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ELECTRONIC MUSICAL INSTRUMENT OF 
WAVEFORM MEMORY READING TYPE 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue.This application is a continuation of application 
Ser. No. 06/620,391 filed Jun. 13, I 984 and now aban 
doned which is a reissue of application Ser. No. 06/145, 1]] 
?led Apr. 30, 1980 and now (1.5. Pat. No. 4.377.960. 

BACKGROUND OF THE INVENTION 

This invention relates to an electronic musical instru 
ment of a waveform memory reading type, and more 
particularly to a polyphonic electronic musical instru 
ment having a plurality of tone production channels. 
A polyphonic electronic musical instrument, particu 

larly an electronic musical instrument of the digital 
processing type is provided with a plurality of tone 
production channels and key information of a depressed 
key is assigned to one of the tone production channels 
by a key assigner for producing a musical tone by the 
assigned tone production channel in accordance with 
the key information. As a method of generating the 
musical tone by the designated tone production chan 
nel, there is known a method of reading out a musical 
tone waveform from a waveform memory device. In 
one example, a plurality of tone production channels are 
connected in parallel on a non time division basis and 
independent waveform memory devices are provided 
for respective channels. In this system, however, it is 
necessary to provide elements required for forming a 
musical tone for every channel. Especially, the wave 
form memory device provided for each channel has a 
relatively complicated construction so that provision of 
such a waveform memory device for each channel not 
only increases the size of the circuit construction of the 
electronic musical instrument but also increases the cost 
of manufacture. Moreover, in order to enable switching 
between waveforms (switching between tone colors) it 
is necessary to provide a plurality of waveform memory 
devices for each channel which makes it difficult to 
simply switch waveforms (tone colors) without increas 
ing the manufacturing cost and circuit construction size. 
According to one approach to these problems, a plu 

rality of tone production channels are formed on a time 
division basis so as to use commonly one waveform 
memory device for respective channels on the time 
division basis. This system is disclosed. for example, in 
US. Pat. No. 3,882,751 dated May 13, 1975. When 
compared with the aforementioned system, this system 
is advantageous in that it can save the manufacturing 
cost and the number of component elements but as the 
time division frequency is set independently of the musi 
cal tone frequency, the musical tone waveform read out 
on the time division basis contains non-harmonic tones 
thus distorting the tone produced. Generally, since the 
time division frequency is in a range higher than audible 
frequencies it does not act as a non-harmonic tone com 
ponent but as is apparent from sampling theorem, where 
a musical tone wave of an especially high frequency is 
read out on the time division basis an aliasing (fre 
quency re?ection) noise which is not harmonic with the 
musical tone frequency might be generated. In addition 
to the problem of the aliasing noise, when the time 
division time slots change instantaneously for the re 
spective channels, the musical tone waveform sampling 

40 

50 

65 

2 
amplitudes interfere with each other between adjacent 
channels at every time slot, thus distorting the wave 
form and making the tone unclear. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of this invention to pro 
vide an electronic musical instrument which can sim 
plify as far as possible the circuit construction of the 
instrument thus decreasing the cost and yet can produce 
distortionless clear tones. 
Another object of this invention is to provide an 

electronic musical instniment, which in spite of using a 
time division system, can prevent interference between 
tone production channels and can produce a clear musi 
cal tone devoid of such non-harmonic components as 
aliasing noise. 
A further object of this invention is to provide an 

improved electronic musical instrument which can pro 
duce various musical tone waveforms with waveform 
memory devices of a small size thereby decreasing the 
size of the circuit as well as the manufacturing cost. 

According to this invention, these and further objects 
can be accomplished by providing an electronic musical 
instrument comprising a plurality of address generators 
respectively producing address signals which vary cor 
responding to different tones at rates respectively syn 
chronous with frequencies of the respective tones. a 
waveform memory device including a plurality of ad 
dresses for respectively storing a plurality of waveform 
sample values that constitute a waveform at respective 
ones of the addresses. means for sequentially supplying 
one after another of the address signals sent from the 
address generators to the waveform memory device 
thereby reading out the stored waveform at different 
rates in a time division multiplexing manner respec 
tively corresponding to said address signals supplied for 
different tones to be produced, and musical tone form 
ing means for forming musical tones in accordance with 
the respective time division multiplexed waveform out 
puts, from the waveform memory device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 
FIG. 1 is a general block diagram showing one em 

bodiment of the electronic musical instrument embody 
ing the invention; 

FIG. 2 is a block diagram showing the detail of one 
channel of the embodiment shown in FIG. 1; 

FIG. 3(a) through 3(g) are timing charts useful to 
explain the operation of the embodiment shown in 
FIGS. 1 and 2; - 
FIG. 4 is a block diagram showing another example 

of an address generator; 
FIG. 5 is a block diagram showing a modi?cation of 

this invention wherein a random access memory 
(RAM) is used as the waveform memory device shown 
in FIG. 1; 
FIG. 6(a) through 6(i) are timing charts for explain 

ing the operation of the modi?cation shown in FIG. 5; 
FIG. 7 is a block diagram showing a modi?cation in 

which a shift register is used as the waveform memory 
device shown in FIG. 1; 

FIG. 8 is a connection diagram showing another 
example of an envelope imparting circuit; 
FIG. 9 is a block diagram showing another embodi 

ment of this invention; 
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FIG. 10 is a block diagram showing one example of 
the variable mixing circuit and an envelope counter 
shown in FIG. 9; 
FIG. 11 is a connection diagram showing one exam 

ple of the envelope memory device shown in FIG. 9; 
FIG‘ 12 shows a typical example of an envelope 

waveform and the output of the envelope counter; 
FIG. 13 is a block diagram showing essential portions 

of a still further modi?cation of this invention; 
FIG. 14 is a block diagram showing one example ofa 

digital-analog converter and an interpolator circuit; 
FIG. 15 is a block diagram showing other examples 

of the digital-analog converter and interpolator circuit; 
and 
FIGS. 16(a) through 16(j) are timing charts useful to 

explain the operation of the interpolator shown in FIG. 
15. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

An electronic musical instrument 10 shown in FIG. 1 
comprises seven tone production channels CH1 
through CH7. respectively including address genera 
tors 11-1 through 11-7, latch circuits 12-1 through 12-7, 
digital-analog converter and interpolator circuits 13-1 
through 113-7. and envelope imparting circuits 14-1 
through 14-7. Between the address generators 11-1 
through 11-7 and the latch circuits 12-1 through 12-7 is 
interposed a waveform memory device 17 via a multi 
plexer 15 and a demultiplexer 16, the waveform mem 
ory device 17 being used commonly on a time division 
basis by respective channels CH1 through CH7. 
A depressed key detector 19 detects key switches 

corresponding to the depressed keys among key 
switches 18 so as to supply key information representing 
the depressed keys to a key assigner. In response to the 
depressed key information given by the depressed key 
detector 19, the key assigner 20 assigns the tones of the 
depressed keys to available ones to the channels CH1 
through CH7. The key assigner 20 produces key codes 
KC representing respective keys assigned to respective 
ones of the channels CH1 through CH7 and key-on 
signals KON representing the ON/OFF states of the 
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respective keys, and these key codes and key-on signals ‘ 
are distributed among corresponding address genera 
tors 11-1 through 11-7. 
The address generators ll-l through 11-7 are used to 

generate address signals of nine bits A1 through A9, for 
example, for reading out musical tone waveforms of 
desired frequencies from the waveform memory device 
17. Respective address generators 11-1 through 11-7 
generate signals 51-! through 51-? synchronously with 
the variation (progress) in the values of the address 
signals Al through A9. Furthermore, tone source clock 
generator 21 is provided to produce note clock signals 
NC# through NC corresponding to the pitches of re 
spective notes C#, D, D#. . . Alt, B and C, the note clock 
signals NC# through NC being supplied to address 
generators 11-1 through 11-7 respectively for generat 
ing address signals A1 through A9 based on the key 
code KC supplied from the key assigner 20 and the note 
clock signals NC# through NC. the address signals 
repeatedly increasing or decreasing their values at a 
frequency proportional to the tone pitch of the de 
pressed key assigned to respective channels CH1 
through CH7. 
A multiplexer or selector 15 is provided to select in a 

time division multiplexing manner, that is. to multiplex 
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4 
the address signals A1 through A9 generated by the 
address generators 11-1 through 11-7 respectively cor 
responding to the channels CH1 through CH7 for sup 
plying in a time division multiplexing manner the se 
lected signals to the address input of the waveform 
memory device 17. In this embodiment, since the read 
out waveforms are interpolated. upper order 6 bits A1 
through A6 are applied to the multiplexer 15 to act as a 
read out address signal. A demultiplexer 16 distributes 
the waveform data (waveform sampling point ampli 
tude data) read out on the time division basis from the 
waveform memory device 17 among respective chan 
nels CH1 through CH7 thus converting the timewise 
distributed data into sustained signals. A timing signal 
generator 22 is provided to produce channel selection 
signals CHIS through CH7S for controlling the multi 
plexing function of the address signals of respective 
channels CH1 through CH7 and control signals 52-1 
through 52-7 and 552-1 through 552-7 for controlling 
the distribution of the waveform data at the distributor 
or demultiplexer 16 among respective channels CH1 
through CH7. 
The waveform memory device 17 is constituted by a 

plurality of read only memory devices (ROM) in which 
a plurality of different musical tone waveforms or tone 
source waveforms are prestored. A tone color selector 
23 is provided for selecting a musical tone waveform. 
i.e., a tone color to be read out from the waveform 
memory device 17 and the musical tone waveforms or 
the tone source waveforms selected by the tone color 
selector 23 are read out by the address signals A1 
through A6. The waveforms stored in the waveform 
memory device 17 may be musical tone waveforms 
(composite waveforms) corresponding to the desired 
tone colors, or tone source waveforms (harmonics-rich 
waveforms) containing a plurality of harmonic compo 
nents. Where harmonics-rich waveforms are stored. it is 
necessary to pass them through filters for the purpose of 
obtaining desired tone colors. 

Latch circuits 12-1 through 12-7 function to latch the 
time-division chopped waveform data of the respective 
channels which have been distributed and converted 
into holding signals in synchronism with the tone 
pitches of the channels thereby eliminating time divi 
sion clock components. The digital analog converter 
and interpolator circuits 13-1 through 13-7 operate to 
convert the waveform data digitally read out of the 
waveform memory device 17 into analog waveform 
amplitude voltages and to interpolate suitable wave 
forms (functions) formed according to the lower order 
3 bits A7 to A9 of the address signal between the adja 
cent sampling points of the analog waveform amplitude 
voltages. Analog musical tone waveform signals pro 
duced by digital-analog converter and interpolator cir 
cuits 13-1 through 13-7 are respectively applied to the 
envelope imparting circuits 14-1 through 14-7 thereby 
applying amplitude envelope to the musical tone signals 
according to the key-on signals KON produced by the 
address generators 11-1 through 11-7. The outputs of 
the envelope imparting circuits 14-1 through 14-7 of 
respective channels are mixed together and then applied 
to a sound system 24. 

The detail of address generators 11-1 through 11-7, 
multiplexer 15, demultiplexer 16. latch circuits 12-1 
through 12-7, digital-analog converter and interpolator 
circuits 13-1 through 13-7 and envelope imparting cir 
cuits 14-1 through 14-7 shown in FIG. 1 will now be 
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described with reference to one channel CH1 with the 
aid of FIG. 2. 

Thus, a latch circuit 25 of the address generator 11-1 
latches one key code KC and one key-on circuit KON 
assigned to the given channel CH1 among key codes 
KC and key-on signals KON supplied from key assigner 
20. In this example, as it has been assumed that the key 
codes KC and the key-on signals KON of the tones 
assigned to respective channels are generated in a time 
division manner by the key assigner 20 it is necessary to 
use such latch circuit 25. However, the latch circuit 
would not be necessary where the key codes KC and 
key-on signals KON for respective channels were pro 
duced in parallel and continuously from the key as 
signer 20. . 
To the strobe input S of the latch circuit 25 is applied 

a latch control pulse synchronous with the time division 
timing of the key code KC and the key-on signal of the 
given channel CH1 from the key assigner 20 or a suit 
able timing signal generator not shown. The key code 
KC consists of a note code NOTE indicative of the note 
name of a tone assigned to the channel CH1, and an 
octave code OCT indicative of the octave range. The 
octave code OCT comprises octave signals 01 to 07 
respectively corresponding to 7 octave tone ranges of 
from the ?rst to 7th octave, and only one octave signal 
(one of 01 through 07) corresponding to an octave to 
which a depressed key assigned to the channel CH1 
belongs is “1" and the others are “0". 
The note code NOTE latched by the latch circuit 25 

is applied to the selection control input of the note 
selector 26, and to the selected signal input thereof is 
applied one of note clock signals NC# through NC from 
the generator 21, shown in FIG. 1. The note selector 26 
selects one note clock signal (one of NC# through NC) 
corresponding to a note name represented by the note 
code NOTE. In this example, the note clock generator 
21 (FIG. 1) is constructed to produce octave-multi 
plexed note signals corresponding to the respective note 
names as disclosed in copending US. patent application 
Ser. No. 915,239 filed by Okamura on June 13, 1978 and 
having a title of “Submultiple-Related-Frequency 
Wave Generator" now U.S. Pat. No. 4,228,403 issued 
Oct. 14, 1980. Thus. respective note clock signals NCtt 
through NC are generated in the form of octave'multi 
plexed note signals. 
One example of the note clock signals NC# through 

NC selected by the note selector 26 and applied to a line 
27, that is the content of the octave-multiplexed note 
signal is depicted along the line 27. In an octave-multi 
plexed note signal for one note name, a plurality of 
binary related digit signals Q1 through Q9 (indicating 
note wave states for respective octaves) such as would 
be obtained by sequentially frequency dividing a clock 
of a high frequency corresponding to the designated 
note are aligned in serially time divisioned multiplexed 
state. 
Each one of the octave-related digit signals Q1 

through Q9 has a frequency ofa relationship of 2" with 
each other. Consequently, in the octave-multiplexed 
note signal. binary data consisting of a plurality of bits 
(9 bits) are serially generated. Assume now that Q1 is 
the least signi?cant bit (LSB) and that its weight is 
2°: 1, then the weight of Q2 is 2‘, that of Q3 is 22, that 
of Q8 is 27 and that ofthe most signi?cant bit (MSB) Q9 
is 28. In the octave-multiplexed note signal, a reference 
timing pulse P is always delivered preceding the ?rst 
one of the note state digit signals Q1 through Q9. 
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Among the note state digit signals, whenever the 

logic level of the highest frequency digit signal Q1 is 
reversed, the logic levels (“1” or "0") of the respective 
note state digit signals are serially delivered following 
the reference timing pulse P. More particularly, for 
every reversal of the amplitude level of the note state 
digit signal Q1 of the highest frequency to “l“ or “0", 
the reference timing signal P is delivered in the first 
time slot (the width thereof is extremely narrow, for 
example about 1 micro-second). In the next slot time, a 
data bit indicative of the logic level of the note state 
digit signal Q1 of the highest frequency of the desig 
nated note is allotted. To the succeeding eight (third 
through tenth) time slots are respectively allotted data 
representing the logic levels of the note state digit sig 
nals Q2 through Q9. Upon termination of the time slot 
of the last digit signal Q9, the level of the octave-multi 
plexed note signal is maintained at "0“ until the next 
data delivering time, that is the next reversal of the digit 
signal Q1 to “1" or “0". Accordingly, if "I" is delivered 
after the continuation of “0“ for the period of at least 9 
time slots, this “1" means the reference timing pulse P. 
The note clock signal, i.e., the octave-multiplexed 

note signal selected by the note selector 26 is applied to 
the first stage of a shift register 28 over line 27. This 
shift register 28 is of a lO-stage/l-bit type and is driven 
by a clock pulse d> (see FIG. 3a) synchronous with the 
time slots of the note state digit signals. The note state 
digit signals are written into the shift register 28 in the 
order of P, Q1, Q2 . . . Q9 and are sequentially shifted 
toward the last or lOth stage. 
A signal produced by inverting the output of the first 

stage of the shift register 28 with an inverter 29 and the 
output signals of the second to 10th stages are inputted 
to a NOR gate circuit 30 which is provided for the 
purpose of detecting the reference timing pulse P, that is 
the arrival of the divided frequency data Q1 through 
Q9. The outputs of the fourth to lOth stages of the shift 
register 28 are applied to one input of AND gate cir 
cuits 31 through 37 respectively which are provided for 
the purpose of shifting, by amounts corresponding to 
octave signals 01 through 07. the bit positions of the 
note state signals Q1 through Q9 which have been ar 
ranged in parallel by the shift register 28. Subsequent to 
this shift control, the parallel data Q1 through Q9 are 
latched by a latch circuit 38. 
The octave signals 01 through 07 outputted from 

the latch circuit 25 are sequentially inputted to one 
input of AND gate circuits 31 through 37 starting from 
the higher octave 07. At this time, since only the octave 
signals corresponding to the octave range of the note 
assigned to its channel becomes “l", only one of the 
AND gate circuits 31 through 37 corresponding to the 

single octave signal (one of O1 through O7) is now When the first delivered timing signal P of level “I" is 

shifted to one of the fourth to lOth stages of the shift 
register 28 corresponding to one AND gate circuit (one 
of 31 through 37), this AND gate circuit is enabled to 
apply a signal “1" to the OR gate circuit 39. 
The arrival of the note state digit signals Q1 through 

Q9 in all to constitute a complete octave-multiplexed 
note signal at the shift register 28 is detected in the 
following manner. 

Since the note state digit signals Q1 to Q9 are always 
sent out after the reference timing pulse P, no signal 
(“0“) would appear at least for the period of nine bit 
times before appearance of the reference timing pulse P. 
Accordingly, when the reference timing pulse P is writ 
































