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(57) 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 producing 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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BACKGROUND OF S'D %JIVEBTI01f 

5 'l'his invention relates to capacitance sensitive switches 
and capa~itance sensitive switch arrays. 

Capacitance sensitive switches currently exist in the art. 
'l'hey generally can be classified. as either relating to 

10 frequency shift detecting circuits, to vol.tage divider 
circuits or to Resistance-capacitance (RC) timing circuits. 

Frequency shift detecting circuits are disclosed in United 
States Patent No. 4,495,485 to smith and United States 

15 Patent No. 4,567,470 to Yoshikawa et al. smith employs a 
network of capacitive devices which include sensing areas 
on a keyboard.. The network presents a equivalent 
capacitance to an RC circuit which ultimately determines an 
oscillation frequency of an oscillator employing a SSS 

20 timer. Detection of the shift in oscillating frequency of 
the 555 timer is used to determine whether or not an object 
ia in proximity to a sensing area. 

United States Patent No. 4, 567, 470 to Yoshikawa et al., 
25 discloses sensing plates connected to an analoque 

multiplexer which ultimately connects each plate to an 
oscillator circuit. A compensating circuit is connected to 
the ~1 tiplexer to compensate each plate capacitance to 
cause the oscillator to oscillate at the resonance 

30 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 

35 the loading of registers with an address value representing 
the particular plate touched. Gen.erallf, _the comple_xity of 
the ~ircuitry 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 frequency of oscillation 
without modifying these circuits. 

s Voltage divider circuits are disclosed in United States 
Patent Nos. 5,012 1 124 to Jlollava}', 41 291,303 to CUtler et 
al., 4, 145, 748 to BicJ:lellter9er et al. and 4, 772, 874 to 
Baaegawa. The patent to· Boll•wal' discloses a plurality of 
plates which are all activated at th• •••• time by a common 

10 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 

15 reference value indicates the on/off condition of a signal 
line representing the condition ot the switch. The signal 
lines are multiplexed and interpreted by a microprocessor. 
The external multiplexer and analog to digital converter 
add unnecessary complexity and cost to this circuit. 

20 

The patent to cutler et al., discloses a plurality of 
capacitive coupling devices which couple a signal thrlugh 
the capacitance of a user's finger to signal ground. The 
patent states that the scan.· signal voltage is reduced by 

25 about 2 o' · due to such coupling. · 'l'his drop in voltage is 
})uffered 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 output voltage is 
below the threshold voltage, as would be ·· the case if a 

30 plate were touched. Additional circuitry is required to 
overcome the effects of coupling the capacitance of the 
user's finger into more than one c0upling device. 

The patent to Biollel1:ter9er et al., discloses a capacitive 
35 keyboard array including a plurality of Jtey plates which 

couple the capacitance of an operator's finger to signal 
ground to effect a voltage divider. 'l'he effect is that a 
signal having a voltage level 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 o:f the comparator 

5 indicates the touched and untouched states of the plate. 
1'he reference value is periodically updated DY incrementing 
or decrementing a counter into which the reference value is 
loaded. This suggests additional circuitry. 

10 1'he patent to Baaegava discloses a keyboard which has 
·depressible 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 

15 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 period of time in order to 
activate a qiven·key. 

20 
Resistance-Capac! tance timing circuits are disclosed in 
United States Patent No. 4,595,913 to Auuc::bon and in 
United States Patent No. 4,157,539 to Bmlt• et al. 
AU!tuchon :. discloses a plurality of asynchronous sensing 

25 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 ))y the user's finger. 
1'he voltage level of a digital signal produced by a NANO 

30 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 
statea.ofthe touched condition. 

35 The patent to B\Ult• at al., .discloses a plurality of 
coupling devices connected betwee~ siqnal 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 charqinq cycle in a first RC 
network includinq the user's finqer and in a second RC 
network includinq a reference capacitor. Depending upon 
which RC network achieves a desired voltage level :first, a· 

5 :flip-flop· ia set to indicate the presence or absence of the 
user'• finger on the plates corresp0ndin9 to the actuated 
signal lines. 

The problem with the above RC timing devices is that they 
10 each employ a 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 

15 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 which each switch unit is individually selectable 

20 and in which a di9ital timer is used to produce a timer 
value indicatin9 the time taken to charge the capacitance 
of a selected switch unit and in which the digital timer 
value is .·compared to a corresponding diqital reference 
timer value representing the timer value produced by the 

25 selected switch unit when no external influence is. applied, 
to produce a signal indicating the on/off condition of the 
switch unit. In this manner each switch·unit can have a 
separate reference timer value. 

30 81JJlllAJlY OP !'BB 1BVBHT%0Jf 

In accordance with· one aspect of the invention there is 
provided. a capacitance-sensitive awitc::h unit including a 
capacitive element operable to produce an effective 

35 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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sivnal producing circuit connected to the .. capacitive 
element,• for producing· a threshold· signal which is rendered 
active when the effective capacitance charges to a pre­
defined potential, . a switching circuit for aelecti vely 

s connecting the capacitive element t~ the threshold sivnal 
producing circuit in response to a switching sivnal and a 
discharge control circuit connected to the capacitive 
element, for selectively discharging the effective 
capacitance independently of the inputsivnal, in response 

10 to a discharge sivnal. 

Preferably, the threshold signal producing circuit includes 
a buffer circuit for producing a developed potential 
representing the potential at the capacitive element 

15 without s.ubstantially loading the capacitive element. 

20 

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

Preferably, the threshold signal producing circuit includes 
a switching element for rendering active the threshold 
aivna·l when the developed potential is qreater than a 
representative potential representative of the pre-defined 

25 potential. · · 

30 

Preferably, the switching element includes a schmitt 
triqger circuit for reducing false activation of the 
threshold circuit. 

Preferably, the apparatus includes a switch unit control 
circuit for producing the ·input sivnal, the switching 
signal ·· and the discharge signal to cause the threshold 
signal producing . circuit to render active the threshold 

35 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 tiller for 
producing a timer value indicative of the period of time. 

Preferably, the switch control circuit includes a switch 
5 status signal producing circuit fqr rendering active a 

switch status si911al when. the timer value is eJreater than 
a stored tim~ value. 

Preferably, the stored timer value represents the ·timer 
10 value obtained when no objects are in close physical 

proximity to the capacitive element. 

Preferal:>ly, the apparatus further includes a storage 
circuit for storing the timer value produced when no 

15 objects are in close physical proximity to the capacitive 
element. 

Preferably, the switch unit control circuit includes a 
timer value accumulator for accumulating the timer values 

20 produced over a succession of periods of time to produce an 
accumulated timer value. 

·Preferably, the switch control circuit .includes a switch 
status si911al producing circuit for. rendering active a 

25 switch status signal when the accumulated timer value is 
greater than an accumulated stored timer value. 

Preferably, the accumulated stored timer value represents 
the accumulated timer value obtained after a succession of 

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

Preferably, the apparatus includes a storage circuit for 
storing the accumulated timer value produced when no 

35 objects are in close physical proximity to ttie capacitive 
element. 
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Preferably, the switch unit control circuit includes a 
microprocessor and the storage circuit includes a memory 
register. 

5 In accordance with another aspect of ·the invention there is 
provided a method of operating a · capacitance-aensitive 
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 

10 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 si911al, 
renderinC1 active a threshold signal when the effective 

15 capacitance charges to a pre-defined voltage, and 
selectively discharging the effective capacitance 
independently of the input signal, in response to a 
discharge signal. 

20 In accordance with another aspect of the invention there is 
provided a switch array comprising, a plurality of 
selectable c::apacitance-sensitive switch units, each switch 
unit including a capacitive element operable to produce a 
respective effective capacitance dependent upon the 

25 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 the 
respective effective capacitance, a timer cooperating with 

30 the 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 producing 
circuit cooperatir.g with the timer to produce a switch 

35 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 si~nal active when the timer 
value is greater than the. corresponding . reference timer 
value and rendering the switch status si9'nal inactive when 

5 the timer value is equal to or leas than the corresponding 
reference timer value. 

Preferably, the apparatus turther includes a threshold 
signal producing circuit for producing a threshold signal 

10 when the effective capacitance of.the selected switch unit 
charges to a pre-defined potential. 

Preferably, the threshoid signal producing circuit includes 
a buffer circuit for producing a developed potential 

15 representing the .· potential · at the selected capacitive 
element without substantially loading the selected 
capacitive element. 

Preferably, the buffer circuit includes an emitter follower 
20 circuit including an impedance across which the developed 

potential is produced. 

Preferably, the threshold signal producing circuit includes 
a switching element connected to the impedance for 

25 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 
30 circuit connected to a common node, for selectively 

discharging the effective capacitance of the selected 
capacitive element in response to a discharge signal. 

Preferably, th• ·discha%°ge control circuit includes a 
35 discharge node and a diode connected in series, between the 

common 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 
~arge the effective capacitance of a desired switch unit, 
for providing the switching signal and for providing the 

5 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. 

10 

Preferably, the switch contro~ circuit includes a 
microprocessor having outputs operable to produce the input 
selector signal, . the switch,inq signal and the discharge 
signal, having an input for receiving the threshold signal, 

15 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 
20 storage circuit for storing a corresponding reference timer 

value for each swi~ch unit. 

Preferably, a qiven corresponding reference timer value 
represents ~he timer value obtained when no objects are in 

25 close physical proximity to the corresponding capacitive 
element. 

Preferably, the switch unit control circuit includes a 
timer value accumulator for accumulating the timer values 

30 produced over a succession of periods of time to produce an 
accumulated timer value. 

Preferably, the apparatus includes a storage circuit for 
storing a corresponding reference accumulated timer value 

35 for e_ach switch unit, each reference accumulated timer 
value representing the accumulat~d 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. 

Preferably, the switch unit control· circuit includes a 
microprocessor and the storage circuit includes a memory 
register. 

10 In accordance with another aspect of the invention there is 
provided a method of operating a capaci tance-sensi ti ve 
switch array, the method comprising the steps of ' 
sequentially charging respective effective capacitances of 
a plural! ty of addressable capacitance sensitive switch 

15 units each having a capacitive element operable to produce 
a respective effective capacitance dependent upon the 
physical proximity of objects relative theretor each 
respective effective capacitance having a respective 
charging time dependent on the respective effective 

20 capacitance, producing a plurality of respective timer 
values indicative of the time taken to charge each 
respective ~apacit.ive element from a first pre-defined 
potential to a second pre-defined potential, comparing each 
respective timer value with a respective reference timer 

25 value and"renderinq 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 
reference timer value. 

30 

Bll?EP DEICR%PT%0R OP ~ DRAWIRGS 

In drawings which illustrate embodiments of the invention, 

35 Fi;ure 1 is. a schematic diagrma of a switch unit according 
to a first embodiment of the invention; 
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Figure 2 is a timing diaqram. 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 Fiqure 3, taken 
along lines 4-4; 

15 Figure 5 is a schematic diagram. 
according to a second 
invention; and 

of a switch array 
embodiment of the 

Figure I is a timing diagram illustrating timing 
20 relationships between various signals occurring· 

on signal lines shown in Fi9ure 5. 

25 

"DBTAl:LBD DESC1l%PT%0B 
Figure 1 

Referring to Fiqure 1, a capacitance-sensitive switch unit 
circuit 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 
3 o signals and which recei vea an interrupt signal from the 

switch unit. 

The switch unit 10 includes a capacitive element 11, a 
first selector signal input 14, a threshold signal 

35 producing circuit 35,· a switching circuit 33 and a 
discharge control circuit 11. 'l'he first selector signal 
input 14 is connected to a first· resistor 11 and is 
operable. to receive a first selector signal from the 
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control circuit 12. The first resistor is further 
connected to the . capllcitive element, which in this 
embodiment is a plate 11. Zn this 8Jllbodiment, the plate 11 
is a square sheet conductor_ formed as a square conductor 

5 trace on a conventional printed wiring beard. Th• plate 
baa an effective capacitance relative to signal ground ao 
aJld therefore acts as the cap•citive element in the 
apparatus. The fiJ:'st resistor and the capacitive element 
act as a resistance-capacitance (RC) timing circuit and 

10 therefore, the first selector signal input may be said to 
a connected to the capacitive element· to enable a first 
signal to charge the effective capllcitance. 

The effective capacitance the plate presents to the circuit 
15 depends upon the coupling of the plate to signal ground, 

. . . . . . 

which is dependent upon parasitic capacitive coupling of 
the plate to nearby objects. Thus, when an object is 
placed in .close proximity to the plate, the effective 
capacitance may b-. increased if the object enhances the 

20 capacitive coupling cf th• plate to signal ground. Such is 
the case when a human places a finger in close p1·oximity to 
the plate, in which case, the coupl.ng of the plate to 
signal ground is increased as the f ing~r is placed nearer 
the plate.. Hence, the effective capacitance which the 

25 plate presents to the circuit is also increased. With no 
objects in proximity with the plate 11, the effective 
capacitance is approximately 20pf. Zn effect, the 
capacitive element is operable to produce an effective 
capacitance dependent upon the physical proximity of 

30 objects relative thereto. 

FUrther connectecl to the first resistor 11 and the plate 18 
. . 

is a first diode 22 to which is connected a second cliode 2' 
and the switching circuit 33. The swi telling circuit 

35 includes a first transistor 21 having a base terminal 21, 
a collector terminal 28 and an emitter terminal 30. The . ; .. . 

ftrst and second diodes are connected to the base 21 and 
thereby serve to connect the . base to the capacitive 

,. 
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element. 'l'he collector is connected to the control circuit 

12 to reclal;.;e a switching sign•i ·. and the emitter is 

connected to the threshold signal producing circuit 35. 

'l'he first . transistor 25 effectively acts as a switching 

5 circuit for selectively connecting 't:he capacitive element 

to the threshold signal producing circuit 35 in response to 

a switching signal received at the collector 28 from the 

control circuit 12. 

10 ~e 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 

15 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 

20 discharge signal. 

The emitter 30 is further connected to a swamp.Ln~ capacitor 

37 and to the threshold sicjnal producing circuit 35. The 

swamping capacitor 37 swamps the capacitance of the third 

25 diode · 32 to reduce any effects . it may have and the 

threshold signal producing circuit 35 produces a threshold 

siCJD&l which is rendered active when the effective 

capacitance charges · to a pre-def inad potential. 'l'he 

threshold signal producing circuit 35 includes a buffer 

30 circuit 31, which produces a developed potential 

representing the potential at the capaciti va element, 

without substantially loading the capacitive element. The 

J:mffer circuit includes an emitter follower circuit shown 

generally at 38, including a second transistor 'o having a 

35 base terminal ,2, a collector terminal '' and an emitter 

terminal ''· 'l'he base terminal is -connected to the emitter 

io ·of the first transistor 25, the collector '' is 

connected to a Vee power supply · line and the emitter 
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terminal. 41 is connected to a second resistor 48 which is 
further connected to signal ground 20. 'l'he second resistor 
acts as an impedance across which the developed potential 
is produced. 

Also connected to the emitter 41 is a swi'tching element, 
whic;:h in thia embodiment is a schmitt trigger HAND gate 50 
wired as an inverter. 'l'he HAND gate ~as an output 52 for 
producing an interrupt signal (INT) which is received by 

10 the control circuit 12. Effectively,.therefore, the HAND 
gate acts as a switching element for rendering active the 
threshold signal (IN'l') when the developed potential is ' 
greater than a representative potential, representative of 
the pre-defined potential. A schmitt trigger NANO gate has 

15 been used as the switching element to reduce false 
activation of the threshold circuit and because the schmitt 
inputs define the pre-defin•d potential. switching 
therefore occurs positively at voltage levels pre­
determined in the manufacture of the device, as is 

20 generally known with schmitt inputs. 

In this embodiment, the switch unit control circuit 12 
includes a microprocessor 53 having first, second and third 
outputs sc, 51 and 58 respec;:tively for producing the 

25 switch~ng signal, the input signal and the discharge siqnal 
respect! vely to cause the .. threshold siqnal producing 
circuit 35 to render active th• t!u:'eshold signal a period 
of time after the discharge signal is rendered inactive, 
the period of time being dependent upon the effective 

30 capacitance. The first output sc is connected to the 
collector 28 of the :first transistor 2.5, the second output 
51 is connected to the first sele~or signal input 1c and 
the third output 58 is connected to the discharge node JC. 

35 'l'he microprocessor 53 also has an input 10 which is 
connected to the output 52 of · the NAND gate so, for 
receiving the interrupt signal, or threshold signal (INT). 
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The microprocessor 53 includes a conventional Random Access 
Memory.(RAM) 12, a conventional Read Only Memory (ROM) 14 
and a conventional Central Processing Unit (CPU) 11. The 
ROM includes a program- including execution codes which are 

5 operable to direct the microprocessor to issue the 
awi tching signal, the input signal and the discharge signal 
in such a manner that the interrupt signal (INT) is 
received. To achieve thi·s, the ·program· includes an output 
sequencing routine, a timer routine, and a comparison 

10 routine, all described with reference to FiCJUZ'e 2. 

Fiaure 2 

Ref erring to Figure 2, a timing diagram illustrating the 
operation of the circuit of Figure 1 is shown generally at 

15 •8. 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 t1. 'l'be input signal 
is operable to charge the effective capacitance while the 
switching signal is operable to cause the switching circuit 

20 to selectively connect the capacitive element to the 
threshold signal producing circuit. 

Discharge cycle 

At time t2, shortly after time t1, th~ program causes the 
·25 microprocessor to render the discharge signal active (low) 

which brings low the potential at the disCharqe_node 34 of 
Figure 1, thereby creating a low impedance path for any 
charge on the plate 18 to flow through the first and second 
diodes 22 and 24 and into the third output 58. Referring 

30 back to Figura 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 

35 ground. Gener~lly, 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 tbrough_a threshol.d value Vt:hwhich represents the 

5 voltage at th•: plate, corresponding· to the voltage at which 
the schmitt trigger NANO 9ata 50 of FigureJ. changes state 
Whan the voltage at its input is decreasing. Thus, 
referring to .Jl'igure 1, the interrupt siqnal appearing at 
the output 52 is rendered high (inactive) as.· seen at time 

10 t3, in Figure 2. During 'this ti••• tb,e VC)ltage 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. 

15 Cbarqinq cycle 
Ref erring hack , to Figure 2, at time t.C., approximately s 
milliseconds from time . ·t3, the program causes the 
microprocessor to render the. discharge signal high which 
perm~ts the effectiv• capacitance to begin charging from 

20 .the voltage of ZVbe. (approx. 1.4 volts) toward the voltage 
of the input · sl:-gnal Vo. When the discharge signal is 
rendered high, the program activates a timer routine which 
J>egins incrementtng as the voltage on the plate 18 of 
Figure 1 rise~, this incrementing being illustrated on the 

25 tim~. line in Figure 2. The timer routine is operable to 
provide a timer value indicative ·of the period of time 
taken· to Qharge the . effective capacitance. When the 
voltage at the plate reaches the threshold voltage vth, as 
seen at. ts, the HAND gate so, of Figure 1, renders the 

30 interrupt •ignal (%HTO) active (low). The low interrupt 
signal is received by the microprocessor and the program 
stops th• timer routine. · .. While the discharge signal 
remains high, the plate continues to charge to Vo. 

35 At time tt, approxir:';·1tely 5 m1111seconds fJ:'om time ts, the 
progr•m causes the microprocessor_ to render th• discharge 
signal active (low) again which initiates the discharqe 
cycle as described above.· This second discharge cycle is 
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completed at time t7, at which point the charqing cycle as 
seen between timer tt and t& is repeated. However, . the 
timer is not reset after each charging cycle but rather 
accumulates count values from successive charginq cycles 

5 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. 

10 To determine how many charging cycles have been completed, 
the program implements a cycle counter which is incremented 
upon the completion of each charging cycle as seen en the 
counter · line of Figure 2. The contents of the cycle 
counter are compared to the num):)er ten and if equal to ten, 

15 it is assumed that enouqh timer values have been acquired 
to make a judgement as to whether or not an object is in 
phys.ical proximity with the plate 18. The number ten is 
arbitrary and co11ld be any number greater than o. The 
greater the number, the greater the accuracy of the device. 

20 

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 

25 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 acquire a larger 
incremental timer value with each charging cycle as 
illustrated in broken outline on the timer line in Figure 

30 2. Consequently, when an object is in close physical 
proximity to the plate 18, the accumulated timer value is 
qreater 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 

35 not an object is in close physical proximity to the plate, 
the program stores the· accumulated timer value acquired 
when no object is in close physical proximity to the plate 
18, as a reference accumulated value. Storage of the 
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raference accumulated value 'is achieved ))y writing to a 
•-ory re9iater 11 'ot the ~ lz, which acts as a storage 
circuit. The pro;ram tben uses this reference accumulated 
value for comparison against any •Ubseq\iently acquired 

s acCU11ulated.tim:er value in which case if the subsequently 
acquired accumulated timer value is excessively ;reatar 
than tbe reference accumulated timer value, the pro;ram 
renders active a switch status siCJD&l to indicate that 
there is an object in close physical proximity with the 

10 plate 11. Similarly, if· the subsequently acquired 
accumulated timer . value is approximately equal to the 
reference accumulated timer value, the program renders . ' 
inactive the switch status signal to indi~ate that no 
object is in close physical proximity with the plate 11. 

15 ·Numerical . values for the terms excessively greater and 
approximately equal are matter• of choice ·and are best kept 
user•definable• However, a. ran9a Of about ZOt has been 
used in the embodiment described. 

20 Referring to Figure 1, in this embodiment, the switch 
status signal is represented ))y a 1 or o written to a 
switch· status · register C3 · in the RAM ca of the 
microprocessor, where 1 means an object is in close 
physical proximity with the plate and o means no objects 

25 are in ·close physical proximity with the plate. Thus it 
may be said tb.at the switCh control unit includes a switch 
status signal producing circuit (the 'microprocessor) for 
rendering active a switch status signal ·when the timer 
value is vreater than the stored timer value. 

- 30 

Xt will be a!'Preciated that the plate ~•, according to the 
invention, can be mounted in a variety of locations since 
actual physical contact Of an object With the· plate is not 
required. Rather, sufficient proximity to change the 

35 effective capacitance of the plate is all that is required. 
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. 

Figures 3 and 4 

5 Referring to Figures 3 and '• since physical contact of the 
object with the plate is not necessary, the plate 11 can be 
conveniently mounted under the shell 80 of a conventional 
computer. keyboard 82 and indicia ''' in the form of a 
sticker, for example, can be placed on top of the shell, 

10 above the plate. With this configuration, the user need 
only touch the indicia ac with a finger to change the 
status of the switch signal. 

Generally, the operation of the circuit may l:>e ]:)roadly 
15 stated to l:>e a method of operating a capacitance-sensitive 

switch unit, the method comprising the steps of producing 
an effective capacitance in a capacitive·e1ement having an 
effective capacitance dependent on the physical proximity 
of objects relative thereto, charging the effective 

20 capacitance with a first selector signal, selectively 
connecting the capacitive element to a .threshold signal 
producing circuit in response to ·• switching signal, 
rendering active a threshold signal when the effective 
capacitance charges to a pre-defined voltage and 

2·s selectively discbarqinq the effective capacitance 
independently of the input siqnal, in response to a 
discharqe signal. 

Second embodiment 

30 Fiqure 5 

Referring to Figure I, a capacitance-sensitive switch array 
according 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 

35 asseml:>ly shown generally at 104. The switch unit control 
circuit includes a microprocessor.101 having eight outputs 
labelled as DISCHGO, DISCHG1, 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 assembly 10•. 'l'he DISCHGJ. 
and DISCHGO signals act as discharge signals, the COLO and 
COL1 signals act as switching sivnals and the ROW0-3 

5 signals act as selector signals. 'l'h~ INTO and INT1 signals 
act as threshold signals. 

Further connected to· the microprocessor, in the 
conventional manner is a Random Access Memory RAM 108, and 

10 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. 
08/171,711 filed December 22, 1113·, incorporated herein by 

15 reference. 

In this embodiment, the microprocessor 101 is a 
conventional 87C51 microcontroller which includes an on­
board ROM·· 111 for storing an operating program for 

20 controlling the· outputs of the microprocessor 101 and for 
interpretin~· signals received at the inputs. 

The switch assembly 10• includes a plurality of selectable 
capacitance sensitive switch units shown generally at 112 

25 and individually designated so - S15.. Each switch unit has 
a respective selector siqnal input 11•, first resistor 111, 
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 

30 unit includes a capacitive element operable to produce a 
respective effective capacitance dependent upon the 
physical proximity of objects relative thereto and· that 
aaeh switch unit includes a respective diode operable to 
discharge a respective effective capacitance. In this 

35 embodiment, the ROW0-3 signal lines are connected directly 
to respective first resistors of respective switch units. 
Effectively, the microprocessor, the ROW0-3 signal lines, 
the respective first selector ·signal inputs and the 
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respective first resistors act as a charging circuit for 
selectively charging the effective capacitance of each 
switch unit. 

5 In this embodiment, the switch units 112 are grouped into 
first, second, third and fourth gr0ups 11c, 121, 11a and 
130 containing fo'1%' 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 

10 form a common node 122. In addition, the ROW0-3 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. 

15 

Each switch group 12c, 121, 128 and 130 has a second diode 
132 connected between its respective common node 122 and a 
corresponding discharge output of the microprocessor 101. 

In this embodiment, the first and second groups 124 and 121 

20 share discharge output DISCHGO, while the third and ~ourth· 
groups 128 and 130 share discharge output DISCHG1. Hence, 
when the DlSCHGO output is rendered low, the first and 

. second groups 124 and 12 I are discharged and when the 
DISCHGO output is rendered high, these groups are charged. 

25 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 

30 switching circuits 13.C, 131, 138 and 140. Which are 
operable to select! vely 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 

35 second, third and fourth switching circ:Uits and therefore 
only the first switching circuit ~34 will be described. 
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The first· switching . circuit 1ii1 includes a switching 

transistor 1i12 having a base 1i1i1, a collector 1c1 and an 

Qitter 1i18. The base connects tile transistor to the 

common node 122, th• collector is connected to the COLO 

5 output for receiving th• switQhing sigmtl and the emitter 

is connected through a third diode 150 to the J>ISCHGO 

output. ':he third diode is · cOlllllon to the· first and second 

switch groups 124 and UI and; serves to drain any current 

from these switch groups into the J>ISCHGO output wben the 

10 DISCBGO signal is active (low). The discharge node is 

effectively connected in series with the third diode, 

between the common node and the discharge node. Hence, the 

first, sec:ond and third diodes associated with a CJiven f 
group of switch units act as a discharge control circuit 

15 for.selectively discharging the effective capacitance of a 

selected capacitive element in response to the discharge 

signal provided by the DISCHGO.Qutput. 

The emitters 1i18 of the switching transistors 142 of the 

20 first and second switch groups are connected together and 

are connected to a threshold signal producing circuit 151 

for producing a thraallold signal (INTO) when the effective 

capacitance of the selected switch unit charges to a pre­

defined potential. The threshold signal producing circuit 

25 includes a ·buffer circuit 152 and a switching element 151. 

The buffer circuit 152 is operable to produce a developed 

potential representing the potential at the selected 

capacitive element without substantially loading the 

30 capacitive element. 'l'he bllffer circuit includes a 

transistor 15' having a base 158 1 a colle.ctor 110 and an 

emitter 112. Th• base 158 is connected to.the emitters 1i1a 

of the first and second switching transistors 142, the 

collector 110 is connected directly to the Vee power supply 

35 and the emitter 112 is connected to signal ground 114 

through an impedance 111, which in this embodiment ·is a lOK 

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 112 is further connected to first and second 
5 inputs 118 and 170 of a schmitt trigrater NANI> gate 172 wired 

as an inverter, the NANI> gate acting as the switching 
element 151. The NAND gate has an active low output 174 
which is connected to the INTO input of the microprocessor 
101 and, therefore, the NAND gate provides the threshold. 

10 siCJDal. The third and fourth switch groups 128 and 130 are 
connected to the microprocessor 101 in a similar manner 
with the exception that the correspondin; NAND ;ate has an 
output connected to the INT1 input of the microprocessor. 
Effectively, therefore, the NAND qate acts as a switching 

15 element connected to the impedance, for renderin; active 
the threshold signal when the developed potential is 
greater 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 

20 activation of the threshold siqnal due to the well-known 
characteristics of achmitt inputs. 

Generally, the switch groups and circuitry are arranged in 
two banks shown generally at 171 and 178 respectively. 

25 Both banks share the COLO, COL1 switching signals, and the 
ROW0-3 input selector siqnal lines while the DISCHGO 
(discharge) and INTO (threshold) signal lines are shared by 
the first and second switch qroups 12c and 121 only and the 
DISCBG1 (discharge) and INT1 (threshold) signal lines are 

30 shared by the third and fourth switch groups 128 and 130 

only. • 

Qparation gt the switch Arr•v 

35 The general principle of operation of the switch array is 
as described above in connection with the first embodiment. 
More particularly, the microprocessor 10& runs a program 
containing execution codes for. implementing a timer 
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routine, a counter routine, a routine fer providing the 
ROW0•3 (input selector), COL0~1 (switching) and DISCBG0-1 
(discharge) signals a routine for receiving the INT0-1 
(threshold) signals, and a routine for causing a switch 

s status ilignal to be produced. 

Piaura I 

The routine·· for providing the ROW0-3 (input selector), 
COL0-1 (switching) and DISCBG0-1 (dischaqe) signals is 

10 explained with reference to Figure •· ·Figure I illustrates 
the scanning of each switch unit in the first and second 
groups 12c and 121 of Figure 1. It uses eight timing 
segments 110, 112, 184, 181, 188, 190, 112 and 114 each of 
which illustrates a basic select, discharge, charge and 

15 interrupt cycle for.a corresponding switch unit. ·The first 
timing •egment 180 corresponds to the first switch unit so, 
the second timing segment 181 corresponds to the aeconcl 
ilwitcb unit s1 and so on up to the eighth timing segment 
194 which corresponds to the eighth switch unit S7. Each 

20 timing segment is followed by a space with the designator 
•x10• to indicate that the -last ·half of the pt·eceding 
segment is repeated ten times in order to acquire an 
accumulated timer value for the corresponding switch unit. 

25 To begln 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 1ao. Referring to 
Figure I, the first switch unit so and the ninth switch 

·unit SI are selected by the ROWO signal which proceeds to 
30 charge the effective capacitance of these switch units. 

Thus the microprocessor and the respective resistors 
connected between respective first selector signal inputs 
and respect! ve capacitive elements· act as a charging 
circuit.for selectively charging the effective capacitance 

35 of a selected switeh unit, each effective capacitance 
having a respective charging time dependent upon the 
respective effective capacitance. 
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selector) signal is activated, 1:he COLO (switching) signal 

is rendered active (high) which enables the first and third 

switching circuits 13' and 138, while the COL1 ·signal is 

s maintained inactive (low) to maintain di~abled the second 

and fourth switching circuits 131 and 1•0. '?bus the COLO 

signal acts as a awitching signal for activating the cOJllJllon 

switching circuit of the first switch group to selectively 

connect the common node of the first switch group to the 

10 threshold signal producing circuit 151. 

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 

15 effective capacitance of the first switch unit so to· be 

discharged. Since the DISCHG 1 signal is held.inactive, 

the ninth switch unit is not discharged but rather remains 

charged. 

20 Next the program initiates the timer and counter routines 

which cause the microprocessor to begin incrementing a 
timer value as described in connection with th• first 

embodiment.· The timer routine acts as a timer cooperating 

with the. charging circuit ·to produce a timer value 

25 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. 

30 

The program then renders the DISCBGO signal inactive (high) 

which permits the effective capacitance of the first switch 

unit so to be charged. Since the J>ISCHG1 signal is 

maintained high, no action occurs at the ninth switch unit 

35 and the effective capacitance thereof remains charged. The 
time required to charge the effective capacitance of the 

first switch unit so to a threshold potential corresponding 

to the developed potential at which a sufficient potential 
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is developed across the impedance 111 to change the state 
· of the scbmitt trigger HAND gate, depends on the effective 
·capacitance being charged. once this threshold potential 
has men reached the·· HAND 9ate 172 changes ... state, setting 

s its output 174 active (low) cauaiz:ig the D'l'O interrupt 
signal to appear at the INTO input ·of ·the microprocessor 
101. Thus effect! vely, the DISCHGO signal acts aa a 
discharge signal which ultimately causes the INTO signal to 
be produced by the switch unit, the ·1no signal acting as 

10 a threshold signal. It will be appreciated 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 upon·. ·the effective .. 
capacitance of the associated plate of the associated 

15 switch unit. 

The microprocessor 101 responds to the J:NTO signal by 
stopping the timer routine and checking to ·see if the 
counter value is equal to ten as described with respect to 

20 the first embodiment. If not, any remaining charging and 
discharging cycles are repeated and the successively 
acquired timer values are accmilulatad until ten charging 

·and discharging cycles have been completed, as indicated by 
the counter value. The counter value·is incremented each 

25 time a discharging/charging cycle bas been completed. The 
timer routine includes an accumulator which, in this 
embodiment includes a memory register 177 in the RAM, for 
accumulating th• timer values produced over a succession of 
periods Of time to produce an aceumulated.timer Value. 

30 
When the accumulated timer value for a succession of ten 
discharge/charge cycles bas been acquired, this value is 
compared to a reference timer value previously stored in a 
corresponding reference timer value memory register 185 in 

35 the RAM 108. Thus, the switch control unit includes a 
storage circuit for storing a . corresponding reference 
acc:Umulated timer value for each switc:h unit. Each 
corresponding reference accumulated timer value represents 
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the timer value obtained when Jio object is in close 
proximity with the corresponding capacitive element. If 
the presently acquired tiller value is excessively greater 
than the reference timer value, it is assumed that there is 

5 an o))ject in close proximity to th' plate 111. on the 
other hand, if the presently acquired value is about the 
same as the reference value it is asamaed that there are no 
objects in close proximity with the plate 11a. comments 
provided above with respect to numerical values for the 

10 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 signal which, in this embodiment, is 

15 reflected in a bit stored in a designated bit position of 
a first switch status byte stored in a first switch status 
memory reqister 181 the RAM 101. The switch status byte 
has eight bit positions, each bit position corresponding to 
the status of obj eets in proximity to the plate of a 

20 respective switch unit so - 57. Thus the microprocessor 
acts as a switch . status signal producing circuit 
cooperating with the timer routine to produce a swi tcb 
status signal for a selected switch element, the switch 
status signal being indicative of the physical proximity of 

25 an object relative to the selected capacitive element, 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 

30 accumulated timer value and rendering the switch status 
signal inactive when the timer value is equal to or less 
than the corresponding reference accumulated timer value. 

After completing the first timin9 segment 110, repeating it 
35 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 siqnal line ROW1 is set 
active (high) and the process of. enabling the COLO line 
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_whila holding the COL1 line inactive and raising and 

. lowering the DISCKGO signal line to acquire an accumulated 
timer value for the second switch unit S1 is performed as 
illustrated ))y timing segment 112. A second switch status 

5 bit in the switch status byte, correspondinq to the second 
switch unit S1 is then updated. This process is then 
repeated for the third and fourth switch .units sa and S3 in 
the first ;roup 124, as descril»ed ))y timing segments 184 
and 181 respectively. In this •anner, each of the four 

10 switch units so - S3 in the first a.witch ;roup 124 is 
auccessi vely scanned and the corresponding switch status 
bits updated. 

After the first ;roup 124 has been scanned, a similar 
15 process is performed on the s~cond ;roup 12• as indicated · 

by timing segments 118-194. These timing segments are 
generally the same as tbe timing segments for the first 
;roup, with the· exception that the COLO line is held 
inactive (low) while th~ COL1 line is made to follow the 

20 sequence labelled COLO in Figura a. In this manner, each 
of the four switch units S4 ~ S7 in the second switch qroup 
J.21 is successJ,vely scanned and the corresponding switch 
status bits updated. 

25 After the first and second groups 124 •nd 121 have been 
scanned, the third and f Ourth groups 121 and 13 o are 
scanned by rendering the ROW0-3 and COL0-1 signals active 
and inactive as described in connection with ;roups one and 
two, however, the DISCHCO signal is held inactive (high) 

30 while the DISCJlG1 signal is .ade to follc:»w the sequence 
labelled l>IS~GO in Figure I. In this manner a second 
switch status ))yte having bit positions corr•sponding to 
resp~ctive switch units sa - S15, is updated with status 
l:>ita ·indicating ·the pr~ximity of objects relative to 

35 respective plates. The seconct switch status byte is stored 
in a second switch status memory.register 113 in the RAM 
101. 
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By reading_, tjle contents of a qiv~,~- bit position in the 
first or .~cond switch status memoey registers 181, 183, 
the microprocessor 1oa can quickly determine the status of 
any given switch unit so - s1s. 

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. ~us, in this ~odiment, there are sixteen 

10 eiqht-bit reference value memory registers 187 in Fiqure 5, 
each corresponding 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 

15 in physical 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 
20 stored, the program exits the calibrate mode and is ready 

to acquire timer values as described above. one way to 
enter the calibrate ro.utine 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 

25 is that the array can be easily recalibrated at any time. 

Gener:ally, 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 

30 sequentially charging respective effective capacitances of 
a plurality of addressable capacitance ae~sitive switch 
units each having a capacitive element operable to produce 
a respective effective capacitance dependent upon the 
physical proximity of objects relative thereto, each 

35 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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respective capacitive element from a first pre-defined 
potential to a second pre-defined potential, and comparing 
~·ch respective timer value with ll 'respective reference 
timer value ancl rendering a awi tch sb.tus signal active 

s when said respective timer value is greater than said 
reference timer value ancl rendering aaicl switch status 
signal inactive when.said timer value i~ equal to or 1eaa 
than said respective reference.time~ value. 

10 '?he switch array can be employttcl in a manner similar to 
that described 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. . . Indi victual plates may then 

. . .. . 

15 be identified with respective fW'J,ctions and such functions 
may be incoz-Poratecl into the program executed · by the 
microprocessor 101. In addition the 'microprocessor 101 may 
be the same microproce~sor which is conventionally used to 
encode keystrokes into cOcles recognizaJ:)le to a host 

20 computer~ 'rhus, the conventional k•:Yboard processor can 
incorporate the additional · functional! ty of the switch 
array allowing compact integration of the swi tcb array into 
a conventional computer keyboard. 

25 While specific embodiments of the invention have been 
described and illustrated, such embodiments should be 
considered illustrative of the invention only an~ not as 
limiting the invention as construed in accordance with the 
accompanying claims. 

• 
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What is claimed is: 

1. A capacitance-sensitive.switch unit comprising: 

5 a) a capacitive element op~able to produce an 
. ~fecti ve capacitance dependent upon the physical 
proximity of objects relative thereto; 

b) a first selector signal input connected to the 
10 capacitive element to enable a first input signal 

to charge the effective capacitance; 

15 

20 

25 

30 

2. 

C) 

d) 

e) 

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 
the capacitive element to the threshold siqnal 
producing circuit in response to a switching 
signal; and 

a discharge control circuit connected to the 
capacitive element, fer selectively discharging 
the effective capacitance independently cf the 
input signal, in response to a discharge signal. 

An apparatus as claimed in claim 1 wherein said 
capacitive element includes a sheet conductor. 

s. An apparatus aa 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 
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representing the potential at said capacitive element 
without sul)stantially loading said capacitive element. 

An apparatus as claimed in claim ' wherein said l:n2ffer 
circuit includes an emitter follewer circuit including 
an impedance across which said developed potential is 
Produced. 

An apparatus as claimed in claim I 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. 

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

•• 

•• 

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 threshoid signal 
producing circuit. 

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

10. An apparatus as claimed in claim 1 further including 
a awitch unit control circuit for producing said input 
signal, said switching signal and said discharge 

"l lllllll llllll 11111 11111111111 
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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 

5 said effective capacitance. 

10 

11. 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. 

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 

15 timer value. 

13. 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 

20 said capacitive el~ent. 

1c. An appara~as 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 

25 said capacitive element. 

15. An apparatus as claimed in claim 11 wherein said 

switch uni_t control circuit includes a timer value 

accumulator for accumulating tbe_ timer values produced 

30 over a succession of said periods of time to produce 

an accumulated timU'. value. 

11. An apparatus as claimed in claim 15 wherein said 

switch control circuit includes a switch status signal 

35 producing circuit for rendering active a switch status 

.· signal when said accumulated timer value is greater 

than an accumulated stored timer value. 
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11111111111111 ~111111111 .· ~ 7 • An apparatus as claimed in claim 11 wherein said 
accumulated stored timer . value represents the 
accumulated timer value o))tained after a succession of 
said periods of time, when no objects are in close 

5 physical proximity to said capapitive element. 

11. An apparatus·aa claimed i~ cl~im 17. further including 
a storage circuit for storing the accumulated timer 
value produced when no o))jecta are in close physical 

10 proximity to said capacitive element. 

15 

20 

25 

30 

35 

19. An apparatus as claimed in claim 18 wherein said t 
switch unit control circuit includes a microprocessor 
and said storage circuit includes a memory register. 

20. 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) 

c) 

a first sele~~r 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; 

a threshold signal. producing circuit connected t~ 
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 said 
capacitive eJ:ement ·without substantially 
l~ading said capacitive element, said ))uffer 

111111111111111111111111111111 
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circu1 t including an emitter follower 
circuit including a resistor across which 
said developed potential is produced; and 

ii) a switching •1-ent for rendering active 
said threshold signal when aaicl developed 
potential is greater than a representative 
potential representative of said pre-defined 
potential, said switching element including_ 
a acbmitt trigger circuit for reducing false 
activation of said threshold circuit; 

a diseharge 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 ccnnacted 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 to receive 
said ·switching signal · and said emitter J:)eing 
connected to said threshold signal producing 
circuit. 

111111111111111111111111111111 
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21. 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 • 

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

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

15 

20 

25 

30 

35 

2c. A method of operating a capacitance-sensitive switch 
unit, the method comprising th• 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; and 

a) selectively discharging the affective capacitance 
independently of the input signal, in response to 
a discharge s.ignal. 

25. A switch array comprising: 

11111111111111111111111111 \Ill 
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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 charcaing circuit for selectively charging the 
effective capacitance of each switch unit, each 
reapective 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 
potential 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 
&witch 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 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 leas than said 
corresponding reference timer value. 

35 a•. 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 

. I lllllll llllll lllll lllll ll llll 
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between said first selector signal input and said 
capacitive element. 

27. An apparatua as claimed in claim 21 wherein said 
5 cbarvi.nv circuit include•. a microprocessor for 

providing a~ input selector signal operable to charge 
the effective capacitance of a selected switch unit. 

a1. An apparatus as .claimed in claim 27 wherein said 
10 microprocessor includes ·a direct connection to said 

resistor. 

21. An apparatus as claimed in claim 2$ wherein each of 
said switch units includes a respective diode· operable 

15 to discharge said respective effective capacitance. 

20 

30. An apparatus as claimed in claim 21 wherein the diodes 
of a plurality of switch units are connected together 
at a common node. 

31. 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 

25 potential. 

sa. An apparatus aa claimed in claim 31 further including 
a common switching circuit for selectively connecting 
said common node to said threshold signal producing 

30 circuit in response to a switching signal. 

33. An apparatus as claimed in claim 32 wherein said 
switching circuit includes a transistor having a base, 
a collector and an emitt:er, said ba11e 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. 

I 1111111 111111 11111 1111111 f llf. 
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. An apparatus 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. 

35. An apparatus as claimed in claim 34 wherein said 
buffer circuit includes an emitter follower circuit 

10 including an impedance across which said developed 
potential is produced. 

31. An apparatus as claimed in claim 34 wherein said 
threshold signal producing circuit includes a 

15 switching element connected to said impedance for 

20 

25 

rendering 
developed 
potential 
potential. 

active said threshold signal when said 
potential is greater than a representative 

representative of said pre-defined 

37. An apparatu• as claimed in claim 31 wherein said 
switching element.includes a schmitt trigger circuit 
for reducing false activation of said threshold 
circuit. 

38. 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 

30 response to a discharge signal. 

JI. 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 

35 n.ode 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 tor: 

a) providing an input selector signal operable to 
chU'9e the effective capacitance of a desired 
switch unitJ 

b) providing said awitching signal1 and 

c) proViding said discharge signal to cause said 
threshold signal producing circuit to render 
active said threshold signal a period of time 4 
after said discharqe siqnal is rendered inactive, 
said period of time being dependent upon said · 
effective capacitance. 

An apparatus as claimed 
switch control circuit 
having: . 

in claim 4 o wherein said 
. . 

includes a microprocessor 

a) outputs operable to produce-said input selector 
signal, said switching siqnal and said discharge 
signal; 

b) an input for receiving said threshold signal; 

c) execution _codes for implementing said timer and 
tor causing said switch status signal to be 

produced. 

41. An apparatus as claimed in claim 40 wherein aaid 
.Witch unit control circuit includes aaid timer. 

43. An apParatus as claimed in claim 40 wherein said 
35 switch.control circuit includes a storage circuit for 

storing a corresponding reference timer value for each 
switch unit. 

111111111111111111111111111111 
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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 

5 element. 

45. An apparatus as claimed in claim 4 o wherein said. 
switch Unit control circuit includes a timer value 
accumulator for ·accumulating the timer values produced 

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

41. An apparatus as claimed in claim 45 further including 
a storage circuit for storing a corresponding 

15 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. 

20 

47. An apparatus as claimed in claim 4 I wherein said 
switch control circuit renders active said switch 
status signal when the accumulated timer value of a 
,~elected switch unit is greater than its corresponding 

25 reference accumulated timer value. 

30 

48. An apparatus as claimed in claim 41 wherein said 
switch unit control circuit includes a microprocessor 
and said storage circuit includes a memory register. 

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

a)' sequentially 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 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \Hll\ 
* C · L M S * 



W095125385 

5 

10 

15 

PCT/US95/034S7 

-42-

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 
awitch status signal active when said respective 
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. 

20 10. A switch array comprising: 

a) 

25 

30 

35 

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 an object relative 
thereto, a diode connected to said capacitive 
element such that current is operable to be 
conducted from the capacitive 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 beinq . . . 
divided into respective groups of switch units, 
the diodes of each switch unit in a given group 
being connected together at a comm.on node,; 
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b) at least one threshold si9nal producin9 circuit 
for each two ·groups of switch units, for 
producin9 a threshold siCJDal which is rendered 
active when the effective capacitance of a 
•elected switch unit char9ea to a pre-defined 

C) 

d) 

· 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 •iCJDal 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 node, said discharge node being 
operable to receive a discharge siCJDal; 

e) a control circuit for: 

i) selectively providing said input siCJDal 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 having a 
respective charging time dependent on said 
effective capacitance; 

ii) selectively providing said switching siCJDal 
to said switching circuit to connect the 

35 group of switch units of which the selected 
switch unit is a ·member to the threshold 
•iCJD&l producing circuit; 
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iii) selectively providing said discharge signal 
to said discharge node to selectively 

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

iv) receivin9 aaid thr-hold signal; 

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

10 capacitive element from said f irat pre­
defined potential to a second pre-defined 
potential by startin9 a timer upon renderin9 t 
said discharge signal inactive and stopping 
said timer when said threshold signal is 

1!5 rendered active; and for 

20 

25 

vi) producing a switch status signal for the 
aelected switch element, said switch status 
signal producing circuit comparing said 
timer value with a corresponding reference 
ti~ervalue and rendering said switch status 
signal active wben said timer value is 
greater than said corresponding reference 
timer value and rendering said switch status 
signal · inactive wben said timer value is 
equal to or less than said corresponding 
reference timer value. 

51. An apparatus as claimed in claim so wherein said 
30 control circuit includes a microprocessor. 

12. An apparatus as claimed in claim 5 D 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. 
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Ari 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 

5 capacitive element without substantially loading said 

selected capacitive element. 

54. An apparatus ·~ claimed in claim 53 wherein said 
··buffer circuit includes an emitter follower circuit 

10 including ···an impedance across which said developed 

potential is produced. 

55. . An apparatus as claimed in claim 54 wherein said 

threShold siCJDal producing circuit includes a 

15 switching element connected to said impedance for 

rendering active said threshold aiCJDal when said 

developed potential is greater than a representative 

potential representative· of said pre-defined 

potential. 
20 

25 

30 

51. An apparatus as claimed in claim 55 wherein said 

switching el•ment includes a schmitt triqger circuit 

for reducing false activation of said threshold 

circuit. 

57. 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. 

18. An apparatus as claimed in claim 57 wherein a 9iven 

correspondin9 reference timer value represents the 

timer value obtained when no object is in close 

physical proximity to the corresponding capacitive 

35 element. 

51. An apparatus as claimed in claim 50 wherein said 

switch unit control circuit includes a timer value 
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accumulator for accumulati~g successive timer values 
to produce an accumulated. timer value. 

•o. An apparatus as claimed. in claim It further including 
5 a storage circuit for _.storing a corresponding 

reference. accumulated. timer value for each awi tch 
unit, each said. reference accumulated. timer value 
representing the accumulated timer value produced when 
no object is in close physical proximity to the 

10 corresponding capacitive elem19nt. 

11. An apparatus as claimed in claim ao wherein said 
control circuit renders active said switch status 
signal when the accumulated timer value of a selected 

15 switch· unit ~s greater than its corresponding 
reference accumulated timer value. 

lli~n1r111~r : :' . ' ., 
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signal to cause said threshold signal producing circuit 
to render active said threshold signal immediately 
f ollowinq a period of time after said discharge signal is 
rendered inactive, said period of time being dependent 

5 upon said effective capacitance. 

10 

15 

20 

25 

30 

11. 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. 

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 qreater than a stored timer value. 

13. An apparatus as claimed in claim 12 wherein said stored 
t'imer value represents the timer value obtained when no 
objects are in close physical proximity to said 
capacitive element. 

14. 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. 

15. An apparatus as claimed in claim 11 wherein said switch 
unit control circuit includes 
for ·accumulatinq the timer 
succession of said periods 
accumulated· timer value. 

a timer value accumulator 
values produced over a 
of time to produce an 

16. An apparatus as claimed in claim.15 wherein said switch 
control circuit includes a switch status signal producing 
circuit for renderinq active a switch status siqnal when 

35 said accumulated timer value is greater than an 
accumulated stored timer vaiue. 
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accumulator for accumulating successive timer values to 
produce an accumulated timer value. 

60. An apparatus as claimed in claim 59 further including a 
s storaqe circuit for storinq a correspondinq reference 

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

10 element. 

61. An apparatus as claimed in claim 60 wherein said control 
circuit renders active said switch status siqnal when the 
accumulated timer value of a selected switch unit is 

15 qreater than its corresponding reference accumulated 
timer value. 

62. A capacitance-sensitive switch unit, comprisinq: 
(a) a capacitive element operable to produce an 

20 effective capacitance dependent upon the physical 
proximity of objects relative th~reto and the 
voltage on said capacitive element chanqes at a 
rate due to said effective capacitance; 

(b) a first signal. input terminal connected to said 
25 capacitive element to enable a first input signal 

to charge said effective capacitance, 
(c) a threshold detector circuit, 
(d) a switching siqnal terminal for receiving a 

switchinq siqnal for selectively couplinq said 
3 o capacitive element to an input terminal of said 

threshold detector circuit, and 

35 

(e) said threshold detector circuit for producing a 
switch unit siqnal 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 voltaqe. 
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63. A method of operation for a capacitance-sensitive switch 
unit, comprisinq the steps of: 
(a) producinq an effective capacitance in a capacitive 

element having said effective capacitance dependent 
s on the physical proximity of objects relative 

thereto and wherein the voltaqe 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 

15 

terminal of a threshold detector which has a 
threshold voltaqe, 

(d) producing a time count to measure the time from a 
start of changinq the voltaqe on said capacitive 
element until the voltage at said input terminal of 
said threshold detector reaches said threshold 
voltaqe, 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 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 

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

1. A capacitive-sensitive switch unit comprisinq: 

a) a capacitive element oper~ble 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 

siqnal to charqe the effective capacitance; 

c) 

d) 

e) 

f) 

a threshold signal producing circuit connected 

to the capacitive element, for producinq a 

threshold siqnal which is rendered active when 

said effective capacitance charqes to a pre­

defined potential; 

a switchinq circuit for selectively connecting a 

capacitive element to the threshold signal 

producing circuit in response to a switching 

signal; 

a discharge control circuit connected to the 

capacitive element, for selectively discharqinq 

the effective capacitance independently of the 

input signal to set said capacitive element to a 

predetermined voltaqe, 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 siqnal becomes 

active. 
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2 • An apparatus as claimed in claim 1 wherein said 

capacitive element includes a sheet conductor. 

3. 

4. 

An apparatus as claimed in claim 1 wherein said first 

selector signal input includes a: first resistor. 

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; 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; 

a switching circuit for selectively connecting a 

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 ~ndependently of the 

input signal_, in response to a discharge signal. 

,.e· . 
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5. 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. 

6. 

7. 

8. 

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 siqnal 
producing circuit. 

A capacitive-sensitive switch unit comprising: 

a) 

b) 

c) 

d) 

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 sele~tively connecting a 
capacitive element to· the threshold signal 

This is the replacement st18et . 
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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 

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 

20 potential controlled by said discharge signal. 

25 

30 

10. 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. 

11. 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. 

111111111111111111111111111111 
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12. An apparatus as claimed in claim 11 wherein said 
switch control circuit includes a switch status signal 
producinq circuit for renderinq active a switch status 
signal when said timer value is qreater than a stored 
timer value. 

13. 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. 

14. An apparatus as claimed in claim 13 further includinq 
a storaqe circuit for storinq the timer value produced 
when no objects are in close physical proximity to 

15 said capacitive element. 

15. An apparatus as claimed in claim 11 wherein said 
switch unit control circuit includes a timer value 
accumulator for accumulatinq the timer values produced 

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

25 

16. An apparatus as claimed in claim 15 wherein said 
switch control circuit includes a switch status signal 
producinq circuit for rend~rinq active a switch status 
siqnal when said accumulated timer value is greater 
than an accumulated stored timer value. 

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

accumulated timer·value obtained after a successicn of 
said p_eriods of time, when no objects are in close 
physical proximity to said capacitive element. 

I If Ill~ 1111~ lllJl 111(1 /I If II 
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18. An apparatus as claimed in claim 17 further includinq 
a storaqe circuit for storinq the accumulated timer 
value produced when no objects are in close physical 
proximity to said capacitive element. 

19. An apparatus as ·claimed in claim 18 where.in said 
switch unit control circuit includes a microprocessor 
and said storaqe circuit includes a memory reqister. 

10 20. A capacitive-sensitive switch unit comprisinq: 

15 

20 

25 

30 

35 

a) 

b) 

a capacitive element operable to produce an 
effective capacitance dependent upon the 
physical proximity of objects relative thereto; 
a first selector siqnal input connected to the 
capacitive element to enable a first input 
siqnal to charqe the effective capacitance, said 
first selector siqnal input includinq a first 
resistor connected to said capacitive element; 

c) a threshold siqnal producinq circuit connected 
to the capacitive element, for producinq a 
threshold siqnal which is rendered active when 
said effective capacitance charqes to a pre­
defined potential1 said threshold siqnal 
producinq circuit includinq: 

i) a buffer circuit for producing a developed 
potential representinq the potential at 
sa.id . capacitive element without 
substantially loadinq said capacitive 
element, said buffer circuit including an 
emitter follower circuit includinq a 
resistor across whish said developed 
potential is pr~uced; and 

. · 111111111111111111111111111111 
* C L M S * 
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ii) a switching element for rendering active 

said threshold signal when said developed 

potential is greater than a representative 

potential representative of said pre-

s defined potential, said switching element 

10 d) 

15 

20 

25 e) 

30 

35 

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 capaci t'i ve 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 

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 to receive 

said switching signal and said emitter being 

connected to said threshold signal producing 

circuit. 

I 1111111 111111 llllUllll 11 1111 
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21. An apparatus as claimed in claim 20 further includinq 
a third diode connected between the emitter of said 
transistor and said discharge node such that current 
can flow throuqh.said diode into said discharge node. 

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

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

24. 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) 

d) 

e) 

selectively connecting the 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 
voltaqe; 

selectively discharging the effective 
capacitance independently of the input signal, 
in response to a discharge signal; and 

This is the replacement sheet 
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f) measurinq the time from a start of charqinq said 

capacitive element to the renderinq active of 

said threshold signal and comparing said 

measured time to a reference time. 

25. A switch array comprising: 

a) 

b) 

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 havinq a 

respective charginq time dependent on said 

respective effective capacitance; 

c) a timer cooperatinq with said charqinq circuit 

for producing a timer value indicative of the 

period of time taken to charge a selected 

capacitive element from ~ first pre-defined. 

potential to a second pre-defined potential; and 

d) 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 beinq 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 

This is the repl·aceme11t sheet 
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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 

5 said c·orresponding referenc~ timer value. 

26. 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 

10 between said first selector signal input and said 
capacitive element. 

15 

27. 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. 

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

20 resistor. 

25 

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

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

30 31. 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. 

35 
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32. An apparatus as. claimed in claim 31 further includinq 
a common switchinq circuit for selectively connectinq 
said common node to said threshold siqnal producinq 
circuit in response to a switchinq siqnal. 

33. An apparatus as claimed in claim 32 wherein said 
switchinq circuit includes a transistor havinq a base, 
a collector and an emitter, said base beinq connected 
to said common node, said collector beinq operable to 
receive said switchinq siqnal and said emitter beinq 
connected to said threshold siqnal producinq circuit. 

34. An apparatus as claimed in claim 31 wherein said 
15 threshold siqnal producinq circuit includes a buffer 

circuit for producinq a developed potential 
representinq the potential at said selected capacitive 
element without substantially loadinq said selected 
capacitive element. 

20 

25 

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

36. An apparatus as claimed in claim 34 wherein said 
threshold siqnal producinq circuit includes a 
switchinq element connected to said impedance for 
renderinq active said threshold· siqnal when said 

30 developed potential is qreater than a representative 
potential representative of said pre-defined 
potential. 

37. An apparatus as claimed in cla-im 36 wherein said 
35 switchinq element includes a schmitt trigger circuit 

\ \11\lll l\ll\\ 111\D\lll ll \II\ 
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for reducing false activation of said threshold 

circuit. 

38. An apparatus as claimed in claim 32 further including 

5 a discharge control circuit con~ected to the common 

node, for selectively discharging the effective 

capacitance of said selected capacitive element in 

response to a discharge signal. 

10 39. An apparatus as claimed in claim 38 wherein said 

discharge control circuit includes-a discharqe node 

and a diode connected in series, between said common 

v node and said discharge node, said discharqe node 

having a potential controlled by said discharge 

15 signal. 

20 

25 

30 

40. 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) providinq said switching signal; and 

c) providing said discharqe signal to cause said 

threshold signal. producinq 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. 

41. An apparatus as claimed in claim 40 wherein said 

switch control circuit includ~~ a microprocessor 

35 having: 

\ \11\11\ \\\I\\ 111\l\\l\l \Hll\ 
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a)· outputs operable to produce said input selector 
signal, said switching signal and said discharge 
signal; 

b)· art input for receiving said: threshold signal; 

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

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

43. An apparatus as claimed in claim 40 wherein said 
15 switch control circuit includes a storage circuit for 

storing a corresponding reference timer value for each 
switch unit. 

44. An apparatus as claimed in claim 43 wherein a given 
20 corresponding reference timer value repr~sents the 

timer value obtained when no objects are in close 
physical proximity to the corresponding capacitive 
element. 

25 

30 

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 
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 circuit for storing a corresponding 
reference accumulated timer value for each switch 
unit, each sa.id reference accwnulated timer value 

35 representing the accumulated timer value produced when 

I lllllll llllll lllll lllll II llll 
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no object is in close physical proximity to the 
correspondinq capacitive element. 

4 7. An apparatus as claimed in claim 4 6 wherein said 
5 switch control circuit renders: active said switch 

status siqnal when the accumulated timer value of a 
selected switch unit is qreater than its correspondinq 
referenc·e accumulated timer value. 

10 48. An apparatus as_ claimed in claim 46 wherein said 
switch unit control circuit includes a microprocessor 
and said storaqe circuit includes a memory reqister. 

49. A method of operatinq a capacitance-sensitive switch 
15 array, the method comprisinq the steps of: 

20 

25 

JO 

35 

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

b) producinq a plurality of respective timer values 
indicative of the time taken to charqe each 
respective capacitive element from a first pre­
defined potential to a second pre-defined 

c) 

.potential; and 

comparinq each respective timer value with a 
respective reference timer value and renderinq a 
switch status siqnal active when said respective 

11111111111111 11111 11111111111 This is the reP,lsc~me~t ~t.t&et 
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timer value is greater than said reference timer 
value and renderinq said switch status siqnal 
inactive when said timer value is equal to or 
less than said respective reference timer value. 

so. A switch array comprisinq: 

a) 

b) 

a plurality of selectable capacitance-sensitive 
switch units, each switch unit includinq a 
capacitive element operable 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 capacitive element by the 
diode, and a selector siqnal input connected to 
the capacitive element to enable a respective 
input siqnal to charqe the correspondinq 
effective capacitance, said switch units beinq 
divided into respective qroups of switch units, 
the diodes of each switch unit in a qiven qroup 
beinq connected toqether at a common node; 

at. least one threshold siqnal producinq circuit 
for each two qroups of switch units, for 
producinq a threshold siqnal which is rendered 
active when the effective capacitance of a 
selected switch unit charqes to a pre-defined 
potential; 

c) a plurality of switchinq circuits, one switchinq 
circuit for each qroup of switch units, for 
selectively connectinq th& correspondinq qroup 
of switch units to the... threshold siqnal 

111111111111111111111111111111 This is the repts.cement sheet 
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producing circuit in response to switching 
. signals; 

a plurality of discharqe control circuits, one 
for each two qroups 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 draininq current from said common node to 
said discharqe node, said discharqe node beinq 
operable to receive a discharge signal; 

a control circuit for: 

i) selectively providing said input siqnal ·to 
a selected switch unit such that said input 
siqnal is operable to charge the effective 
capacitance of said selected switch unit, 
said 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 pro~ucing 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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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 corresponding 
reference timer value and rendering said 
switch status signal inactive when said 
timer value is equal to or less than said 

20 corresponding reference timer value. 

25 

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

. . 

52. An apparatus as claimed in claim 50 wherein each 
switching circuit includes a transistor having a base, 
a collector and an emitter, $aid base being connected 
to said common node, said collector being_ operable to 
receive sai~ switching signal and said emitter being 

30 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. 

35 potential representing the potential at said selected 
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capacitive element without substantially loadinq said 

selected capacitive element. 

54. An apparatus as claimed in claim 53 wherein said 

s buffer circuit includes an emitter follower circuit 

includinq an impedance across which said developed 

potential is produced. 

55. An apparatus as claimed in claim 54 wherein said 

10 threshold siqnal producinq 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 

15 

20 

25 

30 

56. 

57. 

potential. 

An apparatus as claimed in claim 55 wherein said 

switching element includes a Schmitt trigqer circuit 

for reducing false activation of said threshold 

circuit. 

An apparatus as claimed in claim 50 wherein said 

switch control circuit includes a storaqe circuit for 

storinq a corresponding reference timer value for each 

switch unit. 

58. 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. 

59. An apparatus as claimed in claim 50 wherein said 

switch unit control circuit includes a timer value 
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accumulator for accumulating successive timer values 

to produce an accumulated timer value. 

60. An apparatus as claimed in claim 59 further includinq 

5 a storage circuit for storing a correspondinq 

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 

10 corresponding capacitive element. 

15 

20 

25 

30 

61. An apparatus as claimed in claim 60 wherein said 

control circuit renders active said switch status 

siqnal when the accumulated timer value of a selected 

switch unit is qreater than its corresponding 

reference accumulated ·timer value. 

62. 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 couplinq 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 

f) 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 capaci tance-sensi ti ve 
switch unit, comprising the steps of: 

a) producing an effective capacitance in a 
capacitive element having said effective 

capacitance dependent on the physical proximity 

of objects . re la ti ve 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, 

c) 

d) 

coupling said capacitive element to an input 

terminal of a threshold detector which has a 

threshold voltage, 

producing 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 

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

64. A method of operation for a capacitance-sensitive 
switch unit as recited in claim 63 wherein said step 

10 of comparing said time count comprises comparing a 
series of said time counts to said reference count. 
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