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[57] ABSTRACT

A single resistor bar having a plurality of connection
points is formed by a diffused layer on a semiconduuc-
tor substrate. A predetermined voltage is applied
across the resistance layer so that the respective con-
nection points exhibit different potentials. A decoder
designates, via a reading switch circuit and succes-
sively at a predetermined time rate and order, which
of the potentials to read out. Thus sequentially read-
out voltages constitute a waveform of a particular tone
color or an envelope of a particular shape. The de-
coder and the reading switch circuit may be formed by
MOS transistors, and the circuits thus formed may be
combined together with the resistance layer in an inte-
grated structure on the semiconductor substrate.

8 Claims, 29 Drawing Figures
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1
WAVEFORM PRODUCING DEVICE

BACKGROUND OF THE INVENTION

This invention relates to a device for producing a
waveform having a particular tone-color or an enve-
lope of a particular shape for electronic musical instru-
ments.

A device for producing a waveform constituted by
analog sampled values at successive time points. in
which resistance elements having resistances decisive
of the amplitude values to be produced are provided
and electrical circuits for these elements are sequen-
tially formed by means of mechanical contacts, is
known in the art.

However, such a conventional device needs as many
resistance elements as the number of amplitude values
(i.e. sampling time points) for forming an analog wave-
form to be produced, that is, it needs a number of resis-
tance elements, and the size of the device is therefore
inevitably large. Furthermore, the more ideal analog
waveform we try to produce, the more amplitude val-
ues it requires, that is, much more resistance elements
are necessary for the production of the ideal analog
waveform. However, the actual size of the device is nat-
urally limited to a certain extent, and accordingly the
number of resistance elements employed therein is also
limited to a certain number. Consequently, analog
waveforms produced from the conventional device are
of a non-continuous (stepwise) waveform.

In general, resistance elements vary widely in their
resistance, and precision resistance elements less in re-
sistance fluctuation are high in price.

The resistances of resistance elements available in
the market are standardized. Therefore, when resis-
tance elements having resistances other than standard
resistances are required for the production of a desired
analog value, it is necessary to special order them,
which will result in the increase of the price of the
waveform producing device.

Furthermore, since the conventional device reads in-
formation by means of mechanical contacts, it suffers
from various difficulties such as a relatively short ser-
vice life and a slow reading speed.

On the other hand, for the purpose of producing an
analog waveform in response to digital information, a
digital-to-analog converter is employed. However, in
the digital-analog converter proposed heretofore, the
number of bits is limited to a certain value, and there-
fore analog waveforms produced are not always satis-
factory in waveform continuity.

Furthermore, a waveform producing device employ-
ing integrated circuits has been proposed. In this con-
ventional waveform producing device, a plurality of
diffused resistance layers each having a certain width
are formed on a semiconductor substrate, resistance
values corresponding to amplitude values at respective
sampling time points of an analog waveform to be pro-
duced are set on the diffused resistance layers, respec-
tively, and by sequentially scanning these resistance
layers from one outermost layer to the other outermost
layer terminal voltages of the resistance layers are se-
quentially read out, whereby a desired analog wave-
form having variation of amplitudes corresponding to
variation of the terminal voltages thus read is pro-
duced. '

In this conventional waveform producing device,
since a number of parallel diffused resistance layers are
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2

formed on the semiconductor substrate as described
above, it follows that a relatively large space is neces-
sary for the device and a relatively large amount of
electric power is consumed therein. These difficulties
become significant as the number of the diffused resis-
tance layers is increased for the purpose of improving
the continuity of the analog waveform to be produced.

SUMMARY OF THE INVENTION

Accordingly, a primary object of this invention is to
provide a waveform producing device having a low
manufacturing cost which is free from the above-
described difficulties accompanying conventional
waveform producing devices and is capable of produc-
ing analog waveforms having satisfactory waveform
continuity.

Another object of the invention is to provide a wave-
form producing device which is suitable for the produc-
tion of a tone-color waveform or an envelope wave-
form having a rising and decaying characteristic neces-
sary for electronic musical instruments.

A further object of the invention is to provide a wave-
form producing device which can readily produce a
wave-form having variation of amplitudes similar to
variation of logarithmical functions.

A still further 'obj‘ect;df‘ the invention is to provide a
reliable waveform producing device which can be
made to be small in size with the aid of a technique on
MOS integrated circuits. I

The foregoing objects and other objects of this inve: -
tion have been achieved by the provision of a waveform
producing device which comprises, per unit, one dif-
fused layer resistor formed on a semi-conductor sub-
strate and having a plurality of connection points,
means for applying a predetermined voltage across the
resistance layer to respectively provide different poten-
tials at the connection points, and a reading circuit for
reading the potentials at the connection points in a pre-
determined order, thereby to produce a desired wave-
form having variation of amplitude corresponding to

_variation of the potentials thus selected.

It is preferable that the reading circuit comprises a
switching circuit having a plurality of MOS transistors
connected to the connection points and an addressing
circuit with MOS transistors for driving the switching
circuit so that the MOS transistors in the switching cir-
cuit are turned on in a predetermined order, the read-
ing circuit being combined together with the resistance
layer in an integrated structure on the semicondutor.

Furthermore, T-type attenuation circuits may be
connected by connecting additional resistors to the re-
sistance layer. :

The manner in which the above described objects are
achieved by this invention will become more apparent
from the following detailed description and the ap-
pended claims when read in conjunction with the ac-
companying drawings, in which like parts are desig-
nated by like reference numerals or characters.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1'is a plan view illustrating a first example of a
waveform producing device according to this inven-
tion;

FIG: 2 is an equivalent circuit diagram of the wave-
form producing device shown in FIG. 1;
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FIG. 3 is an enlarged detail of a waveform output sec-
tion in the waveform producing device shown in FIG.
1;

FIG. 4 is a graphical representation indicating a
waveform generated; )

FIG. 5 is an enlarged view showing a decoder section
in the device shown in FIG. 1;

FIGS. 64, 6b and 6¢ provide tables indicating the re-
lationships between transistor groups and address input
connection points in the decoder section shown in FIG.
5
FIGS. 7a, 7b and 7¢ provide code tables for address
inputs;

FIGS. 8(A), 8(B) and 8(C) are graphical representa-
tion indicating envelope waveforms employed in elec-
tronic musical instruments;

FIG. 9 is a plan view illustrating a second example of
the waveform producing device according to the inven-
tion;

FIG. 10 is an enlarged view showing an amplitude
generating section and a metal wiring section in the
waveform producing device shown in FIG. 9;

FIG. 11 is an equivalent circuit diagram of the wave-
form producing device shown in FIG. 9;

FIG. 12 is an equivalent circuit diagram of a resis-
tance attenuator unit in the amplitude generating sec-
tion shown in FIGS. 9 and 11; :

FIG. 13 is a graphical representation indicating the
envelope waveform of a sustain tone;

FIGS. 14 and 15 are also graphical representations
respectively indicating the envelope waveforms of an
attack-sustain tone and a percussive tone;

FIG. 16 is a plan view illustrating a third example of
the waveform producing device according to this in-
vention;

FIG. 17 is an equivalent circuit diagram of the wave-
form producing device shown in FIG. 16;

FIG. 18 is also an equivalent circuit of a resistance
attenuator unit in an amplitude generating section of
the waveform producing device shown in'FIGS. 16 and
17,

FIG. 19 is a graphical representation indicating an
output waveform from the device shown in FIG. 16;

FIGS. 20(A), 20(B) and 20(C) are circuit diagrams
of various attenuation circuits, and

FIG. 21 is a graphical representation indicating the
envelope waveform of a percussive tone.

DETAILED DESCRIPTION OF THE INVENTION

With reference to FIG. 1 there is shown a first exam-
ple of a waveform producing device for electronic mu-
sical instruments according to this invention, which
comprises an N-type semiconductor substrate 1 and
amplitude memory section 2 formed in the upper half
portion of the substrate 1. The amplitude memory sec-
tion 2 comprises a P-type diffused resistance layer 2a
extended horizontally, and P-type diffused resistance
layers 2b and 2¢ which are respectively extended verti-
cally on the left and right sides of the layer 24, in com-
bination forming a single resistor zone. Below the am-
plitude memory section 2, or in the middle portion of
the substrate 1, there is provided a waveform reading
switch section 4 extended horizontally in parallel with
the section 2. Between the amplitude memory section
2 and the waveform reading switch section 4, there is
a metal wiring section 3 to electrically connect these
two sections 2 and 4. Furthermore, below the wave-

20

25

30

35

45

50

55

60

65

4

form reading switch section 4, or in the lower half por-
tion of the substrate 1, there is a decoder section 5 for
driving the waveform reading switch section 4.

In FIG. 1, a pattern 2 represents a P-type diffused
layer, N a gate electrode of a P-channel MOS transis-
tor [J a layer formed by vaccum-evaporation of a metal
such as aluminum, and X a connection point for con-
necting the metal vacuum-evaporated layer to the P-

“type diffused layer. In addition, an insulation film (not

shown) is formed on the surface of the semiconductor
substrate 1.

The diffused resistance layers 2a, 2b and 2c¢ of the
amplitude memory section 2 are in the form of a belt
or stripe having the same width, for the left end of the
layer 2a and the upper end of the layer 25 is connected
by a metal connecting layer 11a while the right end of
the layer 2a and the upper end of the layer 2¢ is con-
nected by another metal connecting layer 11b6. Thus,
the layers 2a, 2b and 2c¢ form one resistor assembly
comprising resistors R, through Rg,, when expressed
circuit diagram representation as is shown in FIG. 2,
This resistor assembly has the same resistance per unit
length. In the resistance layers 2a, 2b and 2c¢ thus orga-
nized, there are provided, for instance, 81 connection
points Vo, V,, V, through Vg, at equal intervals. The
connection points V, and Vy, provided on both ends of
the resistor assembly 2 are respectively connected to
terminals GND (OV) and Vin (—4V) of a power
source. Thus, voltages proportional to the ratios of re-
sistances from the connection point V, to the other
connection points V, through Vg, to the whole resis-
tance from the point Vi to the point Vy, are provided
at the connection points, the differences between these
voltages being the same, namely, (4V/80 = 0.05V).
The voltages thus provided at the connection points V,
through Vg, are utilized as amplitude voltages of a
waveform to be generated, as will be described later.

The reading switch section 4, as shown in FIG. 3,
comprises, for instance, 64 MOS type output switching
transistors Uy and U, through Ug ,horizontally dis-
posed in the order described. In this reading switch sec-
tion 4, adjacent two transistors have a'common P-type
diffused layer serving as a source S and extended verti-
cally. The adjacent transistors are disposed back-to-
back through two-P-type diffused layers, or drains D,
provided on the both sides of the source and two metal
vacuum-evaporated layers, or gates G, formed between
the source S and the drains D thereby to economize
space. ‘

One-ends of the drains D of the transistors U, and U,
through Ug, are extended upward. On the one-ends
thus extended of the drains D there are provided con-
nection points Py and P, through Pg;. One-ends of the
sources S are also extended upward and are connected
to a waveform output terminal OUT. Furthermore,
one-ends of the gate G of the transistors U, and U,
through Ug; are extended downward and connected to
driving input connection points Q, and Q, through Qg;.
~ Referring back to FIG. 1, the metal wiring section 3
will be described. The metal wiring section 3 comprises -
metal wiring connection layers n, and n, through ng
which are adapted to connect the connection points P,
and P, through Py, to connection points selected, in ac-
cordance with a waveform to be produced, out of the
connection points V, and V, through Vg, in the ampli-
tude generating section 2. In this connection, it should
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be noted that these layers n, through ng; are not crossed
with each other.

Consider, for instance, one period of a tone wave-
form of a trumpet voice as an example of the wave-
forms to be produced. In this case, a curve I such as
shown in FIG. 4 is memorized by time-sequentially
plotting the amplitude voltages of the waveform to be
generated. More specifically, if voltages 0.00V and —
0.05V ‘through — 4.00V respectively provided at the
connection points V, and V, through Vy, are read on
the vertical axis expressing amplitude voltages while
sampling time instants t, and ¢, through t¢; are read on
the horizontal axis expressing read time instants, then
for instance the voltage 0.00V at the connection point
V,, the voltage —0.05V at the connection point V,, the
voltage —0.55V at the connection point V,, and the
voltage —4.00V at the connection point Vg, are read at
the time instants tyq, t,;, {14 and Z,, respectively, whereby
an analog waveform signal similar to the tone wave-
form of the trumpet voice can be obtained.

According to this invention, since potentials at the
connection points V, and V, through Vg on the dif-
fused resistance layers are selected in a particular order
so that variation of these potentials represent variation
of the amplitudes of a waveform to be generated, it is
not necessary to have the connection layers n, and n,
through crossed with each other.

The decoder section 5 operates to address output
transistors corresponding to amplitude voltages to be
read at the read time instants f,, {; through tg; in FIG.
4. In the first example, the decoder section 5 is of a 6-
binary-input and 64-individual-output type (binary to
individual converter) which comprises 64 transistor
groups each group comprising six MOS transistors
which represents a six-bit address as is shown in FIG.
5. The transistors in each transistor group are provided
with a common P-type diffused layer, or common
source S, disposed vertically and a common P-type
layer, or a common drain, disposed in parallel to the
source S, and are arranged vertically. The upper ends
of the drains D are connected to the driving input con-
nection points Q, and Q; through Qg of the reading
switch section 4 described above, while the source S
are connected through a metal connecting layer to a
terminal GND (OV) of a power source. In this case
also, adjacent transistors in adjacent transistor groups
are disposed back-to-back in the same manner as in the
case of the reading switch sectional 4. Thus, the transis-
tor groups Ty (To; — Tos) and Ty (Ti - Tie) through Te;
(Teas — Tese) are arranged in the order described from
the left to the right.

The diffused layers forming the drains D of the tran-
sistors in the transistor groups are extended downward,
and the lower ends of these layers and a P-type diffused
layer extended horizontally form load resistance tran-
sistors L, through Lgs. The drains D and the gates G of
the load resistance transistors are connected to termi-
nals Vpp (—16V) and Vga(—26V) of the power source
and a negative voltage (approximately — 16V) is sup-
plied to the drains D of the transistor groups.

Six-bit address inputs A, through A to the decoder
section 5, as is apparent from FIG. 2, are applied to ad-
dress input terminals AD, through ADg from an address
signal generator constituted by a clock pulse generator
20 and a binary counter 21. These binary coded ad-
dress inputs A, through A4 are applied, together with
address inversion inputs A, through Ay which are ob-
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tained.by inverting the address inputs A, through A4 in
address inverters IN, through INg, to address input con-
nection points J; and J; through Js and Jg provided on
metal connection layers which are connected to the
gates G of transistors provided for the first bit through
the sixth bit in the decoder section 5.

In the case where a tone waveform shown in FIG. 4
is produced the gates G of the transistors for the first
bit through the sixth bit in the transistor groups Ty
through Tg; of the decoder section 5 are connected to
address input connection points predetermined out of
the address input connecting points J; or J; through Jg
or Jg as is indicated in FIGS. 6(a), 6(») and 6(c) as a
result of which the transistor groups T, through Tes in
the decoder section 5 and accordingly their driving out-
put terminals Q, through Qg; are disposed in the order
described from the left to the right so as to be con-
nected to the gate terminals Q, through Qg; of the tran-
sistors in FIG. 3.

When address inputs A; through Ag having codes as
shown in FIGS. 7(a), 7(b) and 7(c) are applied to the
address input terminals AD, through ADs in the de-
coder section 5 sequentially at the time instants i,
through g, an input of logic ““0” is applied to the gates
of transistors Tgs; through Tege in the transistor group
Tea, as a result of which a negative voltage (—16V) ob-
tained by the transistor Leis applied to the connection
point Qg; at the time instant ¢, thereby allowing the out-
put transistor Ugs to turn on, or to become conductive.
Through this transistor Ug, a voltage (—4.00V) at the
connection point Vg, in the amplitude memory section
2 is introduced to the output terminal OUT.

Thereafter, an input of logic 0 is applied to the gates
of the transistors Tsg through Tsge in the transistor
group Ts4 in the decoder section 5 at the time instant
t; and a negative voltage is applied to the connecting
point Qs, as a result of which a voltage (—3.4V) at the
connection point Vg in the amplitude memory section
2 is introduced to the output terminal OUT.

Similarly as in the cases described, the output transis-
tors corresponding to the sampled amplitudes to be
read are sequentially addressed by the address inputs
applied to the decoder section 5 and the voltages at the
connection points, in the amplitude memory section 2
which are connected to the transistors are sequentially
introduced to the output terminal OUT. For instance,
at the time instance t,, the output transistor Ug is ad-
dressed whereby a voltage (—0.55V) at the connecting
point V,, is introduced to the output terminal OUT,
and at the time instant ¢y the output transistor Us, is
addressed whereby a voltage (—3.95V) at the connect-
ing point V, is introduced to the output terminal OUT.

As is apparent from the above description, according
to this invention, only by determining the sequence for
addressing a plurality of switching transistors con-
nected to the connection points on the diffused resis-
tance layers, desired analog waveforms can be pro-
duced. Furthermore, since the diffused resistance layer
formed into one unit with the connection points pro-
vided at equal voltage intervals is employed as the am-
plitude memory section, it follows that the space occu-
pied by the amplitude memory section in the semicon-
ductor substrate can be reduced. Accordingly, the size
of the semiconductor substrate in this invention can be
made much smaller than that of the conventional wave-
form producing device in which a plurality of diffused
resistance layers are employed.
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Furthermore, it should be noted that in this invention
the production of waveforms can be carried out by the

provision of only one diffused layer resistor in the’

waveform memory section 2, and therefore power con-
sumption in the waveform producing device of the in-
vention is also much less than that in the conventional
one.

In addition, in this invention since the output voltages
from the amplitude memory section 2 are produced on
the basis of the resistance ratios with respect to the
whole resistance value of the diffused resistance layers
formed into one unit, even if a process of diffusion were
varied in a mass production of the waveform producing
devices according to this invention, the variation would
not appear as fluctuation in the output voltages of the
amplitude memory section 2. Accordingly, the wave-
form producing device according to the invention can
carry out reproduction of waveforms with high accu-
racy. On the other hand, in the conventional waveform
generating device described above, a waveform is
stored as resistance values of the diffused resistance
layers, the fluctuation in the process of diffusion will
result in fluctuation in the regeneration of the wave-
forms. In contrast, such a result is not caused in the de-
vice of this invention.

Furthermore, according to this invention, production
of other different waveforms can be achieved by chang-
ing the binary coded input signals and controlling, or
turning on, the switching transistors with a different ad-
dressing sequence, and no other chdnge is necessary.
However, for the samé purpose a wiring pattern of the
connection layers through #¢; which adapted to con-
nect the connection points V, through Vg, to the con-
nection points P, through Pg; may be changed.

Furthermore, in the device according to this inven-
tion, since the connection layers of the metal wiring
section 3 are not crossed with each other, the manufac-
turing of the device is much simpler.

Incidentally, in the case where a section for generat-
ing envelope waveforms for electronic musical instru-
ments is practised in the form of a semiconductor inte-
grated circuit, there are some difficulties as follows.
That is, in general, there are three types of envelope
waveforms: the first one, as is shown in FIG. 8(A), is
a waveform consisting of a waveform portion a which
abruptly rises at the time instant ¢, (hereinafter re-
ferred to as “an attack waveform portion of a”), a
waveform portion b (hereinafter referred to as *“‘a sus-
tain waveform portion b’’) which maintains a substan-
tially certain amplitude, a waveform portion ¢ (herein-
after referred to as “‘a decay waveform portion ¢”)
which starts logarithmically decaying at the time in-
stant f., a tone having the first envelope waveform
being a so-called sustain tone; the second envelope
waveform is one in which the trallmg edge of its attack
waveform portion a falls once as is shown in FIG. 8(5),
a tone having the second envelope waveform being a
so-called attack-sustain tone; and the third envelope
waveform is one which abruptly rises and immediately
after this rise falls, that is, it has no sustain waveform
portion b, as is shown in FIG. 8(c), a tone having the
third envelope waveform being a so-called percussive
tone. ‘

In this connection, there has been a demand for an
envelope waveform producing device which can pro-
duce such a waveform logarithmically decaying as the
decay waveform portion ¢ and such a waveform
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abruptly rising as the attack waveform portion a. Fur-
thermore, there has been a demand for an envelope
waveform producing device which is small in size, low
in power consumption and simple in manufacture.

In order to satisfy these demands, there is shown a
second example of the wavefrom generating device, ac-
cording to this invention, with reference to FIG. 9
which comprises an N-type semiconductor substrate 1,
an envelope generating section 2, a metal wiring sec-
tion 3, a reading switch section 4 and a decoder section
5, these sections being disposed one after another from
the upper portion of the substrate 1 to the lower por-
tion.

As is shown in FIG. 10, the amplltude generating sec-
tion 2 comprises a belt- shaped section of a P-type dif-
fused resistance layer 2a extended horizontally, and P-
type diffused resistance layers 2b and 2c extended ver-;
tically on the both sides.of the layer 2a. The P-type dif-
fused resistance layers 2b and 2c¢ are connected
through metal connection layers 11a and 115 to the left
end and right end of the P-type diffused resistance layer
2a, respectively; to form a series of diffused resistance .
layers. That is, one- resistor comprising, resistors r,
through rg and having an equal resistance per unit
length is formed as is shown in FIG. 11 illustrating an
equivalent circuit of the second device: On-the resis-
tance layers. 2a, 2b and 2c thus formed into one unit,
there are provided 81 connection pomts Vy and V,
through Vy, at equal intervals.

Furthermore, there are provided P-type dlffused re-
sistance layers extended downward like legs of the re-
sistance layer 2a (hereinafter referred to as “‘resistance
layer legs” when-applicable) from some of the connec-
tion points which are located at predetermined inter-
vals on the resistance layer 2a, and the lower ends of
these resistance layer legs are provided.with connec-
tion points, respectively. More specifically, in FIG. 10,
16 resistance layer legs Mjy, My, - -.- Mg and M, are
extended from the connection points Vg, Vi - - - - Vg
and V4 which are located at every fourth connectlon
point of the connection points V, through V, on the
resistance layer 2a:

A predetermined connection point (Vg in the second
device shown in FIG. 10) on the resistance layer 2q is
connected a terminal Vin (—4V) of a power source,
while the connection points V, and Vg, located at the
end portions of the resistance layers 2b and 2¢ are con-
nected to a ground terminal GND (OV) of the power
source. Connection points msg - - - myq are provided re-
spectively on the lower ends of the resistance layer legs
Mgg - - - M, which are disposed on the left side of the
connectionposition V4. The connection points migg - -
- mye thus provided are connected to a common con-
nection layer 12 extended horizontally. This connec-
tion layer 12 is connected to the connection point V,
on the resistance layer 2b.

Thus, at the connection points on the resistance lay-
ers 2a and 2¢ on the right side of the connection point
Vsy voltages corresponding to the resistance ratios of
the resistances from the points Vy, to these connection
points to.the whole resistance from the point Vs, to the
point Vg, can be obtained. The differences between the
voltages thus obtained are the same, namely, (4V/24 =
0.166V), that is the voltages thus obtained are in a lin-
ear relationship. Therefore, they can be employed for
the production of an attack waveform.
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For each of the resistance layer legs Mgq - - -~ M, of
the resistance layer 2a on the left side of the connection
point Vg4, a T-type resistance attenuator unit is formed.
These attenuator units forms a ladder-type network as
is shown in FIG. 11.

In this unit, it is assumed that, as is shown in FIG. 12,
resistance of the resistance layer leg is indicated by R,
the whole resistance between two connection points
which are the second connection points from the con-
nection point of the resistance layer leg R is indicated
by r, a damping coefficient n is 4dB (n = 4dB), and the
following equation (1) is attained:

Y S
yT= oI = 4327

where k= 10 ——= 10%2 = 1.5849

)

Then, at the connection points, voltages differing by
substantially 1 dB in attenuation from one another can
be obtained.

An image impedance Z, of this unit can be obtained
by the following equation (2):

Z,= F?L_l—-r= 2.096 r (2)
In this second device, the resistance layer 2b forms the
terminal resistance of the attenuator. In the above
equations, preferable values of the factors are as fol-
lows: n=4dB; r = 7808; R =3610Q; Z, = 1634Q; and
k=1.5849.

The voltages thus obtained at the connection points
Vs, through Vg on the resistance layer 2a are in a loga-
rithmical relationship and can be utilized for the pro-
duction of a decay waveform. In addition, in this sec-
ond device, voltages which differ by a certain voltage
from one another are obtained at the connection points
on the resistance layer 2b forming the terminal resis-
tance and may therefore be utilized for the production
of the ending portion of a decay envelope waveform.

Similarly as in FIG. 3, the waveform output section
4 is constituted by, for instance, 64 MOS output switch-
ing transistors and operates in the same manner.

The metal wiring sections 3 comprises metal wiring
connection layers no and n, through ng; for connecting
the connection points, P, and P, through Pg; to connec-
tion points, predetermined according to an output
waveform, out of the connection points Vg, through V,,
respectively in the order described. In this connection,
it should be noted that these metal wiring connection
layers are arranged in such a manner that they are not
crossed with each other, and some of them are formed
over the resistance layer legs Mz - - - My, through insu-
lating films. This arrangement of the connection layers
contribute to economization in size of the semiconduc-
tor substrate.

Incidentally, in FIG. 13, the attack envelope portion
a of the sustain tone in FIG. 8(A) is indicated by a
curve I with a vertical axis of a linear scale, while the
decay envelope is indicated by a curved II with a verti-
cal axis of a dB scale. Furthermore, the connection
points Py, P, through Py, Pigand Py through Pg; are as-
signed to the sampling time instants £, and ¢, through f¢;
on the horizontal axis of FIG. 13, respectively, while
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the voltages at the connection points Vgg, V4 through
Vse, Vg, -and Vj; through V, are taken as amplitude
voltages on the vertical axes in FIG. 13. ‘

The decoder section 5 operates to respectively ad-
dress the output transistors corresponding to the sam-
pled voltages to be read at the time instants ¢, and #,
through t¢;. The decoder section § in the second device
of this invention is of a 6-binary-input and 64-
individual-output type which comprises 64 transistor
groups each consisting of six MOS transistors repre-
senting a 6-bit-address as was described with reference
to FIG. 5, and the decoder section operates in the same
manner as was described before.

In the decoder section 5 thus organized, when the ad-
dress inputs A, through A, having the codes as indi-
cated in FIGS. 7(a), 7(b) and 7(¢) are sequentially ap-
plied to the address input terminals AD, through ADg
at the time instants ¢, through 43, an input of logic 0 is
applied to the gates of the transistors Ty, through T in
the decoder section 5 at the time instant ¢,, as a result
of which a negative voltage (—16V) obtained by the
transistor L, is applied to the connection point Q, to
turn on, or to make conductive the transistor U,.
Through the transistor U, thus made conductive a volt-
age (OV) at the-connection point Vg, in the amplitude
memory section 2 is introduced to the output terminal
OUT. Similarly as in the case described above, voltages
at the connection points connected to the connection
layers n, through ng; in the amplitude memory section
2 are sequentially introduced to the output termin:’
OUT.

Thus, the attack waveform portion I (in FIG. 13) cor-
responding to the variation of potentials at the connec-
tion points Vg, through Vs, is obtained during the pe-
riod of from the time instant ¢, to the time instant fys.
Furthermore, the decay waveform portion II' logarith-
mically decaying in correspondence to the variation of
potentials at the connection points Vs through Vy and
the decay waveform portion II'’ are obtained during
the period of from the time instant ¢;5 to the time in-
stant Zg3.

Accordingly, if after the attack waveform has been
read, the sustain waveform is obtained with the aid of
a constant voltage source separately provided and suc-
ceedingly the decay waveform portion is obtained, then
such an envelope waveform as indicated in FIG. 8(A)
can be obtained.

As is apparent from the above descriptions, accord-
ing to this invention, the metal wiring section 3 is
formed, on the basis of the amplitude voltages forming
an envelope waveform to be produced, between the
reading switch section 4 and the amplitude memory
section 2, and a desired waveform output can be ob-
tained by controlling the operation of the output
switching transistors, or turning on the output switch-
ing transistors; in a predetermined sequence by com-
bining the belt-shaped section of the diffused resistance
layer and the diffused resistance legs extended from the
belt-shaped section leads to the production of a loga-
rithmically decaying -curve effective as a decay enve-
lope.

The above descriptions are for the production of the
sustain tone shown in FIG. 8(A).

The attack-sustain tone as shown in FIG. 8(B) can be
obtained by producing an attack envelope curve [ and
a decay envelope curve Il as shown in FIG. 14 instead
of those shown in FIG. 13, while the percussive tone as
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shown in FIG. 8(C) can be obtained by producing only
a decay envelope curve Il as shown in FIG. 15. The en-
velope form shown in FIG. 15 has no attack portion,
and it can therefore obtained by connecting the com-
mon connection layer 12 of the amplitude memory
layer 2 to all of the diffused resistance legs and by con-
necting the terminal Vin of the power source to the
connection point V. Thus, various envelope shapes
can be obtained by changing the wiring pattern in the
wiring section 3 or by changing the addressing se-
quence of the output transistors U, through Ug;.

With reference to FIG. 16, there is shown a third ex-
ample of the waveform producing device according to
this invention, which comprises an N-type semiconduc-
tor substrate 1, an amplitude memory section 2, a metal
wiring section 3, a reading switch section 4 and a de-
coder section 5, to produce a logarithmically decaying
envelope.

The amplitude memory section 2 comprises a belt-
shaped section of a P-type diffused resistance layer 2a
extended horizontally, and a P-type diffused resistance
layer 2b extended vertically at the left side of the dif-
fused resistance layer 2a. The left end of the diffused
resistance layer 2a is connected through a metal con-
nection layer 11a to the upper end of the diffused resis-
tance layer 2b. There is, these layers 2a and 2b are
formed into one unit, or one resistor consisting of resis-
tors r, through ry, and having an equal resistance per
unit length. Furthermore, for instance 73 connection
points Vy, V, and V, through V, are provided at equal
intervals on the resistance layers 2a and 2b formed into
one unit.

P-type diffused resistance layers like legs of the resis-
tance layer 2a (hereinafter to as “‘resistance layer legs”
when applicable) are extend downward from some of
the connection points which are located at predeter-
mined intervals on the resistance layer 2a. More specif-
ically, in FIG. 16, 16 resistance layer legs My, My, - -
- - Mgg, and M, are extended downward from the con-
nection points Vyq, V4 - - - Vgg and V¢ which are lo-
cated at every fourth connection point of the connec-
tion points V4 through V.

The lower ends with connection points mqg - - - my,
of the resistance layer legs My, - - - My, are extended
to a common connection layer 12 which is extended
horizontally below the amplitude memory section 2,
but, out of the connection points mz, - - - m,q, cOnnec-
tion points determined according to a waveform to be
generated are connected to the common connection
layer 12. More¢ specifically, in FIG. 16, every other con-
nection point of the connection points miz - - - n1yq,
namely, the connection points my, Mgy, Mgy - -- M, are
connected to the common connection layer 12.

Furthermore, adjacent connection points V and
Vi1, Vg and Vg, Vg and Vg, - - - Vg and V, on the re-
sistance: layer 2a are short-circuited by connection lay-
ers Y72, Y70, Yﬁg --- YIO’ respective]y.

The connection points V, and V, on the ends of the
resistance layers 2a and 2b are connected to terminals
Vin (—4V) and GND (OV) of a power source, respec-
tively, and the common connection layer 12 is con-
nected to the terminal GND. Thus, the resistance layer
2a, the resistance layer legs My, Mgy, M3y - - - M4 and
the common connecton layer 12 form a ladder type
network, whereby a T-type resistance attenuation unit
K is formed for each of the resistance layers My, Mg,
M;, - - - My, In this unit K, if it is assumed that, as is
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shown in FIG 18, resistance of a resistance layer leg
(for instance Ms,) is represented by R, the whole resis-
tance between two connection points (Vsy and Vi)
which are the second connection points from the con-
nection point (Vs4) of the resistance layer leg is repre-
sented by r, and a damping coefficient n is 4dB, then
the relation between resistances R and r can be repre-
sented by equation (1) previously described, and at the
connection points (Vsg, Vsg, Vss, Vi, and Vi) located
at every other connection point voltages differing by
substantially 1 dB in attenuation from one another can
be obtained. An image impedance Z, of this unit K can
be obtained from equation (2) previously described. In
this example, the resistance layer 2b is the terminal re-
sistance of the attenuator. In the above equations (1)
and (2), preferable values of the factors are as follows:
n=4dB; r="780 QR=13610 Q; Z,= 1634 Q; and k =
1.5849,

Thus, the voltages obtained at the connection point
V2, Vg, Vg - - - Vg located at every other connection
point are in a logarithmic relation.

The reading switch section 4 is constituted by, for in-
stance, 64 MOS output transistors and operates simi-
larly as in FIG. 3.

The metal wiring section 3 comprises metal wiring
connection layers for connecting the connecton points
Py and P, through Pe; of the transistors in the reading
switch section 4 to connection points, predetermined
according to a waveform to be generated, out of the
connection points Vi, through Vg on the resistance
layer 2a, respectively in the order described. In this
third example of this invention, as is shown in FIG. 16,
adjacent two connection points Py and P,, P, and P,, P,
and Pj - - - Pg; and Py, are short-circuited by connection
layers Zy, Z5, Z4 - - - Zg,, respectively. Furthermore, the
connection points Py and Py, Py and Py, - - - Pg, and Py,
are connected through connection layers ng, ny - - - ng,
to the connection points V45 and V;, Vyo and Vi, - -
- Vyo and V,, respectively. Thus, connection layers n,
through ng, are laid over the resistance layer legs My,
through M,, but are not crossed with each other.

The decoder section § is to respectively address the
output transistors corresponding to the voltages to read
at the time instants ¢, and ¢, through #g;. The decoder
section 5 in the third example of this invention is also
of a 6-binary-input and 64-individual-output type
which comprises 64 transistor groups each consisting of
six MOS transistors provided for a six-bit address as
was described previously with reference to FIG. 5 and
the decoder section 5 thus organized operates in the
same manner as described previously. ‘

In the decoder section 5 thus organized, when the ad-
dress inputs A, through Ag are sequentially applied to
the address input terminals AD, through ADg at the
time instants ¢, through z¢3, an input of logic 0 is applied
to the gates of the transistors Ty, through Te in the
transistor group T, of the decoder section 5 at the time
instant fy, as a result of which a negative voltage
(—16V) obtained by the transistor L, is applied to the
connection point Q, to turn on, or to make conductive,
the transistor U,,. Through the transistor U, thus made
to be conductive, a voltage (—4.00V) at the connection
points Vs and V;; in the amplitude memory section 2
is introduced to the output terminal OUT. Similarly as
in the operation described above, voltages at the con-
nection points connects to the connection layers n,
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through ng in the amplitude memory section 2 are se-
quentially introduced to the output terminal OUT.

Thus, an output voltage of a decay waveform decay-
ing at a substantially certain inclination from 0 dB to
—30dB on a logarithmical scale is produced as indi-
cated in FIG. 19.

Incidentally, it is assumed that in FIG. 16 the shorting
connection layers Yoo, Ys0--- Yyand Zy, Zy - - - - Z,
are omitted, the connection points P, and P, through
Pg; are connected to the connection points Vy,, and V4,
through Vg through metal wiring connection layers, re-
spectively, and all of the connection points nig, Mg -
- - myo on the resistance layer legs are connected to the
common connection layer 12. As a result, the resis-
tance attenuator unit K shown in FIG. 18 is formed for
each of the resistance layers My, Mg - - - Myq as is
shown in FIG. 20(B). As is apparent from the compari-
son of the circuit shown in FIG. 20(B) with that shown
in FIG. 20(A) which is an equivalent circuit of the at-
tenuation network in the third device of this invention
shown in FIG. 16, an attenuation quantity by the circuit
in FIG. 20(B) is twice as much as that by the circuit in
FIG. 20(A), during the period of the time instant ¢, to
the time instant t¢. Accordingly, a decay envelope
shape obtained at the output terminal OUT decays
from 0 dB to —60dB at an inclination twice as much as
that of a curve shown in FIG. 19.

On the other hand, if in FIG. 16 the connection
points V4, through Vg are divided into connection point
groups each consisting of adjacent four connection
points and in each of the connection point groups its
first connection point is connected to its fourth connec-
tion point, and furthermore connection points located
at every fourth connection point out of the connection
points m, - - - myy on the resistance layer legs My, - -
- My, are connected to the common connection layer
12, then the resistance attenuation unit K shown in
FIG. 18 is formed for every four resistance layer legs as
is shown in FIG. 20(C). Accordingly, for the period of
from the time instant ¢, to the time instant g3 an attenu-
ation quantity by the circuit shown in FIG. 20(C) is half
that by the circuit shown in FIG. 20(A) which is the
equivalent circuit of the attenuator units for the device
shown in FIG. 16. Accordingly, a decay envelope shape
obtained at the output terminal OUT decays from 0 dB
to —15dB at an inclination which is half that of the
curve shown in FIG. 19.

As is apparent from the descriptions on the third de-
vice of this invention described above, a logarithmi-
cally decaying waveform can be produced as desired by
selectively shorting the connection points on the dif-
fused resistance layer 2a in the amplitude generating
section 2 and by selectively connecting the resistance
layer legs to the common connection layer 12.

While there has been described in connection with
the example where an envelope decaying at a substan-
tially, certain inclination is produced as is shown in
FIG. 9, such an example can be effectively practised in
a touch-responsive decay envelope producing device in
electronic musical instruments.

In this example, if the amplitude memory section is
rearranged so that an attenuation quantity per unit
reading time interval is changed at a predetermined
reading time instant, a device for producing a logarith-
mically decaying waveform which consists of decay
curves having different inclinations can be provided.
Such a device can be applied to a device for producing
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an envelope shape of a percussive tone in electronic
musical instruments. Furthermore, this invention can
be effectively applied to a device for producing a loga-
rithmical waveform.

It can be easily understood that the waveform pro-
ducing devices described as the second and the third
example of this invention can also provide advantages
such as those provided by the device described as the
first example.

In the above descriptions, the output transistors U,
through Ug; in the decoder section 5 are addressed in
the order described, but the order of addressing the
output transistors may be changed as required. Fur-
thermore, the pattern of the metal wiring section is not
limitative to the example described above, that is, it
may be changed in such a manner that some of the con-
nection layers are crossed with each other.

Moreover, the above description, the MOS inte-
grated circuit comprising MOS transistors has been dis-
closed, but these MOS transistors may be replaced by
bipolar type transistors. In addition, a P-type semicon-
ductor substrate can be employed as the semiconduc-
tor substrate 1.

While there has been described in connection with
the application of this invention to the waveform pro-
ducing device in electronic musical instruments, the
application of this invention is not limited thereto, that
is, this invention can be applied not only to a device for
producing a particular waveform and an envelope
shape in electronic musical instruments but also de-
vices for producing other waveforms.

Furthermore, in the above descriptions, the ampli-
tude memory section 2 has a pattern like a character
“U” by connecting three diffused resistance layers 2a,
2b and 2c into one unit; however, this pattern and the
number of the diffused resistance layers may be
changed suitably as required. For instance, the ampli-
tude generating section 2 may be formed by one belt-
shaped resistance layer 2a only without the resistance
layer 2b and 2c.

We claim:

1. A waveform producing device which comprises,

a. a resistor zone of a diffused layer formed on a
semiconductor substrate and having a plurality of
connection points,

b. means for applying a predetermined voltage across
the resistor zone so that different potentials appear
at the respective connection points, and

c. a reading circuit for reading the different poten-
tials at the connection points in a predetermined
order, so that a waveform having variation of am-
plitudes corresponding to variation of the poten-
tials at the connection points thus read is produced.

2. A waveform producing device as claimed in claim
1 in which said reading circuit comprises

a. a read-out switching circuit having a plurality of
switching transistors with input terminals con-
nected to said connection points and with a com-
mon output terminal, and

b. an addressing circuit for turning on the switching
transistors in a predetermined order according to
binary-coded signals to drive the switching circuit
so as to produce said waveform at the common out-
put terminal.

3. A waveform producing device as claimed in claim

2 in which said switching transistors are MOS transis-
tors, said addressing circuit includes a decoder formed
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by a plurality of MOS transistors, said switching circuit
and the decoder together with said diffused resistance
Jayer being combined in an integrated structure on said
semiconductor substrate.

4. A waveform producing device as claimed in claim
1 in which said voltage is applied through at least one
resistor to the connection points on said diffused resis-
tance layer.

5. A waveform producing dévice as claimed in claim
4 in which said resistor is a diffused resistance layer
formed on said semiconductor substrate.

6. A waveform producing device as claimed in claim
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4 in which a connection point connected with said re-
sistor is shorted by another connection point.

7. A waveform produting device as claimed in claim
4 in which connection points to which said resistor is
not connected are connected to each other.

8. A waveform producing device as claimed in claim
1 in which said voltage is applied to said diffused resis-
tance layer through a resistor for every predetermined
number of connection points and a multiple T-type at-

tenuation circuit is formed.
* * * * %



