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(57) ABSTRACT 
The system comprises a frequency number memory 
device for storing information regarding the frequen 
cies of respective tones, a keyboard switch for reading 
out frequency number information corresponding 
thereto from the memory device, an address generator 
including an adder for adding a predetermined number 
of the frequency number information thereby produc 
ing an address signal consisting of plural bits, address 
composers for processing the bits of the address signal 
and thereby composing digital tone signals constituting 
a saw-tooth, square and triangular waveshape, and digi 
tal-analog converters for converting the digital tone 
signals into analog tone signals, which are thereafter 
used to synthesize waveshapes of any tone. 

17 Claims, 10 Drawing Figures 
  



Aug. 21, 1984 Sheet 1 of 6 Re. 31,648 U.S. Patent 

FIG. 
  



U.S. Patent Aug. 21, 1984 sheet 2 of 6 Re. 31,648 

TO MULTIPLAER M 

  



U.S. Patent Aug. 21, 1984 Sheet 3 of 6 Re. 31,648 

  



U.S. Patent Aug. 21, 1984 Sheet 4 of 6 Re. 31,648 

I 
2th bit hell 2nd bit st ble 

TO MULTIPUER M3 

    

  

  



U.S. Patent Aug. 21, 1984 Sheet 5 of 6 Re. 31,648 

F.G. 6 (O) 

-TIME 

-TME 

FIG. 6(c) 

---TME 

  



U.S. Patent Aug. 21, 1984 Sheet 6 of 6 Re. 31,648 

% SIGNAL FROM t 

  



Re. 31,648 

SYSTEM FOR GENERATING TONE SOURCE 
WAVESHAPES 

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 is a continuation of application Ser. No. 116,583 
filed Jan. 29, 1980 (abondoned) which itself is an applica 
tion for reissue of U.S. Pat No. 4, 119,005 issued Oct. 10, 
1978 which patent issued from application Ser. No, 
784,317 filed April 4, 1977, itself being a continuation of 
application Ser. No. 619,557 filed Oct. 3, 1975, and 
now abandoned, which is a continuation-in-part appli 
cation of U.S. patent application Ser. No. 448,573 filed 
Mar. 6, 1974 (now abandoned) (abandoned) which in 
turn was a continuation-in-part of application Ser, No. 
448,573 filed Mar. 6, 1974 (abandoned). 

BACKGROUND OF THE INVENTION 
This invention relates to an electronic musical instru 

ment, and more particularly, to a system of generating 
basic tone source waveshapes having frequencies corre 
sponding to respective keys of the musical instrument 
by utilizing a digital circuit. 
A conventional apparatus for generating a musical 

tone waveshape comprises a memory device which 
stores a particular musical tone waveshape and means 
for reading out the stored waveshape at selected rates 
for producing respective musical tone waveshape sig 
nals. However, in order to produce signals of various 
musical tone waveshapes it is necessary to provide a 
plurality of memory devices because it is necessary to 
use one memory device for each tone waveshape. In 
addition, the prior art apparatus cannot accurately form 
tone signals of any desired waveforms. According to 
one type of prior art muscial tone waveshape generating 
system, a fundamental wave and sinousoidal waves 
corresponding to respective higher harmonics are read 
out from a memory device in which a sinusoidal wave is 
stored and the read out fundamental and harmonic 
waves are compounded at suitable level ratios to form a 
musical tone signal of any desired waveshape. How 
ever, these prior art systems require a number of com 
plicated circuit components such as a plurality of tone 
memories, memory read out devices and wave com 
pounding devices. Thus, not only is the circuit con 
struction extremely complicated and expensive but also 
it is necessary to use considerably high operating fre 
quencies. 

SUMMARY OF THE INVENTION 

It is an object of this invention to provide an im 
proved system for generating stable and highly accurate 
basic musical tone source waveshapes with an apparatus 
of small size and simple construction and operating at a 
relatively low frequency. 
Another object of this invention is to provide a novel 

system for generating accurate basic tone source wave 
shapes with an simple apparatus without utilizing any 
waveshape memory device and without the necessity of 
synthesizing higher harmonic waveshapes. 

Still another object of this invention is to provide a 
simple system for generating digital representations of 
stable basic tone source waveshapes having a saw 
tooth, duty variable square or triangular configuration 
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2 
which can be used to produce any one of substantially 
all musical tone source signals by digital-to-analog con 
version. 

In accordance with this invention there is provided a 
system for generating tone source waveshapes compris 
ing a frequency number memory device for storing 
information regarding the frequencies of respective 
tones; a keyboard switch for reading out frequency 
number information corresponding thereto from the 
frequency number memory device; an address genera 
tor responsive to the frequency number information 
read out from the frequency memory device for pro 
ducing an address signal consisting of a plurality of bits; 
an address composer responsive to the address signal 
for composing a digital signal from at least one of the 
bits and having a saw-tooth, square or triangular wave 
shape, and means for converting the digital signal into 
an analog tone source signal which is used to produce a 
desired musical tone waveshape signal. 
The address generator comprises an adder for succes 

sively adding the frequency number information for 
producing, as an address signal, a sum whose contents 
include a plurality of bits. To form a saw-tooth wave, 
the address composer is comprised by a buffer register 
for storing the data of a predetermined number of bits of 
higher orders from among the address signal. 
The address composer for producing a symmetrical 

square wave includes inverter means connected to re 
ceive only the data of the most significant bit of the 
address signal. 
The address composer for producing an asymmetri 

cal square wave comprises an AND gate circuit con 
nected to receive the data of the most significant bit of 
said plurality of bits and the data of a bit one order 
lower than the most significant bit, and inverter means 
responsive to the output of the AND gate circuit. 
The address composer for producing a triangular 

wave comprises a buffer memory connected to receive 
the data of a predetermined number of bits at higher 
orders among said plurality of bits, a selector, means for 
applying the data of the predetermined number of the 
bits except the data regarding the most significant bit 
and a bit one order lower than the most significant bit 
directly to and through inverter means to the selector, 
means for controlling the selector in accordance with 
the bit one order lower than the most significant bit, a 
complementing means responsive to the output from 
the selector for forming a complement with respect to 2, 
and means for controlling the complementing means in 
accordance with the most significant bit. 
BRIEF DESCRIPTION OF THE DRAWINGS 

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

of this invention; 
FIG. 2 is a block diagram showing one example of a 

gate circuit and an address generator; 
FIG. 3 is a block diagram showing one example of a 

saw-tooth address composer; 
FIGS. 4a and 4b show block diagrams of different 

duty variable square wave address generators in which 
FIG. 4a shows a symmetrical square wave address com 
poser and FIG. 4b an asymmetrical square wave ad 
dress composer; 

FIG. 5 is a block diagram showing one example of a 
triangular wave address composer; 
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FIG. 6a shows a tone source signal having a saw 
tooth waveshape and produced by a saw-tooth wave 
address composer; 

FIG. 6b shows a tone source signal having a square 
waveshape and produced by square wave address com 
poser; 

FIG. 6c shows a tone source signal having a triangu 
lar waveshape and generated by a triangular wave ad 
dress composer; 

FIG. 7 is a block diagram showing in detail the at 
tack-decay logic circuit of the embodiment shown in 
FIG, . 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

With reference now to the accompanying drawings, a 
preferred embodiment of the novel tone source wave 
shape generating system shown in FIG. 1 comprises a 
pre-loaded frequency number memory device 2 which 
stores information corresponding to the frequencies of 20 
respective musical tones. In the following description 
the information is termed "F numbers." When any one 
of a plurality of keys of a keyboard switch circuit 1 is 
operated, an Fnumber corresponding to that key is read 
from the frequency number memory device 2. The 
values of the F numbers are determined, for example, as 
shown in the following Table 1, which shows the rela 
tionship between the fundamental frequency fh, F num 
ber and the number N of sampling points in each period 
for various musical notes ranging from the C tone (C6) 
of the sixth octave to the C tone (C) of the seventh 
Octave. 

TABLE 1 
Frequency Number(N) of 

f F Sampling points 
Tone (H2) number in each period 
C 2093.00 1.0000 32.00 
B6 1975.53 0.9443 33.90 
Agó 864.66 0.893 35.92 
A6 1760.00 0.842 38.06 
G6 661.22 0.7940 40.32 
G6 1567.98 0.7494 42.72 
F6 1479.98 0.7073 45.26 
F6 1396.9 0.6676 47.95 
E6 318.5 O,6301 SO.80 
D6 1244.5 0.5947 53.82 
D6 1174.66 0.5613 57.02 
Cq6 1108.73 0.5298 60.41 
C6 1046.50 0.5000 6400 

The F number read from the frequency number mem 
ory device 2 is applied to an address generator 4 
through a gate circuit 3 which is enabled for a unit time 
tx at each sampling point of the wave. More particu 
larly, a driver amplifier 12 generates a drive signal in 
accordance with a clock signal generated by a master 
oscillator 11 and having a period t, thus enabling the 
gate circuit 3 for each unit time t. The unit time t at 
each sampling point of a tone source wave is deter 
mined by the frequency fh of the tone source wave and 
the number N of sampling points at each period. Since 
t = (1/fhN)(sec), in the case shown in Table 1 the unit 
time is expressed by t= 14.9 microseconds. The rela 
tionship between the unit time t at each sampling point 
and the sum qF of the F numbers accumulated by an F 
number adder 4A to be described later is shown in the 
following Table 2 in which the tones A6, Gs and C7 are 
selected as examples. As can be noted from Table 2, 32 
sampling points each designated by a respective value 
of qF are required to form one period of tone C7, ap 
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4. 
proximately 36 sampling points for tone A6, and ap 
proximately 43 sampling points for tone G6, thus indi 
cating that a high number of sampling points is required 
to form tones of lower frequency levels. The keyboard 
switch circuit 1 and the frequency number memory 2 of 
FIG. 1 have acquired a well-known status in the art as 
exemplified by Deutsch U.S. Pat. No. 3,809,786 (see 
elements 12 and 14 of FIG. 1 therein) 

TABLE 2 

Unit time t -at at each sampling 
point G6 A6 C 
1 0.7494 0.8913 0000 
2 1.4988 1.826 2.0000 
3 2.2482 2.6739 3 
4 2.9976 3.5652 4. 
s 3.7470 4.4565 5 
6 4.4964 5.3478 6 

31 23.23 27.6303 3.0000 
32 23.9808 28.526 0.0000 
33 24.7300 29.4129 10000 
34 25.4796 30.3042 2 
35 26.2290 31, 1955 3 
36 26,9784 0.0868 4. 
37 27.7278 0.978 5 
38 28.4772 1.3694 6 
39 29.2262 2.7607 7 
40 29.9760 3.6520 8 
41 30,7254 4S433 9 
42 31.4748 5.4346 O 
43 0.2242 6.3259 11 
44 0.936 7.2172 2 
45 1.230 8.1025 13.0000 

FIG. 2 is a block diagram showing the construction 
of one example of the gate circuit 3 and the address 
generator 4. The data regarding each F number are 
constituted by 16 bits corresponding to the decimal 
value of the respective F number shown in Table 1. The 
F number is applied to one input of the gate circuit 3G, 
and this gate circuit is enabled under the command of 
key data KD which have a predetermined level only 
while a key is being depressed, thereby storing the F 
number in a 16 bit buffer memory 3B. While said key is 
being depressed, the output from the buffer memory 3B 
is fed back to the gate circuit 3G thus maintaining the 
same value of the F number. The output from the gate 
circuit 3 is coupled to the address generator 4 and the F 
number is successively added to itself so as to be accu 
mulated as value qf(q = 1, 2 . . . ) in a 21 bit adder 4A. 
The gate circuit 4G is enabled under the command of 
the key data KD so as to send the value qf to a buffer 
memory 4B, and the output from the buffer memory 4B 
is fed back to the adder 4A and also applied to the inputs 
of respective address composers 5, 6 and 7 as the output 
from the address generator 4. 
The nature of "q' is precisely the same as that of "q" 

described in the aforementioned Deutsch U.S. Pat. No. 
3,809,786 in connection with his frequency number R, 
whereas the present inventors use "q" in connection 
with their frequency number F. Thus, applicants' qf 
numbers are the qk numbers of the Deutsch Patent. 
Assuming that the value qf at this time is equal to the 
value of the C7 tone at the time t = 1 shown in Table 2, 
then qf = 1. While the same key as described above is 
being depressed, the value qf which has been stored in 
the buffer memory 4B is fed back to the adder 4A to be 
added therein to the value of an F number sent from the 
gate circuit 3 and the resulting value qf is applied to the 
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inputs of the address composers 5, 6 and 7 via the gate 
circuit 4G and the buffer memory 4B. In this example, 
at this time t=2 and the accumulated value of the F 
numbers for the C7 tone is qf=2. The accumulation 
operation of the F numbers is carried out in a manner 
just described with the result that the F numbers are 
successively accumulated at each unit time t, and the 
values qf as shown in Table 2 are generated by the 
address generator 3. Each time the value qP exceeds 32, 
the adder 4A is reset to repeat the accumulation opera 
tion. Consequently, the resetting of the adder 4A is 
performed always near the end of each period of the 
generated tone source waves. 
Address composers 5, 6 and 7 respectively deliver 

composed or changed address signals, at each sampling 
point of time, thereby constituting the three types of 
tone source waveshapes, that is, a saw-tooth wave, a 
duty variable square wave and a triangular wave. Since 
these address signals themselves respectively make the 
instantaneous values of the respective waveshapes, 
higher harmonic amplitude value calculating circuits of 
complicated construction are not required in this inven 
tion. The address composer means does not utilize a wave 
shape memory for this digital waveshape composition. 

FIG. 3 shows a block diagram of one example of the 
saw-tooth wave address composer 5. The value qf 
calculated by the adder 4A contains 21 bits but since the 
less significant bits can be discarded as a fraction por 
tion, the data of the 11 bits at higher orders from the 
21st bit to the 11th bit are used as the address signals for 
composing a basic tone source waveshape. The data of 
the 11 bits of higher (more significant) order of the 
value q are applied to a buffer memory 5B to form a 
saw-tooth wave as shown in FIG. 6a. Since FIGS. 6a, 
6b and 6c are plotted for the C7 tone, for example, the 
number of the sampling points during one period is 32. 
FIGS. 4a and 4b show examples of duty variable 

square wave address composers. FIG. 4a shows one 
example of a symmetrical square wave address com 
poser suitable for use as the waveshape address com 
poser 6 of FIG. 1 in which is utilized only the MSB data 
regarding the most significant bit of the sum value qF 
sent from the address pulse generator 4. 
The term "MSB' is well-known in the field of digital 

technology. Taking the 21 bit output (plurality of bits) 
of address generator 4, for example, the MSB is the bit 
of the highest order and is followed directly by the bit 
which is one bit less significant and so on to the LSB. 
The address composer 6 in the form shown in FIG. 4a 
includes inverters IA 11, IA 10, IA9 . . . IA2, IA. In the 
case of a C7 tone, since the data of the most significant 
bit MSB up to the 16th sampling point are "0," the 
outputs from all inverters IA 1 . . . IA, are zero, and 
this constitutes the output data for the 11 bits of the 
square wave address composer 6. From the 17th to the 
32nd sampling point, the data of the most significant bits 
MSB are all '1'. Accordingly, the outputs of all invert 
ers IA to A11 are 1 and correspond to the largest am 
plitude. Thus, it is possible to obtain a symmetrical 
square wave as shown by solid lines in FIG. 6b. Al 
though in FIG. 6b, a waveshape for the C7 tone is 
shown by way of example, it can be noted from Table 2 
that for any tone, during the first half of the group of the 
sampling points, the data of the most significant bits are 
"O' whereas during the second half the data of the most 
significant bit are "1". 
FIG. 4b shows a block diagram of one example of an 

asymmetrical square wave address composer suitable 
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6 
for use as the waveshape address composer 6 of FIG. 1. 
In this composer only the data of the most significant bit 
MSB and of the next bit MSB-1 (a bit one order lower 
than MSB) of the value qF are applied to inverters I2 
and I respectively, and the outputs of these inverters 
are applied to the inputs of an AND gate circuit AND. 
The data of the most significant bit MSB, next bit 
MSB-1 and the output data from the AND gate circuit 
AND are related to each other as shown in Table 3 

TABLE 3 
MSB MSB-1 AND OUTPUT 

Sampling Sl O 0. 
period S2 O 1. O 

S3 O O 
S4 1 O 

In this table, S1 represents sampling points during the 
first quarter period of one cycle, S2 those during the 
second quarter period of one cycle, S3 those during the 
third quarter period of one cycle and S4 those during 
the fourth quarter period of one cycle. In the case of 
tone C7, S1 represents sampling points up to the 8th 
sampling point, S2 those from the 9th to the 16th sam 
pling point, S3 those from the 17th to the sampling point 
24th and S4 those from the 25th to the 32nd sampling 
point. The output data from AND gate circuit AND are 
inverted by inverters IB1-IB11 to form an 11 bit output 
of the duty variable square wave address composer 6, 
thereby producing an asymmetrical square wave as 
shown by broken lines in FIG. 6b. In other words, 
where the output from the AND gate circuit AND is 
"1,' the outputs from all of the inverters IB1-IB1 are 
"O" so that the amplitude for the wave of the sampling 
period S1 is a minimum or zero. Where the output data 
from the AND gate circuit are "0," the outputs from all 
of the inverters IB1-IB1 are "1" so that the amplitude 
of the wave during sampling periods S2, S3 and S4 is at 
a maximum. In this manner, an asymmetrical square 
wave having a duty factor ratio of 1:3 is obtained. 
FIG. 5 is a block diagram showing one example of a 

triangular wave address composer suitable for use as the 
wave shape address composer 7 of FIG. 1, in which the 
data represented by 13 bits of higher orders of the value 
qF are applied to a buffer memory 7B from address 
generator 4. Among the output data represented by the 
13 bits from the buffer memory 7B, the data represented 
by the 11 bits of lower orders are respectively divided 
into two parts, one being sent directly to a selector 7S 
and the other being inverted by inverters IC1-IC11 and 
then applied to a selector 7S. The data of the 12th bit 
provided by the buffer memory 7B acts as a selection 
signal for commanding whether the data of the 11 bits 
from the buffer memory 7B or the data of the 11 bits 
inverted by the inverters IC1-ICl are to be selected by 
selector 7S. 
The selector 7S is a simple logic circuit provided for 

selectively applying, in response to the contents of 
buffer memory 7B which are one bit less significant than 
the MSB of the buffer memory (i.e., MSB-1), the con 
tents of the buffer memory which are less significant 
than MSB-1 directly to complementor 7C or the out 
puts of inverters IC1-IC11 to complementor 7C. There 
is also provided a complementor 7C for providing a 
complement with respect to 2 for the data sent from the 
selector 7S. The output data from buffer memory 7B 
representing the 13th bit is inverted by an inverter 
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INV30 and the inverted signal is used to operate the 
complementor 7C. 
The complementor 7C is a simple logic circuit pro 

vided for producing two's complements of the data 
from selector 7S. When the MSB of buffer memory 7B 
is "0", complementor 7C performs a complementing 
operation upon receipt of the output "1" of inverter 
INV30, whereas it does not perform the complementing 
operation but passes the output of selector 7S upon 
receipt of the output "0" of inverter INV30. By way of 10 
an example, the variation in the digital values of the 
10th to 13th bits at higher orders is shown in Table 4 
below. 

TABLE 4 
Output data Output data Output data 

from from from 
buffer memory selector complementer 

7B 7S 7C 
Bit 3 2 11 10 1. 10 12 10 

Sampling 0 0 O 0 0 O 0 0 0 
period 0 0 0 1 O 1 1 1 

S1 0 0 1 0 1. O 1 0. 
0 0 1 O 1 
0 1 0 0 1 O 1 
0 1 0 1 O t 1 0 

S2 0 1 1 0 0 1 1 
0 1 1 O O O O O 
1 0 O 0 O O O O O 
1 0 0 1 O 0 0 

S3 1 0 1 0 1 O O l O 
1 0 1 1 1 O l 
1 1 0 0 1. 0 l 
1 1 0 1 1 O O l O 

S4 1 1 1 0 0 0 0 
1 1 1 1 0. O 0 0 0 

Sampling periods S1, S2, S3 and S4 are identical to 
those shown in Table 3 and can be obtained by dividing 
one cycle by 4. Where the value of the 12th bit provided 
by the buffer memory 7B is “1,” the selector 7S is 
caused to select the data inverted by the inverters IC 
1-IC11. Consequently, inverted data are obtained during 
sampling periods S2 and S4 as shown in Table 4. Where 
the value of the 13th bit is "0," the output "1" from the 
inverter ICooperates the complementor 7C, and where 
its output is "0" the output data from the selector 7S 
also constitutes the output from the complementor 7C. 
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During sampling periods S1 and S2, since the value of 45 
the 13th bit is "0," the complementor 7C is caused to 
produce a complement of 2 of the output data from 
selector 7S. A complement of 2 regarding a numeral Y 
represents - Y. Further, as can be noted from Table 4, 
the absolute values of the corresponding data during 
sampling periods shown in the columns under the head 
ing of "output data from selector 7S" in Table 4 are 
equal to each other. As a result, the output data from 
the complementor 7C have the same absolute value, but 
of opposite signs with regard to the corresponding sam 
pling points during respective sampling periods. For 
example, the binary word 111 is a complement of 2 for 
the binary word 001. The binary word 001 corresponds 
to decimal 1, hence the complement 111 of 2 represents 
decimal 1. Among the output data of 12 bits provided 
by the complementor 7C, the most significant bit is used 
as a sign bit. In this manner, a triangular wave as shown 
in FIG. 6C can be produced. 

In summary, address generator 4 responds to the 
frequency number F read out from frequency number 
memory device 2 to produce a given number of succes 
sive address signals periodically. For example, for each 
period of the note C7 (F = 1.0000), 32 qF signals are 
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produced, each of the 32 qf signals having a 21 bit 
plurality of bits. Address composer 5 responds 32 suc 
cessive times to the digital word value, at each time, of 
11 bits of each 21 bit qF signal to digitally compose the 
sawtooth waveshape having the amplitude versus time 
characteristic shown in FIG. 6(a) and the fundamental 
frequency of the note C7. Address composer 6 responds 
32 successive times to the digital word value, at each 
time, of 1 bit of each 21 bit qF signal to digitally com 
pose the symmetrical square waveshape having the 
amplitude versus time characteristic shown by solid 
lines in FIG. 6(b) and the fundamental frequency of the 
note C7; and responds 32 successive times to the digital 
word value, at each time, of 2 bits of each 21 bit qF 
signal to digitally compose the assymmetrical square 
waveshape having the amplitude versus time character 
istic shown by broken lines in FIG. 6(b) and the funda 
mental frequency of the note C7. Address composer 7 
responds 32 successive times to the digital word value, 
at each time, of 13 bits of each 21 bit of qP signal to 
digitally compose the triangular waveshape having the 
amplitude versus time characteristic shown in FIG. 6(c) 
and the fundamental frequency of the note C7. Thus, for 
the note C7, each address composer responds 32 succes 
sive times to the digital word value of a respective 
predetermined number (11, 1, 2 or 13) of a 21 bit plural 
ity of bits, which predetermined number is in the range 
from 1 bit to 13 bits. Stated more generally, each ad 
dress composer is responsive to a predetermined num 
ber of the plurality of bits of each address signal, which 
predetermined number is in the range from 1 bit to n 
bits, where n is more than 1 and less than the bit plural 
ity. 

In the foregoing description, the methods of synthe 
sizing digital data for basic tone source waveforms of 
three types have been shown. This is done by digital logic 
circuitry means for forming sample point amplitude values, 
without the use of a waveform memory, by manipulation of 
the digital address values gF themselves. In the following, 
a method of forming an attack-decay envelope for these 
data will be described. 
The closure of a key-actuated switch in the keyboard 

switch circuit 1 is detected by an attack-decay logic 
circuit 9 (FIGS. 1 and 7). In response to the signal rep 
resenting the closure of the keyboard switch and the 
output from an attack-decay oscillator 10, the attack 
decay logic circuit 9 produces an address signal for 
reading the data out of an attack-decay memory 8 
which stores digital information regarding the contour 
of an attack-decay envelope. In response to the address 
signal generated by the attack-decay logic circuit 9 the 
data regarding the attack envelope are read from the 
attack-decay memory 8 during a suitable interval fol 
lowing the closure of the keyboard switch. The inter 
vals of attack and decay are controlled by the attack 
decay oscillator 10. These data are applied to multiliers 
M1, M2 and M3 for multiplying with the digital data 
regarding respective note source waveshapes applied 
from waveshape address composers 5, 6 and 7. Even 
after termination of the attack, while the keyboard 
switch is held closed, the terminal values of the attack 
envelope are read out. When the attack-decay logic 
circuit 9 detects the opening of the keyboard switch, the 
data regarding a decay envelope is read from the attack 
decay memory 8 in the same manner as in the case of the 
attack envelope and these read out data are applied to 



Re. 31,648 
9 

the multipliers M1, M2 and M3 for multiplying the digi 
tal data regarding the tone source waveshapes. 

Stated more specifically, upon depression of any key, 
an ON signal is applied to one input of the lower AND 
gate AND 1 which causes the ATTACK OSC 10a, to 
produce an output pulse. This pulse is applied to the 
ATTACK DECAY COUNTER via the lower AND 
gate AND 1 and the OR gate. The ATTACK DECAY 
COUNTER then performs a binary counting operation 
and its count output is applied to the attack decay mem 
ory 8. In the meantime, the output "0" of the inverter is 
applied to one input of the other AND gate AND 2 
whereby the pulse of the DECAY OSC. is inhibited and 
not applied to the ATTACK DECAY COUNTER. 
Upon release of the key, an OFF signal "0" is applied to 
the lower AND gate AND 1 so that it does not gate out 
the output pulse of the ATTACK OSC. Since the out 
put of the inverter meanwhile becomesa “1,” the output 
pulse of the DECAY OSC. is applied to the ATTACK 
DECAY COUNTER via said other AND gate AND 2 
and the OR gate and is counted. When decay has fin 
ished, all inputs to the NAND circuit becomes "1" so 
that the DECAY FINISH signal becomes "0" and said 
other AND gate AND 2 ceases to gate out the output 
pulse of the DECAY OSC. 
The digital data regarding the tone source wave 

shapes which have been multiplied by the amplitude 
coefficients from the attack-decay memory 8 in the 
multipliers M1, M2 and M3, respectively, are applied to 
buffer memories B1, B2 and B3 for equalizing the fluctu 
ations in time. The outputs from the buffer memories 
B1, B2 and B3 are sent to digital-analog converters C1, 
C2 and C3, respectively, and converted into analog 
signals therein. In this manner, the three types of tone 
source waveshapes namely a saw-tooth wave, duty 
variable square wave and triangular wave are produced 
as analog signals. 
Although the foregoing description has been made 

with reference to a monophonic instrument, it will be 
clear that tone source waveshapes for a polyphonic 
instrument can also be formed in the same manner. 
Furthermore, it should be understood that the clock 
signals applied to the address generator 4 and the ad 
dress composer 5, 6 and 7 are generated by the single 
master oscillator 11. Consequently, it is possible to ob 
tain extremely stable tone source waveshapes. 
By analog processing the digitally represented tone 

source waveshapes produced in the manner described 
hereinabove it is possible to synthesize almost all musi 
cal tone waveshapes. It is also possible to use these tone 
source waveshapes as the fundamental waves in a com 
pound tone synthesizer. Thus, according to this inven 
tion, it is possible to digitally form highly accurate and 
stable tone source waveshapes with a small size appara 
tus operating at a low frequency without using any 
waveform memory device and without the necessity of 
synthesizing higher harmonic components. 
What is claimed is: 
1. A system for generating tone source waveshapes 

comprising a pre-loaded frequency number memory 
device which stores in digital representation a plurality 
offrequency numbers corresponding respectively to the 
fundamental frequencies of the notes of said wave 
shapes; a keyboard switch circuit having a key-actuated 
switch for each of said notes for reading out a frequency 
number respectively corresponding thereto from said 
frequency memory device; an address generator respon 
sive to the frequency number read out from said fre 
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10 
quency memory device for producing a given number 
of successive address signals periodically, each address 
signal consisting of a plurality of bits; at least one ad 
dress composer connected to receive said successive 
address signals from said address generator directly and 
responsive to a predetermined number of said plurality 
of bits of each address signal in the range from one bit 
to n bits, where n is more than one and less not more 
than the bit plurality, for digitally composing a tone 
waveshape having a fundamental frequency corre 
sponding to said read out frequency number with an 
amplitude versus time characteristic determined by the 
digital word value of each predetermined number of 
address signal bits to which said one address composer 
responds; and means for converting the digitally com 
posed tone waveshape into an analog equivalent 
thereof. 

2. The system according to claim 1 wherein said 
address generator includes an adder for successively 
adding the read-out frequency number to itself and a 
buffer memory for storing the accumulated frequency 
number resulting from the successive addition per 
formed by said adder. 

3. The system according to claim 2 wherein said 
buffer memory stores said accumulated frequency num 
ber in the form of a plurality of bits, and said address 
composer comprises a buffer memory for storing a pre 
determined number of bits counting from the most sig 
nificant bit in said address signal, thereby producing a 
saw-tooth wave. 

4. The system according to claim 1 wherein said 
address composer is a duty variable square wave ad 
dress generator. 

5. The system according to claim 2 wherein said 
buffer memory stores said accumulated frequency num 
ber in the form of a plurality of bits and said address 
composer includes inverter means connected to receive 
only the most significant bit of said address signal, 
thereby producing a symmetrical square wave. 

6. The system according to claim 2 wherein said 
buffer memory stores said accumulated frequency num 
ber in the form of a plurality of bits and said address 
composer comprises an AND gate circuit connected to 
receive the most significant bit of said address signal and 
a bit which is one bit less significant than said most 
significant bit, and inverter means responsive to the 
output of said AND gate circuit, thereby producing an 
asymmetrical square wave. 

7. The system according to claim 2 wherein said 
buffer memory stores said accumulated frequency num 
ber in the form of a plurality of bits and wherein said 
address composer comprises a second buffer memory 
connected to receive a predetermined number of bits 
counting from the most significant bit in the address 
signal, inverter means, a selector for applying said pre 
determined number of the bits except the most signifi 
cant bit and the bit which is one bit less significant than 
said most significant bit directly to and through said 
inverter means to said selector, means for controlling 
said selector in accordance with said bit which is one bit 
less significant than said most significant bit, comple 
menting means responsive to the output from said selec 
tor for forming a two's complement, and means for 
controlling said complementing means in accordance 
with said most significant bit, thereby forming a triang 
ular wave. 

8. The system according to claim 1 which further 
comprises an attack-decay oscillator, an attack-decay 
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logic circuit responsive to a signal indicating the opera 
tion of said key-actuated switch and the output from 
said attack-decay oscillator for producing an address 
signal, an attack-decay memory device storing informa 
tion regarding attack and decay envelopes and con- 5 
nected to receive said the address signals signal 
from the attack/decay logic circuit for producing said 
attack and decay envelope information, and a multiplier 
connected between said address composer and said 
digital-analog converting means for multiplying said 
digital tone signal by said attack and decay envelope 
information. 

9. In an electronic musical instrument having note selec 
tion keys, a system for generating tone source waveshapes 
comprising 

key identification means having a key-actuated switch 
for each note for generating a key identification signal 
corresponding thereto 

address generator means responsive to the key identifica 
tion signal for producing a given number of successive 
address signals periodically, each address signal con 
sisting of a plurality of bits 

address composer means connected to receive said suc 
cessive address signals from said address generator 25 
means, and responsive to a predetermined number of 
said plurality of bits of each address signal in the 
range from one bit to n bits where n is more than one 
and not more than the bit plurality, for digitally con 
posing a tone waveshape having a fundamental fre- 30 
quency corresponding to said generated key identifica 
tion signal with an amplitude versus time characteris 
tic determined by the digital word value of each prede 
termined number of address signal bits to which said 
address composer means responds, said address com- 3.5 
poser means not utilizing a waveshape memory for 
said digital waveshape composition, and 

means for converting the digitally composed tone wave 
shape into an analog equivalent thereof. 

10. The system according to claim 9 further comprising: 
an attack-decay clock generator, 
envelope information means, responsive to a signal indi 

cating the opration of a key-actuated switch and to 
clock pulses from said attack-decay clock generator, 
for providing information regarding attack and decay 
envelopes, and 

waveform modification means, cooprating with said 
envelope information means and said address com 
poser means, for modifying said digitally composed 50 
waveshape in accordance with said information re 
garding attack and decay envelopes. 

11. A system for generating tone source waveshapes 
comprising 
means for generating key identification signals in digital 55 

representation corresponding respectively to note 
related fundamental frequencies of said waveshapes, 

a keyboard switch circuit having a key-actuated switch 
for each of said notes for actuating said generating 
means to generate the key identification signal corre- 60 
sponding thereto, 

an address generator responsive to the key identification 
signal for producing a given number of successive 
address signals periodically, each address signal cont 
sisting of a plurality of bits, 65 

10 

5 

40 

45 

12 
an address composer, connected to receive said successive 

address signals from said address generator and re 
sponsive to a predetermined number of said plurality 
of bits of each address signal in the range from one bit 
to n bits where n is more than one and not more than 
the bit plurality, for digitally composing a tone wave 
shape solely by carrying out arithmetic and/or logical 
operations directly on said predetermined number of 
address signal bits, said tone waveshape having a 
fundamental frequency corresponding to said gener 
ated key identification signal with an amplitude ver 
sus time characteristic determined by the digital word 
value of each predetermined number of address signal 
bits to which said address composer responds, and 

means for converting the digitally composed tone wave 
shape into an analog equivalent thereaf 

12. The system according to claim 11 which further 
comprises an attack-decay oscillator, an attack-decay logic 
circuit responsive to a signal indicating the operation of 
said key-actuated switch and the output from said attack 
decay oscillator for producing an address signal, an attack 
decay memory device storing information regarding attack 
and decay envelopes and connected to receive the address 
signal from the attack-decay logic circuit for producing 
said attack and decay envelope information, and a multi 
plier connected between said address composer and said 
digital-analog converting means for multiplying said digi 
tal tone signal by said attack and decay envelope informa 
tion. 

13. An electronic musical instrument comprising 
means for producing a set of digital addresses which 

progress through a fixed range of values in a certain 
time interval corresponding to the period of a selected 
musical note, and 

digital logic circuitry means for forming waveform san 
ple point amplitude values, without the use of a wave 
form memory, by manipulation of the digital address 
values themselves, said manipulation being carried 
out in unison with the progressive changes in digital 
address value so that the resultantly formed musical 
waveform has the period of said selected note. 

14. An electronic musical instrument according to claim 
13 further comprising 
a keyboard, said selected musical note being selected by 

actuation of a key, 
an attack-decay clock generator, 
envelope information means, responsive to said key actu 

ation and to clock pulses from said generator, for 
providing information regarding attack and decay 
envelopes, and 

waveform modification means, cooperating with said 
envelope information means and said digital logic 
circuitry means, for modifying said manipulation in 
accordance with said information regarding attack 
and decay envelopes, 

15. An electronic musical instrument according to claim 
13 wherein said manipulation consists of logical manipula 
tion. 

16. An electronic musical instrument according to claim 
13 wherein said manipulation consists of arithmetic manip 
ulation. 

17. An electronic musical instrument according to claim 
13 wherein said manipulation consists of combined logical 
and arithmetic manipulation, 
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