined in claim 8 wherein said detec-
tor circuit comprises & series voltage divider circuit
including at least one capacitor coupled to said touch

—
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terminal for coupling & person's body capacitance in
serics with said at least one capacitor, and a control
circuit coupled to the junction of said at least one cupac-
itor and said touch terminal and responsive to the
change in voltage at said junction when said touch
terminal is touched for providing a control output sig-
nal in response to the touching of said touch terminal.

10. A circuit as defined in claim 9 wherein said con-
trol circuit includes a pulse stretcher circuit coupled to
the junction of said one capeacitor and said touch termi-
nal for providing output pulses having s duration longer
than snid periodic output signals of said oscillator.

11, A circuit as defined in ¢laim 10 wherein said con-
teol gircuit further includes a Schmitt trigger circuit
coupled to said pulse stretcher circuit and responsive to
output pulses therefrom to provide & predetermined
logic output signal when said touch terminal is touched.

12, A circuit as defined in claim 9 wherein said detec-
tor circuit comprises a comparator circuit including
first and second input terminals each coupled to said
oscillator and one of said input terminals of sajd com-
parator coupled to said touch terminal such that the
body capacitance when coupled to the touch terminal
will effect a change in voltage at said one input terminal
resulting In the generation of said control gutput signal
by said comparator circuit.

13. A circult as defined in claim 12 wherein said com-
parator comprises an exclusive OR, gate.

14. A circuit as defined in ¢laim 13 and further includ-
ing a pulse stretcher circuit having an input coupled to
the output of sald OR gate for providing a predeter-
mined logic output signal in response to the receipt of a
control output signal from said OR gate.

15, A circuit as defined in claim 14 and further includ-
ing a switch circuit having e control input terminal
coupled to the output of sald pulse stretcher circuit and

switch terminals coupling a load 10 a source of power,
. & & ® 8
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1. Is this a case that has been previously discontinued or dismissed? O YES EXNO
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Court:

Case No.:

~Judge:
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similar evidence will be offerad or tha same or related parties are present
and the cases arise out of the same transaction or occurrence.)

If yes, give the following information:

Court:

Case No.:

Judge:

MNotes:




