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1 
ELECTRONIC MUSICAL INSTRUMENTS 

READING MEMORIZED WAVEFORMS FOR TONE 
GENERATION AND TONE CONTROL 

This is a division, of application Ser. No. 276,103 
?led July 28, 1972. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention pertains to an electronic musi 

cal instrument provided with waveform memorizing 
means which is utilized in tone generating circuits and 
,/or tone modifying circuits including electronic keyers 
and keying circuits, and more particularly, it relates to 
a speci?c system for producing waveforms and having 
an aforesaid waveform memorizing means which is use 
ful for the electronic musical instrument. 

2. Description of the Prior Art 
In the conventional electronic musical instrument, a 

number of tone oscillators each having a different oscil 
lation frequency are provided, whose output signals are 
synthesized in an appropriate manner to obtain a tone 
waveform. Such waveforms have been produced by an 
other means, for example by passing a waveform con 
taining a number of higher harmonics through ?lters of 
a complicated or sophisticated construction. 
However, the conventional musical instrument which 

requires a number of tone oscillators or ?lters is too 
complicated to construct on a mass production basis 
and is dif?cult and troublesome to perform the adjust 
ment of each oscillator and is not easy to obtain tone 
signals having desired complex waveforms. Thus, in the 
conventional instrument it has been hardly possible to 
produce natural sounds having complex and delicate 
waveforms resembling those produced by a natural mu 
sical instrument such as a guitar, piano and other in 
struments. 

One conventional method for controlling or modify 
ing the waveform of a keyed tone signal, that is, the 
prior method is to provide the so-called tonal envelope 
characteristics to the keyed tone signal which charac 
teristics include a build-up portion made upon the de 
pression of a corresponding tonal key, a sustain portion 
and a decay portion made upon the release of the de 
pressed key. Thus the method comprises providing 
tone keyer circuits each having a charge-discharge cir 
cuit using a capacitor; applying a tone signal of a given 
amplitude to a corresponding one of the keyer circuits; 
and arranging an on-off switch provided in the charge 
discharge circuit to coact with a key-operated switch. 
Thus, a tone signal with a predetermined envelope 
characteristic is obtained at the output side of the keyer 
circuits by the actuation of a single key. However, the 
charge-discharge circuit utilizing the capacitor cannot 
exhibit a complicated envelope characteristic which 
depicts a pattern consisting of an initially abrupt build 
up curve with respect to the time axis, a steep descend 
ing curve at the extremity of the rise to a certain de 
scending point and a subsequent slow decay curve, as 
is noted in conventional musical instruments. As a mat 
ter of fact, it has been considered in this field of art that 
any electronic musical instrument is acceptable for 
practical use only if it is provided with tone envelope 
characteristics substantially resembling those of the 
natural musical instruments even though the resulting 
envelope characteristics are somewhat monotonous 
and not sufficiently delicate. 
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2 
As the tone control signal producing means for use 

in electronic musical instruments for producing a tone 
control signal in accordance with the depression speed 
of a playing key, there have been developed two kinds 

' of so-called touch-responsive effect producing devices, 
one of which is of the type utilizing the charge 
discharge function exerted by a combination of a ca 
pacitor and a resistor of resistors, and the other is of the 
type utilizing the induced electromotive force exerted 
by a combination of a magnet and a coil. In the case of 
the former type, it makes use of a delay curve which is 
determined exclusively by a time constant which, in 
turn, is determined by the product of the resistance of 
'the resistor and the capacitance of the capacitor, and 
therefore the touch-responsive effect depends upon 
only the decay characteristic of the time constant, but 

' this device is not always suitable for producing such 
tone signals as resembling those of the natural musical 
instruments at the output side of keyer circuits. Fur 
thermore, the capacitor is required to be of a relatively 
large capacity in order to obtain a desired tone control 
signal responsive to the depression speed of the playing 
key, and so it has been dif?cult to make the tone con 
trol cirucit of the instrument in the form of an inte~ 
grated circuit. Because of the substantial time lag in the 
response between the changing-over action of a key 
operated switch actuating the chargeédischarge circuit 
and the resulting constitution of a discharge path, a 
maximum voltage stored on the charged capacitor can 
not be derived at the output side of the tone control sig 
nal producing circuit, so that upon the maximum de 
pression speed of the playing key, the utilization factor 
of the charged voltage to the tone control signal is low. 

On the other hand, the aforesaid induced electromo~ 
tive force type device is such that the movable magnet 
and the coil are arranged so that interlinked magnetic 
?uxes generated in the coil can vary depending on the 
depression speed of the playing key or the electromo 
tive force or the voltage resulting from the interaction 
of the coil and the moving magnet is charged to a Ca 
pacitor, thus utilizing a transient voltage variation 
across the capacitor during charging or a discharge 
characteristic of charged voltage through another dis 
charge path. Thus, the touch-responsive effect may be 
said to be decided only by the factors of the coil and 
movable manget which are employed. This causes the 
same problems as mentioned above with respect to the 
case of the charge-discharge function type. In addition, 
the use of coils for generating an electromotive force 
makes the circuit integration of tone control circuits 
considerably inconvenient. 

SUMMARY OF THE INVENTION 

Therefore, an object of the present invention is to 
provide an electronic musical instrument of a novel 
type in which memorized waveforms are utilized to 
generate desired tone signals and/or to perform tone 
modifications for providing desired envelope charac 
teristics of a keyed tone‘ signal or for providing key 
touch-responsive level control effects thereto, whereby 
producing musical tones resembling those of natural 
musical instruments with high ?delity, which eliminates 
the above-mentioned drawbacks of the conventional 
electronic musical instruments. 
Another object of the present invention is to provide 

an electronic musical instrument comprising waveform 



3,854,365 
3 

memorizing means for memorizing various kinds of 
tone waveforms, a key-actuated clock oscillator acting 
as tone sources and waveform read-out means for de 
riving a tone signal having a given waveform from the 
memorizing means in accordance with a corresponding 
oscillating frequency of the actuated clock oscillator in 
which a tone signal with a memorized waveform as de 
rived is ampli?ed electronically to feed a loud speaker, 
thus not requiring a number of tone oscillators as well 
as a number of ?lters for processing tone signals of de 
sired complex waveforms. 
A further object of the present invention is to provide 

an electronic musical instrument comprising tone enve 
lope waveform memorizing means in its tone gate cir 
cuit, namely, in its tone keyer circuit, said means in 
cluding an attack envelope memory memorizing a 
build-up portion of the envelope waveform and a decay 
envelope memory memorizing a down-slope portion of 
the envelope waveform and envelope waveform read 
out means for detecting the depression and release of 
a key to thereby derive a corresponding envelope 
waveform from the memorizing means, which makes it 
possible to obtain a tone signal having a complicated 
envelope waveform resembling those of natural musi 
cal instruments by a simple construction and to adjust 
time intervals of the buildup portion and the down 
slope portion of the envelope waveform as desired. 
A still further object of the present invention is to 

provide a specific wavefomi producing device having 
waveform memory therein, which is useful particularly 
for electronic musical instruments, in which the inter 
lacing rate of a memorized waveform, i.e., the sampling 
frequency thereof is variable with an increase in fre 
quency of the narrow band basic signals, whereby pro 
ducing required wide band frequency signals without 
actively raising a quantized noise frequency. 
A further object of the present invention is to provide 

an electronic musical instrument provided with tone 
control signal producing means including a waveform 
memory for memorizing amplitude variations with re 
spect to time or depression speeds of a key, and ar 
ranged to be operative so that, upon depression of a 
speci?c key, a tone control signal corresponding to its 
depression speed is read-out for controlling the ampli 
tude, frequency, tone color and phase of a tone signal, 
whereby a touch-responsive tone control signal is ob 
tained. 
Yet a further object of the present invention is to pro 

vide a novel construction of a tone generator and/or a 
large number of tone control circuits, which is suitable 
and convenient for circuit integration, and is easy to 
manufacture on a mass-production basis and is not ex 
pensive, and does not require a large capacity capacitor 
and a coil. 
Another object of the present invention is to provide 

an electronic musical instrument which has a solid 
state circuit arrangement in its sound production sys 
tem such as a tone generator and tone keyers and a 
power ampli?er including a tone processing waveform 
memory. ' 

In accordance with the present invention, there is 
provided a waveform producing system comprising: a 
waveform memory having resistive voltage divider net 
works for memorizing a waveform in such a manner 
that the waveform is divided into a plurality of ampli 
tude elements with respect to time and each amplitude 
is set to correspond to the division ratio of each divider; 

25 

35 

40 

50 

55 

60 

65 

4 
a read-out means including a plurality of frequency di 
vider circuits which are so arranged to be interchange 
ably cascaded for producing sampling pulses and for 
providing the pulses to said memory to sample (scan) 
the memorized waveform; clock signal generator 
means adapted to generate clock signals to drive the 
frequency divider circuits; and frequency divider con 
nection change-over means disposed between said 
clock signal generator means and said read-out means 
to variably control the cascaded connections of the fre 
quency divider circuits in accordance with the clock 
frequency of the clock signal delivered from the gener~ 
ator means so that the sampling number for the memo 
rized waveform is reduced with an increase in the fre 
quency of the applied clock signal to maintain the sam 
pling frequency substantially constant. 
These as well as other objects, features and advan 

tages of the present invention will be well understood 
from the following detailed description made in con 
junction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic block diagram of an embodi 
ment of an electronic musical instrument in accor 
dance with the present invention. 

FIG. 2 is a schematic block diagram illustrating de 
tails of the tone envelope read-out means shown in 
FIG. 1. 
FIGS. 3(a)—(/') are diagrams illustrating waveforms 

associated with the blocks shown in the FIG. 2. 
FIG. 4a is a circuit diagram illustrating an example of 

each waveform memorizing means as shown in FIG. 2, 
which constitutes the construction of an essential por 
tion of the present invention, whereas FIG. 4b is a view 
showing a waveform memorized in the memorizing 
means of FIG. 4a. 
FIG. 5 is a schematic constructional view illustrating 

an example of a semiconductor integrated circuit fon'n 
ing the circuit arrangement shown in FIG. 4a. 
FIG. 6 is an equivalent circuit diagram of a waveform 

read-out means or a pulse counter shown in FIG. 4a. 
FIG. 7 is a graph showing waveforms at each portion 

as shown in FIG. 6. 
FIG. 8a is a schematic block diagram illustrating a 

waveform producing system applied to an electronic 
musical instrument which is similar to the embodiment 
of FIG. 1, whereas FIGS. 8b-8d show graphs for ex 
plaining the operation of the system shown in FIG. 8a, 
respectively. 
FIG. 9a is a schematic circuit diagram illustrating an 

other embodiment of waveform producing system 
which is much improved from that of FIG. 9a, while 
FIGS. 9b-9d are graphs for explaining the operation of 
the system of FIG. 9a. 
FIG. 10 is a functional block diagram illustrating the 

essential portion of the system of FIG. 9a in more de 
tail. 
FIG. 11 is a circuit diagram illustrating an example of 

an essential part of FIG. 10 in detail. 
FIGS. l2a-l2d are diagrams for explaining the oper 

ation of the system shown in FIG. 9a. 
FIGS. l3a-l3d are waveforms for explaining the out 

put signal obtained from the waveform producing sys 
tem of FIG. 9a. 
FIG. 14 is a schematic circuit block diagram illustrat 

ing a further embodiment of the present invention 
which is so constructed as to provide a touch 
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responsive effectto the electronic musicalinstruments. 

FIG. 15 shows various pulse waveforms developed at 
each portion of the circuit arrangement shown in FIG. 
14. 
FIG. 16 is a schematic block diagram illustrating a 

modi?cation of the electronic musical instrument of 
FIG. 1 to which the circuit arrangement shown in FIG. 
14 is applied. _ 

FIG. 17a is a view illustrating an example of a wave 
form memorizing means used in FIG. 14, whereas FIG. 
17b is a waveform obtained from the output of FIG. 
17a. 

It should be understood that like reference numerals 
and symbols indicate like parts throughout the draw 
ings. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to FIG. 1, there is schematically illus 
trated an embodiment of an electronic musical instru 
ment in accordance with the present invention, in 
which numeral 1 denotes a keyboard, 2 a key switch 
circuit section, 3 a tone source circuit section, 4 a pulse 
counter, 5a-—5d tone waveform memories, 6a and 6b 
tone envelope waveform memories, 7 a ?xed voltage 
generator, 8 a sustain gate, 9 an attack counter, 10 a 
decay counter, 11 a keying pulse generating circuit, 12 
an audio ampli?er, 13 a loudspeaker, TA,—TA., tone 
color tablets, AT, an attack control knob, ATZ a decay 
control knob, EP an expression pedal, SW,-SW,1 tablet 
actuated switches, SW5—SW6 an attack knob-actuated 
switch and a decay knob-actuated switch, respectively, 
and 9a and 10a an attack knob-operated pulse genera 
tor for the attack counter and a decay knob-operated 
pulse generator for the decay counter, respectively. 
Envelope waveform memories 6a and 6b are pro 

vided to memorize an attack portion and a decay por 
tion of a tone envelope waveform characteristic, re 
spectively, while the fixed voltage generator 7 is pro 
vided to generate a constant voltage which works as a 
?at sustain portion of the envelope characteristic. 
These memories 6a and 6b are so constructed to deliver 
a memorized envelope waveform signal to a tone signal 
control side upon receipt of pulse signals from the at 
tack counter 9 and the decay counter 10. The envelope 
waveform memories 6a and 6b are selectively operated 
by a selective operation of the envelope tablets ETA, 
and ETA, thereby to close either one of the switches 
SW5 and SW,,. Only for the convenience of explanation, 
description will be made hereunder of the case of oper~ 
ating the attack envelope memory 6a. 
The keying pulse generating circuit 11 functions to 

control each of the attack counter 9 and decay counter 
10 and the sustain gate 8 by the receipt of a keying 
pulse signal. That is to say, the circuit 11 makes the at 
tack counter 9 operative to read-out attack envelope 
waveform memorized in the memory 6a upon a key 
operated switch being in its “on” state, and turns “on” 
the sustain gate 8 upon completion of counting by the 
counter 9 to develop a constant DC voltage from the 
?xed voltage generator 7 and then makes the decay 
counter 10 operative to read-out a decay envelope 
waveform memorized in the memory 6b when an “off” 
action of the key-operated switch is detected. Thus, a 
voltage representing the memorized envelope wave 
form is delivered to a line L, and is applied to the tone 
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6 
waveform memories 50 —5d from the envelope memo 
ries 6a and 6b and the ?xed voltage generator 7. Each 
of the tone waveform memories Sa-Sb has a tone wave 
form memorizing function and is of a substantially like 
construction as that of each envelope memory. 
The tone source circuit section 3 is provided with os 

cillators associated with key-actuated contact switches 
of the key switch circuit section 2, each of which is ca 
pable of producing n'f clock pulses per second when a 
corresponding contact switch of the key switch circuit 
section 2 is closed by the depression of a corresponding 
key of the keyboard 1, wherein n represents an integer 
which corresponds to a sampling number of the wave 
form memory, and f represents a number correspond 
ing to the frequency of a required tone pitch, which is 
variable with each key. Theproduced clock pulses are 
delivered to an n-stage pulse counter 4, so that this 
counter 4 recirculates f times per second to thereby 
produce output pulses at its output side. These output 
pulses are then applied to the tone waveform memories 
Sa-Sd which each memorizes a preset tone waveform 
to read-out the memorized tone signal waveforms. By 
a selective operation of tone color tablets TA,—-TA.,_ 
any of the switches SW,-SW., is interlockingly closed so 

‘ as to select a required tone color or colors, and the thus 
derived tone signals are delivered from the tone wave 
form memories to the audio ampli?er 12. 
Now, let us assume that one switch SW, is closed. 

Whereupon, tone signals are successively read out from 
the corresponding waveform memory 5a, and they are 
subjected to tone envelope control by a tone envelope 
signal through the line L,, and then are ampli?ed by the 
audio ampli?er l2 and reproduced by the loudspeaker 
13. 
Alternatively, it will be understood that those read 

out tone signals derived from the tone waveform mem 
ories Sa-Sd may be keyed by using the conventional 
tone keyer circuit so as to provide a tone envelope ef 
fect, as another aspect of the present invention. 

Referring to FIG. 2, there is shown a detailed block 
circuit diagram of an envelope memory 6a and keying 
pulse generating circuit 11 as shown in FIG. I, in which 
the memory 6a is indicated to include an attack enve 
lope memory 6a , and a decay envelope memory 6a,, 
and the pulse generating circuit 1 l is indicated to have 
a build-up pulse detector 11a and a falling pulse detec 
tor 11b. I 

Description will hereunder be made of the operation 
for obtaining an envelope control signal voltage by the 
arrangement of FIG. 2 with reference to the graphs of 
FIG. 3 which depict various waveforms at each part of 
this arrangement. _ 

When a keying pulse signal having a waveform of 
FIG. 3(a) is applied to the keying pulse generating cir 
cuit 11, a build-up pulse as shown in FIG. 3(b) is pro 
duced by the build-up signal detector Illa, and is ap 
plied to the attack counter 9 to initiate the operation 
of the counter. An output pulse derived from the 
counter 9 is applied to the attack envelope memory 
6a,, thereby reading out or deriving a voltage of the 
memorized attack envelope from the memory 6a,. At 
the termination of counting of the attack counter 9, a 
pulse which is representative of the termination of 
counting is generated by a count termination detector 
8a, which pulse has a waveform as shown in FIG. 3(d), 
and turns the sustain gate “on" to thereby develop a 
DC voltage of a constant amplitude as shown in FIG. 
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3(e) in the ?xed voltage generating circuit 7. Subse 
quently, when the key-operated switch is turned “of ”, 
a falling (negative going) pulse as shown in FIG. 3(e) 
is produced by the falling pulse detector 11b. The fall 
ing pulse causes the sustain gate 8 to be turned “off”, 
thus stopping the generation of the ?xed amplitude 
voltage at the generator 7, and simultaneously it is ap 
plied to the decay counter 10 to thereby initiate the op 
eration thereof. Thus, count signals from the decay 
counter 10 are applied to the decay envelope memory 
6a, for reading the memory, so that a voltage represent 
ing a memorized decay envelope waveform as shown in 
FIG. 3(i) is read out at the memory 6a2. Therefore, it 
will be seen that, by'the depression and release action 
of the key, an envelope representing a voltage having 
the entire rise and fall waveform shown in FIG. 3(j) is 
produced serially with respect to a time interval be 
tween 1, and t,. 

It should be noted that the operation interval of the 
attack counter is variable through the range of from 
fast point F to normal point N as shown in FIG. 3(f) as 
required by changing the oscillation frequency of a 
clock oscillator 9a for driving the attack counter, while 
the operation interval of the decay counter is also vari 
able through the range between short point S and long 
point L as shown in FIG. 3(g) as required by varying 
the oscillation frequency of another clock oscillator 
10a for driving the decay counter. 
FIG. 4(a ) illustrates the detail of each of the above 

mentioned waveform memories. By way of example, a 
circuit arrangement applied to either one of the tone 
waveform memories 5a-5d is described hereunder. 
However, such an arrangement is, of course, applicable 
to the above-mentioned attack envelope memory or 
decay envelope memory in a similar manner as in the 
case of each tone waveform memory, though not de 
scribed in detail. R, through R, denote resistors, the re 
sistances of which are set to be in correspondence with 
sampled (scanned) amplitudes of the waveform to be 
memorized. In this drawing, each resistance value is in 
dicated by the length of the resistor simply for the pur 
pose of illustration only. One ends of the respective re 
sistors R, to R8 are connected to a common line which 
in turn is connected through a load resistor R to a ter 
minal T to which a power voltage is applied. The con 
nection point Tout between the load resistor R and the 
common line constitutes an output terminal. Though 
an envelope control voltage derived from the envelope 
waveform memories is applied to the terminal Tout as 
will be seen from FIGS. 1 and 2, it is assumed hereinaf 
ter that a constant amplitude voltage as the envelope 
control voltage is imparted to the terminal merely for 
the simplicity of explanation. The other ends of the re 
sistors R, to R8 are connected to switching elements 
such as ?eld-effect transistors TR, through TR,, at their 
drain electrodes, respectively, the source electrodes S 
of which are commonly grounded and the respective 
gates G of which are connected respectively to output 
terminals 0,, O2, . . . , 0,, of the pulse counter 4. In the 
waveform memory arrangement, when a predeter 
mined number of clock pulses as a source signal are ap 
plied to an input terminal T, of the counter 4 from the 
tone source circuit section 3, a pulse voltage is devel 
oped at the terminals 0,, O2 , . . ., 0,, sequentially and 
thus is shifted at these output terminals in recirculation. 
Accordingly, if a pulse voltage is present at the terminal 
0, and is applied to the gate of the transistor TR,, the 
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8 
latter is rendered conductive, so that a current flows 
through a path composed of: terminal T, load resistor 
R, resistor R,, the drain and the source electrodes of 
the transistor TR, and ground, thus deriving a DC volt 
age in value corresponding to the resistance of the re 
sistor R, at the output terminal Tout; that is to say, 
reading out a part of a waveform memorized in the 
form of resistance at that terminal. When the pulse 
voltage is present successively at the terminals 02, O3, 
. . . , O8 and when these voltages are applied to the re 

spective gates of transistors TR,, TR,,, . . . , TR,,, volt 
ages representative of the corresponding resistors R2, 
R3, . . . , R8 are developed at the output terminal Tout 

successively in a similar way as that described previ 
ously. These voltages appearing at the output terminal 
Tout are indicated with respect to time as a waveform 
shown in FIG. 4(b ). From this fact it will be apparent 
that a tone signal waveform as required can be made to 
appear at the output terminal Tout by appropriately 
setting the resistance value of each resistor as memoriz 
ing element. 
FIG. 5 illustrates schematically a plan view of an inte 

grated circuit of the waveform memory shown in FIG. 
4, in which example, let us assume that an MOS 
(metal-oxide-semiconductor) is used as the integrated 
circuit, and also that p-channel ?eld-effect transistors 
are used as transistors for the convenience of explana 
tion. In this drawing, DL represents p-type diffused lay 
ers, GE gate electrodes of MOS transistors, MD metal 
deposited regions, and CP connections between the 
metal deposition regions and the p-type diffused layer. 
In a semiconductor substrate, a plurality of p-type dif 
fused regions P,, P2, . . . , P8 are buried, and they form 
resistors of strip shape. Each resistive strip is intercon 
nected with an aluminum-deposited layer at such a po 
sition as will constitute a resistance corresponding to an 
analog quantity of a waveform to be memorized. 
Namely, the lengths e,, e2, . . . , e,, of the p-type diffused 

regions P,, P2, . . . , P8 are set to be in correspondence 
with the sampled (scanned) amplitudes of an analog 
waveform, and hence these diffused regions have resis 
tance values in accordance with the lengths thereof, re 
spectively, of which the lower ends are connected to 
the drain regions of the MOS p-channel ?eld-effect 
transistors TR,, TR2, . . . , TR,,, respectively. Transistors 

TR, to TR,, are so constructed as to be rendered con 
ductive by receiving a pulse (negative) voltage being 
applied to each gate thereof from the pulse counter 4. 
Accordingly, if a negative going pulse which has a suffi 
cient magnitude to render the transistors TR,, TR,, . . 
. , TR,, conductive is applied to the gate electrodes 
thereof from the counter 4 successively, these transis 
tors are also rendered conductive only during the pe 
riod in which the successive pulses are supplied to each 
ate, renderin these transistors “on-off" successive] . r g g 
The common connection line of the aluminumdepos 
ited layer with the resistor, array is connected through 
the load resistor R having a suitable resistance value to 
a negative power source, though not shown, and 

hence, output voltages corresponding to the lengths 1,, 
l2, . . . , 1,, of the p-type diffused regions P,, P2, . . . , P8 

are successively derived or read out at the terminal 
Tout of the aluminumdeposited layer Al. It will be seen 
that the lengths 1,, l2, . . . , 1,, of the regions P,, P2, . . . 

, P8 correspond to the resistors R,, R2, . . . , R, as shown 
in FIG. 4(a). In FIG. 5, the pulse counter 4 is indicated 
as a structure of an integrated circuit. The p-type dif 
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fused resistive layers are used as source electrodes and 
drain electrodes of MOS field-effect transistors and as 
interconnections. 
The equivalent circuit of the pulse counter 4 in FIG. 

5 is as shown in FIG. 6, which circuit has three cas 
caded ?ip-?ops FF1, F F2 and FF3. The first ?ip-?op FF 1 
is provided with the input terminal T1 to which a series 
of clock pulses are applied from the tone source circuit 
section 3. Consequently, the respective outputs X, Y 
and Z of the ?ip-?ops FFI, FFz and F F3 present wave 
forms as shown in FIG. 7. M1, M2, . . . , M6 denote p 
channel ‘MOS ?eld-effect transistors which function to 
produce inverted outputs X, Y and Z from the outputs 
X, Y and Z of the ?ip-?ops, and M8,, M52, . . . , M8,, 
(for example MSS) denote MOS ?eld-effect transistors 
which function to produce an output signal for driving 
the gate electrodes of transistors TRI, TR2, . . . , TRB in 
accordance with these signals X, Y and Z and X, Y and 
Z. Transistors MSl through MS" are constructed so that 
a multiplicity of parallelly arranged p-type diffused lay 
ers Q,, Q2, . . . , Q8 and S1, S2, . . . , S8 may be disposed 
in interleaved comb-shape to one another and adjacent 
layers Q1 and 8,, Q2 and S2, . . . , Q8 and S8 are com 
bined, respectively. Between each adjacent layers a 
thin oxide ?lm is formed though not shown, and an alu 
minum ?lm is deposited thereon so that layers 0,, Q2, 
. . . , Q8 serve as the drain portion and layers S1, S2, . 

. . , S8 as the source portion and the aluminum film as 
the gate portion. ' 

Referring to the circuit of FIG. 6, transistors MS, 
through MS.‘ constitute a logical NOR circuit N1, 
wherein when its input signals X, Y and Z are concur 
rently zero, “1” signal having a negative voltage ap 
pears at the terminal 01. To the other terminals 02 to 
08, similar NOR circuits N2 to N, are connected. The 
following table shows the relationship between the in 
puts for NOR circuits and the count outputs appearing 
at terminals 01 to 08: 

Table 

INPUT x x x x x x x x 

Y Y Y Y Y Y Y Y 
INPUT ‘ 

TERMINAL 2 z z z z z z 2 

ol 1 o o o 0 0 o o 
02 o l o 0 o o o o 
0, 0 0 l 0 0 0 0 0 
04 0 0 0 1 o 0 o 0 
0, 0 0 0 o l 0 0 0 
o, 0 0 o 0 o 1 0 o 
07 0 o 0 0 o o l 0 
o, o 0 0 0 0 0 o I 

As will be understood clearly from the foregoing 
statement, it is recognized that, when pulses are applied 
successively to the counter 4, count output signals are 
derived sequentially from the terminals 01 to O8 . 
Though the pulse counter 4 has been described with 

respect to a speci?c embodiment, counters of any other 
type may be used provided that they have such a func 
tion that output pulses are produced in succession at 
successive output terminals in accordance with the in 
putting of pulses. Through FIGS. 4-7, there has been 
described an embodiment of a tone wavefomi memory 
and a counter for driving the memory to read out or ex 
tract the memorized waveform. However, the combina 
tion‘of the attack envelope waveform memory with its 
attack counter, or the combination of the decay enve 
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lope memory with its decay counter can be manufac 
tured in a similar construction to that of the preceding 
embodiments. 
Thus, the electronic musical instrument which em 

ploys various waveform memories as tone generators 
and tone envelope effect producing means as men~ 
tioned above is quite advantageous in that it is capable 
of producing tone signals each having a desired compli 
cated and delicate waveform with tone envelope effects 
which really resembles that of a natural musical instru 
ment, and in that the instrument makes it possible to 
artbitrarily adjust, in a simple manner, the time interval 
of the build-up portion or the decay portion of the tone 
envelope. 
Now, an analytic discussion will be made of a wave 

form producing apparatus utilizing a waveform shaping 
technology using memories, which can appropriately 
be applied to accomplish the purposes of electronic 
musical instruments. First, the tone signal generators of 
the preceding embodiment are illustrated as a wave 
form producing apparatus as shown in FIG. 8(a). The 
tone source circuit section 3 has a plurality of clock 
pulse oscillators, each of which is capable of generating 
n.f clock pulses per second when a corresponding key 
of keyboard 1 is depressed so that a corresponding one 
of the key-actuated switches 2 is closed to a conducting 
position wherein n represents an integer which corre 
sponds to the sampling number of a waveform memo 
rized into waveform memories 5, while f represents a 
fundamental frequency of a required tone pitch corre 
sponding to the key’s name. The clock pulses thus gen 
erated are delivered to a frequency divider circuit 
which comprises cascaded ?ip-?ops and then they are 
delivered to a decoder at n-input terminals at which are 
sequentially developed pulse signals. Thus, the fre 
quency divider circuit and the decoder, in combina 
tion, constitute an n-stage successive pulse generator 4, 
which therefore, recirculates f times every second to 
produce pulses at its output side. Each of the waveform 
memories 5 comprises a bank of parallel-connected re~ 
sistors with individual serial-connected electronic 
switching elements, each resistor being adapted to be 
connected with a common load resistor to constitute a 
voltage divider circuit in cooperation with the switch 
ing element, the dividing ratio of which is set so as to 
correspond to one sampling element of a waveform 
which is to be memorized into the memory with respect 
to a time axis. The voltage divider circuit is constructed 
so as to be operative so that, by receivinga pulse at the 
switching element, the switching element is rendered to 
the conducting state, and that as a result, the sampling 
element is derived in the form of a divided voltage at 
the output terminal of the memory. As has been de 
scribed in the preceding embodiment, the waveform 
producing apparatus of this type has a number of ad 
vantages for example, realistic tone signals can be pro 

. vided easily without requiring a multiplicity of tone os 
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cillators and ?lters, and tone color waveforms of a nat 
ural musical instrument can be memorized easily, as 
compared with conventional electronic musical instru 
ments. 

However, the above-mentioned waveform producing 
apparatus is somewhat inconvenient and a further de 
velopment is desired since the apparatus requires indi 
vidual oscillators corresponding in number to that of 
the keys of the keyboard for generating signals of the 
separate individual “basic” frequencies (as in tone 














