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(87) Abstract

A capacitance-sensitive switch unit (10) including a capacitive element (18) operable to produce an effective capacitance dependent
upon the physical proximity of objects relative thereto, a first selector signal input (14) connected to the capacitive element (18) to enable a
first input signal to charge the effective capacitance, a threshold signal producmg circuit (35) connected to the capacitive element (18) for
producing a threshold signal which is rendered active when the effective capacitance charges to a pre-deﬁned potential, a switching circuit
(33) for selectively connecting the capacitive element (18) to the treshold signal producing circuit (35) in response to a switching signal and
a discharge control circuit (11) connected to the capacitive element (18), for selectively discharging the effective capacitance independently
of the input signal, in response to a discharge signal. Also disclosed is a switch array (100) employing structure similar to the above.
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CAPACITANCE BENSITIVE EWITCH AND SWITCE ARRAY

BACKGROUND OF THE INVENTION

This inve_r_xtion relates to capacitance sensitive switches

and capacitance sensitive switch arfays.

c;pacita_née sensitivé éwitches currexitly exist in the art.
They generally can be classified as either relating to
frequency shift detecting circuits, to voltage divider

~eircuits or to Resistance-Capacitance (RC) timing circuits.

Frequency shift detecting circuits are disclosed in United
States Patent No. 4,495,485 to Bmith and United States
Patent No. 4,567,470 to Yoshikawa et al. Smith employs a
network of capacitive devices which include sensing areas
on a k_eyboard; ~ The network presents a eguivalent
capacitance to an RC circuit which ultimately determines an
oscillation freguency of an oscillator employing a 555
timer. Detection of the shift in oscillating freguency of
the 555 timer is used to determine whether or not an object
is in proximity to a sensing area.

United States Patent No. 4,567,470 to Yoshikawa et al.,

discloses sensing plates connected to an analogue
multiplexer which ultimately connects each plate to an
oscillator circuit. A compensating circuit is connected to
the nmultiplexer to compensate each plate capacitance to
cause the oscillator to oscillate at the resonance
frequency when no plate is touched. A comparator senses
the average voltage level at an output of the oscillator.
When a plate is touched, body capacitance shifts the
frequency of oscillation causing a drop in voltage level
which is detected by the comparator'. The comparator gates
the loading of registers with an address value representing
the particular plate touched. Generally, the complexity of
the circuitry required to detect changes in frequency due
to capacitance is high in the above two devices.
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Furthermore, there appears to be no ability to quickly and
easily recalibrate the reference freguency of oscillation -
without modifying these circuits.

Voltage divider circuits are disclosed in United States
Patent Nos. 5,012,124 to Hollaway, 4,291,303 to Cutler et
al., 4,145,748 to Eichelberger et al. and 4,772,874 to
Easegawa. The patent to Hollaway discloses a plurality of
plates which are all activated at the same time by a common
oscillator signal. A voltage divider is formed by a fixed
resistor and capacitance of a human body touching a plate,
creating a drop in voltage which is rectified and filtered
to a DC value which is converted into a digital form. A
high or low DC value relative to a previously stored
reference value indicates the on/off condition of a signal

- 1ine representing the condition of the switch. The signal

lines are multiplexed and interpreted by a microprocessor.
The external multiplexer and analeg to digital converter
add unnecessary complexity and cost to this circuit.

The patent to Cutler et al., discloses a plurality of
capacitive coupling devices which'couple a signal thrugh
the capacitance'of a user’s finger to signal ground. The
patent states that the scan signal voltage is reduced by
about 20% due to such coupling. This dropiih voltage is
buffered and applied to an RC circuit which produces an
output voltage which is compared to a threshold voltage and
is used to trigger a comparator if the cutput voltage is
below the threshold vbltage;'as would be the case if a
plate were touched. Additional circuitry is required to
overcome the effects of coupling the capacitance of the
user’s finger into more than one coupling device.

The patent to Eichelberger et al., discloses a capacitive
keyboard array including a plurality of key plates which
couple the capacitance of an opératof's finger to signal
ground to effect a voltage divider. The effect is that a
signal having a voltage'levél dependent on the proximity of
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the user’s finger to the plate is created and supplied to
an analog to digital (A/D) converter which compares a
digital value representing the signal to a previously
stored reference value. The output of the comparator

indicates the touched and untouched states of the plate.

The reference value is periodically updated by incrementing

‘or decrementing a counter into which the reference value is

loaded. This suggests additional circuitry.

The patent to Hasegawa discloses a keyboard which has

'depressihle' keys. The keys capacitively couple a clock

signal from a column line to a row line and produce a
signal on the row line having a pulse width defined by the

" time between pressing and releasing the key. The greater

the depth of depression of a key, the greater the pulse
width. Detection of the pulse width is used to determine
whether or not a key is depressed. Thus a user must keep
a key depressed for a required periocd of time in order to
activate a given key. '

Resistance-Capacitance timing circuits are disclosed in
United States Patent No. 4,595,913 to Aubuchon and in

United States Patent No. 4,157,539 to Bunts et al.

Aubuchon -discloses a plurality of asynchronous sensing
circuits, each operable to receive a clock pulse from a.

‘common clock. Each sensing circuit receives and inverts

the clock pulse to present a low voltage level to an RC
network, the C of which is formed by the user’s finger.
The voltage level of a digital signal produced by a NAND
gate connected to the RC network is then clocked into a D
flip-flop after a pre-specified or reference time, the
output of the D flip-flop representing true and false
states of the touched condition. :

The patent to Hunts et al., discloses a plurality of
coupling devices connected between signal lines. Proximity
of the user’s finger to a plate couples both signal lines
to ground.  Each of the signal lines is then set high
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sequentially which initiates a charging cycle in a first RC
network including the user’s finger and in a secend RC
network including a reference capacitor. Depending upon
which RC network achieves a desired voltage level first, a
flip-flop is set to indicete the precence or absence of the
user’s tinger on the plates ccrrespcnding to the actuated
signal lines.

The prcblen with the above RC tining devices is that they
each enplcy a2 common reference capacitance for comparison

with a number of switch units. Consequently, some switch

units may be more sensitive than others due to variances in
capacitance caused by circuit board layout. This can have
adverse effects on the ability to detect objects in
physical proximity with the ‘'sensing means and false

activation of the switch is more likely.

What would be desirable is a capacitance sensitive switch
array in vhich each switch unit is individually selectable
and in which a digital timer is used to produce a timer
value indicating the time taken to charge the capacitance
of ‘a selected switch unit and in which the digital timer
value is compared to a corresponding digital reference
timer value representing the timer value produced by the
selected switch unit when no external influence is applied,
to produce a signal indicating the on/off condition of the
switch unit. 1In this manner each switch unit can have a
separate reference timer value. |

SUMMARY OF THE INVENTION

In accordance with one aspect of the invention there is
provided. a cepacitance-sensitive'cwitch unit including a
capacitive element operable to produce an effective
capacitance dependent upon the physical proximity of
objects relative thereto, a first selector signal input

' connected to the capacitive element to enable a first input

signal to charge the effective capacitance, a threshold
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signal producing circuit connected to the capacitive

. element, for producing a threshcld' signal which is rendered

active when the effective capacitance charges to a pre-

‘defined potential, a switching circuit for selectively

connecting the capacitive element to the threshold signal
producing circuit in response to a switching signal and a
discharge control circuit connected to the capacitive
element, for selectively discharging the effective
capacitance independently of the input s;gnal, in response
to a discharge signal. :

Preferably, the threshold signal producing circuit includes
a buffer circuit for producing a developed potential
representing the potential at the capacitive element
without: substantially loading the capacitive element.

Preferably, the buffer circuit includes an emitter follower
circuit including an impedance across which the developed
potential is produced.

Preferably, the threshold signal producing circuit includes
a switching element for rendering active the threshold

"signal when the develcpcd potential is greater than a

representative potential representative of the pre-defined
potential.: o

Preferably, the switching element includes a schmitt
trigger circuit for ‘reducing false activation of the

threshold circuit.

Preferably, the apparatus includes a switch unit control
circuit for prcducing the input signal, the switching
signal and the discharge signal to cause the threshold
signal producing circuit to render active the threshold
signal a ‘period of time after the discharge signal is
rendered inactive, the period of time being dependent upon
the effective capacitance.
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Preferably, the switch control circuit includes a timer for
producing a timer value indicative of the period of time.

Preferably, the switch control circuit includes a switch
status signal producing circuit for rendering active a
switch status signal when the timer value is greater than
a stored timer valuc. . - '

Preferably, tha stored timer iralua represents the ‘timer
value obtained when no objects are in close physical
proximity to the capacitive elenent.

Preferahly, the apparatus further includes a storage
circuit for storing the timer value produced when no
objects are in close physical proximity to the capacitive

‘elenent.

Preferably, the switch unit control circuit includes a
timer value accumulator for accumulating the timer values
prcduced over a succession of periods of time to produce an
accumulated timer value.

- Preferably, the switch control circuit includes a switch

status signal producing circuit for rendering active a
switch status signal when the accumulated timer value is
greater than an accumulated stored timer value.

Preferably, the accumulated stcrcd timer value represents

" the accumulated timer value obtained after a succession of

periods of time, when no cbjects are in close physical
proximity to the capacitive element..

Preferably, the apparatus includes a storage circuit for
storing the accumulated timer wvalue produced when no
objects are in close physical proximity to the capacitive
element.
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Preferab;l.y_, the switch unit contrel circuit includes a
microprocessor and the storage circuit includes a memory
register. |

In accordance with another aspect of the invention there is
provided a method of operating a capacitance-sensitive
switch unit, the method comprising the steps of producing

an effective capacitance in a capacitive element having an

effective cé_pacitance dependent on the physiéal proxinmity
of objects relative ' thereto, charging the effective
capacitance with a first selector signal, selectively
connecting the capacitive element to a threshold signal
producing circuit in 'response to a switching signal,
rendering active a threshold signal when the effective
capacitance charges to a 'pre-defined voltage, and
selectively discharging the effective capacitance
independently of <the input signal, in response to a
discharge signal. '

In accordance with another aspect of the invention there is
provided a switch array comprising, a plurality of
s_e.lectab;e_ qapacitance-sensitive switch units, each switch

unit including a _cép_acitive element operable to produce a

respective effective capacitance dependent upon the
physical proximity of objects relﬁtivé thereto, a charging
circuit for sa’léctively charging the effective capacitance
of each switch unit, each respective effective capacitance
having a respective charging time dependent on the
respective effective capacitance, a timer cooperatiﬂg with
the charging circuit for producing a timer value indicative
of the péripd of time taken to charge a selected capacitive
element from a first pre-~defined potential to a second pre-
defined potential and a switch status signal producing
circuit cooperating with the timer to produce a switch
status signal for a selected switch element, the switch
status signal being indicative of the physical proximity of
an object relative to the selected capacitive element, the

'switch status signal producing circuit comparing the timer
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value with a corresponding reference timer value and
rendering the switch status signal active when the timer
value is greater than the corresponding reference timer
value and rendering the switch status signal inactive when
the timer value is equal to or less than the corresponding
reference timer value.

Preferably, the apparatus further includes a threshold
signal producing circuit for producing a threshold signal
when the effective capacitance of the selected switch unit
charges to a pre-defined potential.

Preferably, the threshold_signal producing circuit includes

- a buffer circuit' for producing a developed potential

representing the potential at the eelected capacitive
element without substantially loading the selected
capacitive element. '

Preferably, the buffer circuit includes an emitter follower
circuit including an impedance across which the developed
potentiai is produced..

Preferably, the threshold signal producing circuit includes
a switching element connected to the impedance for
rendering active the threshold signal when the developed

'potential is greater than a representative potential

representative of the pre-defined potential.

Preferably, the apparatus includes a discharge control
circuit connected to a connon node, for selectively
discharging the effective capacitance of the selected
capacitive element in response to a discharge signal.

Preferably, the discharge control circuit includes a
discharge node and a diode connected in series, between the
comnon node and the discharge node, the discharge node
having a potential controlled by the discharge signal.
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Preferably, the apparatus includes a switch unit control
circuit for providing an input selector signal operable to

- charge the effective capacitance of a desired switch unit,
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for providing the switching signal and for providing the
discharge signal to cause the threshold signal producing

_circuit to render active the threshold signal a period of

time after the discharge signal is rendered inactive, the
period of time being dependent upon the effective
capacitance.

Preferably, the switch | control «circuit includes a
microprocessor having outputs operable to produce the input

- selector signal, the switching signal and the discharge

signal, having an input for receiving the threshold signal,
and having a program including execution codes for
implementing the. timer and for causing the switch status
signal to be produced.

Preferably, the switch control circuit also includes a
storage circuit for storing a corresponding reference timer
value for each switch unit.

Preferably, a given cdrresponding reference timer value

represents the timer value obtained when no objects are in
close physical proximity to the corresponding capacitive
elenment. : '

Preferably, the switch unit contrel circuit includes a
timer value accumulator for accumulating the timer values
produced over a succession of periods of time to produce an
accunulated timer value. '

Preferably, the apparatus includes a storage circuit for
storing a corresponding reference accumulated timer value
for each switch unit, each reference accumulated timer
value representing the accumulated timer value produced
when no object is in close physical proximity to the
corresponding capacitive element.
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Preferably, the switch control circuit renders active the
switch status signal when the: accumulated timer value of a
selected switch unit is greater: than its corresponding

' reference accumulated timer value.

Preferadbly, the switch unit control circuit includes a
nicroprocessor and the sterage cireuit includes a memory
register. ' - '

In accordance with another aspect of the invention there is
provided a method of operating a capacitance-sensitive
switch array, the method comprising the steps of
sequentially charging respective effective capacitances of

. a plurality of addressable capacitance sensitive switch
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units each having a capacitive element operable to produce
a respective effective capacitance dependent upon the
physical proximity of objects relative thereto, each
respective effective capacitance having a respective
charging time dependent on the respective effective
capacitance, producing a pluraiity of respective timer

values indicative of the time taken to charge each

respective capacitive element from a first pre-~defined
potential to a second pre-defined potential} comparing each
respective timer value with a respective reference timer
value and rendering a switch status signal active when the
respective timer value is greater than the reference timer
value and rendering the switch status signal inactive when
the timer value is equal to or less than the respective
ref.erenee timer value. :

BRIEF DESCRIPTION OF THE DRAWINGB
In drawings which illustrate embodiments of the invention,

Figure 1 is a schematic-'diagram of a switch unit according
to a first embodiment of the invention;
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”Figurh 2 is 'a timing diagram illustrating timing

relationships between 'signals occurring on
various signal lines shown in the schematic
diagram of Figure 1; '

'Figure 3 is a partial perspective view of a conventional

computer keyboard to which is secured a plate
according to the first embodiment of the
invention;

Figure 4 is a cross sectional view of a portion of the
conventional computer keyboard of Figure 3, taken
along 1ines 4-4;

Figure 5 is a schematic diagram of a switch array
~according to a second embodiment of the
invention; and '

Figure 6 is a timing diagranm ii;ustrating timing
relationships between various signals occurring
on signal lines shown in Figure 5.

‘DETAILED DES CRIPTION

Ficure 3

Referring to Figure 1, a capacitance-sensitive switch unit
ci:cuit according to a first embodiment of the invention is
shown generally at 10. The switch unit 10 is connected to

‘a switch unit control circuit 12 which supplies control

signals and which receives an interrupt signal from the
switch unit.

The switch unit 10 includes a capacitive element 18, a
first selector signal input 14, a threshold signal
producing circuit 38, a switching circuit 33 and a
discharge control circuit 11. The first selector signal
input 14 is connected to a first resistor 16 and is
operable to receive a first selector 'signal from <the
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control circuit 2a2. The first resistor is further
connected to the capacitive element, which in this
enbcdiment ic a plate 18. In thic embodiment, the plate 18
is a square cheet ccnductcr formed as a sguare conductor
trace on a conventional printed wiring board. The plate
has an effective capacitance reiative to signal ground 20

and therefore acte as the capacitive ‘element in the .

apparatus. The tirst resistcr and the capacitive element
act as a resictance-capacitance (RC) timing circuit and
therefore, the first selector signal input may be said to
be connected to the capacitive element: to enable a first
signal to charge the effective capacitance.

The effective capacitance the plate presents to the circuit
depends upon the ccupling of the plate to signal ground,
which is dependent upcn paras:.tic capacitive coupling of
the plate to nearhy cbjects. - Thus, when an object is
placed in close proximity to the plate, the effective
capacitance may be increased if the object enhances the
capacitive coupling of the plate to signal ground. Such is
the case vhen a h\man places 2 finger in close proximity to
the plate, in which case, the ccupl-ng of the plate to
signal ground is increased as the tinger is placed nearer
the plate. Hence, the effective capacitance which the
plate presents to the circuit is also increased. With no
objects in proximity with the plate 18, the effective
capacitance is approximately 20pf. In effect, the
capacitive element is operable to prcduce an effective
capacitance dependent upcn the physical proximity of
objects relative theretc.-

" Further connected to the first resistor 16 and the plate 18

is a first diode 22 to which is connected a second diode 24

and the switching circuit 33. The switching circuit
includes a first transister 25 having a base terminal 26,
a collector terminal 28 and an emitter terminal 30. The
tirst and second dicdee are ccnnected to the base 26 and
thereby serve to connect the base to the capacitive
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elenent. 'J.‘he collector is connected tc the control circuit
12 ¢to receive a switching signal ‘'and the emitter is
connected to the threshold signal producing circuit 3S.
The first transistor 25 effectively acts as a switching
circuit for selectively connecting the capacitive element
to the threshold signal preducing circuit 35 in response to
a switching signal received at the collector 28 from the
control circuit 12. - |

The emitter 30 of the transistor 25 is connected to a third
diode 32 which is further connected to the second diode 24
to form a discharge node 34 which is operable to receive an
active-low discharge signal from the control circuit 12.
The first, second and third diodes act as the discharge
control circuit 11 connected to the capacitive element, for
selectively discharging <the effective capacitance
independently ©of the input signal, in response to the
discharge signal appearing at the discharge node. The
discharge node thus has a potential controlled by the
discharge signal.

The enitter 30 is further connected to a swampiny capacitor
37 and to the threshold signal producing circuit 35. The
swamping capacitor 37 swamps the capacitance of the third
diode "32 to reduce any effects it may have and the
threshold signal producing circuit 35 produces a threshold

signal which is rendered active when the effective

capacitance charges to a pre-defined potential. The
threshold signal producing circuit 35 includes a buffer
circuit 36, which produces a developed potential
representing the potential at the capacitive element,
without substehtially loading the capacitive element. The

' puffer circuit includes an emitter follower circuit shown

generally at 38, including a second transistor 40 having a
base terminal 42, a collector terminal 44 and an emitter

terminal 46. The base terminal is connected to the emitter
30 of the first transistor 25, the collector 44 is

connected to a Vec power supply line and the emitter
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terminal 46 is connected to a second resistor 48 which is
further connected to signal gro\ind 20. The second resistor
acts as an impedance across which the developed potential
is produced.- '

Also connected to the emitter 46 :ls_ a switching element,
which in this embodiment is a schmnitt trigger NAND gate 50

‘wired as an inverter. The NAND gate has an output $2 for

producing an interrupt signal (INT) which is received by
the control circuit 12. Effectively, therefore, the NAND
gate acts as a switching element for rendering active the
threshold. signal (INT) when the developed potential is
greater than a reptesentative.potential, representative of
the pre-defined potential. A schmitt trigger NAND gate has
been used as the switching element to reduce false
activation of the threshold circuit and because the schmitt
inputs define the pre-defined potential; Switching
therefore occurs positively at voltage' levels pre-
determined in the manufacture of the device, as is
generally known with schmitt inputs.

In this einbod_iment, the switch unit control circuit 12

. includes a microprocessor 53 having first, second and third

outputs 54, 56 and S8 respectively for producing the
switching signal, the input signal and the discharge signal
respectively to cause the threshold signal producing
circuit 35 to render active the threshold signal a period
of time after the discharge signal is rendered inactive,
the period of time being dependent upon the effective
capacitance. The first output $¢ is connected to the
collector 28 of the first transistor 2s, the second output
56 is connected to the first selector signal input 14 and
the third output 58 is connected to the discharge node 34.

The mnicroprocessor 53 also has 'an. input 60 which is
connected to the output 52 of the NAND gate 50, for
receiving the interrupt signal, or threshold signal (INT).
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The microprocesscr 53 includes a conventional Random Access
Memory (RAM) 62, a conventional Read Only Memory (ROM) 64

‘and a conventional Central Processing Unit (CPU) 66. The

ROM includes a program including execution codes which are

- operable to direct the mnicroprocessor to issue the

switching signal, the input signal and the discharge signal
in such a manner that the interrupt signal (INT) is
received. To achieve this, the progran-includes an output
sequencing routine, a timer routine, and a comparison
routine, all described with reference to Figure 2.

Referring to Figure 2, a timing diagram illustrating the
opefation of the circuit of Figure 1 is shown generally at
68. Referring to Figures 1 and 2, the program causes the
microprocessor 53 to render the input signal and the
switching signal active high at time ti. The input signal
is operable to charge the effective capacitance while the
switching signal is operable to cause the switching circuit
to selectively connect the capacitive element to the
threshold signal producing circuit.

: »

At time t2, shortly after time ti, the program causes the
microprocessor to render the discharge signal active (low)
which brings low the potential at the discharge node 34 of
Figure 1, thereby crea"ting a low impedance path for any
charge on the plate 18 to flow through the first and second
diocdes 22 and 24 and into the third output S8. Referring
back to Figure 2, the discharge signal is held low for a
period of time long enough to permit any charge on the
effective capacitance to be drained off. This period of
time will depend upon the effective capacitance of the
plate and the resistance in the path between it and signal
ground. Generally, it has been found that 5 milliseconds
provides enough time to drain the effective capacitance.
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Upon setting the discharge signal low, the voltage on the
plate is seen to decrease exponentially as shown between

time periods t3 and t4. . As the voltage decreases, it

passes through a threshold value Vth which represents the
voltage at the plate, corresponding to the voltage at which
the schmitt trigger NAND gate 50 of l"igu:e 1 changes state
when the voltage at its input is decreasing. Thus,
referring to Figure 1, the interrupt signal appearing at
the output 52 is rendered high (inactive) as:seen at time
t3, in Figure 2. During this time, the voltage at the
plate 18 drops to a value which is two diode drops 2Vbe
(the diode drops of the first and second diodes) above
signal ground.

Referring back to Figure 2, at time t4, approximately S
milliseconds from time t3, the program causes the
microprocessor to render the discharge signal high which

‘permits the effective capacitance to begin charging from
the voltage of 2Vbe (approx. 1.4 volts) toward the voltage

of the input signal Vo. When the discharge signal is
rendered high, the prograin activates a timer routine which
begins incrementing as the voltage on the plate 18 of
Figure 1 rises_, tiis incre_mep_ting being illustrated on the
timer line in Figure 2. The timer routine is operable to
provide a timer value indicative of the period of time
taken to charge the effective capacitance. When the
voltage at the plate reaches the threshold voltage Vth, as
sien_ at tS, the NAND gate 80, of Figure 1, renders the
interrupt signal (INTO) active (low). The low interrupt
signal is received by the microprocessor and the progranm
stops the timer routine. = While the discharge signal
remains high, the plate continues to charge to Vo.

At time t6, approxiritely § mi-lli-seconds from time tS, ‘the
progranm causes the microprocessor to render the discharge
signal active (low) again vhich initiates the discharge
cycle as described above. This second discharge cycle is
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completed at time t7, at which point the charging cycle as
seen between timer t4 and t6 is repeated. However,. the

timer is not reset after each charging cycle but rather

accunulates count values from successive charging cycles

until ten charging cycles have been completed. Thus, the

timer routine  includes an accumulator routine which
accumulates the timer values produced over a succession of
charging cycles, to produce an accumulated timer value.

To determine how nahy charging cycles have been completed,
the progran implements a cycle counter which is incremented
upon the completion of each charging 'cycle_ as seen on the
counter line of Figure 2. The contents of the cycle
counter are compared to the number ten and if egual to ten,
it is assumed that enough timer values have been acquired
to make a judgement as to whether or not an object is in
physical proximity with the plate 18. The number ten is
arbitrary and could be any number greater than 0. The
greater the number, the greater the accuracy of the device.

It will be appreciated that the effective capacitance of
the plate is increased when an object is in physical
proximity with the plate, which causes the effective
capacitance to take more time to charge as indicated in
broken outline at 70 and 72. This results in the interrupt

- signal being rendered active (low) later than it otherwise

would be, which permits the timer to acgquire a larger
incremental timer wvalue with each charging cycle as
illustrated in broken outline on the timer line in Figure
2. Consequently, when an object is in close physical
proximity to the plate 18, the accumulated timer value is
greater than it would be if no object were in close
physical proximity as indicated in solid outline on the
timer line. Therefore, in order to determine whether or
not an object is in close physical proximity to the plate,
the program stores the’ aécum_;lated timer value acquired

- when no object is in close physical proximity to the plate

a8, as a reference accumulated value. Storage of the
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‘reference accumulated value is achieved by writing to a

memory register 61 of the RAM 62, which acts as a storage
circuit. The program then uses this reference accumulated
value for comparison against any subsequently acquired
accumulated timer value in which case if the ‘subsegquently
acquired accumulated timer value is excessively greater

~ than the reference accumulated timer value, the program

renders active a switch status signal to indicate that
there is an object in close physical proximity with the
plate 18. = Similarly, if the subsequently acquired
accumulated timer value is approximately equal to the
reference accumulated timer value, the program rendets
inactive the switch status signal to indicate that no
object is in close physical proximity with the plate 18.

‘Numerical ,valu_e_s' for the terms excessively greater and

approximately equal are matters of choice and are best kept
user-definable. However, a range of about 20% has been

‘used in the embodiment described.

Referring to Figure 1, in this embodiment, the switch
status signal is represented by a 1 or 0 written to a
switch status register €63 in the RAM 62 of the
microprocessor, where 1 means an dbje’c’t is in close
physical proximity with the plate and 0 means no objects
are in close physical proximity with the plate. Thus it
may be said that the switch control unit includes a switch

gtatus signal producing circuit (the microprocessor) for

rendering active a switch status signal when the timer

 value is greatér than the stored timer value.

It will be appreciated that the plate 18, according to the
invention, can be mounted in a variety of locations since
actual phvsical contact of an object with the plate is not
regquired. Rather, sufficient proximity to change the
effective capaciﬁance of the plate is all that is reguired.
Actual distances of objects relative to the plate will
depend upon the area of the plate, the area of the object,
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and the dielectric constant of the material between the

" plate and the object,

Elgqures 3 and 4 : :
Referring to Figures 3 and 4, since physical contact of the
object with the plate iS'not-neceésary, the plate 18 can be
conveniently mounted under the shell 80 of a conventional
computer keyboard 82 and indicia 84, in the form of a
sticker, for example, can be placed on top of the shell,
above the plate. With this configuration, the user need
only touch the indicia 84 with a finger to change the
status of the switch signal.

Generally, the operation of the circuit may be broadly
stated to be a method of cperating a capacitancé-sensitive
switch unit, the method comprising the steps'of producing
an effective capacitance in a capacitive element having an
effective capacitance dependent on the physical proximity
of objects relative thereto, charging the effective
capacitancé with a £irst selector signal, selectively
connecting the capacitive'elgment to a threshold signal
produciﬁg circuit in response to a switching signal,
rendering active a threshold signal when the effective
capacitance charges to a pre-défined voltage and
selectively discharging  the effective capacitance
independently of the input signal, in response to a
discharge signal.

ﬁmng_eﬁb.zdimsn:
Rigure 5

Referring to Figure 5, a capacitance-sensitive switch array

. acecording to a second embodiment of the invention is shown

generally at 100. The switch array includes a switch unit
control circuit shown generally at 102 and a switch

assembly shown generally at 104. The switch unit control
circuit includes a microprocessor 106 having eight outputs

- labelled as DISCHGO, DISCHG1l, COLO, COL1, ROWO, ROW1, ROW2,

and ROW3 which provide signals by the same names and has
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two inputs labelled INTO and INT1 for receiving signals by
the same names from the switch assenmbly 104. The DISCHG1
and DISCHGO signals act as discharge signals, the COL0O and
COL1 signals act as switching signals and the ROWO-3
signals act as selector signals. The INTO and INT1 signals
act as threshold signals. : e

Further connected to the microprocessor, in the
conventional manner is a Random Access Memory RAM 108, and
an interface shown generally at 110, the interface being
operable to interface the microprocessor to a conventional
keyboard port of a conventional personal computer as
described in copending United States Patent application No.
08/171,736 filed December 22, 1993, incorporated herein by
reference. | ' o S '

In this -einhodiment, ‘the microprocessor 106 is a
conventional 87CS% microcontroller which includes an on-
board ROM 111 for storing an operating program for
controlling the outputs of the microprocessor 106 and for
interpretinc signals received at the inputs.

The switch assembly 104 includes a -plufalify of selectable
capacitance sensitive switch units shown generally at 112
and individually designated S0 - S1S. Each switch unit has
a respective selector signal input 114, first resistor 116,
plate 118 and first diode 120, which function similarly to
similar components described with respect to the first
embodiment. Therefore, it may be said that each switch
unit includes a capacitive element operable to produce a
respective effective capacitance = dependent upon the
physical proximity of objects relative thereto and that
each switch unit includes a respective diode operable to
discharge a respective effective capacitance. In this
enbodiment, the ROWO-3 signal lines are connected directly
to respective first resistors of- respective switch units.
Effectively, the microprocessor, the ROWO-3 -sighal lines,
the respective first selector ‘signal inputs and the
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selectively charging the _effectivé capacitance of each
switch unit.

In this embodiment, the switch units 112 are grouped into
first, second, third and fourth groups 124, 126, 128 and
130 containing four switch units each. The grouping of the
switch units is achieved by connecting together respective
cathodes of the first diodes 120 of four switch units to
form a common node 122. In addition, the ROWO-3 outputs
are connected to respective selector signal inputs of

respective switch units in the group, such that each switch

unit within a group is individually selectable by -
activation of its corresponding ROW signal line.

Each switch group 124, 126, 128 and 130 has a second diode
132 connected between its respective common node _:.22 and a
corresponding discharge ocutput of the microprocessor 106.
In this embodiment, the first and second groups 124 and 126

‘share discharge output DISCHGO, while the third and fourth:

groups 128 and 130 share discharge output DISCHG1. Hence,
wvhen the D1SCHGO output is rendered low, the first and

_second groups 124 and 126 are discharged and when the

DISCHGO output is rendered high, these groups are charged.
Similarly with the DISCHG1 signal and the third and fourth
groups 128 and 130. :

Further connected to the common node 122 of each switch
group are respective first, second, third and fourth common
switching circuits 134, 136, 138 and 140. VWhich are
operable to selectively connect their common nodes to their
respective threshold signal producing circuits in response
to the switching signals provided by COLO and COL1. The
first common switching circuit is representative of the
second, third and fourth switching circuits and therefore
only the first switching circuit 134 will be described.
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The first sv)ritching . circuit 134 includes a .swii".ching

.' transistor 142 having a base 1‘“. a collector 146 and an

emitter 148. The base connects the transistor to the
common node 122, the collector is connected to the COLO
output for receiving the switching signal and the emitter
is connected through a third diode 150 to the DISCHGO
cutput. The third diode is common to the first and second
switch groups 124 and 126 and serves to drain any current
from these switch groups into the DISCHGO output when the

'DISCHGO signal is active (low). The discharge node is

effectively connected in series with the thirad diode,
between the common node and the discharge node. Hence, the
first, second and third diodes associated with a given
group of switch units act as a discharge control circuit
for selectively discharging the effective capacitance of a
selected capacitive element in response to the discharge
signal provided by the DISCHGO output. ' '

The emitters 148 of the switching transistors 142 of the
first and second switch groups are connected together and
are connected to a threshold signal producing circuit is1
for producing a thrasliold signal (INTO) when the effective
capacitance of the selected switch unit charges to a pre-
defined potential. The threshold signal producing circuit
includes a buffer circuit 152 and a switching element 156.

The buffer circuit 152 is operable to produce a developed
potential representing the potential at the selected
capacitive element without substantially 1loading the
capacitive element. The buffer circuit includes a
transistor 154 having a base 1.';0,- a collector 160 and an
emitter 162. The base 158 is connected to the enitters 148
of the first and second switching transistors 142, the
collector 160 is connected directly to the Vcc power supply
and the emitter 162 is connected to signal ground 164
through an impedance 166, which in this embodiment is a 10K
resistor. The transistor is configured as an emitter
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follower circuit and the 10K resistor acts as an impedance
across which the developed potential is produced.

The emitter 162 is further connected to first and second
inputs 168 and 170 of a schmitt trigger NAND gate 172 wired
as an inverter, the NAND gate acting as the switching
slement 156. The NAND gate has an active low output 174
which is connected to the INTO input of the microprocessor

.106 and, therefore, the NAND gate provides the threshold

signal. The third and fourth switch groups 128 and 130 are
connected to the microprocessor 106 in a similar manner

- with the exception that the corresponding NAND gate has an

ocutput connected to the INT2 input of the microprocessor.
Effectively, therefore, the NAND gate acts as a switching
element connected to the impedance, for rendering active
the threshold signal when the developed potential is
greiter than a representative potential representative of
the pre~defined potential. As with the first embodiment,
a schmitt trigger NAND gate is used to prevent false
activation of the threshold signal due to the well-known
characteristics of schmitt inputs.

Generally, the switch groups and circuitry are arranged in
two banks shown generally at 176 and 178 respectively.
Both banks share the COLO, COL1 switching signals, and the

"ROW0-3 input selector signal lines while the DISCHGO

(discharge) and INTO (threshold) signal lines are shared by
the first and second switch groups 124 and 126 only and the
DISCHG1 (discharge) and INT1 (threshold) signal lines are
shared by the third and fourth switch groups 128 and 130
only. *

operation of the sSwitch Arxrav

The general principle of operation of the switch array is
as described above in connection with the first embodiment.
More particularly, the microprocessor 106 runs a program
containing execution codes <for. implementing a timer
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routine, a counter routine, a routine for providing the
ROWO-3 (input selector), COLO-1 (switching) and DISCHGO-1
(discharge) signals a routine for receiving the INTO-1
(threshold) signals, and a routine for causing a ewitr.:h
stetue signel to be produced. :

Elaure ¢

The routine for providing the ROW0O-3 (input selector),
COLO-1 (switching) and DISCHGO-1 (discharge) signals is
explained with reference to Figure 6. Figure 6 illustrates
the scanning of each switch unit in the first and second
groups 124 and 126 of Figure 5. It uses eight timing

- segments 180, 182, 184, 186, 188, 190, 192 and 194 each of
- which illustrates a basic select, discharge, charge and

interrupt cycle for a correspending switch unit. The first
timing segment 180 corresponds to the first switch unit 80,
the second timing segment 182 cerresponds to the second
switch unit S1 and so on up to the eighth timing segment
194 which corresponds to the eighth switch unit S7. Each
tining segment is followed by a space with the designator
"x10" to indicate that the last half of the preceding
segment is repeated ten times in order to acquire an
accumulated timer value for the corresponding switch unit.

To begin scanning the array, the first row signal ROWO is
set high while the remaining row signals ROW1-3 are held
low, as seen in the first timing segment uo-. Referring to
Figure S, the first switch unit S0 and the ninth switch

‘unit S8 are selected by the ROWO signal which proceeds to

charge the effective capacitance of these switch units.
Thus the mnicroprocessor and the respective resistors
connected between respective first selector signal inputs
and respective capacitive elements act as a charging
circuit for selectively charging the effective capacitance
of a selected switch unit, each effective capacitance
having a respective charging time dependent upon the
respective ettective capacitence. '
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Referring to Figure 6, at the same time as the ROWO (input
selector) signal is activated, the COLO (switching) signal
is rendered active (high) which enables the first and third

‘switching circuits 134 and 138, while the COL1 signal is

maintained inactive (low) to maintain disabled the second
and fourth switching circuits 136 and 140. Thus the COLO
signal acts as a switching signal for activating the common
switching circuit of the first switch group to selectively
connect the common node of the first switch group to the
threshold signal producing circuit asi.

With the ROWO and COLO signal lines active, the DISCHGO
signal line is rendered active (low) while the DISCHG 1
signal line is held inactive (high). This causes the
effective capacitance of the first switch unit S0 to be
discharged. Since the DISCHG 1 signal is held. inactive,

~ the ninth switch unit is not discharged but rather remains

charged.

Next the program initiates the timer and countér routines
which cause the microprocessor to begin incrementing a
timer value as described in connection with the first
embodiment. The timer routine acts as a timer cooperating
with the charging circuit to produce a timer value
indicative of the period of time taken to charge a selected

- capacitive element from a first pre-defined potential to a

second pre~defined potential. Thus, the microprocessor,
acting as the switch unit control circuit may be said to

- include the timer.

The progran then renders the DISCHGO signal inactive (high)
which permits the effective capacitance of the first switch
unit S0 to be charged. Since the DISCHG1 signal is
maintained high, no action occurs at the ninth switch unit
and the effective capacitance thereof remains charged. The

.time regquired to charge the effective capacitance of the

first switch unit S0 to a threshold potential corresponding
to the developed potential at which a sufficient potential
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is dcveloped ‘across the impedance 166 to change the state

- of the schmitt trigger NAND gate, depends on the effective
‘capacitance being charged. Onte this threshold potential

has been reached the NAND gate 172 changes ‘state, setting

- its output 174 active (low) causing the INTO interrupt

Signal to appear at the INTO input of the microprocessor
106. Thus effectively, the DISCHGO signal acts as a
discharge signal which ultimately causes the INTO signal to
be produced by the switch unit, the INTO signal acting as
a threshold signal. It will be appreciited therefore that
the threshold signal is rendered active a period of time
after the discharge signal is rendered inactive, this
period of <time being dependent wupon the effective
capacitance of the associated plate of the associated
switch unit. | '

The mnicroprocessor 106 responds ‘to the INTO signal by

stopping the timer routine and checking to see if the
counter value is equal to ten as described with respect to
the first embodiment. If not, any remaining charging and

" discharging cycles are repeated and the successively

acquired timer values are accumulated until ten charging

-and discharging cycles have been completed, as indicated by

the counter value. The counter value is incremented each
time a discharging/charging cycle has been completed. The

‘timer routine includes an accumulator which, in this

embodiment includes a memory register 177 in the RAM, for
accunulating the timer values produced over a succession of
periods of time to produce an accumulated timer value.

When the accumulated timer value for a succession of ten
discharge/charge eycles has been acquired, this value is
compared to a reference timer value previously stored in a
corresponding reference timer value memory register 185 in
the RAM 108. ' Thus, the switch control unit includes a
storage circuit for storing a . corresponding reference
accunulated. timer value for each switch unit. Each
corresponding reference accumulated timer value represents
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proximity with the corresponding capacitive element. If
the presently acguired timer value is excessively greater
than the reference timer value, it is assumed that there is
an object in close proximity to the plate 118. On the

‘other hand, if the presently acquired value is about the

same as the reference value it is assumed that there are no
objects in close proximity with the plate 118. Comments
provided above with respect to numerical values for the
terms excessively greater and approximately the same are
also applicable here. '

The status of objects relative to the plate is indicated by
the switch status &ignal which, in this embodiment, is
reflected in a bit stored in a designated bit position of
a first switch status byte stored in a first switch status
memory register 181 the RAM 108. The switch status byte

" has eight bit positions, each bit position corresponding to

the status of objects in proximity to the plate of a
respective switch unit S0 - 57. Thus the microprocessor
acts as a switch status signal producing circuit
cooperating with the timer routine to produce a switch
status signal for a selected switch element, the switch
status signal being indicative of the physical proximity of
an object relative to the selected capacitive elenment, the
switch status signal producing circuit comparing the timer
value with a corresponding reference timer value and
rendering the switch status signal active when the timer
value is greater than the corresponding reference
accumulated timer value and rendering the switch status
signal inactive when the timer value is equal to or less
than the ccrresponding reference accumulated timer value.

After completing the first timing segment 180, repeating it
ten times and updating the corresponding bit position in
the switch status byte, the first row signal ROWO is set
inactive (low) and the second row signal line ROW1 is set
active (high) and the process of enabling the COLO line
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while helding the COL1 line inactive and. raising and
- lowering the DISCHGO signal line to acguire an accumulated

timer value for the second switch unit S1 is performed as
illustrated by timing segment 182. A second switch status
bit in the switch status byte, corresponding to the second
swvitch unit S1 is then updated. This process is then
repeated for the third and fourth switch units 2 and 83 in
the first group 124, as described by timing segments 184

~and 186 respectively. In this manner, each of the four

switch units S0 - 83 in the first switch group 124 is
successively scanned and the corresponding switch status
bits updated.

After the first group 124 has been scanned, a similar

-proceks.is.performed on the second group 126 as indicated'

by timing segments 188-194. <These timing segments are
generally the same as the timing segments for the first
group, with the ' exception that the COLO line is held
inactive (low) while the COL1 line is made to follow the
sequence labelled COLOD in Figure 6. In this manner, each

- of the four switch units S4 - S7 in the second switch group

126 is successively scanned and the corresponding switch
status bits updated. :

After the first and second groups 124 and 126 have been
scanned, the third and fourth groups 128 and 130 are
scanned by rendering the ROW0-3 and COLO-1 signals active

- and inactive as described in connection with groups one and

two, however, the DISCHGO signal is held inactive (high)
while the DISCHG1 signal is made to follow the sequence
labelled DISCHGO in Figure 6. In this manner a second

 switch status byte having bit_pesitions-corr;sponding to

respective switch units S8 - 515, is updated with status
bits indicating the proximity of objects relative to

-respective plates. The second switch status byte is stored

in a second switch status memory register 183 in the RAM

- 308.
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By reading the contents of a given hit position in the
first or second switch status memory registers 181, 183,
the microprocessor 106 can quickly deternine the status of
any given switch unit S0 - 51S. :

It will be appreciated that before the apparatus can be
used reference values for each of the switch units must be
stored in respective reference timer value memory
registers. Thus, in this embodiment, there are sixteen
eight-bit reférence value memory registers 187 in Figure S,
each correépanding to a respective switch unit. To load
the reference value memory registers, the program includes
a calibrate routine which allows a user to enter a
calibrate mode whereby the user ensures that no objects are
in phys;cal proximity with any of the plates and after a

_pre-determined time, accumulated timer values representing

the case where no objects are in physical proximity with
respective plates are acquired and stored in the reference
value memory registers. After such values have been
stored, the program exits the calibrate mode and is ready
to acquire timer values as described above. One way to
enter the calibrate routine is to cause the program to
detect a given key sequence and enter the calibrate routine
when such a key sequence is entered. One advantage of this
is that the array can be easily recaiibrated at any time.

Generally; the operation of the switch: array can be
described as a method of operating a capacitance-sensitive
switch array, the method comprising the steps of
sequentially charging respective effective capacitances of
a plurality of addressable capacitance sepsitive switch
units each having a capacitive element operable to produce
a respéctive effective capacitance dependent upon the
physical proximity of objects relative thereto, each
respective effective capacitance having a respective
charging time dependent on said respective effective
capacitance, producing a plurality of respective timer

- values indicative of the ¢time - taken to charge each
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reepective capacitive element from a first. pre-defined
potential to a second pre-detined potential, and comparing
each respective timer value with a respective reference
timer value and rendering a switch status signal active
vhen said respective timer value is greater than said
reference timer value and rendering said switch status
eignal inactive when said tiner value is equal to or less
than eaid respective reference tiner value.

'The'evitch:erfay can be enployed in a manner similar to

that descrihed with respect to Figures 3 ‘and 4 where, for
example, the array is provided in 'a linear manner
immediately adjacent the conventional function keys on a
conventional personal computer.' ‘Individual plates may then.

be identified with respective functione and such functions

may be incorporated into the progrem executed by the

-nicroproceseor 106. In addition the nicroproceesor 106 may

be the eame microproceseor which is conventionally used to
encode keystrokee into codes recognizabie to a host
computer. ‘Thus, the conventional keyboard processor can
incorporate the additional functionality of the switch
array allowing compact integration of the switch array into
a conventional computer keyboard. -

While Zepecific' embodimente of the invention have been
described and illustrated, such embodiménts should be
considered illustrative of the invention only and not as
liniting the invention as construed in eccordance with the

| eccompanying claims.
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1. A capacitance-sensitive switch unit comprising:

5 a) a capacitive elehent equable to produce an
effective capacitance dependent upon the physical
proximity of objects relative thereto;

b) a first selector signal inpuﬁ connected to the
10 capacitive slement to enable a first input signal
to charge the effective capacitance;
c) a threshold signal producing circui; connected to
the capacitive elenent, for producing a threshold
15 signal which is rendered active when said
‘effective capacitance charges to a pre-defined
potential;
a) a switching circuit for.seleetively connecting
20 the capacitive element to the threshold signal
producing circuit in response to a switching
signal; and ' _ '
e) a discharge control circuit connected to the
25 capacitive element, for selectively discharging
the effective capacitance independently of the
input signal, in response to a discharge.signal.
2. An apparatus as claimed in claim 1 wherein saiad
30 capacitive element includes a sheet conductor.
3. An apparatus as claimed in claim 1 wherein said first
selector signal input includes a first resistor.
35 4. An apparatus as claimed in claim 1 wherein said

threshold signal producing circuit includes a buffer
circuit for producing a developed potential

N 0
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representing thg potential at said capacitive element
without substantially loading said capacitive element.

An apparatus as claimed in claim 4 wherein said butfer
circuit includes an emitter follower circuit including
an impedance across which saiad dcvcloped potential is
produced.

An apparatus as claimed in claim 5 wherein said

‘threshold signal producing circuit includes a

switching element for rendering active said threshold
signal when said developed potential is greater than

. ‘a representative potential representative of said pre~

defined potential.

An apparatus as claimed in claim 6 wherein said

switching element includes a schmitt trigger circuit
for reducing false activation of said threshold signal
producing cirecuit. '

An apparatus as claimed in claim 1 wherein said

switching circuit includes a transistor having a base,
a collector and an emitter, said base being connected
to said capacitive element, said collector being
operable to receive said switching signal and said
emitter being connected to said threshold signal

- producing circuit.

WO 95/25385
S.
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An apparatus as claimed in claim 1 wherein saia
discharge control circuit includes first and second
diodes connected in series, the first diode being
connected to saiad capacitivo element and the second
diocde being connected to a discharge node having a
potential controlled by said discharge signal.

An apparatus as claimed in claim 2 further ,inclu'ding
a switch unit control circuit for pro_ducing saia input
signal, said switching signal and said discharge

| ) A
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‘'signal to cause said threshold signal producing
circuit to render active said threshold signal a
pericd of time after said discharge signal is rendered
inactive, said period of time being dependent upon
said effective capacitance.

An apparatus as claimed in claim 10 wherein ‘said

. switch control circuit includes a timer for producing

a timer value indicative of said period of time.

An apparatus as claimed in claim 11 wherein said

switch control ecircuit includes a switch status signal
producing circuit for rendering active a switch status
signal when said timer value is greater than a stored
timer value. -

An apparatus as claimed in claim 12 wherein said
stored timer value represents the timer value obtained
when no objects are in close physical proximity to
said capacitive element.

An apparatus as claimed in claim 13 further including
a storage circuit for storing the timer value produced
vhen no objects are in close physical proximity to
said capacitive element. '

An apparatus as claimed in claim 11 wherein said
switch unit control ‘ecircuit includes a timer value
accumulator for accumulating the timer values produced
over a succession of said periods of time to produce
an accumulated timer value.

An apparatus as claimed in claim 15 wherein said
switch control circuit includes a switch status signal
producing circuit for rendering active a switch status

. signal when said accumulated timer value is greater

than an accumulated stored timer value.

-

| O |
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An apparatus as claimed in claim 16 wherein said
accumulated stored timer. value represents the .

~ accunulated timer value obtained after a succession of

said periods of time, when no objects are in close

physical proximity to said capacitive element.

An apparatus as claimed in claim 17 further including
a storage circuit for stp:ing the accumulated timer

- value produced when no objects are in close physical

proximity to said capacitive element.

'A_n .a.pparatus as claimed in claim 18 wherein said

switch unit control circuit includes a microprocessor
and said storage circuit includes a memory register.

A capacitance-sensitive switch unit comprising:

~a) a capacitive element operable to produce an

effective capacitance dependent upon the physical |
proximity of objects relative thereto;

b) a first selector signal input connected to the
capacitive element to enable a first input signal
to charge the effective capacitance, said first
selector signal input including a first resistor .
connected to said capacitive element;

c) a threshold signal producing circuit connectead to
the capacitive element, for producing a threshold
signal which is. rendered active when said
effective capacitance charges to a pre-defined
potential, said threshold signal producing
circuit including: :

i) a buffer circuit for producing a developed
potential representing the potential at saiad
capacitive element without substahtially
loading said capacitive element, said buffer

A O R
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circuit including an emitter follower
circuit including a resistor across which
said developed potential is produced; and

ii) a switching element for rendering active
said threshold signal when said developed
pcténtial- is g:r."eater ‘than a representative
potential representative of said pre-defined
potential, said switching element including
a schnitt trigger circuit for reducing false
activation of said threshold circuit;

‘'a discharge control circuit connected to the

capacitive element, for selectively discharging
the effective capacitance independently of the
input signal, in resp’onse' to a discharge signal
received by said discharge control circuit, said
discharge control circuit .including first and
second diodes connected in series, the first
diode being connected to said capacitive element

.and the second diode being ccnnected to a

discharge node having a potential controlled by
said discharge signal, such that at least some

‘discharge current from said capacitive element is

operable to flow through said first and second
diodes into said discharge node; and

a switching circuit for selectively connecting
the capacitive element to the threshold signal
producing circuit in response to a switching
signal received by said switching circuit, said
switching circuit including a transistor having
a base, a collector and an emitter, said base
being connected between said first and second
diodes, said collector being operable toc receive
said switching signal - and said enmitter being
connected to said threshold signal producing

" eircuit.
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An apparatus as claimed in claim 20 further including
a third diode connected between the emitter of said

transistor and said discharge node such that current

can flow through said diode into said discharge node.

An apparatus ae eiaimed in claim 21 further including
a swamping capaeitor for swamping the capacitance of
said third diode.

An epéere_t_ix_e as cieineﬁ_ in claim 20 wherein said

~ capacitive eiement includes a sheet conductor.

A method of operating a capacitance-sensitive switch

o

b).

_ o

q)

e):

unit, the method comprising the steps of:

ptoducing an effective capacitance in a
capacitive element having an effective
capacitance dependent on the physical proximity
of objects relative thereto;

_charging the eftecﬁive capacitance with a first

selector signal;

selectively connecting fhe capacitive element to

- a threshold signal producing circuit in response

to a switching signal;

- rendering active a threshold signal when said

effective capacitance charges to a pre-defined

- voltage; and

selectively discharging the effective capacitance

independently of the input signal, in response to
a discharge s: gnel.

A switch array conpfieihg:

UL
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a plurality of selectable capacitance-sensitive

'switch units, each switch unit including a

capacitive element operable to produce a
respective effective capacitance dependent upon
the physical proximity .of objects relative
thereto;

a charging circuit for selectively charging the
effective capacitance of each switch unit, each
respective effective capacitance having a
respective charging time dependent on said

- respective effective capacitance;

a timer cooperating with said charging circuit
for producing a timer value indicative of the
period of time taken to charge a selected
capacitive element from a first pre-defined
pbtential to a second pre-defined potential; and

a switch status signal producing circuit
cooperating with said timer to produce a switch

‘'status signal for a selected switch element, said

switch ‘status signal being indicative of the

_"’physica-]_. proximity of an object relative to the

selected capacitive element, said switch status
signal producing circuit comparing said timer
value with a corresponding reference timer value
and rendering said switch status signal active
whan said timer value is greater than said
corresponding reference timer value and rendering
said switch status signal inactive when said
timer value is egqual to or 1less than said
corresponding reference timer value. '

26. An apparatus as claimed in claim 25 wherein said

_charging circuit includes, for each switch unit, a
£irst selector signal input and a resistor connected

A
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between said _tirst selector signal input and said
‘capacitive element.

An apparatus as clained in clain 26 wherein saia
charging circuit includes a microprocessor for
providing an input selector signal operable to charge
the effective capacitance of a selected switch unit.

An apparatus ‘as -.'_c].ai_med: in éiain 27 wherein said
microprocessor includes a direct connection to saic
resistor.

An apparatus as claimed in claim 25 wherein each of
said switch units includes a respective diode operable
to discharge said respective effective capacitance.

An apparatus as claimed in claim 29 wherein the diodes
of a plurality of switch units are connected together
at a common node.

An apparatus as claimed in claim 30 further including
a threshold signal _pr_éd_ucing .eircuit for producing a
thr_esho_ld signal when the effective capacitance of
said selected switch unit charges to a pre-defined
potential. |

An apparatus as claimed in claim 31 further including
a common switching circuit f_or' selectively connecting
said common node to said threshold signal producing
circuit in response to a switching signal.

An apparatus as claimed in claim 32 wherein said
switching circuit includes a transistor having a base,
a collector and an emitter, said base being connected
to said common node, said collector being operable to
receive said switching signal and said emitter being
connected to said threshold signal producing circuit.

AR
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_An aj:paratus as claimed in claim 31 wherein said

threshold signal producing circuit includes a buffer
circuit for producing a developed potential
representing the potential at said selected capacitive
element without substantially:loading said selected
capacitive element.

An apparatus as claimed in claim 34 wherein said
buffer circuit includes an emitter follower circuit
including an impedance across which said developed
potential is produced.

An apparatus as claimed in claim 34 wherein said
threshold signal producing ecircuit includes a
switching element connected to said impedance for
rendering active said threshold signal when said
developed potential is greater than a representative
potential representative of said pre-defined
potential.

An apparatus as claimed in claim 36 wherein said
switching element includes a schmitt trigger circuit
for reducing false activation of said threshold
circuit.

An apparatus as claimed. in claim 32 further including

- a discharge control circuit connected to the common
node, for selectively discharging the effective

capacitance of said selected capacitive element in
response to a discharge signal.

An apparatus as claimed in claim 38 wherein said
discharge control circuit includes a discharge node
and a diode connected in series, between said common

‘node and said discharge node, said discharge node

having a potential controlled by said discharge
signal. '
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An apparatus as claimed in claim 39 further including
a switch unit control circuit for :

a) providing an input selector signal operable to
charge the etfective capacitance of a desired
switch unit;

b) providing said switching signal; and

‘e) providing said discharge signal to cause said

threshold signal producing circuit to render
active said threshold signal a period of time
after said discharge signal is rendered inactive,
said period of time being dependent upon said’
effective capacitance. :

An apparatus as claimed in claim 40 wherein said
switch contrel circuit includes a mnicroprocessor

‘having:

a) outputs bperable to produce said input selector
signal, ‘said sw:.tching signal and said discharge
: signal,

3-)) an input for feceiving said threshold signal;

c) execution cédes for implementing said timer and
for causing said switch status signal to be
produced.

An appatatus' as claimed in claim 40 wherein said
switch unit control circuit includes said timer.

An apparatus as claimed in claim 40 wherein said
switch ‘control circuit includes a storage circuit for
storing a corresponding reference timer value foz_' each
switch unit.

* c L M s *
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I’ ,"' 44. an apparatus as claimed in claim 43 wherein a given
corresponding reference timer value represents the
tiner value obtained when no ‘objects are in close
physical proxinity to the corresponding capacitive
5 element.

45. An apparatus as claimed in claim 40 wherein said
switch unit control circuit includes a timer value
accumulator for accumulating the timer values produced

10 over a succession of said periods of time to produce
an accumulated timer value.

46. An apparatus as claimed in claim 45 further including
a storage ~eircuit for storing a corresponding
15 reference accumulated timer value for each switch
unit, each said reference accumulated timer value
r_epte’sentin_g the accunulated timer value produced when
no object is in close physical proximity to the
corresponding capacitive element.
20 |
47. An apparatus as claimed in claim 46 wherein said
switch control circuit renders active said switch
status signal when the accumulated timer value of a
selected switch unit is greater than its corresponding
25 reference accumulated timer value.

48. An apparatus as claimed in claim 46 wherein said
switch unit control circuit includes a microprocessor
and said storage circuit includes a memory register.
30 | | |
© 49. A method of bp_erating a capacitance-sensitive switch
array, the method comprising the steps of:

~ a) seguentially charging respective effective

35 capacitances of a plurality of addressable
capacitance sensitive switch units each having a

capacitive element operable to produce a

respective effective capacitance dependent upon

R
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the physical proximity of objects relative
theretc . each. respective etfective capacitance
having a respective charging time dependent on
said reepective eftective capacitance :

producing a plurality of resbective timer values
indicative of the time taken to charge each
respective capacitive element from a first pre-
defined potential to a ' second pre-defined
potential; and - :

ccmparirig each respective tﬁer value with a
respective reference timer value and rendering a
switch status signal active when said respective
timer value is greater than said reference timer

value e_:id rendering said switch status signal

inactive when seid timer vali_:e is equal to or
less than said respective reference timer value.

850. A switch array ccnpi'ising:

a)

a plﬁrelity of selecieﬁle capacitance-sensitive
switch units, each switch unit including a
capacitive element cperable to prodpce a

_respective effective cepecitance dependent upon

the physical proximity of an object relative
thereto, a diode ccnnec_ted to said capacitive
element such that current is operable to be
conducted from the capacitive element by the
diode, and a selector eignei input connected to
the capacitive element to enable a respective
input signal to charge the corresponding
effective capacitance, said switch units being
divided into respective groups of switch units.
the diodes of each switch unit in a given group '
being ccnnected't.cgether at a common naae,',- '

* [ L M s |
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at least one threshold signal producing circuit
for each two groups of switch units, for

active when the effective capacitance of a
selected switch unit charges to a pre-defined

-potential;

a plurality of switching circuits, one switching
circuit for each group of switch units, for
selectively connecting the corresponding group of
switch units to the threshold signal producing
circuit in reéponse to switching signals;

a plurality of discharge control circuits, one
for each two groups of switch units, each said
discharge control circuit including a common

.discharge node and a respective diode connected

between said common node and said discharge node
for draining current from said common node to
said discharge node, said discharge node being
operable to receive a discharge signal;

a control circuit for:

i) selectively providing said input signal te
a selected switch unit such that said input
signal is operable to charge the eftective-.
capacitance of said selected switch unit,
sajd effective capacitance having a
respective charging time dependent on said
effective capacitance;

ii) selectively providing said switching signal
to said switching circuit to connect the
group of switch units of which the selected
switch unit is a member to the threshold
signal producing circuit;

A
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~ 41i) selectively providing said discharge signa’l

to said discharge node to selectively

- discharge said effective capacitance to a
' £irst pre-defined potential;

receiving said threshold signal;

‘producing a timer value indicative of the
period of time taken to charge said selected

capacitive element from said first pre-
defined potential to a second pre-defined
potential by starting a timer upon rendering
said discharge signal inactive and stopping
said timer when said threshold signal is
rendered active; and for

producing a switch status signal for the
selected switch element, said switch status
signal producing circuit comparing said
timer value with a corresponding reference
tirer value and rendering said switch status
signal active when said timer value is
greater than said corresponding reference
timer value and rendering said switch status
signal inactive when said timer value is
egual to or less than said corresponding
reference timer value.

S1. An apparatus as claimed in claim 50 wherein said
30 control circuit includes a microprocessor.

52. An apparatus as claimed in claim S0 wherein each
switching circuit includes a transistor having a base,

a collector and an emitter, said base being connected

35 to said common node, said collector being operable to
receive said switching signal and said emitter being
connected to said threshold signal producing circuit.

* c L ] S *
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An apparatus as claimed in claim 52 wherein each said

'_threshcld ‘signal producing circuit includes a

respective buffer circuit for producing a developed
potential representing the potential at said selected
capacitive element without substantially loading said
ulected capacitive element.

An 'apparatus as claimed in claim $3 wherein said

‘ buffer circuit includes an emitter follower circuit

including ‘an impedance across which said developed

potential is produced.

- An apparatus as claimed in claim 54 wherein said

threshold signal producing circuit includes a
switching element connected to said impedance for
rendering active said threshold signal when said
developed potential is greater than a representative
potential representative of said pre-defined
potential.

An apparatus as claimed in claim 55 wherein said

" switching element includes a schmitt trigger circuit

for reducing false activation of said threshold
circuit.

An apparatus as claimed in claim 50 wherein said
switch control circuit includes a storage circuit for
storing a corresponding reference timer value for each
switch unit.

An apparatus as claimed in claim 57 wherein a given
corresponding reference timer value represents the
timer value obtained when no object is in close
physical proximity to the corresponding capacitive
elenment.

An apparatus as claimed in claim 50 wherein said
switch unit control circuit includes a timer value

R O ) '
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accumulator for accumulating successive timer values
to produce an accumulated timer value.

aAn .aéparatus as claimed in claim S9 further including

‘& storage circuit for . storing . a corresponding

reference accumulated timer value for each switch
unit, each said reference accumulated timer value

.- representing the accumulated timer value produced when

S

10
61.

a5

no object is in close physical proximity to the
corresponding capacitive element.

An apparatus as claimed in claim 60 wherein said
control circuit renders active said switch status
signal when the accumulated timer value of a selected
switch' unit is greater than its corresponding
reference accumulated timer value.
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signal to cause said threshold signal producing circuit
to render active said threshold signal immediately'
'following a period of time after said discharge signal is
rendered inactive, said period of time being dependent
5 ' upon said effective capacitance.

11. An'apparatue as claimed in claim 10 wherein said switch
control circuit includes a timer for producing a timer
value indicative of said period of time.

10 |

12. An apparatus as claimed in claim 11 wherein said switch

' control circuit includes a switch status signal producing
circuit for rendering active a switch status signal when
said timer value is greater than a stored timer value.

15 | | |

13. An apparatus as claimed in claim 12 wherein said stored
timer value represents the timer value obtained when no
objects ‘are in close phy51cal proximity to said
capacitive element. '

20 ' ' _

14. An apparatue as claimed in clain 13 further including a
storage circuit for storing the-timer value produced when
no objects' are in close physical proximity to said
capacitive element. ' |

25 ' '

15. An apparatus as claimed in claim 11 wherein said switch
unit control circuit includes a timer value accumulator
for accumulating the timer values produced over a
succession of said periods of time to produce an

30 accumulated tlmer value.

16. An apparatus'ae claimed in claim.15 wherein said switch
control circuit includes a switch status signal producing
circuit for rendering active a switch status signal when

35 said accumulated timer value is greater than an

accumulated stored timer value.
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accumulator for accumuiating successive timer values to
produce an accumulated timer value.

An apparatus as claimed in claim 59 further including a
storage circuit for storing a corresponding reference
accumulated timer value for each switch unit, each said
reference accumulated timer value representing the
accumulated timer wvalue prcduced when no object is in
close physical proximity to the correspcnding capac:.tive
element. '

An apparatus as claimed in claim 60 wherein said control
circuit renders active said sw:.tch status signal when the
accumulated timer value of a selected switch unit is
greater than its corresponding reference accumulated
timer value.

A capacitance-sensitive switch unit, comprising:

(a) a capacitive element operable to produce an
effective capacitance ,dependent upon the physical
proximity of objects relative .thereto and the
voltage on said capacitive element changes at a
rate due to said effective capacitance,

(b) a first signal 1nput terminal connected to said
capacitive element to enable a first input signal
to charge said effective capacitance,

(c) a threshold detector circuit,

(d) a svutc_hing signal terminal for receiv:mg a
switching signal for selectively coupling said
capacitive element to an input terminal of said
threshold detector circuit, and

(e} said threshold detector circuit fcr prcducing a
switch unit signal having an active state when said

. capacitive element is ccupled tc said threshold
~detector circuit and the vcltage at said input
' terminal reaches a pre-defined vcltage.

-
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63. A method of operation for a capacitance-sensitive switch
unit, comprising the steps of:

(a) produéing an effective capacitance in a capacitive

element having said effective capacitance dependent

5 on the physical proximity of objects relative

thereto and wherein the voltage on said capacitive

element changes at a rate due to said effective

~ capacitance;
(b) setting a first voltage on said capacitive element,
10 (c) coupling said capacitive element to an input

terminal of a threshold detector which has a
threshold voltage,
(d) producing a time count to measure the time from a
start of changing the voltage on said capacitive
15 element until the voltage at said input terminal of
said threshold detector reaches said threshold
voltage, and
(e) comparing said time count to a reference count to
produce a switch state for said capacitance-
20 sensitive switch unit. '

-64. A method of operatioh for a capacitance-sensitive switch
' unit as recited in claim 63 wherein said step of
comparing said time count comprises comparing a series of

25 said time counts to said reference count.
T
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What is claimed is:

1.

10

15

20

25

30

A capacitive-sensitive switch unit comprising:

a)

b) -

c)

d)

e)

£)

a capacitive element operable to produce an
effective capacitance dependent upon the
physical proximity of objects relative thereto;

a first selector signal input connected to the
capacitive element to enable a first input.
signal to charge the effective capacitance;

a threshold signal producing circuit connected
to the capacitive element, for producing a
threshold signal which is rendered active when
said effective capacitance charges to a pre-
defined'potential;

a switching circuit for selectively connecting a
cépacitive element to the threshold signal
producing circuit in response to a switching
Signal; ' |

a discharge control circuit cdnnected to the
capacitive element, for selectively discharging
the effective capacitance independently of the
input signal to set said capacitive element to a
predetermined voltage, in response to a
discharge signal; and '

a timer for measuring the time period from a
- start of charging said capacitive element to the

time at which said threshold signal becomes
active. '
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An apparatus as claimed in claim 1 wherein said
capacitive element includes a sheet conductor.

An apparatus as claimed in claim 1 wherein said first
selector signal input includes a first resistor.

A capacitive-sensitive switch unit comprising:

a) a capacitive element operable to produce an
effective capacitance dependent upon the
physical proximity of objects relative thereto;

b) a first selector signal input connected to the
capacitive element to enable a first input
signal to charge the effective capacitance;

- c) a threshold signal producing circuit connected

to the capacitive element, for producing a
threshold signal which is rendered active when
said effective capacitance charges to a pre-
defined potential; wherein said threshold signal
producing circuit includes a buffer circuit for
producing a developed potential representing the
potential at said capacitive element without
substantially loading said capacitive element;

d) a switching circuit for selectively connecting a
capacitive element to the threshold signal
prbducing circuit in response to a switching
signal; and

e) a discharge control circuit connected to the
capacitive element, for selectively dischérqing
the effective capacitance independently of the
input signal, in response to a discharge signal.
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An apparatus as claimed in claim 4 wherein said buffer
circuit includes an emitter follower circuit including

‘an impedance across which said developed potential is
- produced.

An apparatus as claimed in claim 5 wherein said
threshold signal producing circuit includes a
switching element for rendering active said threshold
signal when said developed potential is greater than
a representative potential representative of said pre-

defined potential.

An apparatus as claimed in claim 6 wherein said
switching element includes a schmitt trigger circuit
for reducing false activation of said threshold signal
producing circuit.

A capacitive-sensitive switch unit comprising:

a) a capacitive element operable to produce an
effective capacitance dépendent upon the
physical proximity of objects relative thereto;

b) a first selector signal input connected to the
capacitive element to enable a first input
signal to charge the effective capacitance;

c) a threshold signal producing circuit connected
to the capacitive element, for producing a
threshold signal which is rendered active when
said effective capacitance charges to a pre-
defined potential;

d) a switching circuit for selectively connecting a
capacitive element to  the threshold signal
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producing circuit in response to a switching
signal; wherein said switching circuit includes
'a transistor having a base, a collector and an
emitter, said base being connected to said
capacitive element, said collector ©being
operable to receive said switching signal and
said emitter being connected to said threshold
signal producing circuit; and

e) a discharge control circuit connected to the
capacitive element, for selectively discharging
the effective capacitance independently of the
input signal, in response to a discharge signal.

An apparatus as claimed in claim 1 wherein said
discharge control circuit includes first and second
diodes connected in series, the first diode being
connected to said capacitive element and the second
diode being connected to a discharge node having a
potential controlled by said discharge signal.

An apparatus as claimed in claim 1 further including
a switch unit control circuit for producing said input
signal, said switching signal and said discharge
signal to cause said threshold signal producing
circuit to render active said threshold signal a
period of time after said discharage 'signal is
rendered inactive, said period of time being dependent
upon said effective capacitance. '

An apparatus as claimed in claim 10 wherein said
switch control circuit includes a timer for producing
a timer value indicative of said period of time.
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An apparatus as claimed in claim 11 wherein said
switch control c1rcu1t includes a switch status signal
producing circuit for rendering active a switch status
signal when said timer value is greater than a stored'

timer value.

An apparatus as claimed in claim 12 wherein said
stored timer value represents the timer value obtained
when no objects are in close physical prox1m1ty to
said capacitive element.

An apparatus as claimed in claim 13 further including
a storage circuit for storing the timer value produced
when no objects are in close physical proximity to
said capacitive element.

An apparatus as claimed in claim 11 wherein said
switch unit control circuit includes a timer value
accumulator for accﬁmulating the timer values produced
over a succession of said periods of time to produce
an accumulated timer value.

~An apparatus as claimed in claim 15 wherein said

switch control circuit includes a switch status signal
producing circuit for rendering active a switch status
signal when said accumulated timer value is greater
than an accumulated stored timer value.

An apparatus as claimed in claim 16 wherein said
accumulated stored timer value' represents the
accumulated timer value obtained after a successicn of
said periods of time, when no objects are in close
physical proximity to said capacitive element.
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18. An apparatus as claimed in claim 17 further including
a storage circuit for storing the accumulated timer
value produced when no objects'are in close physical
proximity to said capacitive element.

19.

20.

An apparatus as claimed in claim 18 wherein said

switch unit control circuit includes a microprocessor

and said storage circuit includes a memory register.

A capacitive-sensiti?e switch unit comprising:

a)

b)

a capacitive element operable to produce an
effective capacitance dependent wupon the

physical proximity of objects relative thereto;

a first selector signal input connected to the
capacitive element to enable a first input'
signal to charge the effective capacitance, said
first selector signal input including a first
resistor connected to said capacitive elément;

a threshold signal producing circuit connected
to the capacitive element, for producing é
threshold signal which is rendered active when
said effective capa'citanée charges to a pre-
defined potential, said threshold signal

- producing circuit including:

i) a buffer circuit for producing a developed
potential representing the potential at
said . capacitive element - without
substantiaily loading said capacitive
element, said buffer circuit including an
emitter follower circuit including a
resistor across which said developed
potential is produced; and
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ii) a switching element for rendering active
said threshold signal when said developed
potential is greater thah a representative
potential representative of said pre-
definéd potential, said switching element
including a schmitt trigger circuit for
.reducing false activation of said threshold

circuit;

a discharge control circuit connected to the
capacitive element, for selectively discharging
the effective capacitance independently of the
input signal, in response to a discharge signal
received by said discharge control circuit, said
discharge control circuit including first and
second diodes connected in series, the first
diode being connected to said capacitive element
and the second diode being connected to a
discharge node having a potential controlled by
said discharge signal, such that at least some
discharge current from said capacitive element
is operable to flow through said first and
second diodes into said discharge node; and

a switching circuit for selectively connecting
the capacitive element to the threshold signal
producing circuit in response to a switching
sighal received by said switching circuit, said
switching circuit including a transistor having
a base, a collector and an emitter, said base
being connected between said first and second
diodes, said collector being operable to receive
said switching signal and said emitter being
connected to said threshold signal producing
circuit.
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An apparatus as claimed in claim 20'further'including
a third diode connected between the emitter of said
trahsistor and said discharge node such that current
can flow through said diode into said discharge node.

An apparatus as claimed in claim 21 further including
a swamping capacitor for swamping the capacitance of
said third diode.

An apparatus as claimed in claim 20 wherein said
capacitive element includes a sheet conductor.

A method of operating a capacitive-sensitive switch
unit, the method comprising the steps of:

a) producing an effective capacitance in a
capacitive element having an effective
capacitance dependent on the physical proximity
of objects relative thereto;

b) charging the effective capacitance with a first

selector signal;

c) selectively connecting the capacitive element to
a threshold signal producing circuit in response
to a switching signal;

d) rendering active a threshold signal when said
effective capacitance charges to a pre-defined
voltage; '

e) selectively discharging the effective

capacitance independently of the input signal,
in response to a discharge signal; and
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measuring the time from a start of charging said
capacitive element to the rendering active of
said threshold signal and comparing said
measured time to a reference time.

A switch array comprising:

a)

b)

c)

d)

a plurality of selectable capacitance-sensitive
switch units, each switch unit including a.
capacitive element operable to produce a
respective effective capacitance dependent upon

‘the physical proximity of objects relative

thereto;

a charging circuit for selectively charging the
effective'capacitance of each switch unit, each
respective effective capacitance having a
respective charging time dependent on said
respective effective capacitahce;

a timer cooperating with said charging circuit
for producing a timer value indicative of the
period' of time taken to charge a selected
capacitive element from a first pre-defined.
potential to a second pre-defined potential; and

a switch status signal broducing circuit
cooperating with said timer to produce a switch
status signal for a selected switch element,
said switch status signal being indicative of
the physical proximity of an object relative to
the selected capacitive element, said switch
status signal producing circuit comparing said
timer value with a corresponding reference timer
value and rendering said switch status signal
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active when said timer value is greater than
said corresponding reference timer value and
rendering said switch status signal inactive
when said timer value is equal to or less than
said corresponding reference timer value.

An apparatus as claimed in claim 25 wherein said
charging circuit includes, for each switch unit, a
first selector signal input and a resistor connected
between said first selector signal input and said
capacitive element. |

- An apparatus as claimed in claim 26 wherein said

charging circuit includes a microprocessor for
providing an input selector signal operable to charge
the effective capacitance of a selected switch unit.

An apparatus as claimed in claim 27 wherein said
microprocessor includes a direct connection to said
resistor.

An apparatus as claimed in claim 25 wherein each of
said switch units includes a respective diode operable
to discharge said respective effective capacitance.

An apparatus as claimed in claim 29 wherein the diodes
of a plurality of switch units are connected together
at a common node.

An apparatus as claimed in claim 30 further including
a threshold signal producing circuit for producing a
threshold signal when the effective capacitance of
said selected switch unit charges to a pre-defined |
potential. | ' ' ' '
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An apparatus as. claimed in claim 31 further including
a common switching circuit for selectively connecting
said common node to said threshold signal producing
circuit in response to a switching signal.

An apparatus as claimed in claim 32 wherein said
switdhing circuit includes a transistor having a base,
a collector and an emitter, said base being connected
to éaid common node, said collector being operable to
receive said switching signal and said emitter being
connected to said threshold signal producing circuit.

An apparatﬁs as claimed in claim 31 wherein said
threshold signal producing circuit includes a buffer
circuit for producing a developed ©potential
representihg the potential at said selected capacitive
element without substantially loading said selected
capacitive element. |

An apparatus as claimed in claim 34 wherein said
buffer circuit includes an emitter follower circuit
including an impedance across which said developed'
potential is produced.

An apparatus as claimed in claim 34 wherein said
threshold signal producing circuit includes a
switching element connected to said impédance for
rendering active said threshold signal when said
developed potential is greater than a representative
potential representative of said . pre-defined
potential.

An apparatus as claimed in claim 36 wherein said
switching element includes a schmitt trigger circuit
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for reducing false activation of said threshold
circuit.

An apparatus as claimed in claim 32 further including
a discharge control circuit connected to the common
node, for selectively discharéing the effective
capacitance of said selected capacitive element in
response to a discharge signal. |

An apparatus as claimed in claim 38 wherein said
discharge control circuit includes a discharge node
and a diode connected in series, between said common
node and said discharge node, said discharge node
having a potential controlled by said discharge
signal. '

An apparatus as claimed in claim 39 further including
a switch unit control circuit for:

a) providing an input selector signal operable to
charge the effective capacitance of a desired
switch unit;

b) providing said switching signal; and

c) providing said discharge signal to cause said
threshold signal producing circuit to render
active said threshold signal a period of time
after said discharge signal is rendered
inactive, said period of time being dependent
upon said effective capacitance.

An apparatus as claimed in claim 40 wherein said
switch control circuit includes a microprocessor
having:
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"a)" outputs operable to préduce’ said input selector

signal, said sw1tch1ng signal and said discharge
signal;

b) an input for receiving said- threshold signal;

c) execution codes for implementing said timer and
for causing said switch status signal to be
produced.

An apparatus as claimed in claim 40 wherein said
switch unit control circuit includes said timer.

An apparatus as claimed in claim 40 wherein said
switch control circuit includes a storage circuit for
storing a corresponding reference timer value for each
switch unit.

An apparatus as claimed in claim 43 wherein a given
corresponding reference timer value represents the
timer value obtained when no objects are in close
physical proximity to the corresponding capacitive
element.

An appara_tué as claimed in claim 40 wherein said
switch unit control circuit includes a timer value
accumulator for accumulating the timer values produced
over a succession of said periods of time to produce
an accumulated timer value.

An apparatus as claimed in claim 45 further including

"a storage circuit ~for storing a corresponding

reference accumulated timer value for each switch
unit, each said reference accumulated timer value
representinq the accumulated timer value produced when
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' no object is in close physical proximity to the

corresponding capacitive element.

An apparatus as claimed in claim 46 wherein said
switch control circuit renders . active said switch
status signal when the accumulated timer value of a
selected switch unit is greater than its correspondlng
reference accumulated timer value.

An apparatus as claimed in claim 46 wherein said
switch unit control circuit includes a microprocessor
and said storage circuit includes a memory register.

A method of operating a capacitance-sensitive switch
array, the method comprising the steps of:

a) sequentially charging respective effective
capacitances of a plurality of addressable
capacitance sensitive switch units each having a
capacitive element operable to produce a
respective effective capacitance dependent upon
the physical proximity of objects relative
thereto, each respective effective capacitance
having a respective charging time dependent on
said respective effective capacitance;

b) producing a plurality of respective timer values

indicative of the time taken to charge each

_ respective capacitive element from a first pre-

defined potential to a second pre-defined
potential; and '

c) comparing each respective timer value with a
respective reference timer value and rendering a
switch status signal active when said respective

T g AT YQILET

 ORR O O © Tris i the repiscomeny sheet
* € L M S % S

| ﬁ’Z_DLT P ]

I)ate:

11 MAR'96



10

15

20

25

30

895 /03457

FEAUS  11HAR'96

-4 5-

timer value is greater than said reference timer
value and rendering said switch status signal
inactive when said timer value is equal to or
less than said respective reference timer value.

50. A switch array comprising:

a)

b)

c)

a plurality of selectable capacitance-sensitive
switch units, each switch unit including a
capacitive element operéble to produce a
respective effective capacitance dependent upon
the physical proximity of an object relative
thereto, a diode connected to said capacitive
element such that current is operable to be
conducted from the dapacitive element by the
diode, and a selector signal input connected to
the capacitive element to enable a respective
input signal to charge the corresponding

 effective capacitance, said switch units being

divided into respective groups of switch units,
the diodes of each switch unit in a given group
being connected together at a common node;

at. least one threshold signal producing circuit
for each two groups of switch units, for
producing a threshold signal which is rendered
active when the effective capacitance of a
selected switch unit charges to a pre-defined
potential;

a plurality of SWitchihg circuits, one‘switching
circuit for each group of switch units, for
selectively connecting the corresponding group
of switch units to the. threshold signal
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producing circuit in response to switching

'~ signals;

a plurality of discharge control circuits, one
for each two groups of switch units, each said
discharge control circuit including a common
discharge node and a respective diode connected
between said common node and said discharge node
for draining current from said common node to
said discharge hode, said discharge node being |
operable to receive a discharge signal;

a control circuit for:

i) selectively providing said input signal to
a selected switch unit such that said input
signal is operable to charge the effective
capacitance of said selected switch unit,
said effective capacitance bhaving a
-respective charging time dependent on said
effective capacitance;

ii) selectively providing said switching signal
‘to said switching circuit to connect the
group of switch units of which the selected
switch unit is a member to the threshold
signal producing circuit;

iii) selectively providing said discharge signal

to said discharge node to selectively

':discharge said effective capacitance to a
first pre-defined potential;

iv) receiving said threshold signal;
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v) producing a timer value indicative of the
period of time taken to charge said
selected capacitive element from said first
pre—defined potential to a second pre-
defined potential by starting a timer upon
rendering said discharge signal inactive
and stopping said timer when said threshold
Signal is rendered active; and for

vi) producing a switch status signal for the
selected switch element, said switch status
signal producing circuit comparing said
timer value with a corresponding reference
timer value and rendering said switch
status signal active when said timer value
is greater than said correspohding
reference timer value and rendering said
switch status signal inactive when said
timer value is equal to or less than said
corresponding reference timer value.

51. An apparatus as claimed in claim 50 wherein said

52.

control circuit includes a microprocessor.

An apparatus as claimed in claim 50 wherein each

switching circuit includes a transistor having a base,

a collector and an emitter, said base being connected
to said common node, said collector being operable to
receive said switching_sighal and said emitter being
connected to said threshold signal producing circuit.

53. An apparatus as claimed in claim 52 wherein each said

threshold signal producing circuit includes a

'respective buffer circuit for producing a developed.

potential representing the potential at said selected

' * c L M s *

bae: &7 OCT %6

This is the replacement shest



10

15

20

25

30

54.

55.

56.

57.

58.

59.

895 / 03457

/
-

Ly
j

capacitive element without substantially loading said
selected capacitive element.

An apparatus as claimed in claim 53 wherein said
buffer circuit includes an emitter follower circuit
including an impedance across which said developed
potential is produced. |

An apparatus as claimed in claim 54 wherein said
threshold signal producing circuit includes a
switching element connected to said impedance for
rendering active said threshold signal when said
developed potential is greater than a representative
potential representative of said pre-defined
potential.

An apparatus as claimed in claim 55 wherein said
switching element includes a schmitt trigger circuit
for reducing false activation of said threshold
circuit.

An apparatus as claimed in claim 50 wherein said
switch control circuit includes a storage circuit for
storing a corresponding reference timer value for each
switch unit.

An apparatus as claimed in claim 57 wherein a given
corresponding reference timer value represents the
timer value obtained when no object is in close
physical proximity to the corresponding capacitive
element. | '

An apparatus as claimed in claim 50 wherein said
switch unit control circuit includes a timer value
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s an
accumulator for accumulating successive timer values
to produce an accumilated timer value.

An apparatus as claimed in claim 59 further including

a storage circuit for storing a corresponding

reference accumulated timer value for each switch
unit, each said reference accumulated timer value
representing the accumulated timer value produced when
no object is in close physical proximity to the
corresponding capacitive element.

An apparatus as claimed in claim 60 wherein said
control circuit renders active said switch status
signal when the accumulated timer value of a selected
switch unit is greater than its corresponding

reference accumulated timer value.

A capacitance-sensitive switch unit, comprising:

a) a capacitive element operable to produce an
effective capacitance dependent upon the
physical proximity of objects relative thereto
and the voltage on said capacitive element

'changes at a rate due to said effective
capacitance;

'b) a first signal input terminal connected to said

capacitive element to enable a first input
signal to charge said effective capacitance,

c) a threshold detector circuit,

d) a switching signal terminal for receiving a
~ switching signal for selectively coupling said
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capacitive element to an input terminal of said
threshold detector circuit,

said threshold detector circuit for producing a
switch unit signal having an active state when
said capacitive element is coupled to said
threshold detector circuit and the voltage at
said input terminal reaches a pre-defined
voltage; and

a timer for measuring a charge transition time
for said capacitive element from an initial
state to said pre-defined voltage for reference
to a predetermined time.

63. A method of operation for a capacitance-sensitive

switch unit, comprising the steps of:

a)

b)

d)

producing an effective capacitance in a
capacitive element having said effective
capacitahce dependent on the physical proximity
of objects relative thereto and wherein the
voltage on said capacitive element changes at a
rate due to said effective capacitance;

setting a first voltage on said capacitive
element,

coupling said capacitive element to an input
terminal of a threshold detector which has a
threshold voltage,

_producinq a time count to measure the time from

a start of changing the voltage on said
capacitive element until the voltage at said
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input terminal of said threshold detector
reaches said threshold voltage, and

e) comparing said time count to a reference count
to produce a switch state for said capacitance-
sensitive switch unit.

A method of operation for a capacitance-sensitive
switch unit as recited in claim 63 wherein said step
of comparing said time count comprises comparing a
series of said time counts to said reference count.
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