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ELECTRONIC MUSICAL INSTRUMENT CAPABLE 
OF GENERATING TONE SIGNALS HAVING THE 

PITCH FREQUENCY, TONE COLOR AND 
VOLUME ENVELOPE VARIED WITH TIME 

BACKGROUND OF THE INVENTION 

This invention relates to an electronic musical instru 
ment and more particularly to an electronic musical in 
strument having a voltage controlled oscillator for gen‘ 
erating, in response to a pitch determining voltage ob 
tained by key operation, a tone signal having a pitch 
frequency corresponding to the note of the operated 
key. 
With a conventional electronic musical instrument, 

tone signals corresponding to a plurality of keys are ob 
tained by tone generators having master oscillators and 
frequency dividers for sequentially frequency-dividing 
the outputs of the oscillators. The tone signals are sup 
plied selectively to tone coloring ?lters through key op 
eration, thereby forming a tone color. With such elec 
tronic musical instruments, therefore, the tone signal 
derived from the tone generators by key operation has 
the same pitch frequency during the key operation; i.e., 
its tone pitch is not varied from the rise to the decay of 
the tone signal. The tone color imparted by the tone 
coloring ?lters during the key operation is all of the 
same nature. For this reason the musical sounds so ob 
tained are inevitably monotonous. 

SUMMARY OF THE INVENTION 

It is accordingly the object of this invention to pro 
vide an electronic musical instrument capable of caus 
ing the tone pitch and tone color of the tone signal ob 
tained by key operation to be varied or modulated with 
time during the key depression and key release times. 
According to one embodiment of this invention there 

are provided a single voltage controlled oscillator and 
a ?rst control voltage generator for controlling the os 
cillation frequency of the voltage controlled oscillator. 
To the voltage controlled oscillator there are supplied 
a pitch determining voltage corresponding to any one 
of keys operated at a keyboard section and a control 
voltage formed by the ?rst control voltage generator in 
response to a trigger signal showing the operation of 
the key, and varied with time during key depression 
and key release times. For this reason, the pitch fre 
quency of that tone signal corresponding to the note of 
the operated key which is formed by the voltage con 
trol oscillator is transiently modulated. The output tone 
signal from the voltage controlled oscillator is supplied 
to a voltage controlled ?lter where a tone color is im 
parted to the tone signal. The voltage controlled ?lter 
has its cutoff frequencies transiently controlled during 
the key depression and key release times by a control 
voltage from a second control voltage generator which 
is varied with time, and consequently an output from 
the ?lter undergoes a tone color modulation. The out 
put tone signal of the voltage controlled ?lter is fed to 
a voltage controlled ampli?er. The voltage controlled 
ampli?er has its gain controlled by a control voltage 
from a third control voltage generator which is varied 
with time during the key depression and key release 
times, and consequently an envelope according to the 
control voltage waveform is imparted to the output of 
the voltage controlled ampli?er. The voltage controlled 
ampli?er is normally in a cutoff condition and is oper 
ated upon receipt of the control voltage to allow the 
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2 
passage of a signal and therefore functions as a keyer. 
The ?rst, second and third control voltage generators 
generate, in response to various parameter controlling 
voltages from a parameter controlling voltage genera 
tor, control voltages having desired parameters. The 
control voltage waveforms from the ?rst and second 
control voltage generators have such parameters as an 
initial level, attach level, normal level, attack time, i.e., 
time interval from the initial level to the attack level as 
involved during the key depression time, ?rst decay 
time, i.e., time interval from the attack level to the nor 
mal level, and a second decay time, i.e., time interval 
from the normal level to the initial level as involved 
during the key release time; and these parameters are 
controlled by the parameter controlling voltage genera 
tor. The control voltage waveform of the third control 
voltage generator has such parameters as a cutoff level, 
sustain level, attack time, i.e., time interval from the 
cutoff level to the attack level as involved during the 
key depression, ?rst decay time, i.e., time interval from 
the attack level to the sustain level, and second decay 
time, i.e., time interval from the sustain level to the cut 
o?‘ level as involved during the key release; and these 
parameters are controlled by the parameter controlling 
voltage generator. 
According to another embodiment of this invention 

there are provided a plurality of musical tone signal 
producing circuits (less in number than the keys of a 
keyboard section) each including a voltage controlled 
oscillator, voltage controlled ?lter and voltage con~ 
trolled ampli?er; and a key assigner adapted to permit, 
upon operating a plurality of keys at a time, pitch deter 
mining voltages corresponding to these keys to be sup 
plied to the respective musical tone signal producing 
circuits according to the order of the operated keys. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of an electronic musical in 
strument according to one embodiment of this inven 
tion; 
FIG. 2 is a circuit arrangement of a keyboard section 

of FIG. 1; 
FIG. 3 shows the waveforms of control voltages ap 

plied to the voltage controlled oscillator, voltage con 
trolled ?lter and voltage controlled ampli?er of FIG. 1; 
FIG. 4 is a block diagram showing one example of the 

voltage controlled oscillator of FIG. 1; 
FIG. Sis a block diagram showing one example of the 

voltage controlled ?lter; 
FIG. 6 is a block diagram showing one example of the 

voltage controlled ampli?er of FIG. 1; 
FIG. 7 is a schematic view of parameter controlling 

voltage generator, and control voltage generator for 
voltage controlled oscillator and voltage controlled ?l 
ter; 
FIG. 8 is a schematic view of parameter controlling 

voltage generator and control voltage generator for 
voltage controlled ampli?er; 
FIG. 9 is a block diagram of an electronic musical in 

strument according to another embodiment of this in~ 
vention; 
FIG. 10 is a circuit arrangement of a key assigner of 

FIG. 9; 
FIG. 11 shows a modi?cation of the electronic musi 

cal instrument; and 
FIG. 12 is an explanatory view showing the operation 

of the modi?cation of FIG. 11. i 
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DETAILED DESCRIPTION OF THE INVENTION 
FIG. 1 shows one embodiment of this invention. In 

the drawing a reference numeral 11 shows a voltage 
controlled oscillator (hereinafter referred to as VCO). 
VCO 11 generates, in response to a pitch determining 
voltage signal obtained by key operation at a keyboard 
section 12, a tone signal having a pitch corresponding 
to the note of the operated key. The tone signal from 
VCO 11 is coupled to a voltage controlled filter (here 
inafter referred to as VCF), where a tone color is im 
parted to the tone signal, and then to a voltage con’ 
trolled amplifier 14 (hereinafter referred to as VCA). 
The output of VCA 14 is fed through an output ampli 
fier 15 to a loudspeaker 16. Control voltage generators 
17 to 19 are provided to control the pitch, tone color 
and tone volume of the tone signal and coupled to VCO 
1 1, VCF 13 and VCA 14, respectively. Control voltage 
generators 17 to 19 generate, in response to a trigger 
signal obtained by the key operation at the keyboard 
section 12, voltage signals having a variety of parame 
ters set at a parameter controlling voltage generator 20, 
thereby controlling VCO l1, VCF 13 and VCA 14 re 
spectively. In FIG. 1, and throughout the drawings, the 
thick arrows coupling blocks together represent a plu 
rality of signal lines. VCO 11 is adapted to frequency 
vary, according to a voltage waveform from the control 
voltage generator 17, a predetermined frequency signal 
corresponding to an operated key‘, VCF 13 has its cut 
off frequency characteristic varied according to a volt 
age waveform from the control voltage generator 18', 
and VCA 14 has its amplification gain controlled ac 
cording to a voltage waveform of the control voltage 
generator 19 to vary the envelope of an output tone sig 
nal therefrom. 
FIG. 3 shows the graphical representation of control 

voltage waveforms A and B, differing in voltage level, 
obtained from the control voltage generators 17 to 19. 
In FIG. 3, waveform, A shows the control voltage wave 
form generated by control voltage generators l7 and 
18 and applied to VCO 11 and VCF 13 and waveform 
B shows the control voltage waveform generated by 
control voltage generator 19 and applied to VCA 14. 
When the key is depressed, the voltage waveform A 
rises, during an attack time, from an initial level to an 
attack level and then decays, during a first decay time, 
from the attack level to a normal level. The normal 
level is continued until the key is released. After release 
of the key, the voltage waveform further decays, during 
a second decay time, from the normal level to the initial 

level. 
When the voltage waveform A is fed to VCO 11, a 

tone signal is so controlled that its frequency abruptly 
varies during the key depression time from the initial 
level frequency somewhat lower than the normal level 
frequency to the attack level frequency somewhat 
higher than the normal level frequency. Thereafter, the 
tone signal frequency approaches, during the ?rst 
decay time, to the normal level frequency which is de 
termined by the pitch determining voltage from the 
keyboard section 12. After lapse of the ?rst decay time, 
the tone signal frequency becomes equal to the normal 
level frequency. After release of the key, the tone sig 
nal frequency decays, during the second decay time, 
from the normal level frequency to the initial level fre 
quency. That is, the tone signal frequency obtained 
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4 
from VCO 11 is modified according to the voltage 
waveform which is varied with time. 
When the voltage waveform A is supplied to VCF 13, 

the cutoff frequencies of the voltage control filter is 
controlled in accordance with the waveform and, con 
sequently, the tone color of the one signal is modi?ed. 
A voltage waveform B rises, upon depression of the 

key, from a cutoff level to a peak level. After lapse of 
the attack time, the voltage waveform is returned, dur 
ing the ?rst decay time, to a sustain level, and the sus 
tain level is continued until the key is released. After 
release of the key, the voltage waveform decays, during 
the second decay time, from the sustain level to the cut 
off level. When the voltage waveform B is supplied to 
VCA 14, such an envelope as is shown in the waveform 
B is imparted to the tone signal. When no voltage wave 
form B is applied to VCA I4, VCA 14 is in the cutoff 
state. It will be understood that VCA I4 is operated as 
a tone keyer. 
FIG. 2 shows the arrangement of the keyboard sec 

tion 12 from which a pitch determining voltage is sup 
plied to VCO 1 1. The voltage of a power source E is di 
vided by a voltage dividing circuit arrangement includ 
ing resistors R, and the normally open fixed contacts of 
key switches S1, S2, S3, . . . are connected to the re 
spective voltage dividing points. The movable contacts 
of the respective key switches are connected to the nor 
mally closed fixed contacts of the adjacent key 
switches. When a plurality of keys are depressed at a 
time, a voltage of the voltage dividing point connected 
to the key switch actuated by only one key and having 
a magnitude corresponding to the key is fed to VCO 11 
in the key switch arrangement shown. There are further 
provided key switches S01, S02, S03 . . . which are 
ganged with the key switches S01, S02, S03 . . . , re 
spectively. When the key is operated, a trigger signal 
whose voltage is lowered from a power source voltage 
E1 to zero volt is supplied to the control voltage gener 
ators 17 to 19. The control voltage generators 17 to I9 
start the formation of control voltages upon receipt of 
the trigger signal. 

FIG. 4 shows the detailed arrangement of VCO 11. 
A pitch determining voltage applied from the keyboard 
section 12 to an input terminal 21 is stored in a capaci 
tor 22, and then after passage through a high input im 
pedance buffer 23 added to a control voltage applied 
from the control voltage generator 17 through an input 
terminal 24 by means of mixing resistors. The added 
voltage is converted, at a voltage-current converter 25, 
into a current signal. A typical voltage-current con 
verter 25 comprises, for example a conventional tran 
sistor amplifier whose output current is a function of 
the input voltage applied thereto. An output current of 
the converter 25 charges a capacitor 27 connected to 
a constant voltage source 26. The voltage of the capaci 
tor 27 is applied through a buffer 28 to a Schmitt trig 
ger 29. When the voltage of the capacitor 27 reaches 
a predetermined voltage value, the Schmitt trigger 29 
is operative to render a transistor 30 conductive, caus 
ing the capacitor 27 to be discharged. An oscillation 
output of saw-tooth wave is delivered from an output 
terminal 31 by the repeated charge and discharge of 
the capacitor 27. The charging speed of the capacitor 
27 is varied according to the magnitude of output cur 
rent of the converter 25. Consequently, oscillation fre 
quency is controlled by the pitch determining voltage 



3,886,836 
5 

from the keyboard section 12 and the controlled volt 
age from the control voltage generator 17. 
FIG. 5 shows the detailed arrangement of VCF 13. A 

tone signal from an input terminal 32 is applied through 
a buffer ampli?er 33 to a current controlled resistor 34. 
The current controlled resistor 34 is constituted by a 
diode, etc., and controlled by an output current of a 
voltage-current converter 35 which receives, via mix 
ing resistors a control voltage from a control terminal 
36 together with a pitch determining voltage received 
at a terminal 91, charged in a capacitor 92 and passed 
through a high input impedance buffer 93. The resistor 
34 determines, together with a reactance element 37 
(e.g., a capacitor), the cutoff frequency of the ?lter 
(e.g., an LPF). A tone color imparted tone signal is ob 
tained, through an amplifier 38, from an output termi 
nal 39. A Q control input supplied to a control terminal 
40 controls a voltage-controlled resistor 41, thereby 
controlling the feedback amount of the ampli?er 38 
(constituting and active ?lter) and thus the Q factor of 
the ?lter. 

FIG. 6 shows the detailed arrangement of VCA 14. 
A tone signal from an input terminal 42 is supplied 
through a buffer ampli?er 43 to a differential ampli?er 
44. The gain of the differential ampli?er 44 is con 
trolled by the output current of a voltage to current 
converter 46 which receives a control voltage from a 
control voltage generator 19 through a control terminal 
45. The output signals of the differential ampli?er 44 
are supplied though an in-phase ampli?er 47 and a 
phase inverting amplifier 48 to an output terminal 49 
through mixing resistors. In both the outputs of the dif 
ferential ampli?er 44, the tone signal is included in an 
opposite phase relationship and a direct current com 
ponent is included in an in-phase relationship. Conse 
quently, only the tone signal is derived from the output 
terminal 49. 
FIG. 7 shows the detailed arrangement of the control 

voltage generators l7 and 18 and parameter control 
ling voltage generator 20. The pitch control voltage 
generator 17 and tone color control voltage generator 
18 are identical in their arrangement, except that the 
latter has a Q factor control. The parameter controlling 
voltage generator 20 has potentiometers R01, R02, 
R03 . . . R07. R01 has a general level controlling volt 
age coupled to a control terminal 0; R02 has an attack 
level controlling voltage coupled to a control terminal 
b; R03 has an initial level controlling voltage coupled 
to a terminal 0; R04 has an attack time controlling volt 
age coupled to a terminal d; R05 has a ?rst decay time 
controlling voltage coupled to a terminal e; R06 has a 
second decay time controlling voltage coupled to a ter 
minal f; and R07 has a Q factor controlling voltage cou 
pled to a terminal g. A voltage controlled voltage 
source 50 generates, in response to the attack level 
controlling voltage, a voltage of a magnitude corre 
sponding to the attack level. A typical controlled volt 
age source 50 comprises, for example, a power source 
coupled to a voltage divider which may include an 
FET. The output voltage of the voltage source 50 is 
supplied through a voltage controlled resistor 51 such 
as a controlled F ET to a capacitor 52. Upon receipt of 
a trigger signal from the keyboard section 12, a control 
Sequence pulse generator generates a control output 
X1. The voltage controlled resistor 51 becomes opera 
tive to cause the capacitor 52 to be charged by the out 
put voltage of the voltage source 50 in response to the 
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6 
control output X1 and its resistance determining a 
charging time constant is determined according to the 
magnitude of the attack time controlling voltage. The 
charging voltage of the capacitor 52 is derived through 
a high input impedance buffer ampli?er 54 and com 
pared with the output voltage of the voltage source 50 
by a comparator 55. When the magnitude of charging 
voltage of the capacitor 52 reaches the magnitude of 
output voltage of the voltage source 50, i.e., the capaci 
tor 52 is charged up to the attack level, the comparator 
55 generates an output X2. The control sequence pulse 
generator 53 then generates a control output X3 upon 
receipt of the output X2. A voltage controlled resistor 
56 becomes operative to create a discharging path of 
the capacitor 52 in response to the controlled output 
X3 and its resistance determining a discharging time 
constant, i.e., the ?rst decay time is determined accord 
ing to the magnitude of the ?rst decay time controlling 
voltage. Upon release of the key at the keyboard sec 
tion the control sequence pulse generator 53 generates 
a control output X4. In response to the control output 
X4 the capacitor 52 is discharged, through a voltage 
controlled resistor 57, down to the initial level, i.e., the 
level of output voltage of a voltage controlled voltage 
source 58 which is obtained in accordance with the 
magnitude of the initial level controlling voltage. The 
discharging time constant, i.e., the second decay time 
is dependent upon the resistance of the voltage con 
trolled resistor 57 which is determined according to the 
magnitude of the second decay time controlling volt 
age. The so varying voltage of the capacitor 52 and the 
general level of the potentiometer R01 are added to 
gether via mixing resistors to form a control voltage 
waveform at output terminal 59 as shown in FIG. 3A. 
The potentiometer R07 causes a Q factor control volt 
age to be generated at an output terminal 60. The Q 
factor control voltage is coupled to a control terminal 
40 of VCF of FIG. 5. The sliders of potentiometers may 
be provided on the control panel of an electronic musi~ 
cal instrument so as to be easily adjusted by a player. 
FIG. 8 shows the detailed arrangement of the enve 

lope control voltage generator 19. The parameter con 
trolling voltage generator 20 has potentiometers R08, 
R09, R010, R011 and R012 coupled to control termi 
nals h, i,j, k and 1, respectively, which generate voltages 
for controlling parameters such as general level, sustain 
level, attack time, ?rst decay time and second decay 
time. Upon receipt of a trigger signal from the key 
board section 12, a control sequence pulse generator 
61 generates a control output X1. A voltage controlled 
resistor 62 is operated in response to the control output 
X1. As a result, a capacitor 63 is charged up to a peak 
level + with an attack time, i.e., time constant depen 
dent upon the resistance of the voltage controlled resis 
tor 62 which is determined according to the magnitude 
of the attack time controlling voltage. The voltage of 
the capacitor 63 is derived through a high input imped 
ance ampli?er 64. When the voltage of the capacitor 
63 reaches the + level, a comparator 65 generates a 
control output X2. The control sequence pulse genera 
tor 61 then generates a control output X3 upon receipt 
of the control output X2. in response to the control 
output X3 the capacitor 63 is discharged, through a 
voltage controlled resistor 67 down to the sustain level, 
i.e., the level of output voltage of a voltage controlled 
voltage source 66 which is determined according to the 
magnitude of the sustain level controlling voltage. The 
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resistance of the resistor 67, which determines a dis 
charging time constant, is controlled by the magnitude 
of the ?rst decay time controlling voltage. Upon release 
of the key, a control output X4 is obtained and the ca 
pacitor 63 is discharged through a voltage controlled 
resistor 68. The resistance of the voltage controlled re 
sistor 68, which determines a discharge time constant, 
is controlled by the second decay time controlling volt 
age. The so varying voltage of the capacitor 63 and the 
general level controlling voltage from the potentiom 
eter R08 are added together via mixing resistors to 
form the control voltage waveform at output terminal 
67 as shown in FIG. 3B. 

FIG. 9 shows, unlike the embodiment of FIG. 1, an 
embodiment capable of producing a plurality of tone 
signals by operating a plurality of keys at a time. In FIG. 
9 the same reference numeral is employed to indicate 
parts or elements corresponding to those shown in FIG. 
1 and further explanation is therefore omitted. There 
are provided, for example, ?ve sets of musical tone sig 
nal producing circuitry 70A, 70B, 70C, 70D and 70E 
each having VCO 11, VCF 13, VCA l4 and control 
voltage generators 17 to 19. The control voltage gener 
ators 17 to 19 of the musical tone signal producing cir 
cuitry 70A, 70B, 70C, 70D and 70E simultaneously re 
ceive various parameter controlling voltages from the 
parameter controlling voltage generator 20. The out 
puts of the musical tone signal producing circuitry 70A 
to 70E are coupled to an output terminal 71. 
Corresponding to the ?ve sets of musical tone signal 

producing circuitry 70A to 7015, there is provided a key 
assigner 72 having five sets of key assigner circuitry 
72A to 72E. Each key assigner circuitry has key as 
signer circuits equal in number to the keys 76a, 76b, 
76c . . . and key switches 77a, 77b, 77c . . . of the key 

board section 75. The key assigner circuitry 72A to 
72E are operatively coupled to the key switches 77a, 
77b, 77c . . . and a pitch determining voltage source 78 
and have pitch determining voltage deriving common 
terminals 73A to 73E and trigger signal deriving com 
mon terminals 74A to 74E. The pitch determining volt 
age deriving terminals 73A to 73E are each coupled to 
VCO 11 and VCF 13 of the corresponding musical sig 
nal producing circuitry and the trigger signal deriving 
terminals 74A to 74E are coupled to the control volt 
age generators 17 to 19 of the corresponding musical 
tone signal producing circuitry. The key assigner 72 is, 
when a plurality of keys are operated at the keyboard 
section 75, operative to cause DC voltages of magni 
tudes corresponding to the notes of keys operated ac 
cording to an operating sequence to be derived from 
the pitch determining voltage deriving output terminals 
73A to 73E. When, for example, the keys 76 0, 76b and 
76c are operated in this order, DC voltages of magni 
tudes corresponding to the notes of the keys 76a, 76b 
and 76c sequentially appear at the output terminals 
73A, 73B and 73C. At the same time, trigger signals se 
quentially appear at the trigger signal deriving termi 
nals 74A, 74B and 74C in response to the key opera 
tion. When the key 76a is released and the keys 76b 
and 76c are kept depressed, the pitch determining volt 
age of the output terminal 73A disappears, while the 
pitch determining voltages of the output terminals 733 
and 73C remain. When, in this state, the other key is 
depressed, a pitch determining voltage of a magnitude 
corresponding to the note of its key appears at the ter~ 

minal 73A. 
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FIG. 10 shows partially the circuit arrangement of 

the key assigner 72 shown in FIG. 9. Though, in the fig 
ure, assigner circuits are shown operatively connected 
only to the key switch 77c, it will be understood that 
the similar circuits are operatively coupled to the other 
key switches. 
Output conductors 78a, 78b, 78c . . . connected to 

the voltage dividing points of the pitch determining 
voltage source 78 extend into the key assigner 72 and, 
for example, the output conductor 78c is coupled, 
through relay switches 81A to 81E respectively driven 
by relays 80A to 80E, to output terminals 73A to 73E 
of the key assigner circuitry 72A to 72E. A circuit for 
driving the relay 80A included in the key assigner cir 
cuitry 72A has a p-n-p type transistor 01A and n-p-n 
type transistors 02A and (BA. The collector of transis 
tor Q3A is connected to the relay 80A and the base of 
an n-p-n type transistor 04A. The collector of transis 
tor 01A and emitter of transistors 02A and 03A are 
connected to that emitter of transistor 04A which is 
grounded through the key switch 77 c. The collector of 
transistor 01A is connected to the anode of a diode 
D1A, while the collector of transistor 04A is con— 
nected to the cathode of diode DlA. The emitter of 
transistor Q1A is coupled, together with the emitters of 
transistors 01A associated with the other key switches 
of the assigner circuitry 72A, to the trigger signal deriv 
ing terminal 74A through a delay circuit 82A. In the 
other key assigner circuitry 72B to 72D there are pro 
vided diodes DlB to DID and transistors 048 to 04D 
corresponding to the diode DlA and transistor Q4A, in 
addition to transistors (MB to 033, QIC to Q3C and 
QlD to 03D (all not shown), respectively, connected 
in the same manner as the transistors 01A to 03A so 
as to drive the relays 80B to 80D. The emitter collector 
paths of the transistors 043 to 04D are sequentially 
connected in series with the emitter collector path of 
the transistor 04A. In the key assigner circuitry 725 
are provided only transistors QlE to 03E for driving 
the relay 80E. The emitter of transistor 03E is con 
nected to the collector of transistor Q4D in the key as 
signer 72D. The emitters of transistors 013 to 01E of 
the assigner circuitry 72B to 72E are coupled through 
delay circuits 82B to 82E to the trigger signal deriving 
terminals 74B to 74E respectively. 
There will be explained the operation of the circuit 

arrangement of FIG. 10. 
Suppose that, out of the key switches 77a, 77b, 77c 
. . only the key switch 77c is actuated. In this case 

there is created a ground circuit of the transistors 01A 
to 04A operatively coupled to the key switch 770 in the 
assigner circuitry 72A. As a result, the transistor 01A 
is rendered conductive and then the transistor Q2A 
connected, in a positive feedback relation, to the tran 
sistor QlA is rendered conductive. This causes the 
emitter potential of the transistor QZA to be raised to 
permit the transistor 03A to be conductive and the 
transistor 04A to be nonconductive. Conduction of the 
transistor QBA causes the relay 80A to be energized to 
permit the contact 31A to be closed. Thus, a pitch de 
termining voltage on the conductor 780 is coupled to 
the output terminal 73A. Conduction of the transistor 
QlA also causes the emitter potential drop of the tran 
sistor QlA to be induced. The potential drop is trans 
mitted through the delay circuit 82A to' the output ter— 
minal 74A to cause a trigger signal to be generated. In 
response to the pitch determining voltage and trigger 
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signal on the terminals 73A and 74A, the musical tone 
signal producing circuitry 70A forms a musical tone 
signal corresponding to the note of the key 76c. Since 
the transistor 04A is nonconductive, those assigner cir 
cuits of the other assigner circuitry 728 to 72E associ 
ated with the key switch 77c are not operated due to 
the prevention of formation of their ground circuit. 
Consequently, the relays 808 to 80E are all unopera 
tive. 
Next suppose that any one of the key switches 77a, 

77b 77c . . . except for the key switch 77c is actuated. 
As will be apparent from the foregoing explanation, a 
DC voltage of a magnitude corresponding to the note 
of the actuated key and a trigger signal are generated 
at the output terminals 73A and 74A of the assigner 
circuitry 72A having a first priority order. When, in this 
state, the key switch 7 7c is actuated, the transistor 01A 
is not rendered conductive since its emitter is at a lower 
potential. Consequently, the transistors QZA and Q3A 
are not rendered conductive and the relay 80A is not 
driven. When the transistor 03A is rendered noncon 
ductive, then the transistor 04A is rendered conduc 
tive. This causes a ground circuit of the transistors 01B 
to Q4B (not shown) in the assigner circuitry 728 to be 
created to permit the relay 808 to be operated. A pitch 
determining voltage of a magnitude corresponding to 
the note of the key 760 is generated at the output termi~ 
nal 73B and at the same time a trigger signal showing 
the actuation of the key switch 77c appears at the ter 
minal 748. Since, in this state, the transistor 04B of the 
assigner circuitry 728 is nonconductive, the relays 80C 
to 80E are all unoperative. When, with the key switch 
77c being actuated, the other actuated key is released, 

10 

20 

25 

30 

the emitter potential of the transistor QlA is raised so 35 
that both the transistors QlA and 02A will tend to be 
come conductive. Since, however, the emitter collector 
path of the transistor 01A is grounded through the 
diode DlA, transistor 04A and key switch 770, the 
transistor 02A and thus the transistor 03A can not be 
come conductive. For this reason, the pitch determin 
ing voltage and trigger signal both obtained by actuat 
ing the key switch 77c continue to be drived from the 
output terminals 738 and 74B of the assigner circuitry 
728. Suppose that pitch determining voltages and trig 
ger signals are generated at the output terminals 73A 
to 73D and 74A to ‘MD by actuating any four key 
switches except for the key switch 77c. When in this 
state the key switch 77c is actuated, a pitch determin 
ing voltage and trigger signal based on this actuation 
are obtained as will be understood from the foregoing 
explanation, from the output terminals 73E and 74E in 
the assigner circuitry 72E having a ?fth priority order. 
FIG. 11 shows an embodiment capable of imparting 

a portamento effect to a tone signal generated by VCO 
11. This embodiment is similar to that shown in FIG. 4 
with an addition of a resistor 87 and a switch 89. In this 
embodiment, a pitch determining voltage is coupled 
through a memory circuit or integration circuit 85 
comprising a capacitor 22 and a resistor 87 and 
through a high input impedance buffer circuit 23. The 
time constant of the memory circuit 85 may be selected 
to be, for example, 3 to 4 seconds. A pitch determining 
voltage obtained through the operation of any key is 
stored in the capacitor 22 due to the presence of the 
voltage memory circuit 85. When in this state the other 
key is operated, a pitch determining voltage is supplied 
to the voltage memory circuit 85 and the voltage of the 
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capacitor 22 is changed, according to the above 
mentioned time constant, into a new voltage value. 
Consequently, the output frequency of VCO 11 is grad 
ually shifted from a note frequency corresponding to 
the previously operated key to a note frequency corre 
sponding to the newly operated key, thereby providing 
a portamento effect. 
Of course, where a plurality of VCO's are provided, 

as many voltage memory circuits as the VCO's are pro~ 
vided. 
FIG. 12 shows the operation in case of a plurality of 

VCO’s. When, in this case, the keys corresponding to 
notes C3, E3 and G3 are sequentially depressed for 
chord performance, VCO l, VCO 2 and VCO 3 oscil 
late at frequencies corresponding to the notes C3, E3 
and G3, respectively, starting with the respective cer 
tain frequencies. Upon release of the keys correspond 
ing to the notes C3, E3 and G3, pitch determining volt 
ages corresponding to the notes C3, E3 and G3 are re 
spectively stored in the corresponding voltage memory 
circuits. Next when the keys corresponding to notes 
C4, E4 and G4 are sequentially operated, VCO l, VCO 
2 and VCO 3 oscillate at ?rst at frequencies corre 
sponding to the latest notes C3, E3 and G3, but their 
oscillation frequencies are gradually shifted, according 
to the time constant of the voltage memory circuit, into 
the frequency corresponding to C4, E4 and G4, respec 
tively. A switch 89 shown in FIG. I1 is provided on a 
control panel of an electronic musical instrument so as 
to stop the generation of a portamento effect, as re 
quired, by shunting the resistor 87. 
What is claimed is: 
I. An electronic musical instrument comprising: 
a keyboard section including means for generating in 
response to key operation a pitch determining volt 
age having a magnitude representing the note of 
any operated key and a trigger signal indicating the 
at least one of a depression and release operation 
of the key; 

voltage controlled oscillator means coupled to said 
keyboard section for generating in response to the 
pitch determining voltage a tone signal having a 
pitch frequency corresponding to the note of the 
operated key; 

voltage controlled ?lter means connected to the out 
put of said voltage controlled oscillator means for 
imparting a tone color to the output signal of said 
oscillator means; 

control voltage generating means for generating in 
response to the trigger signal from said keyboard 
section control voltages the amplitude values of 
which vary as a function of time, said control volt 
ages being coupled to said oscillator means and ?l 
ter means to control the oscillator frequency and 
frequency characteristics thereof respectively; 

the control voltages from said control voltage gener 
ating means representing controlled parameters 
which include an initial level, normal level, attack 
level, attack time from the initial level to the attack 
level during a key depression time, ?rst decay time 
from the attack level to the normal level, and sec 
ond decay time from the normal level to the initial 
level during a key release time; 

parameter controlling voltage generating means cou 
pled to said control voltage generating means for 
controlling the parameters of the control voltages 
of said control voltage generating means; and 
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sound reproducing means connected to the output of 
said voltage controlled ?lter means. 

2. An electronic musical instrument according to 
claim 1 further comprising voltage controlled ampli?er 
means coupled to said voltage controlled ?lter means 
and connected between said voltage controlled oscilla 
tor means and said sound reproducing means; and 

further control voltage generating means coupled to 
said keyboard and to said voltage controlled ampli 
?er means for generating in response to the trigger 
signal from said keyboard a control voltage for 
controlling the gain of said voltage controlled am 
pli?er means to thereby control the envelope of the 
tone signal. 

3. An electronic musical instrument according to 
claim 1 further including a voltage memory circuit 
means coupled to said keyboard section for storing the 
magnitude of the pitch determining voltage which is 
coupled to said voltage controlled oscillator means. 

4. An electronic musical instrument according to 
claim 3 in which said voltage memory circuit means 
comprises integrator circuit including a resistor cou 
pled with a capacitor. 

5. An electronic musical instrument according to 
claim 4 further comprising a switch means connected 
in parallel with said resistor. 

6. An electronic musical instrument according to 
claim 2 in which the control voltage from said further 
control voltage generating means represents controlled 
parameters which include a sustain level, attack time 
from a cutoff level to an attack level during a key de 
pression time, ?rst decay time from the attack level to 
the sustain level, and a second decay time from the sus 
tain level to the cutoff level during a key release time; 
and said parameter controlling voltage generating 
means being coupled to said further control voltage 
generating means for controlling the parameters of the 
control voltage of said further control voltage generat 
ing means. 

7. An electronic musical instrument comprising: 
a keyboard section having a plurality of keys and a 

plurality of key switches actuated by the keys; 
pitch determining voltage source means having out 

put conductors equal in number to the number of 
said keys and generating pitch determining volt 
ages having magnitudes representing the notes of 
said keys on said respective output conductors; 

key assigner means operatively coupled to said key 
board section and to the output conductors of said 
pitch determining voltage means and having a plu 
rality of first output terminals less in number than 
the number of said keys and a plurality of second 
output terminals equal in number to the number of 
said ?rst output terminals, said key assigner means 
supplying, upon the operation of some of said keys 
at the same time, pitch determining voltages corre 
sponding to the operated keys to said first output 
terminals according to the operated order, and sup 
plying trigger signals representative of key opera 
tion to said second output terminals; 

a plurality of musical tone signal producing circuit 
means each connected to the respective ?rst and 
second output terminals of said key assigner 
means, said musical tone signal producing circuit 
means each including voltage controlled oscillator 
means coupled to a ?rst output terminal of said key 
assigner means for generating in response to the 
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pitch determining voltage on the ?rst output termi 
nal of said key assigner means a tone signal having 
a pitch frequency corresponding to the note of the 
operated key, voltage controlled ?lter means con 
nected to the output of said voltage controlled os 
cillator means to impart a_ tone color to the output 
signal of said oscillator means, and control voltage 
generating means coupled to a second output ter 
minal of said key assigner means for generating in 
response to the trigger signal on the second output 
terminal of said key assigner means control volt 
ages whose amplitude values vary as a function of 
time, the control voltages being coupled to said os 
cillator means and ?lter means to control the oscil 
lation frequency and the frequency characteristic 
thereof respectively; and 

sound reproducing means connected to the output of 
said plurality of musical tone signal producing cir 
cuit means. 

8. An electronic musical instrument according to 
claim 7 in which said musical tone signal producing 
means each further comprises voltage controlled am 
pli?er means coupled to said voltage controlled ?lter 
means and connected between said voltage controlled 
oscillator means and said sound reproducing means; 
and further control voltage generating means coupled 
to said keyboard for generating in response to the trig 
ger signal a control voltage the value of which varies as 
a function of time, said control voltage from said furter 
control voltage generating means being coupled to said 
voltage controlled ampli?er means to control the gain 
thereof to thereby control the envelope of the tone sig 
nal. 

9. An electronic musical instrument according to 
claim 7 in which said musical tone signal producing 
means each includes a voltage memory circuit means 
coupled to said key assigner means for storing the mag 
nitude of the pitch determining voltage which is cou 
pled to said voltage controlled oscillator means. 

10. An electronic musical instrument according to 
claim 9 in which said voltage memory circuit means 
comprises an integrator circuit including a resistor cou— 
pled with a capacitor. 

11. An electronic musical instrument according to 
claim 10 further comprising a switch means connected 
in parallel with said resistor. 

12. An electronic musical instrument according to 
claim 7 in which the control voltages from said control 
voltage generating means represent controlled parame 
ters which include an initial level, normal level, attack 
level, attack time from the initial level to the attack 
level during a key depression time, ?rst decay time 
from the attack level to the normal level, and second 
decay time from the normal level to the initial level 
during a key release time; and there is further provided 
parameter controlling voltage generating means cou 
pled to said control voltage generating means for con 
trolling said parameters of the control voltages of said 
control voltage generating means. 

13. An electronic musical instrument according to 
claim 8 in which the control voltage from said further 
control voltage generating means represents controlled 
parameters which include a sustain level, attack time 
from a cutoff level to an attack level during a key de 
pression time, ?rst decay time from the attack level to 
the sustain level and second decay time from the sus 
tain level to the cutoff level during a key release time; 
and there is provided parameter controlling voltage 
generating means coupled to said further control volt 
age generating means for controlling the parameters of 
the control voltage of said further control voltage gen 
erating means. 
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