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1. 

TOUCH-RESPONSIVE TONE ENVELOPE CONTROL 
CIRCUIT FOR ELECTRONIC MUSICAL INSTRUMENTS 

The present invention relates to a touch-responsive tone en 
velope control circuit for electronic musical instruments, and 
more particularly, to a specific tone envelope control circuit 
which can improve the tone envelope effects in a key 
operated electronic musical instrument such as an electronic 
organ to provide excellent effects of music being played. 

Recently, the same inventor has developed a tone envelope 
control circuit of a touch-responsive keying type which per 
mits an electronic musical instrument using the control circuit 
to provide a variety of excellent tonal effects by making use of 
the effect that the tone envelope is subjected to the intensity 
of a playing key depression, called a "touch-responsive con 
trol effect.' 

In association with the art as mentioned above, many at 
tempts have been made by the inventor for providing various 
kinds of keying effects affecting the mood of music being 
played. 

It therefore, is the principal object of the present invention 
to provide a keying system with a tone envelope control func 
tion for an electronic musical instrument, in which the output 
of the system may attain a tone signal having a buildup portion 
in amplitude, which is so called "an attack signal,' in addition 
to the "touch-responsive control effect.” 
Another object of the present invention is to provide a 

touch-responsive keying system including a plurality of cir 
cuits each capable of producing a signal of a predetermined 
buildup amplitude, so called an attack signal, irresponsive to 
the intensity of a key depression thereby to cause a change in 
the envelope (amplitude) of a keyed tone signal. 
A further object of the present invention is to provide a 

touch-responsive keying system including a plurality of cir 
cuits each capable of producing a buildup signal or attack 
signal providing a change in a keyed tone signal in accordance 
with the key depression intensity. 
A still further object of the present invention is to provide a 

touch-responsive keying circuit having a plurality of circuits 
each supplying a buildup amplitude signal to a keyer circuit 
producing the touch-responsive control effect and a percus 
sion effect. 
Other objects, features and advantages of the present inven 

tion will be apparent from the following detailed description 
taken in conjunction with the accompanying drawings in 
which, 

FIG. 1 is a circuit diagram showing an embodiment of the 
present invention, 

FIG. 2 is a circuit diagram showing a modification of the cir 
cuit shown in F.G. 1, 
FIG.3 is a circuit diagram showing another embodiment of 

the present invention, 
FIG. 4 is a circuit diagram showing a modification of the cir 

cuit shown in FIG. 3, and 
FIGS. 5 to 9a-9e are diagrams for explaining the operations 

or functions of the circuits shown in FGS. 1 to 4, respectively. 
Now, same characters or references indicate same parts 

hereunder. 
Referring now to FIG. 1, there is shown a first preferred em 

bodiment of the present invention. 
L designates a coil adapted to vary the interlinking fluxes in 

association with depression of an operating key arranged on a 
keyboard of an electronic musical instrument (e.g., the key 
carries a magnet thereunder), one end of which is connected 
through a series circuit of a rectifying element D and a capaci 
tor C to the other end. A junction d between the element D 
and the capacitor C is connected to a movable contact of an 
on-off switch SA whose stationary contact (normally closed) 
is grounded via a resistor R and which is actuated in associa 
tion with the operation of the key K. The connection point d is 
also connected respectively through resistors R and R to the 
gates of field effect transistors Q and Q, (hereunder referred 
to as FET's) between whose source series connected resistors 
Ra and R are connected. The connection point ra of the re 
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2 
sistors connects with the juncture rail of bleeder resistance ele 
ments Rs and Rs connected in series between a DC voltage 
-Vcc of a power source and ground. The juncture r is also 
grounded via a capacitor Co. 
The sources of the FET's Q and Q, are adapted to receive 

through terminals t and t, individual tone signals each having 
a predetermined frequency of different footage, produced by 
conventional tone generators of the electronic musical instru 
ment (not shown), respectively. At the drains of the FET's Q 
and Q, load resistors R and Rs connected to the power volt 
age Voc at their one ends are connected at the other ends, 
respectively. At the connection points of the drains of the 
FET's Qi and Q and the load resistors are provided respec 
tively output terminalsT and T. which are adapted to develop 
the tone signals each having a required envelope (amplitude) 
and a different footage number applied to the input terminals 
ti and t, from the respective drains thereof by varying the gate 
potentials at the FET's Q and Q, in association with the the 
operation of the key. As a whole, the above-mentioned ar 
rangements are shown as a key-depressing speed-detecting 
circuit S and a keyer circuit S by two two-dot chain blocks in 
FIGS. 2 through 4 and FIG. 1. 

Further, the juncturer between the capacitor Cand the coil 
L in the detecting circuit S is grounded through a parallel cir 
cuit of a resistor R having a low resistance and a capacitor C1, 
and is further grounded via in turn a rectifying element D, 
capacitor C. and resistor Rs connected in series. The connec 
tion point r of the capacitor C, and resistor Rs is connected to 
a movable contact (normally open) of an on-off switch SB, 
which is actuated to close upon depression of the key K and 
whose stationary contact is connected to a common DC 
supply line l. The line l is connected through another 
manually actuated switch SC to the connection point r 
between bleeder resistors Rio and Rui disposed between the 
power source Vcc and ground. The connection point d 
between capacitor C, and rectifying element D is grounded 
via a resistor R2. The capacitor C. and the resistor R con 
stitute a differentiation circuit F. 
The common line lo is used in common to the whole keying 

circuit in the electronic musical instrument, particularly to the 
whole detecting circuit S at their predetermined positions. 
The keyer circuit S is so constructed that the gate-to-source 

potential of each FET's Q and Q, is set through the resistors 
Rs and Rs at such a required value that when each of the gate 
potentials is at an earth potential, i.e., zero volts, each of the 
FET's is caused to be nonconducting so that the drain-source 
impedance is rendered extremely high. The movable contacts 
of the on-off switch SA provided in the detecting circuit S and 
switch SB are arranged to make them respectively open and 
closed only when the key is depressed. The number of the de 
tecting circuits S and the keyer circuits S which are installed 
in the console of the electronic musical instrument cor 
responds in number to the playing keys, for example, 61. 
Now, description will be made on the operation of the 

above-mentioned circuit arrangement. 
At first, under a condition that the switch SC is held open, 

when any one key K provided in the electronic musical instru 
ment is depressed, a magnetic member (magnetized) attached 
to the key moves close to or away from a fixed coil L, thereby 
resulting in a damped pulse voltage approximately propor 
tional to the intensity or speed of depression of a playing key 
due to a variation in interlinking fluxes established round the 
coil. The induced alternative voltage (shown FIG. 8A) is 
rectified through the element D. and as a result, a positive DC 
voltage developed at the element D is stored in the capacitor 
C. As soon as the charge stored on the capacitor C is applied 
respectively through the resistors R and R to the gates of the 
FET's Q, and Q, the respective drain-source impedances are 
caused to be reduced in response to the gate input levels of the 
FET's, so that the individual tone signals applied to the 
sources of the FET's may be derived at the output terminalsT, 
and T, provided at the drain side thereof. 
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At this time, since the movable contact of the switch SA is 
actuated in interlocked relation with the operation of the key 
K, namely, since the contact is made open to the stationary 
contact only during depression of the key as shown by a dotted 
line in FIG. , the positive charge stored on the capacitor C is 
blocked by a reversely connected diode D to flow toward the 
coil thus, no discharge is caused, and hence, the charge is ap 
plied through resistors R and R to the gates of the FET's Q 
and Q, resulting in reduction of the source-drain impedance 
of each of the FET's in response to the intensity of key depres 
sion as mentioned above. As a result, the tone input signals 
separately applied to the respective sources of the FET's may 
be derived at the output terminalsT and T, which are on the 
drain side of the FET's separately. The envelope (amplitude) 
of the output tone signal varies in response to the intensity or 
speed of the key depression as shown in FIG. S. That is, upon 
quick depression of key, the charge stored on the capacitor C 
provides a high potential, causing an output tone signal of a 
high level as indicated by solid line in FIG. 5, while with slow 
depression of key, the output tone signal may be obtained at a 
low level as indicated by a dotted line in FIG. 5. Thus, the 
present arrangement permits a tone envelope control which 
provides a so-called touch-responsive effect in an electronic 
musical instrument and which provides said effect resembling 
that of a piano. 

In the case described above, if the playing key K is kept 
depressed, no further alternating voltage is induced in the coil 
L. However, since the input gate impedance of each of the 
FET's Q and Q is greatly high (for example, 10 ohms) the 
charge stored on the capacitor C immediately after depression 
of the key has no discharging path, and accordingly, it does 
not discharge for a long period of time, so that the FET's Q 
and Q are held in their conducting states during the depres 
sion of the key, at each of terminals T and T, continuously 
providing the output tone signal having a level responsive to 
the intensity of the key depression. 
Upon release of the key being, depressed, the key is made 

restored by its self-return action and simultaneously, the 
movable contact of the on-off switch SA is also returned to be 
in contact with the contact at the position as shown by a solid 
line in FIG. 1, so that the charge stored on the capacitor C 
discharges in a short period of time through the resistor R 
having a relatively low resistance. Accordingly, the gate 
potential of each of the FET's Q, and Q, becomes the earth 
potential, i.e., zero volts to render the FET's Q and Q, to be in 
their nonconducting states, so that no output signal is 
developed at both terminalsT and T. 
Then in a condition in which the manual switch SC is kept 

closed, upon depression of the key the switch SB associated 
with the operation of the key is made closed there appears 
across the resistor R a rectangular wave signal having a given 
positive voltage amplitude, which is shown in FIG. 7A, and the 
voltage of which is such that a positive voltage of the power 
source --Vcc is divided by the bleeder resistors Rio and R. 
The signal is differentiated by the differentiation circuit F into 
positive-going and negative-going pulses as shown in FIG. 7B, 
and then the pulses are filtered by the rectifying element D, to 
derive only the positive-going pulse. The derived positive 
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going pulse is charged on the capacitor C1, and raises instan 
taneously the potential at the juncturer, which is as shown in 
FIG. 7C. The change in the potential at the juncture r is ap 
plied through the capacitor C to the gates of FET's Q, and Q, 
of the keyer circuit, so that the FET's are made in their con 
ducting states for a short period of time, for example, 0.1 to 
0.5 seconds immediately upon the key depression, instantane 
ously providing at the respective output terminalsT and T2 on 
their drain side tone signals of high levels, respectively. The 
signals of this type may be called attack sounds. At the same 
time, the charge stored on the capacitor C in accordance with 
the key depression intensity can maintain the conducting 
states of the FET's Q and Q. Therefore, at the outputs of the 
keyer circuit may be provided tone signals each in which an 
attack sound component is partially superimposed on touch 
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4 
responsive sound component T, as shown in FIG. 6. It will be 
noted from FIG. 6 that various levels of the outputs may be 
made in accordance with the intensity of depression of the 
key. For example, if the key is very slowly depressed or with a 
very weak key depression, the touch-responsive sound com 
ponent T. can not be percepted, and hence, only the attack 
sound component A, can be derived at the terminals T and 
T. 
Now, upon release of the depressed key, the key K, the 

switches SA and SB are restored, and the charge thus stored is 
thoroughly discharged, so that the FET's are made in their 
nonconducting states, no output signal being derived, the 
remaining charge stored on capacitors C and C2 are 
discharged respectively through resistors R and R9 and R2. 
Further, the levels of the attack sound can also be varied by 
changing the dividing ratio of the bleeder resistors Rio and R1 
supplied with the voltage of power source +Vcc. 

in the circuit arrangement, since the attack sound can be 
obtained irresponsive to the key depression intensity, the buil 
dup envelope characteristic in the produced tone signal 
becomes much distinct to thereby permit a variety of excellent 
tonal effects. 

Referring to FIG. 2, there is shown a modification of the 
embodiment of FIG. 1. The different portion of the modified 
system from the previous one is as follows. The connection 
point d in the key depression speed-detecting circuit S is 
further connected through a series circuit of a resistor Ria and 
a unidirectional conducting element D1 such as a diode to a 
common potential line l, which is connected through a poten 
tiometer R4 having a slidable contact r to the positive volt 
age of the power supply --Vcc, thus constituting a discharging 
path (circuit). 

In operation, when the switch SC is made open, the connec 
tion point ris held at a zero potential and therefore, the charge 
stored on the capacitor C in accordance with a key depression 
intensity only permits control of the gates of the FET's Q and 
Q, as it is gradually discharged through the discharging path. 
That is, the envelope (amplitude) characteristics in the output 
tone signal can be varied as shown in by solid curves and one 
dot chain curves FIGS. 9a and 9b with respect to the key 
depression intensity, for example, by varying the potential of 
the common line l, through the potentiometer R to a low 
potential, thus obtaining touch-responsive sound T. having a 
percussion effect. The chain curves of FIGS. 9a and 9b show 
the amplitude characteristics of the output tone signal when 
the common line l is substantially at a zero potential, which 
signal is abruptly attenuated and might extinguish before 
release of the key depression. Further, when the switch SC is 
closed the output envelope is such that an attack sound signal 
of a given amplitude irrespective to the key depression intensi 
ty is partially superimposed on the touch-responsive sound 
signal T, depending upon the key depression intensity, as 
shown in FIGS. 9c and 9d. Accordingly, if the key is quite 
slowly depressed, no touch-responsive signal can be derived 
but an attack sound signal A is only obtained as shown by a 
dotted curve in FIG.9e. However, it will be easily understood 
that no attenuation of the touch-responsive sound signal is 
caused without the function of the discharging path, for exam 
ple when the potential of the common line l, is higher than 
that at the point d. , 
Now, reference will be made to another embodiment of the 

present invention with reference to FIGS. 3 and 4. The circuit 
arrangement of this embodiment differs from the circuit of the 
previous embodiment only in that the former employs an im 
pulse-generating circuit adapted to be energized with an elec 
tromotive force generated in response to a key depression in 
tensity, in place of using an external DC voltage in the pulse 
generator as in the circuit of FIG. 1. Therefore, a detailed 
description except for the difference will be omitted 
hereunder. 

Referring to FIG.3, L designates a coil grounded at one end 
thereof and adapted to vary the interlinking fluxes in associa 
tion with depression of an operating key, the other end of 
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which is grounded through a series circuit of a rectifying ele 
ment D and a capacitor C and a parallel circuit of a resistor R 
and a capacitor C, whose one ends are grounded. A juncture 
d between the rectifying element D and the one end of the 
coil L is connected via another rectifying element D and a 
manually operated switch SB with the input side a of a source 
follower amplifier A. The inputside a is grounded by a paral 
lel circuit of a capacitor C and a resistor Ro, and the output 
side a of the amplifier A is grounded through the capacitor C. 
and connected to the storage capacitor C at the connection 
point r. The above arrangement thus constitutes the above im 
pulse generator. The remaining circuit arrangement of this 
embodiment is substantially the same as that shown in FIG. 1. 

In the operations and functions of this embodiment, as 
described above, it will be seen that when the manual switch 
SB is opened, no impulse-generating function is caused, 
whereupon the keying circuit serves merely to provide touch 
responsive sound effects as shown in FIG. 5. 
When the manual switch is closed, part of a damped alterna 

tive voltage generated by the depression of the key K in the 
coil L is further rectified by the element D, which voltage is 
shown in FIG. 8A. When the rectified voltage across the ele 
ment D is applied to the parallel circuit of capacitor C and 
resistor. Rg, an approximately sawtooth pulse signal P cor 
responding to the key depression intensity, as shown in FIG. 
8B, is applied to the input side a of the amplifier A and as a 
result, an approximately sawtooth pulse signal P (shown in 
FIG. 8C) applied by the amplifier A is developed at the output 
side a. The output pulse signal P is charged or stored on the 
capacitor C, and, accordingly, the potential at the junction ris 
raised instantaneously and applied through the capacitor C to 
the control terminals of the corresponding keyer circuit, thus 
providing an attack sound effect in addition to the touch 
responsive sound effect as described above in the output tone 
signal of the instrument. This permits the provision of said ef. 
fect resembling that of a piano. 

Next, reference is made to a modification of the embodi 
ment of FIG. 3 for providing a percussion effect in addition to 
the touch-responsive control effect as described above with 
reference to FIG. 4. 
The modification is such that at the connection point d in 

the detecting circuit Suthere is provided the same discharging 
path circuit as described in FIG. 2. That is, the circuit includes 
a series circuit of the resistor R3 and the diode D, one end of 
which is connected to a common DC voltage line l and the 
other is connected to the point d and the potentiometer R. 
connected to the power supply --Vac whose slidable contact 
r is connected to the line l. The functions and effects of 
providing the specific discharging circuit are entirely the same 
as in FIG. 2, and the detailed description thereof is here 
omitted. 
As the key depression speed-detecting circuit S, mag 

netosensitive elements or pressure-sensitive elements may be 
employed as a substitution of the induction coil used here. 
Furthermore, the FET's used in the keyer circuit may be 
replaced by other switching elements such as transistors, 
diodes or vacuum tubes, etc. 

I claim: 
1. In an electronic musical instrument having playing keys, a 

touch-responsive keying system for each playing key, said 
system comprising: 
means for generating an electrical signal voltage responsive 
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6 
to a depression intensity of a respectively associated play 
ing key, 

a charge storage element connected to said means for stor 
ing said electrical signal voltage, 

a keyer circuit connected to said charge storage element for 
keying a tone signal in accordance with a supplied control 
voltage, and 

an impulse-developing circuit associated with said respec 
tively associated playing key for generating an impulse 
voltage upon depression of said key, 

said impulse-developing circuit being connected with said 
charge storage element to provide a combination of said 
electrical signal voltage and said impulse voltage as said 
control voltage to said keyer circuit whereby a relatively 
abrupt buildup envelope tone signal is provided at an out 
put of said keyer circuit. 

2. A touch-responsive keying system according to claim 1, 
in which said impulse-developing circuit includes a dif 
ferentiating circuit and means for energizing the differentiat 
ing circuit with a DC voltage upon depression of the respec 
tively associated key. 

3. A touch-responsive keying system according to claim 1, 
in which said charge storage element is connected with a se 
ries circuit of a resistor and a unidirectional conducting ele 
ment connected both in series with a common DC potential so 
that the stored charge on said storage element is gradually 
discharged with a predetermined decaying voltage charac 
teristic. 

4. A touch-responsive keying system according to claim 1, 
in which said impulse-developing circuit is energized with said 
electrical signal voltage generated upon depression of the 
respectively associated key whereby said impulse voltage is 
responsive to said electrical signal voltage. 

5. A touch-responsive keying system according to claim 4, 
in which said charge storage element is connected to a series 
circuit of a resistor and a unidirectional conducting element, 
both connected in series with a common DC potential so that 
the stored charge on said charge storage element is gradually 
discharged with a predetermined decaying voltage charac 
teristic. 

6. A touch-sensitive keying system according to claim 1, in 
which said keyer circuit includes: 

a pair of active elements, each active element having a con 
trol electrode, a first electrode and a second electrode, 

a pair of input terminals and a pair of output terminals, and 
a sustain circuit including a capacitor and a resistor and 
connected to said keyer circuit for providing a sustained 
and gradually decaying envelope to a keyed tone signal 
after the respectively associated playing key is released, 

each of said control electrodes being connected via a 
separate resistor to a capacitor comprising said charge 
storage element, 

each of said first electrodes being connected to a respective 
ly corresponding one of said individual input terminals for 
receiving an input tone signal of different footage and 
also being connected to the sustain circuit, and 

each of said second electrodes being connected to a respec 
tively corresponding one of said individual output ter 
minals to derive the output signal thereat through an in 
dividual load. - 

7. A touch-responsive keying system according to claim 6, 
in which said active elements are field effect transistors. 
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