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[57] ABSTRACT

An electronic musical instrument keying system com-
prises, for each tone signal to be keyed, a keyer con-
stituted by a plurality of voltage dividers and switching
elements, and a keyer drive circuit having an n-scale
counter and a counter drive pulse generator asso-
ciated with a key-operated switch. The keyer includes
a sequentially changing-over voltage divider network
having a common input resistor and. a plurality of
shunt resistors each with the series-connected switch-
ing element, wherein resistance values of the shunt re-
sistors are so selected as to represent the sampled lev-
els of the intended keying envelope for the tone signal,
the tone signal being supplied through the input resis-
tor and the output of the keyer being derived from the
Junction between the input resistor and the shunt re-
sistors. Individual switching elements are sequentially
rendered conductive by successive pulses from the
counter to successively establish the voltage dividers
one after another to determine the tone levels succes-
sively, thereby forming an envelope. Key touch-
responsive tone level determining circuit constructed
by a similar voltage divider network may be used with
the keyer to control the input tone signal level to the
keyer in response to the depression speed of the key.
The keying system eliminates the use of a large capac-
ity of capacitors which are required in RC timing cir-
cuits in the conventional system, and facilitates the
fabrication in an integrated circuit form by mass pro-
duction.

17 Claims, 13 Drawing Figures
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ELECTRONIC MUSICAL INSTRUMENT KEYING
SYSTEM WITH ENVELOPE SAMPLE
MEMORIZING VOLTAGE DIVIDERS

BACKGROUND OF THE INVENTION

1. Field of the invention

The present invention relates to electronic musical
instruments such as electronic organs and similar tone-
producing apparatus, and more particularly to a keying
system therefor including a sampled envelope memory
utilizing voltage dividers and a counter.

2. Description of the prior art

In the conventional keying system for an electronic
musical instrument of the key-actuated type, there
have been proposed various types of tone keyers which
employ RC timing circuits for providing percussion ef-
fect and/or sustain effect whereby the rate of change in
amplitude of tone signals may be controlled. Such RC
timing circuit constituting a charge-discharge circuit
requires a capacitor of considerably large capacitance,
and as a result, many inconveniences and disadvan-
tages have been encountered in fabricating the whole
keying system in the form of an integrated circuit and
also in performing a low cost mass production since
there were difficulties in forming capacitors of large ca-
pacitance in the integrated circuit and hence these ca-
pacitors had to be mounted in hybrid form. In addition,
a large number of keyers, for example 60 keyers, are
required in an electronic musical instrument, and ac-
cordingly, large capacitance capacitors of at least the
same number are used in the RC timing circuits. How-
ever, such capacitors which are available fail to be uni-
form in quality and property, and therefore it has been
difficult to arrange so that the decay characteristics of
the whole keyers have a uniform decay time. Though
this decay time can be varied by changing the values of
capacitance and resistance which determine the time
constant, the decay curve or the decay characteristic is
considered to be determined inherently by the charge-
discharge property of the large capacitance capacitor
which is employed and therefore, it is impossible to
vary this decay characteristic as required by the player.
Even in the prior art keying system of this type, it also
has been necessary to provide some means or other to
eliminate unwanted click which will occur at the mo-
ment when a key begins to be depressed and released,
namely, at the beginning as well as at the end of a key
action.

Similar drawbacks as described above have also been
true in a tone level determining circuit for use in the
touch-responsive keying system, which makes use of
such an effect that the level of tone signals depends on
the depression speed of a playing key — which is gener-
ally called the “‘touch-responsive effect”” — because of
its employing a charge-discharge circuit consisting of a
resistor and a capacitor of large capacitance.

SUMMARY OF THE INVENTION

Therefore, it is the primary object of the present in-
vention to provide an-apparatus for use with an elec-
tronic musical instrument for keying the tone signals
coming from the tone generators, which comprises re-
sistive voltage divider networks for effecting tone con-
trol, such as tone envelope control and tone level con-
trol, without using a charge-discharge circuit including
a capacitor of large capacitance.
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Another object of the present invention is to provide
a keying system for an electronic musical instrument
which is easy and ‘inexpensive to fabricate in an inte-
grated circuit form.

A further object of the present invention is to provide
an integrable keying system for an electronic musical
instrument, which is simple in construction and is high
in quality and is very suitable for various commercial
purposes.

Another object of the present invention is to provide
an integrable keying system for use in an electronic mu-
sical instrument to provide percussive effects, which
comprises: a resistive voltage divider network having a
common input resistor and a bank of resistance ele-
ments each with a series-connected semiconductor
switching element, the values of said resistance ele-
ments being preset in conformity with the predeter-
mined decay amplitudes; an n-scale counter for provid-
ing drive pulse signals to the corresponding switching
elements of the divider network to thereby sequentially
enable the corresponding divider circuits; a counter
drive pulse generator; and gate means which functions
to deliver an output pulse from the pulse generator into
the n-scale counter and at the same time to pass an
input tone signal from a tone generator to an output
terminal of the divider network at the beginning of de-
pression of a playing key.

A further object of the present invention is to provide
an integrable keying system for providing sustain ef-
fects to the tone signals, which comprises: a key-
operated switch, a resistive voltage divider network
having a common input resistor and a bank of parallel-
connected resistance elements each with a series-
connected semiconductor element, the respective val-
ues of the resistance elements being predetermined in
conformity with the required sustain amplitudes; an n-
scale counter whose output terminals are connected
with the control terminals of the switching elements re-
spectively for providing drive pulses therefor; a counter
drive pulse generator for generating clock pulses to
drive the counter; and gate means serving to enable a
reference voltage divider circuit among the divider net-
work to thereby develop a divided output voltage of an
input tone signal upon the depression of a playing key
and then to begin the feeding of clock pulses from the
pulse generator to the n-scale counter whenever the re-
lease of the depressed key is detected.

A still further object of the present invention is to
provide an electronic musical instrument keying system
which-can be produced in an MOS integrated circuit
and in which two sets of resistive voltage divider net-
works each having series-connected electronic switch-
ing elements are arranged so as to produce a touch-
responsive-level tone signal in response to the depres-
sion speed of a playing key and to provide the tone sig-
nal additively with a decay characteristic by detecting
the release of the depressed key.

Other object, features and advantages of the present
invention will be understood well from the following
detailed description with respect to preferred embodi-
ments when taken in conjunction with the accompany-
ing drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit diagram for schematically illustrat-
ing an embodiment of the present invention.
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'FIG. 2 is a circuit diagram illustrating an example of
a resistive voltage divider network shown in FIG. 1.

FIG. 3 is a timing chart for explaining the operation
of the circuit of FIG. 1.

FIGS. 4(a) - 4(d) are detailed circuit diagrams illus-
trating examples of parts shown in FIG. 1.

FIG. 5 is a schematic circuit diagram illustrating an-
other embodiment of the keying system in accordance
with the present invention.

FIG. 6 is a timing chart for explaining the operation
of the circuit system shown in FIG. 5.

FIG. 7 is an illustration of the decay characteristic
curves which are obtained in accordance with the em-
bodiment shown in FIG. 5.

FIG. 8 is a schematic circuit dlagram |Ilustratmg a
further embodiment of a touch-responsive effect pro-
ducing keying system in accordance with the present
invention.

FIG. 9 is a detailed circuit diagram of a first voltage
divider network shown in FIG. 9 only by way of exam-
ple.
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FIG. 10 is a graph illustrating a timing chart for ex- .

plaining the operation of the circuit system shown in
FIG. 8.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now particularly to FIG. 1, there is illus-
trated a block diagram of an essential part of a percus-
sion-effect producing keying circuit for use in an elec-
tronic musical instrument in accordance with an em-
bodiment of the present invention, in which reference
numeral 11 represents a key-operated switch asso-
ciated with a corresponding playing key of the instru-
ment, 12 an inverter, 13 a flip-flop circuit, 14 an AND
circuit with two input terminals, 15 a clock pulse gener-
ator for generating clock pulses whose frequency pe-
riod is variable, 16 an n-scale counter with n-output
terminals (No. 0 through n-1) where n-is an integer, 17
another inverter, 18 and 19 modified differentiation
circuits, 20 a resistive voltage divider network which is
arranged to be driven by the output signals coming
from the n-scale counter 16, 22 an output terminal of
the keying circuit, 23 a decaying curve selector switch
for selecting one of the decaying patterns formed by
the resistive divider network 20, and 24 a source of a
tone signal which is supplied to divider 20. Normally,
of course, a number of identical keyer or circuits, each
receiving a different tone signal and each having its
output coupled to the outputs of the other keyer cir-
cuits are provided. In FIG. 1, a second keyer circuit 26
and tone source 28 are schemancally illustrated.

Key- operated switch 11 is provided with a movable
contact piece 1s havmg one end grounded and with a
fixed contact 1b which is connected via a load resistor
to a negative voltage source —Vc. The key-operated
switch 11 is normally held open. The flip-flop 13 is nor-
mally rendered to a “‘low’ level or “0” level at its set
output end O,, but is made in its reverse state upon re-
ceipt of a negative-going enabling pulse at its set termi-
nal S. At this time, a **high” level or ** 1" level signal ap-
pears at the set output terminal O,. This terminal O, is
connected with one input terminal of the AND circuit
14 and simultaneously with a control terminal of a first-
stage swntchmg element Tr, (shown in FIG. 2) one end
of which is series-connected to a common tone input
resistor Ry, of the voltage divider network 20 and the
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other grounded. This switching element Tro is normally
rendered conductive, so that a tone source signal ap-
plied to the input terminal of the divider network 20 is
shunted to ground, and thus no tone signal appears at
the terminal 22. The resistive voltage divider network
20 is constituted by the common input resistor Ry, a
plurality of parallel-connected resistance elements
each with a series-connected semiconductor switching
element having one end grounded, one example of
which is illustrated in FIG. 2. Respective semiconduc-
tor switching elements are connected, at their control
terminals, with the output terminals 1, 2, 3, - - -, n—1
of the n-scale counter 16, respectively, and they may be
formed of MOS FET’s (metal oxide semiconductor
field effect transistors Try, Try, - - -, Try—y). These
switching elements and the n-scale counter are ar-
ranged in such a way that individual resistance ele-
ments Ry, Ry - - - Ry-; connected in series to the
switching elements may sequentially be made to close
individual potential divider circuits together with the
common input resistor by sequentially operating the
individual switching elements TR;, TRy, - - -, TR;—;. As
shown in FIG. 2 by way of example, the divider net-
work 20 further comprises m-sets of divider-forming
resistance elements Ry;, Ryg - - - , Rymi R21, Raz - -, Rom;
- - -3 and Rg_ppy Re—n2 - - » Ri-ms to whose elements
are connected in series individual switching elements
such as MOS FET’s. The selection of the set of resis-
tance elements is carried out by changing over the se-
lector switch 23. The values of divider-constituting re-
sistance elements of each set are determined in confor-
mity with the amplitudes of a decay curve of a tone sig-
nal. A reference resistance element Ry having a rela-
tively high resistance value is provided between the
output terminal 22 and the ground and constitutes a
part of a divider circuit with the common resistor R;,
when one paraliel-conneted resistance element is
shunted to ground by the operation of the correspond-
ing switching element connected to the n-scale counter
16.

The operations and functions of the above-
mentioned circuit arrangement will now be described
with reference to the pulse waveform chart shown in
FIG. 3, in which each pulse waveform represents an
output at a part indicated by the corresponding sign.
When the key-operated switch 11 is kept in its OFF
state, the potential at point a is in the O state lower than
the ground potential, and thus the output side b of the
inverter 12 is in 1 state, being at higher one of its avail-
able potential. At that time, the output terminal O, of
the flip-flop circuit is maintained in the 0 state. There-
fore, the AND circuit 14 is not enabled and the control
terminal O of the divider network 20 is held in the 0
state, so that the conduction of corresponding switch-
ing element is maintained and all the input signals to
the divider network 20 are shunted to the ground, thus
no output signal appearing at its output terminal 22.
Now, when the key-operated switch 11 is closed by the
depression of the key, namely, when it is brought to its
ON state, the point a is of the ground potential, which
is higher than the ngative voltage source —Vc and the
point b changes to the O level (state) in potential. At
that time, the flip-flop circuit 13 is reversed in its state
due to the change in potential at the set terminal S. Ac-

" cordingly, the output terminal O, of the flip-flop circuit

13 and point ¢ are rendered to the 1 state. This results
in the cut-off state of the switching element Tr,, so that



5 .
the tone source signal is no longer shunted to the
ground. At that time, the amplitude of a tone source
signal which has been passed through the divider net-
work changes from (r/R;y +r) V.to (R/Rin + Rp) X V,
wherein V represents the amplitude of the signal at the
input end of the network and r the ON resistance of the
switching element Tr,. The amplitude (R¢/Ry, + Ry) X
V of the output tone signal indicates that a stationary
tone signal is present. As will be seen from the above-
description, the leak level of tone source signals in the
OFF state of the key-operated switch is determined by
the quantity of resistance r. Accordingly, if the value of
the resistance r is quite low as compared with that of
the common input resistance Ry, the leak level will be-
come low accordingly. In other words, no tone source
signal substantially appears at the output terminal 22 at
that time.

On the other hand, when the key-operated switch 11
is brought to its ON state, the flip-flop circuit 13 begins
to develop an enabling signal, so that the point c¢ is
brought to the .1 state and the AND circuit 14 is ren-

3,819,844
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dered to its operative state to gate-on clock pulses from -

the clock pulse generator 15. The clock pulses which
have passed through the AND circuit 14 as shown by
e in FIG. 3 are applied to the input terminal CI of the
n-scale counter 16 to drive this counter. Various pulse
waveforms occurring at the output terminals 1, 2, - -,
n of the n-scale counter are indicated by the same signs
in FIG. 3. Now, for the purpose of explanation, let us
assume that the decay curve selector switch 23 is made
to select the first set of divider-constituting resistance
elements (i.e. Ry, Ry - - -, Ry—1y1). Whereupon, the
n-scale counter 16 successively energizes the switching
elements Tr; through Trg,-) to render them to the ON
state as long as clock pulses are applied thereto, and
the output level of the tone source signal can be ex-
pressed by (R’y/Ry + R'g) X V, wherein R’ represents
the parallel resistance of Ry and R;;; Ry and Ryy; - - - ;
or Ry and R,,—;;. From the above formula, it will be un-
derstood that the value R’ varies as the resistance ele-
ments successively constitute individual divider circuits
with the common resistor Ry, in response to the sequen-
tial pulse signals from the n-scale counter 16. Accord-
ingly, by setting the values of the resistance elements

11» Raygy - -, Rea—1y in conformity with the desired am-
plitudes of a tone signal with respect to time, a desired
decay effect is given to the tone signal which is passed
through the divider network 20. The decay time of the
keyed tone signal depends upon the frequency of the
clock pulses from the clock pulse generator. Namely,
if the frequency is high, the decay time is short;
whereas if it is low, the decay time becomes long. Thus,
the decay time can easily be controlled merely by ad-
justing the clock pulse generator to vary the frequency
of the clock pulse train.

When a pulse signal develops at the last-stage
(n—1)th output terminal of the n-scale counter 16, it is
fed through the inverter 17 not only to the reset termi-
nal R of the flip-flop circuit 13 to thereby reset the cir-
cuit 13, but also to a reset terminal CR of the counter
16 via the modified differentiator circuit 18 which pro-
duces a positive going pulse, for resetting the counter
16 thereby at the moment when this pulse falls down to
the low level. '

The modified differentiator circuit 19 is provided to
reset the counter 16 whenever the key depression is re-
peated at a high speed, so that the counter always func-
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6 ;
tions to develop pulse outputs from its first-stage suc-
cessively.

The greater the number of parallelly-arranged divid-
er-constituting resistance elements is, the richer is the
decay curve.

FIGS. 4(a) - 4(d) show concrete constructions of the
AND circuit 14, the inverter 12, the flip-flop circuit 13
and the modified differentiator circuits 18 and 19, re-
spectively, in which are employed MOS type transistors
such as P channel enhancement mode transistors in
view of the easiness of production in the form of an in-
tegrated circuit.

According to the circuit of the present invention, the
problem of key click which appears in the conventional
keying circuit using an RC timing circuit has been
solved because of its requiring no charge and discharge
capacitor.

Referring now to FIGS. 5 - 7, there is illustrated a
sustain effect producing keying circuit representing an-
other embodiment of the present invention, which is
similar to the circuit arrangement of the preceding em-
bodiment except for the AND circuit and the asso-
ciated connections. That is, in this circuit, a three-input
AND circuit 44 is provided in place of a two-input
AND circuit 14, The third input terminal of the AND
circuit 44 is connected with the set input terminal S of
the flip-flop circuit 13. Reference numerals 11 repre-
sents a key-operated switch having a movable contact
1s and a fixed contact 1b, 12 an inverter, 15 a variable
frequency type clock pulse generator whose output ter-
minal is connected to the first input terminal of the
AND circuit 44, 16 an n-scale counter connected to the
output end of the AND circuit 44 to receive clock
pulses, 17 an inverter, 18 and 19 modified differenti-
ator circuits, 20 resistor voltage divider network which
operates by the output pulses produced from the
counter 16 and is constructed as shown in FIG. 2, and
23 a decay curve selector switch which selectively sets
a combination of potential-divider forming resistor
group of the network 20 by changing over parallel-
connected resistor patterns through series-connected
semiconductor switches.

The operation of the sustain effect producing keying
circuit will be explained with reference to the timing
chart of FIG. 6, in which each pulse waveform is an
output at a point indicated by a corresponding sign in
the circuit arrangement of FIG. 8.

The key-operated switch 11 is normally opened to be
held in the OFF state, and the fixed contact point a is
at a low level DC voltage with respect to the ground po-
tential because this point a is connected through a load
resistor to a negative DC voltage source —V. Accord-
ingly, the output end b of the inverter 12 is at a high
level DC voltage, but the flip-flop circuit 13 is not oper-
ated by the high level DC voltage since it is caused to
operate upon receipt of a low level DC voltage (i.e.
negative going moment) at its set input end. At that
time, the output end of the flip-flop circuit 13 is held
at a low level DC voltage. Therefore, the AND circuit
44 is not enabled, thus preventing any clock pulse from
passing therethrough, and the first-stage terminal de-
noted by 0 in the resistor voltage divider network 20 is
at the same low level voltage, whereby a switching ele-
ment Tr, is maintained in its conductive state and the
tone signal applied to the input end of the network 20
is shunted to the ground, thus no output appearing at
its output end as will be seen from the operation of the
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preceding embodiment. When the key-operated switch
11 is closed with the depression of the key, the point a
is rendered to the ground potential which is higher than
that of the negative DC voltage source —Vc, and the
point b is rendered to a low level DC voltage. Reversal
in the DC voltage at this point causes the operation of
the flip-flop circuit 13 to turn the condition of its out-
put to a high-level DC voltage. The high level output
developed from the flip-flop circuit 13 renders the
switching element Tr, to be cut-off, thereby discon-
necting the flow of the input tone signal to ground. As
a result, the divider network 20 causes a voltage divider
circuit consisting of the common input resistor Ry, and
the reference divider resistor Ry to stationarily produce
at the output terminal 22 a keyed tone signal having a
level of (Ro/Rin + Rg) X V when a tone signal having a
level of V is applied to the input common resistor Ry,.
This is because other divider-constituting resistor ele-
ments in the divider network 20 are not conducting due
to the fact that the AND circuit 44 is not enabled in the
absence of the third input and hence the n-scale
counter does not operate. On the other hand, when the
key-operated switch is returned to its OPEN state by
the release of the depressed key, the potentials at
points a and b are in the initial levels respectively. How-
ever, the condition of the flip-flop circuit 13 remains
because of its producing no reset pulse at that time, so
that the AND circuit 44 is enabled to begin feeding
clock pulses from the clock pulse generator 15 to the
input terminal CI of the n-scale counter 16. Then the
n-scale counter 16 counts the clock pulses to develop
a pulse voltage successively at sequentially arranged
output terminals 1, 2, 3 - -, n of the counter. Each pulse
waveform with respect to time is'shown in FIG. 6 by the
same reference. In a similar manner as described
above, these sequentially produced pulses render the
divider network 20 operative, so that a keyed tone sig-
nal having a decay effect i.e., a decay envelope is pro-
duced through a set of voltage divider circuits having
respectively predetermined resistance values, at the
output terminal 22. The decay envelope may be
changed by changing over the selector switch 23 as re-
quired. As previously described, the decay time can be
easily changed by varying the frequency of the clock
pulses in the clock pulse generator. Three decay char-
acteristics of a keyed tone signal are illustrated in FIG.
7, which are determined by setting a pattern in values
of parallel-connected divider-constituting resistor ele-
ments and also by setting the frequency of clock pulses.
With the embodiment shown in FIG. 1, the interval be-
tween time 0 and time 1 is very short, while with the
embodiment shown in FIG. 5, the interval between
time 0 and time 1 is long as defined by the period of
* time when the key is being depressed.

Referring now to FIGS. 8 — 10, there is shown an inte-
‘grable touch-responsive keying circuit arrangement as
a further embodiment of the present invention. In addi-
tion to the envelope forming arrangement as that
shown in FIG. 5, this embodiment further comprises a
touch-responsive control arrangement constituted also
by the combination of voltage dividers and a reading
counter. The reference numeral 111 represents a key-
operated change-over switch; 112, 127 and 128 invert-
ers; 113 — 115 and 129 modified differentiator circuits
each of which functions to generate a positive-going
pulse when its input signal changes from a positive side
potential to a negative side potential; FF,, FF; flip-flop
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circuits respectively; Q,, Q; a two-input AND gate cir-
cuit and a three-input AND gate circuit; 116, 117 vari-
able frequency type clock pulse generators; 118 an L-
scale counter having L-number output terminals, an
input terminal CI, and a reset terminal RI, which is ar-
ranged to be cleared by a positive pulse at the falling
moment thereof; 119 a resistor voltage divider network
which comprises a common input resistor and a bank
of parallel-connected resistor elements each with a
switching element such as an MOS FET in such a man-
ner that voltage divider circuits are successively consti-
tuted each time the corresponding switching elements
are driven by the output pulses produced from the L-
scale counter; 120 a tone generator for generating tone
signals; 122 an output terminal of the divider network
119; 123 an n-scale counter which has its input termi-
nal Cl; adapted to receive an input signal from the
AND gate circuit Q, and its reset terminal Rl to re-
ceive a resetting positive pulse to reset the counter
back to its original O state at the falling moment of the
pulse; 124 another resistor voltage divider network
which comprises a bank of parallel-connected resistor
elements each with a series-connected MOS FET
switching element, the switching elements being ar-
ranged to receive sequential pulses from the n-scale
counter 123 and to establish voltage dividing resistor
circuits successively; 125 an input terminal of the di-
vider network 124, and 126 an output terminal of the
divider network 124 which constitutes an output of the
keying circuit.

The key-operated switch 111 includes a movable
contact 111s with a movable arm, a make contact M
and a break contact B. The movable contact 111s con-
nected to the ground interlocks with the key and is nor-
mally closed to the break contact B, so that the contact
B is held at the ground potential even when a negative
DC voltage —V is applied across a load resistor R
(upper one). The contact B in turn is connected with
a set input terminal S, of the flip-flop circuit FF; and
is connected via the modified differentiator circuit 114
to the reset terminals RI, and RI, of the counters 118
and 123, respectively. On the other hand, the make
contact M is connected through another load resistor
R (lower one) to the negative DC voltage source and
simultaneously is connected through the inverter 112
and the modified differentiator circuit 113 to the reset
input terminal R, of the flip-flop circuit FF, and
through the inverter 112 to the set input terminal S, of
the flip-flop circuit FF; and the second input terminal
of the AND gate circuit Q,. The output terminal O,, of
the flip-flop circuit FF, is normally rendered to a low
level voltage and is connected with the first input termi-
nal of the AND gate circuit Q,. The AND gate Q, is en-
abled when the output of the flip-flop circuit FF, is ren-
dered to a high level voltage to thereby gate-on clock
pulses from the clock pulse generator 116, whereas the
output terminal O,; of the other flip-flop circuit FF, is
normally rendered to a low level voltage, and therefore,
no enabling signal is supplied to the first input terminal
of the AND gate circuit Q,. At that time, the flip-flop
FF, gives a low level voltage to the decay effect produc-
ing divider network 124 such that an input tone signal
is grounded. Accordingly, the AND gate Q, is rendered
inoperative and no clock pulses enter the n-scale
counter 123 from the clock pulse generator 117. The
L-scale counter 118 and the n-scale counter 123 may
be of the recirculation type in which L-number output
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terminals and n-number output terminals are arranged
s0 as to produce a pulse sequentially each time a clock
pulse is inputed, respectively, for example by combin-
ing a large number of cascaded flip-flops and a de-
coder. Each of the divider circuits 119 and 124 is con-
structed by a large number of resistor elements and
MOS FET’s so as to facilitate the fabrication of an inte-
grated semiconductor circuit. An example of the cir-
cuit 119 is illustrated in FIG. 9 in which the terminals
1,2,---,L~1led from the control gates of MOS FET’s
as shown are connected to the output terminals of the
L-scale counter, respectively. As the circuit 124, the
construction shown.in FIG. 2 may be used by merely
eliminating the common input resistor Ry,. Alterna-
tively, such a common input resistor Ry, is provided in
the preceding-stage circuit 119, to receive a tone signal
from the tone generator 120 in the present keying cir-
cuit. Thus, one resistor voltage divider network 119
and - the L-scale counter constitute a key touch-
responsive tone level control circuit TR, whereas the
other resistor voltage divider network 124 and the n-
scale counter 123 constitute a decaying envelope form-
ing circuit DC by which a decaying envelope is given
to a tone signal which has been subjected to a key
touch-responsive level control in the preceding stage
circuit TR. The last-stage output signal of the L-scale
counter 118 is fed through the inverter 128 and the
modified differentiator circuit 129 to the reset input
terminal R, of the flip-flop FF,, and the last-stage out-
put signal of the n-scale counter 123 is supplied via the
inverter 127 and the modified differentiator 115 to
three reset terminals, namely, the terminal RI, of the
n-scale counter, the terminal R, of flip-flop FF; and the
terminal RI, of L-scale counter 118.

Now, the operation of the touch-responsive keying
circuit arrangement will be described hereunder with
reference to the pulse waveforms indicated in FIG. 10
which are output waveforms at positions identified by
the same legends in FIG. 8.

The clock pulse generators 116 and 117 always gen-
erate clock pulse trains, preferably the pulse from the
generator 116 being of a higher frequency than the
pulse from the generator 117. In FIG. 10, waveforms
Q, and Q; represent the clock pulses derived from the
AND gates Q, and Q, respectively only during the gate-
on periods. In the present embodiment, these clock
pulse generators are individually provided, but they can
be substituted by the single clock pulse generator com-
bined with frequency dividers or frequency multipliers.

When the key is depressed, it takes T seconds for the
movable arm 111s of the key-operated switch to travel
from the break contact B to the make contact M. The
traveling time is inversely proportional to the traveling
speed of the contact 111s, viz. the depression speed of
the key. In the usual key-actuated electronic musical
instrument, the depression speed of key is about 1.5 to
20 milliseconds. At the time when the movable arm
111s leaves the contact B, the contact B which has
been at the ground potential is now brought to the neg-
ative voltage —Vc¢, namely, the contact B which was at
a high level voltage is rendered to a low level voltage.
This results in the delivery of an enabling pulse to the
set input S, of flip-flop FF;, the reset terminal R, of flip-
flop FF, and the reset terminals RI, -and RI; of the
counters. As a result, the output O,, of flip-flop FF, is
reversed to be of a high level voltage, and the high level
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voltage output of the flip-flop FF, renders the AND
gate Q, to its operative state, so that it begins feeding
clock pulses from the clock pulse generator 116 to the
L-scale counter 118 to be driven thereby. The counter
118 continues counting of in-coming clock pulses until
the AND gate Q; is disabled. When the movable arm
111s of the key-operated swiich 111 reaches the make
contact M, the potential at the make contact M shifts
from a negative voltage to the ground potential, namely
from a low level to a high level. This results in provid-
ing, through the differentiator 113, a reset pulse to the
reset terminal R, of flip-flop FF; to thereby invert its
output voltage condition at the falling moment of the
pulse. In other words, the output terminal Oy, is
brought to a low level voltage. Thus, it will be seen that
the L-scale counter which has been advancing step by
step for a period of T seconds determined by the de-
pression speed of the key, stops at a certain count, say
at No. I. Assuming that a set of resistor elements R, R,,
- - -, Ry_; of the divider network 119 as shown in FIG.
9 are set to have valuesas R; > R, > R; > - - - > R,
> ---> Ry, an output voltage expressed by (R'¢/Ry,
+R’) X V, is obtained at the terminal 122, wherein R',
is a parallel resistance of the common output resistance
Reo and the now selected resistance R;, V, the voltage
of an input tone signal. Since the extent in which the
counter 118 advances depends on the period T, the
output level of the divider network 119 is determined
in accordance with the period T. Thus, the level V, of
a tone signal produced by the generator 120 can be var-
ied in accordance with the depression speed of the key
into an output V, at the terminal 122,

If the L-scale counter 118 advances up to the last
output terminal, the flip-flop FF, is reset by a reset
pulse obtained through the inverter 128 and a differen-
tiator 129, before the movable arms 111s reaches the
make contact M. ‘

Then, when the movable arm 111s has reached the
make contact M, a negative going voltage change is ap-
plied to the set input terminal S; of flip-flop FF,, so that
its output O, is turned to a high level state, i.e., to be
of a high level voltage and this high level voltage is ap-
plied to the first stage terminal of the network 124, and
accordingly, the voltage is applied to the gate of the
MOS FET switching element Try, which has been in the
ON state allowing an input tone signal to flow into the
ground, so that the switching element Tr, is now cut
off. As aresult, the input tone signal appears at the out-
put terminal 126 with a level expressed by (Ry/Ry, +
Ro) X V,, wherein R, is a common output resistance,
and V, is the input level of tone signal to the circuit 124
(same as shown in FIG. 2, although the decaying curve
selector circuit is omitted here). This holds true so long
as the key-operated switch 111 is held to close the
make contact M by the depression of the key. During
this period, the AND gate Q, does not operate because
of the output M of the inverter 112 being at a low level
voltage, and consequently, the n-scale counter 123 also
remains in its inoperative state. In other words, the out-
put level of a keyed tone signal is maintained at a fixed
value as long as the make contact M is closed.

When the movable arm 111s leaves the make contact
M by the release of the hitherto depressed key, the
make contact M is rendered to a low level voltage, and
therefore, the AND gate Q; is enabled to begin deliver-
ing clock pulses produced by the pulse generator 117
to the n-scale counter to thereby be driven. In a similar
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‘manner as described hereinabove in connection with
- the embodiment shown in FIG. 5, the decay effect pro-

ducing functions are carried out by the combination of
the n-scale counter 123 and the resistor voltage divider
network 124, Consequently, at the output terminal 126
of the keying circuit there may be obtained a keyed
tone signal having a key touch-responsive level and de-
sired sustain or decay amplitude characteristics without
using RC timing circuits. Thus, the present keying cir-
cuit can produce tone signals having complex and deli-
cate envelopes resembling those produced by a natural
musical instrument.

I claim:

1. A keying system for use with an electronic musical
instrument comprising:

a key-operated switch;

an input terminal to receive a tone signal to be keyed,;

a sequentially changing-over voltage divider network
including a circuit ground, a common input resistor
having one end connected with said input terminal
and another end defining an output line, a bank of
resistor elements connected with the output line
and respectively having values predetermined to
represent the respective amplitudes as sampled val-
ues of an intended decaying envelope of the tone
signal with time axis for individually constituting
voltage dividers together with the common input
resistor, and also including first switching elements
respectively connected in series with said resistor
elements individually to the ground and each hav-
ing a control electrode, and a short-circuiting
switching element connecting said output line to
ground having a control electrode for grounding
said output line when a given voltage is applied to
said control electrode of said = short-circuiting
switching means, and a reference divider resistor
being connected between the output line and the
ground;

an output terminal connected to the output line for
deriving a keyed tone signal;

an n-scale counter with successive n-output ends
connected to the respective control electrodes of
the switching elements for sequentially supplying a
pulse to said first switching elements so as to render
said switching elements conductive sequentially;

a counter drive circuit for producing clock pulses;
~and

gate means connected between said counter drive
circuit and said n-scale counter and to said key-
operated switch for controlling the flow of the
clock pulses to said counter in response to the
operation of said key-operated switch.

2. A keying system according to claim 1, in which
said gate means includes a flip-flop having a set input
terminal responsive to the movement of the key-
operated switch to detect the beginning of the depres-
sion of the corresponding key and to store a binary sig-
nal representing the condition of the key depression, a
gate circuit responsive to said stored signal for allowing
the flow of the clock pulses toward the n-scale counter,
and a connection between the output of said flip-flop
and said short-circuiting switching element which is
rendered inoperative in the presence of said binary sig-
nal.

3. A keying system according to claim 2, in which

said gate circuit has first and second input terminals
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connected to said clock pulse producing circuit and the
output of said flip-flop circuit, respectively, and a third
input terminal connected to the set input terminal of
said flip-flop, whereby said gate circuit is still kept
closed even upon detecting the depression of the key
and is enabled upon detecting the beginning of the re-
lease of the depressed key.

4. A keying system for an electronic musical instru-
ment having a plurality of tone signal sources covering
musical range of several octaves, a common output sys-
tem, and a plurality of keyers individually connecting
the sources to the output system, said keyers individu-
ally integrally comprising:

a bank of change-over controlled voltage divider cir-
cuits in series connected between each source and
the output system, said voltage divider circuits in-
cluding an input terminal, a common input resistor
connected to said input terminal, a common output
resistor having one end connected in series to the
opposite end of said input resistor and the other
end grounded, an output terminal connected at the
junction between said input and output resistors, a
bank of resistors and normally-nonconducting volt-
age-controlled switching elements individually in
series thereto, which are in parallel connected
across said output resistor, and a common normally
conducting voltage-controlled switching element in
parallel connected across said output resistor, said
bank of the resistors successively being predeter-
mined in value in correspondence to the decay am-
plitudes of a required pattern in the keyer;

an n-scale counter having a zero setting terminal and
n—1 output setting terminals individually con-
nected with said bank of the switching elements for
successively supplying control pulses thereto, the
number of which corresponds to that of said bank

~ of switching elements;

a clock pulse generator for generating clock pulses to
drive said n-scale counter;

gate means having an input and provided between
said clock pulse generator and said n-scale counter
to couple said clock pulses to said counter when an
enabling signal is applied to said input; and

actuating means for applying a keying control voltage
to said common switching element and an enabling
signal to said gate means and including a playing
key-operated switch, a DC potential source con-
nected to said switch, so as to generate a keying
control voltage when said switch is operated, and
a binary memory connected to said key-operated
switch and to said gate means for changeably stor-
ing the keying control voltage which is generated
when said key-operated switch is operated, and
providing an output as a function of the stored volt-
age, said output being supplied to said input of said
gate means to enable said gate means.

5. The keying system according to claim 4, in which
said actuating means generates the keying control volt-
age when said playing key switch begins to be de-
pressed, thereby providing percussive effects to the
keyed tone signal.

6. The keying system according to claim 4, in which
said actuating means and said gate means are con-
nected so that said enabling signal is supplied to said
gate means only when the- depressed key is released,
whereby the keyed tone signal has a fixed amplitude
waveform for the period during which the key is de-
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pressed, while the keyed tone signal has a decay ampli-
tude waveform once the depressed key is released.

7. The keying system according to claim 4, in which
said gate means is a two-input AND circuit receiving
the clock pulses from the clock pulse generator and the
output of said binary memory, respectively.

8. The keying system according to claim 6, in which
said gate means is a three-input AND circuit adapted
to receive the clock puises from the clock generator,
the keying control voltage and the output of the mem-
ory, respectively.

9. The keying system according to claim 4, in which
said bank of voltage divider circuits includes a plurality
of sets of resistors as said bank of resistors, each set of
resistors being sequentially preset in values so as to
have different amplitude pattern, and voltage-
controlled switching elements in series to said sets of
individual resistors between them and said bank of
switching elements, and an amplitude pattern selector
switch for selectively applying a DC voltage to the se-
lected switching elements corresponding to the se-
lected one of said sets of resistors.

10. The keying system according to claim 4, in which
a reset means is provided to reset the n-scale counter
each time the keying control voltage is generated.

11. An integrable touch-responsive tone keyer circuit
for an electronic musical instrument comprising a first
and a second voltage divider network each having a
bank of resistors and semi-conductor switching ele-
ments individually in series connected thereto, the val-
ues of the bank of resistors being successively preset in
conformity with the characteristic amplitudes of a re-
quired pattern, said first divider network having a com-
mon input resistor for receiving a tone signal to be
keyed, and connected in series with the bank of resis-
tors thereof the junction of which is connected to the
bank of resistors of said second divider network and
constitutes an output end of the keyer;

a first and a second serial counters provided to said
first and second divider networks respectively each
for sequentially providing pulse outputs to the re-
spective switching elements so as to successively
constitute divider circuits by the bank of resistors;

a first and a second clock pulse generators provided
individually for said first and a second counters for
generating clock pulses thereby to drive said count-
ers respectively;

a first and a second keying control circuit connected
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to a playing key-operated switch, means connect-
ing said switch to an actuating potential, each of
said control circuits including a memory connected
to said key-operated switch, for shifting from a first
to second output condition when said switch is op-
erated to apply said actuating potential to said
memory, gate circuits connected between the
clock generators and the counters and to said
memorys for coupling said clock generators to said
counters so that said counters are driven by said
pulses, and reset means for the memory and the
counter being connected thereto, said first control
circuit controlling the flow of the clock pulses pro-
duced from the first clock generator to said first
counter in accordance with the depression speed of
the key to thereby determine the level of the re-
ceived tone signal by setting one of the first divider
networks and said second control circuit control-
ling the flow of clock pulses from said second clock
generator to said second counter once the de-
pressed key is released to thereby determine the
decay characteristics of the second divider net-
work.

12. The touch-responsive tone keyer circuit accord-
ing to claim 11, in which each of said voltage divider
networks includes a plurality of sets of resistors as said
bank of resistors, each set of resistors being sequen-
tially preset in value so as to have a different amplitude
pattern, and voltage-controlled switching elements in
series to said sets of individual resistors between them
and said bank of switching elements, and an amplitude
pattern selector switch for selectively applying a DC
voltage to selected switching elements corresponding
to a selected one of said sets of resistors.

13. The touch-responsive tone keyer circuit accord-
ing to claim 11 in which said first and said second clock
pulse generators are of the variable frequency type.

14. The keying system according to claim 4, in which
the frequency of the clock pulse generator is variable.

15. The keying system according to claim 4, in which
said switching elements are constituted by FET's.

16. The keying system according to claim 4, in which
said binary memory of the actuating means is consti-
tuted by a flip-flop circuit.

17. The touch-responsive tone keyer circuit accord-
ing to claim 11, in which said switching elements are
constituted by FET’s.
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