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Electronic Musical Instrument Having Plural

Different Tone Generators

This invention relates to an electronic musical
instrument having two tone signal generation circuits of
different tone signal generation systems and being
capable of forming a complex tone signal by combining
tone signals generated by the two tone signal generation
circuits.

This invention relates also to an électronic
musical instrument having a tone signal generation
circuit of a pitch synchronizing type and a tone signal
generation circuit of a non-pitch-synchronizing type.

This invention relates also to a tone signal
synthesis device for synthesizing a tone signal by
employing a frequency modulation operation or an
amplitude modulation operation and, more particularly,
to such device capable of controlling a relatively
numerous frequency components by a simple arithmetic
operation. N

Japanese Patent Application Laid-Open No. 58-102296
disblg§es an electronic.musical_iniﬁrument having two
tone signal generation circuits of di}ferent tone signal

generation systems, causing the two tone sjignal

,'.‘-‘.#’
generation circuits to generate tone . ‘s.signals
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corresponding to the same nominal tone color selected by
a performer or by other means at a common tone pitch and
combining the two tone signals. In this electronic
musical instrument, the first tone signal generation
circuit haé a memory storing fone waveforms of plural
periods corresponding to various tone colors and
generates a tone signal by reading out a tone waveform
of plural periods corresponding to a selected tone
color. The second tone signal generation circuit
generates a tone signal corresponding to the selected
tone color by executing a tone signal synthesis

operation of a frequency modulation type. In a rise

portion of a tone in which the tone waveform changes in

a complex manner, a tone signal is generated by the
first tone signal generation circuit and in a succeeding
portion of the tone, a tone signal is generated by the
second tone signal generation circuit and a single tone
signal is synthesized by combining the two tone signals.

In the prior art electronic musical instrument in
which generation of a tone signal.in the rise portion is
merely allotted to one tone signal generation circuit

and gemeration of a tone signal in the succeeding

. portipp.is allotted to.the other tonifgignal generatjon
25 .

circuit, it is difficult to control tone synthesis and,
bes}des. a performance effect obtained is a rgther

monotonous one. &
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Fur ther, in the prior art electronic musical
instrument, the first tone signal generation circuit and
the second tone signal generation circuit perform the
tone signal generation operation in accordance with a
common samﬁling frequency and perform addition and
synthesis of the two output tone signals at a common
sampling clock timing. In thié case, the first and
second tone signal generation circuits respectively
generate tone signals 1in accordance with a sampling
frequency which is not synchronous with pitches of the
tone signals. Particularly, 1in the second tone signal
generation circuit which generates a tone signal by the
tone synthesis operation of a frequency modulation type,
it is difficult to adopt a circuit design in which a
tone signal is generated in accordance with a sampling
frequency which is synchronous with the pitch. This is
because, in a tone signal generation circuit of a
modulation operation type generally, it is difficult or
cumbersome to adopt a circuit design in which a tone
signal is generated ‘in accordance with a sampling
frequency which 1is synchronous with, the pitch jn
executipng arithmetic operation of each term of a
fréqggnpy modulation operation fprmg}a on a time shared
basis or generating tone signals in ;iural channels on a
tipe shard basis, for there is limit in increasing: the

2
rate of the operation timing clock. For this ﬁ%eason.
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the first tone signal generation circuit also is obliged
to have a circuit design in which a tone signal is
generated 1in accorance with a sampling frequency which
is not synchronous with the pitch.

Howevef, in a case where a tone signal is generated
in accordance with a sampling frequency which is not
synchronous with the pitch, there arises, as is well
known, the problem of occurrence of an aliasing noise
which 1is not harmonic with the pitch of a generated
tone.

Further, since in the prior art electronic musical
instrument, output tone signals of the first and second
tone signal generation circuits are used only for
combination for synthes{s of a single tone, it can
hardly be said that the two tone signal generation
circuits are fully utilized.

Known in the art is a technique for synthesizing a
tone signal having a desired harmonic structure by a
frequency modulation operation in an audio frequency
r;nge. In this prior’art tone synthesis technique, a
simple single-term frequency modulation operation is
insuffitient for synthesizing a tone of a satisfactory
toﬁeﬁagolor having sufficient harmon;g components and,
for this purpose, a frequency modul#tion operation of a
mul}iplex term or multiple terms must be executedzﬁgThis

requires a complex and bulky operation circuit aﬁd, in a
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system in which operation of each operation term is
executed on a time shared basis, increase in the rate
of a control clock with resulting increase in the
manufacturing cost.

As a 'method for synthesizing a tone containing
abundant harmonic components by a relatively simple
operation, there has been proposed a method using a
waveform having abundant frequency components as a
modulating wave or a modulated wave. Since, however, a
waveform which can be used for the operation is limited
to one stored in a memory, there is limit to a tone
color which can be synthesized.

For solving the above described problen, USP
4,766,795 discloses a technique according to which
waveform data is stored in a logarithmic expression in a
waveform table used for generation of a modulating or
modulated wave and the waveform data in the logarithmic
expression read from this table is multiplied with a
coefficient whereby a complex waveform function is
obtained by convertihg the waveform data in  the
logarithmic expression which Iis result of the

multipl®ecation to data in a linear  expression.

. Accordjing to this technique, a quulgting wave function

or a modulated wave function can be easily converted to

a cpmplex function which is different from the funétion

stored in the waveform table so that a tone 51gna1
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containing abundant frequency components can be
synthesized by a modulating operation with a relatively
simple construction.

In the technigue disclosed in the U.S. Patent,
however, fﬁere is the problem that the technique can be
applied to a case where waveform data is stored in a
logarithmic expression in a waveform table but it cannot
be applied to a case where waveform data is stored in a
linear expression in the waveform table. Further, in
a case vwhere waveform data is stored in a 1logarithmic
expression in a waveform table, a 1logarithm-linear
conversion circuit is required in a posterior stage of

the circuit.

It is, therefore, an object of the invention to
provide an electronic musical instrument of a type
synthesizing a tone by combining output tone signals of
plural tone signal generators of different tone signal
gpnération systems whiéh' is capable of performing

variety of controls and obtaining rich performance

effects in synthesizing a tone. ?

A

Mdré specifically, it is an object of the invention

-

“lag ¥

to provide an electrdnié musicaf-inéérument'in which a
delay duet effect, i.e., an effect in which start of

generation of a tone signal in one of first an%§g§econd
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tone signal generators is delayed from that in the other
tone signal generator, can be realized and a key scaling
control according to which the delay time of the delay
duet effect is variably controlled in accordance with a
tone pitch of a tone to be generated can be achieved.

It is another object of the invention to provide an
electronic musical instrument in which a crossfade
control, i.e., a control in which a tone signal is first
generated in one of first and second tone signal
generators and then generation of a tone signal is
switched to the other tone signal generator and a
preceding tone is gradually attenuated while a
succeeding tone is caused to rise gradually during a
switching period, is performed and a key scaling control
for variably controlling time of the switching period in
accordance with a tone pitch of a tone to be generated
is performed.

It is another object of the invention to provide an
electronic musical instrument which, in combining output
tane signals of the ,firét and second tone signal
generators, can ;élect a tone generation mode

. >
designating a combination as desired.

W

. It is another object of the invention to provide an

woileg W

electronic musical instrument in ’3hich a crossfade
control, i.e., a control in which a tone signal is girst

generated in one of first and second toneg%gggnal
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generators and then generation of a tone signal is
switched to the other tone signal generator and a
preceding tone is gradually attenuated while a
succeeding tone is caused to rise gradually during a
switching period, is performed and a control for
variably controlling time of the switching period is
performed.

It is another object of the invention to provide an
electronic musical instrument capable of variably
controlling delay time from start of generation of the
preceding tone signal till start of generation of the
succeeding tone.

It is another object of the invention to provide an

"electronic musical instrument capable of realizing a

delay duet effect, i.e., an effect of delaying the start
of generation of a tone signal in one of the first and
second tone signal generators from that in the other
tone signal generator.

It is another object of the invention to provide an
electronic musical iPstrument capable of variably
controlling delay timé of the start of generation.

It is another object of the inventigh to provide an
AN

elqctrohic musical instrument capable of properly

waleg W

supplying a key-on pulse desigiattﬁg staft of fone

generation to the first and second tone signal

%

generators. ptff
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It is another object of the invention to enable an

electronic musical instrument having two tone signal

_generators to adopt a tone signal generator which can

generate a tone signal in accordance with a sampling
frequency which is synchronized with the pitch of a tone
signal to be generated.

It is another object of the invention to enable an
electronic musical instrument having two tone signal
generators to utilize these tone signal generators
fully effectively.

It is still another object of the invention to
provide a tone signal synthesis device which, in a case
where a waveform table storing waveform data in a linear
expression is used as a waveform table for generating a
modulating or modulated wave function, can convert, with
a relatively simple construction, a modulating or
modulated wave function used in the modulation operation
to a complex one which is different from a function
stored in the waveform table whereby a tone signal
containing abundant frequency components can be

.

synthesized by a modﬁ]ation operation with a relatively

simple construction. ?

‘..“i"".
For achieving one of the above described objects of

PR

the invention, an electronié fisical instruﬁént
according to the invention comprises a tone pitch

designation device for designating a tone pitcg%gbf a
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tone to be generated, first tone signal generators for
generating a tone signal having a piteh corresponding to
the tone pitch designated by said tone pitch designation
device, second tone signal generators for generating a
tone signal having a pitch corresponding to the tone
pitch designated by said tone pitch designation device
in accordance with a tone signal generation system which
is different from a tone signal generation system of
said first tone signal generator, a delay circuit for
delaying start of generation of a tone signal in one of
said first and second tone signal generators with
respect to start of generation of a tone signal in the
other tone signal generator, and a key scaling circuit
for wvariably controlling delay time in said delay
circuit 1in accordance with the tone pitch of a tone to
be generated. |

Tone signals corresponding to a common designated
tone pitch are generated in the first and second tone
signal generators whereby a duet effect can be realized.
Ia this case, a delay duet effect can be realized by
delaying start of geﬁération of a tone signal in one of

>
the fjggt and second tone signal generators from start

Y

of . generation of a tone signal in the other tone signal

generator by the delay circuit. Cﬁ%trol of the delay
time corresponding to the tone pitch can be performed by

M

variably controlling the delay time in the delay&dircuit

This Sheet Has Been Replaced

TR0




10

15

20

25

-11-

by the key scaling circuit. By these arrangements,
various controls including equalizing of the impression
of delay in accordance with the tone pitch and,
conversely, differring of the impression of delay
greatly in accordance with the tone pitch can be
performed.

The key scaling circuit may be omitted. Also, the
key scaling circuit may Se substituted by a time control
circuit for variably controlling the delay time in the
delay circuit.

For achieving one of the objects of the invention,
an electronic musical instrument according to the
invention comprises a tone pitch designation device for
designating a tone pitch of a tone to be generated, a
first tone signal generator for generating a tone signal
having a pitch corresponding to the tone pitch
designated by said tone pitch designation device, a
second tone signal generator for generating a tone
signal having a pitch corresponding to the tone pitch
designated by said tone pitch designation device in
accordance with a to;é signal generation system which is
different from a tone signal generation’syétem of said

.ug_,:s‘
first tone signal generator, a crossfade control
cxrcuit for perform1ng a control in ﬁ%ich a tone siénal
is first generated in one of said first and second tone

signal generators and then generation of a toneﬁﬁgignal
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is switched to the other tone signal generator and a
preceding tone is gradually attenuated while ' a
suuceeding tone is caused to rise gradually during the
switching period, and a key scaling cirucit for variably
controlling time length of said switching period in said
crossfade control circuit in accordance with the tone
pitch of a tone to be generated.

By generating a tone signal first in one of the
first and second tone signal generators and then
switching tone generation to the other tone signal
generator, tone generation can be shared by the two tone
signal generators in accordance with a tone generation
stage. In this case, by performing the crossfade
control in which the preéeding tone is gradually
attenuated while the succeeding tone is caused to rise
gradually during the switching period, a smooth
switching of the tone signal can be achieved. According
to the invention, the key scaling control for variably
controlling the time of the switching period in the
crossfade control, i.e., érossfade time, in accordance
with the tone pit;h of a tone to be generated is
performed. By these arrangements, v;rious controls

._g,\
including equalizing of the impression of switching of
a tone signal in accordance with tﬁz tone pitech and,
conversely, differring the impression of switching

gréatly in accordance with the tone pitech g%%n be

E:?'l }-[ Q I""LN
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performed.

A time control circuit for variably controlling
time of the switching period may be provided- wi thout
providing the key scaling circuit. By doing so, if,
for example, the switching period is shortened,
switching is made quickly and it will give a strong
impression that the tone generation stage is shared by
the two systems whereas if the switching periocd is
prolonged, switching is made slowly and it will give a
strong impression that tone signals of the two systems
are overlapped so that a duet is performed in a part of
the tone generatiop stage. Thus, by the variable
control of the switching period, various performance
effects can be obtained.

An arrangement may be made so that the time control
circuit variably controls the time of the switching
period and the delay time from start of generation of th
preceding tone till start of generation of the
succeeding tone independently from each other. By doing
sg, timepoint of starting the switching period, i.e.,
the crossfade time, ﬁéy be controlled as desired whereby
further various performance effects can be obtained.

F;;Wachieving one of the objects of the invention,
an m:i;ctronic musicél .instruméﬁt”?gccordihg to the
invention comprises a tone pitch designation device for

generating tone piteh designation infg;ﬁhtion
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designating a tone pitch of a tone to be generated, a
first tone signal generator for generating a tone signal
having a pitch which is determined by said tone _pitch
designation information in accordance with an effective
sampling frequency which is synchronized with said pitch
and outputting the tone signal at a sampling timing
based on a common first sampling frequency, a second
tone signal generator for generating a tone signal
having a pitch which is determined by said tone pitch
designation information and outputting the tone signal
at a second sampling frequency which is asynchronous
with this pitch, said first and second sampling

frequencies being in an integer multiple relation to

'each other, a digital addition circuit for adding the

output tone signals of said first and second tone signal
generators together, and a digital-to-analog conversion
circuit for converting an output tone signal of said
digital addition circuit to an analog signél.

In the first tone signal generator, a tone signal
is generated in accordgnce.with an effectively sampling
frequency which is éinchronized with its pitch and is
delivered out at a sampling frequency in accordance with

ey
the,firsi sampling frequency. By  this arrangement, the
prohl“:;l‘n“r of occurrence-oflan alia;{néﬁ;oise iﬁ the tone
signal generated in the first tone signal generator can
be solved. ﬁgv
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Since the first sampling frequency and the second
sampling {frequency are in multiple integer relation,
when the output tone signals of the f?rst and second
tone signal generators are added together by the digital
addition circuit, the two tone signals can be added
without causing a problem at a harmonized timing.
Alternatively stated, by establishing such integer
multiple relation between the first sampling frequency
and the second sampling frequency, the first tone signal
generator can be formed as a tone signal generator of a
pitch synchronizing type even if the second tone signal
generator is one of a non-pitch-synchronizing type and,
besides, the output tone signals of the two tone signal
generation circuits can be added and synthesized without
causing a trouble at a harmonized timing.

By @generating tone signals corresponding to a
common tone pitch by the first and second tone signal
generators respectively (with a suitable piteh
difference if necessary) and combining and synthesizing
these tone signals by shéring the rise portion and
succeeding portion i& these tone signal generators, an
optimum tone synthesis corresponding’ to the tone

e
generation stage can be effectively obtained.

éy generating tone 51gnals at iycommon tone pftch
(with a suitable pitch difference if necessary) byi the

first and second tone signal generators and gﬁ%tahly
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combining and synthesizing these tone signals during the
entire tone generation period, a duet effect can be
effectively obtained.

For achieving one of the objects of the invention,
an electronic musical instrument of the invention
comprises a tone pitch designation device for
designating a tone pitch of a tone to be generated, a
first tone signal generator for generating a tone signal
having a pitch determined by supplied tone pitch
designation information in accordance with an effective
sampling {frequency synchronized with the pitch and
outputting the tone signal at a sampling timing based on
a common first sampling frequency, a second tone signal
generator for generating a tone signal having a pitch
determined by supplied tone pitch designation
information and outputting the tone signal at a second
sampling frequency which is not synchronized with this
pitch, a mode selector for selecting a mode and a
supply control circuit for performing, in accordance
with a mode selected by said mode selector, a control
for supplying the ;bne pitch designation information
representing a tone pitch designated by élid'tone pitch

LR Y

desjgnation device to at least one of said first and
second tone signal generators, a coﬁ3}01 for generat}ng
a tone signal of the same designated tone pitch in at

least one of said first and second tone g%gignal
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generators being made in accordance with the mode
selected by said mode selector.

By providing the mode selector and the supply
control circuit, an effective utilization of the first
and second tone signal generators can be realized. When
a mode in which tone signals of the same designated tone
pitech has been selected in the first and second tone
signal generators, an optimum tone synthesis effect
corresponding to the duet effect and tone generation
stage can be obtained as described above. When a mode
in which a tone signal of the designated tone pitch is
generated in one of the first and second tone signal
generators has been selected, the first tone signal
generator and the second tone signal generator can be
used for generation of tone signals of different tone
Pitches whereby the number of tones which can be
sounded simultaneously can be increased. Thus, a
further effective utilization of the first tone signal
generator and the second tone signal generator can be

realized. ,

For achieving ooe of the objects of the invention,
. &>
a tone_ signal synthesizing device for synthesizing a

tone sxgnal by a modulation operatlon using a modulating
wave signal and a modulated wave sf%nal camprises a
waveform table storing waveform data of a wavefornm Qf a

prédetermined waveform function in linear expresg&gn, a
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phase address signal supply circuit for supplying a
phase address signal for a modulating wave signal or a
modulated wave signal, an address conversion circuit for
converting an address value of said phase addfess signal
for each of phase sections provided by dividing a phase
of one cycle into plural sections, in accordance with a
function established individually for each of said phase
sections, and a circuit for outputting waveform data of
a waveform function which is different from said
predetermined waveform function from said waveform table
in response to said phase address signal by accessing
said waveform table with the output of said address
conversion circuit.

Since the address conversion circuit converts an
address value of the input phase address signal for each
of phase sections in accordance with a function
established individually for each of the phase sections,
the input phase address signal becomes converted in a
non-linear characteristic as viewed over one cycle as a
whole (i.e., a non-l{near'characteristic is realized
over one cycle. as a whole). Since the waveform table is
accessed by the converted address signal, the relation
begwee;rmthe input phase address signal and the address
with  Which the waveform table is aceéssed becomes rnon-
linear and, as a result, waveform data of a function

wvhich 1is different from the predetermined ggﬁéform
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function stored in the waveform table is provided from
the waveform table in response to the phase address
signal.

For example, even if a monotonous sine wave function
is stored in the waveform table, waveform data
simulating a sin? wave function can be obtained from
the waveform table by suitably establishing the address
conversion function for each phase section. Further,

the address conversion function for each phase section

can be established suitably so that a suitable function

' can be obtained by simulation.

For achieving one of the objects of the invention,
an electronic musicai instrument of the invention
comprises a tone pitch designation deviée for
designating a tone pitch of a tone to be generated, a
first tone signal generator for generating a tone signal
having a pitch corresponding to the tone pitch
designated by said tone pitch designation device, a
second tone signal generator for generating a tone
signal having a pitch corresponding to the tone pitch
designated by said tone pitch designation device in
accordance with a tone signal generation®system which is
digferé:; from a tone signal generation system of said
first - tone signal generator, a tofé generation mode
selector- for. selecting a tone generation mode

%

designating a combination of tone generation épf'said
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first and second tone signal generators from among a
plurality of different tone generation modes, and a
control circuit for controlling tone generation in said
first and second tone signal generators in accordance
with the tone generation mode selected by said mode
selector.

A tone selection mode for designating a combination
of tone generation in the first and second tone signal
generators is selected from among plural tone generation
modes. In accordance with the selected tone generation
mode, tone generation in the first and second tone
signal generators is respectively controlled. By this
arrangement, the' manner of combination ~of the tone
'generation in the first and second tone signal
generators is switched as desired in accordance with
selection of the tone generation mode. Accordingly,
various controls can be made in tone synthesis and rich
pefformance effect can be obtained.

For example, in accordance with tone color
selection, a tone generation mode determined by the
selected tone color nay be automatically selected. In
this case, an optimum tone generation mode corresponding

WA
to | the tone color is selected vheredby not_ only
establishment ‘of a tone color of a tdﬁe generated in the
respective tone signal generators but also the manner of

combination of tone generation in the two systemE?SEcome
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suited to the tone color and tone quality of a f{finally
synthesized tone signal improves.

For achieving one of the objects of the invention,
an electronic musical instrument of the invention
comprises a tone pitch designation device, first and
second tone generators having different tone generation
systems, a circuit for generating a key-on pulse
designating start of tone generation in response to
designation of a tone pitch in the tone pitch
designation device and a key-on pulse distfibution
circuit for distributing this key-on pulse to both or
either of the first and second tone signal generators to
start generation of a tone signal in the tone signal
generator to which the key-on pulse has been designated.

Upon distribution of the key-on pulse to both or
either of the first and second tone signal generators'by
the key-on pulse distribution circuit, generation of a
tone signal is started in the tone signal generator to
which the_key—on pulse has been distributed. In case
tane generation is started simul taneously in the two
tone signal generaibrs. timings of start of tone
generation in the two tone signal gené}ators can be

WA
synchronized with each other so that occurrence of phase

Aal' -

difference can be prevented.

ﬂ

Embodiments of the invention will now be descgibed

with reference to the accompanying drawings. ﬁ%ﬁ
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In the accompanying drawings,

Fig. 1 is a block diagram showing schematically the
entire structure of an embodiment of the invention;

Figs.-'za to 2e are diagrams for explaining typical
examples of tone generation mode which can be selected
in the embodiment;

Fig. 3 is a diagram for showing, by way of example,
contents of various tone color information cor;esponding
to one tone color in the same embodiment;

Fig. 4 is a graph showing. by way of example, a key
scaling charaﬁteristic of delay time or crossfade time;

Fig. 5 is a block diagram showing a specific
example of the first'tone'signal generation circuit (PCM
system) in Fig. 1;

Fig. 6 1is a time chart showing an example of the
clock pulse and various operation timings;:

Fig. 7 1is a block diagram shoiwng a specific

‘example of the state contral sectioﬁ in Fig. 1;

-

Fig. 8 is a iimg_Ehart for explaining an example of
waveform readout control in the first tone signal
generatton circuit in Fig. 1;

‘-ﬁfig. 9 is a -bloek diagram ?gpowing .a specific
example of the time setting and k?y scaling control
section in the first tone signal generation clrcuii,

Fig. 10 is a time chart showing an exgiple of

) THIS SHEET HAS BEEN
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operation of the delay key-on

and crossfade
section;

control

Fig. 11 1is a block diagram showing an example

of
the second tone signal generation circuit (FM system) in
5 Fig. 1;

Fig. 12

the

is a block diagram showing an example
crossfade

waveform
generation section;

of
forming section and envelope

Fig. 13

ia a block diagram showing
10

schematically
another embodiment of the electronic musical

instrument
of the invention:

Fig. 14 is a time chart showing an example of
the clock puise and various operation timings

in the
embodiment of Fig. 13; '
15

Fig. 15 1is a block diagram showing a specific
exmaple of the first'tone signal

(pitch synchronizing

generation circuit
type) in the

first

tone
generation circuit;

signal
Fig. 16 is a block diagram showing a

20 example the second tone signal

specific
of

generation
(non-pitch~synchronizing type) in Fig. 13;

Figs 17

circuit

is a block diagram showing an example
the’ address conversion section in Fig.. 16;

Fig. 18

of

£
is

a graph showiﬁé an

example
25 characteristics of address conversion function

address conversion section;

of

ing the

;o
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Figs. 19a and 19b are waveform diagrams showing an
example of waveforms ﬁroduced from the waveform table in
Fig. 16 in which Fig. 19a shows a case where the
address conversion is not made by the address conversion
section an& Fig. 19b shows a case where the address
conversion is made by the address conversion section;

Fig. 20 is a block diagram showing an example of
the envelope generator in Fig. 13; and

Fig. 21 1is a block diagram showing schematically
still another embodiment of the electronic musical
instrument of the invention with respect to a modified

portion in Fig. 13.

h This Sheet Has Been Replaced

3

THIS SHEET HAS BEEN
REPLACED




10

15

20

25

) - )
detection processing for detecting the on-off operations

-25-

(Deséription of the entire construction)

Referring to Fig. 1, a keyboard 10 has keys for
designating tone pitches of tones to be generated and
includes a key switch circuit consisting of key switches
corresponding to the respective keys. An operation
panel section 11 includes a tone color selector 12 for
selecting and coﬁtrolling a tone color for a tgne to be
generated and also various operators such as an operator
for setting and controlling a tone volume and an
operator for selecting a tonal effect. In this
embodiment, various processings including a scanning
processing for detecting depressed and released keys in
the keyboard 10, a scanning processing for detecting on-
off operations of the various operators, switches and
selector in the operation panel section 11 and a Kkey
assigning processing are executed in accordance with a
softwear program by a microcomputer. A microcomputer
section includes a CPU (central processing unit) 13, a
program and data BOM (read-only memory) 14 and a data
and working RAM (random-access memory) 15.

>

Varigus data obtained as results of the key

T

assigning processing for depressed keys and the

“cien W -

of the operators and switches and selector in 5the

s
opefration panel section 11 are supplied to s? tone
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generator section 17 through an interface 16. By way of
example, data supplied to the tone generator section 17
through the interface 16 include Kkey codes KC
representing keys assigned to respective tone generation
channels, a key-on signal KON representing whether or
not depression of each of these keys is sustained, a
key-on pulse KONP corresponding to risé (start of.
depression of the key) of the key-on signal KON, a key-
off pulse KOFP corresponding to fall of the key-on
signal KON (release of the key) and various tone color
information for realizing a selected tone coior.

The tone generator section 17 includes a buffer
register 18 for temporarily 1loading various data
éupplied through the intreface 16, a timing control
circuit 19 for generating timing signals and clock
pulses for controlling various operations, tone signal
generation circuits 20 and 21 having tone signal
generation systems which are different from each other,’
a delay key-on and crossfade control cirucit. 22, an
envelope generation section 23, multipliers 24 and 25
for imparting envelopes and an adder: 26 for adding

3

output tone signals of the tone signal generation

Y

circuits 20 and 21 supplied through the multipliers 24

PR . - - - : -

z° :
and 25 together. The output of"ihe adder 26 is
converted to an analog signal by a digital-to- analog

converter 27 and supplied thereafter to a sound Eﬁgstem
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28.

The first and second tone signal generation
circuits 20 and 21 generate, in digital, tone signals
having pitches corresponding to the key codes KC
supplied through the buffer register 18 with tone colors
corresponding to tone color information. The tone
signal generation circuits generate tone signals which
are nominally of a common tone color but actual tone
color may somewhat differ from each other depending upon
difference 1in the tone signal generation system of the
two circuits 20 and 21. Further, there may be some

difference between the two circuits 20 and 21 in

| presence or absence of timewise change in the tone caolor

and mode of timewise change. In any case, the tone
quality of a generated tone is somewhat different
between the two tone signal generation cirucits 20 and
21. The tone signal generation circuits 20 and 21
generate tone signals having a pitch corresponding to a
common designated pitch corresponding to the key code
KC. If necessary, however, suitable pitch difference or
tone pitch shift or scale shift may be applied between

the two :gne signal generation circuits 20 and 21. For

N b
- -4

example, controls such as tuning, transéosition.

roiieg. W .- - - - " _ .

vibrato, glide and pitch contréﬁ are performed

independently 1in the respective tone signal generation

-25

circuits 20 and 21. . £
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For example, the tone signal generation system in
the first tone signal generation circuit 20 comprises
memory means prestoring waveform data of plural tone
waveforms corresponding to various tone colors, has
waveform data of a tone waveform corresponding to a
selected tone color read out from this memory means and
generates a tone signal on the basis of the read out
wvaveform data. For the sake of convenience, this system
will be referred to as "PCM system". The tone signal
generation system in the second tone signai generation
circuit 21 generates a tone signal by carrying out a
tone synthesis operation of the frequency modulation
type and this system will be referred to as "FM system".

The delay key-on and .crossfade control circuit 22
performs, when a tone synthesis is made by combining
tone signals generated by the tone signal generation
circuits 20 and 21, a "delay key-on" control and a
"crossfade" control in accordance with a mode of
combination.

~ The term "delay key-on" means delaying of start of
generation of a tone signal in one of the first and
second Jone signal genération circuits Eb and 21 with

respect to start of generation of a tone slgnal in the
other clrcuxt to realize a delayed duet effect in a case
where a duet effect is produced by generating tone

signals corresponding to a designated tone pitchﬁﬁg the
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first and second tone signal generation circuits 20 and
21.

The term "crossfade" means a control which, when a
tone signal is first generated in one of the first and
second tone signal generation circuits 20 and 21 and
then generation of a tone signal is switched to the
other circuit, causes the preceding tone signal to
'attgnuate gradually and the succeeding tone signal to
rise gradually during the switching period. By
performing this "crossfade" in combination with "delay
key-on", 1i.e., performing a desired "crossfade" after
"delay key-on", switching of a tone signal can be made
smoothly in a desired tone generation st#ge.

Dividing circuit elements of the delay key-on and
crossfade control circuit 22 by their function, the

delay key-on and crossfade control circuit 22 consists

~of a time setting and key scaling control section 29 for

establishing and controlling a delay time in the "delay
key-on" and time length in the switching period in the
"crossfade" (this time length will be hereinafter called
"crossfade time") and performing a key scaling control

for ° variably controlling these time . periods in

accerdance with the tone pitch of a ggnerated tone, a

walag W

state control section 30 for controf?ing states of the
delay key-on and crossfade controls, and a crossfade

waveform forming section 31 for forming a wqﬁgiting
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waveform for crossfading.

In the embodiment described below, the functions of
the time setting and key scaling control section 29 is
realized by sharing a part of hardware of the first tone
signal generation circuit 20. More specifically, a time
counting hardware circuit in the time setting and key
scaling control section 29 is used commonly as a phase
address counting hardware circuit in the first tone
signal generation circuit 20.

The envelope generation section 23 generates
envelope signals PEG and FEG for establishing envelopes
of tone signals produced by the tone signal generation
circuits 20 and 21. These envelope signals PEG and FEG
are formed by weighting normal envelope signals
generated in response to depression and release of k#ys
with the weighting waveform for crossfading generated by
the crossfade waveform forming section 31 in the delay
key~-on and crossfade control circuit 22.

(Description about the tone generation mode}
~ There are, for example, the following five
combination modes, i.e., tone generation modes, for

*

effecting tone synthesis by combining tone signals

('S4 s

_produced by the first and second tone signal generation

iy W

circuits 20 and 21. For helping understandxng. typical
examples of the envelope signals PEG and FEG of the ¢one

signal generation circuits 20 and 21 in the resﬁ%ctive
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tone generation modes are shown in Fig. 2. Tone signals
from the tone signal generation circuits 20 and 21 are
mixed together in a ratio corresponding to the shapes of
the envelope signals PEG and FEG.

1)'Simp1e mixing mode (Fig. 2a)

The simple mixing mode is a mode in which tone
signals are produced simultaneously in the PCM system
tone signal generation circuit 20 and the FM system tone
signal generation circuit 21. An ordinary duet effect
is fealized in this mode. This mode is abbreviated as
MIX.

2) FM delay key-on mode (Fig. 2b)

The FM delay key-on mode is a mode in which a tone
generation is started - first in the PCM system tone
signal generation circuit 20 and started with a delay in
the FM system tone signal generation circuit 21 and
thereafter .tone generation is performed concurrently in
the two circuits 20 and 21. In this mode, a delayed
duet effect is realized. The delay time can be variably
controlled. This mode is abbreviated as FMD.

3) PCM delay key-on mode (Fig. 2¢)
Th%» PCM delay key-on mode is a mode,in which tone

-8

generation is started first in the FM system tone sxgnal
generation circuit 21 and started wifh a delay in the
PCM tone signal generation circuit 20 and thereg;ter

tone generation 1is performed concurrently in QﬁE{ tvo
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circuits 20 and 21. In this mode, a delayed duet effect
is realized. The delay time can be variably controlled.
This mode is abbreviated as PCMD.

4) FM delay key-on and crossfade mode (Fig. 2d)

In this mode{ tone generation is started first in
the PCM system tone signal generation circuit 20 and
started with a delay ih the FM system tone signal
generation circuit 21 and, besides, the tone signal of
the succeeding FM system tone signal generation circuit
21 is controlled so as to rise gradually whereas the
tone signal of the preceding PCM system -tone signal
generation circuit 20 is controlled so as to attenuate
gradually. By this arrangement, an effect for switching
fone generation can be realized. The delay time and the
switching period, 1i.e., crossfade time, can be variably
controlled. This mode is abbreviated as FMDX.

5) PCM delay key-on and crossfade mode (Fig. 2e)

In this mode, tone generation is started first in
the FM system tong signal generation circuit -21 and
started with a delay in the PCM system tone signal
generation circuit 20 and, besides, the succeeding tone

>
signal of the PCM system tone signal generation cirecuit

20 .is controlled so as to rise graduglly whereas the

aclag. W

. - ' -
preceding tone signal of the FM sigtem tone signal

~generation circuit 21 is controlled so as to attennate

gradually. By this arrangement, an effect for sw‘iChing
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corresponds to a higher octave.

Octave rate data ORD provided from the selector 35
is applied to a gate 36. This gate 36 is enabled when
the note clock pulse NCK supplied from the note clock
generation - circuit 33 is "1" (i.e., at the time of
generation of the pulse) to gate out the octave rate
data ORD.

Accordingly, the octave rate data ORD consisting of
numerical value corresponding to the octave of the key
10 code KC 1is repeatedly gated out of the gate 36 in
synchronism with the timing of generation of the note
'clock pulse NCK corresponding to the note name of the
key code KC. By the value of this octave rate data ORD

and the repeating frequency synchronized with the timing

15 of generation of the note clock pulse NCK, a tone

frequency corresponding to the tone pitch of the key
code KC is established.
The octave rate data ORD gated out of the gate 36
is supplied to an adder 39 of a counter 38 through an A
input of a selector 37. Thé selector 37 selects the A
input when a timing signal Tl is "1" and selects a B
input ggsn'the timing signal T1 is "O". il
. Tdf counter 38 includes the adder 39, a 2-stage
shift“.register 40 which is shift coﬁtrolled £y a cfock
pulse ¢ and a gate 41. The output of the adderlgg is

supplied to the shift register 40 and the outputﬁﬁg' the

-
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shift register 40 is supplied to the other input of the
adder 39 through.a gate 41.

| As shown in Fig. 6, the clock pulse ¢ has a
frequency which is double as high as the timing signal
T1. The counter 38 performs a time sharing operation
with two time slots thereby performing dual operations
as a counter having different functions. More
specifically, during the time slot during which the
timing signal 1is "1", the counter 38 repeatedly adds
(accumulates) the octave rate data ORD supplied through
the A input of the selector 37, thus functioning as a
*phase address counter". In this case, the counter 38
produces a phase address signal which changes at a rate
corresponding to the tone pitch of the key code KC.
During the time slot during which the timing signal TI1
is "0", the counter 38 repeatedly addes (accumulates)
rate data ARD for counting time supplied through the B
input of the selector 37, thus functioning as a "time
counter”. As will be described later, the function of
the counter 38 as the "time counter” is wutilized for
counting the delay time in the "delay Kkey-on" control
and counting the crossfade time in t;e "erossfade"

.
- -4

control.
Thé output of the shift registé?’40 is supplied-to
a latch circuit 42. The latch circuit 42 latches _ the

output of the shift register 40 when the timingjgéggnal
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Tl is ™1". Therefore, the phase address signal
generated by the counter 38 functioning as the ‘“phase
address counter" is latched by tme lateh circuit. 42.
The phase address signal latched by the latch circuit 42
is supplied to an adder 43 as a relative phase address
signal.

The start address data SAD and repeat address data
RAD corresponding to the selected tone color are
supplied to a selector 44. The start address data SAD
is initially selected by the selector 44 in response to
a state signal STl and the start address data SAD is
suppiied to an adder 43. The output of the adder 43 is
applied to an address input of a waveform memory 45.

The waveform memory 45 prestores waveform data of
plural tone waveforms corresponding to various tone
colors, storing waveforms of plural periods of a rise
portion and waveforms of plural periods of a sustain
portion of one tone color at continuous addresses.
Initially, by adding the relative phase address data
generated by the counter 38 and the start address data
SAD together, the data of waveforms of plural periods of

>
the risiﬁportion are sequentially read out.

. The waveform data read out from the waveform memory

wuag W

45 is supplied to the multiplier 24 (Fig. 1) as the

output tone signal of the PCM system tone signal
generation circuit 20. ﬁgﬁ
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On the other hand, an address signal AAD supplied
from the adder 43 to the address input of the waveform
memory 45 is supplied also to the state control section
30 and used therein for controlling the reading state of
the waveform memory 45. -

(Control of the waveform reading state)

A specific example of the state control séction 30
is shown in Fig. 7.

. In Fig. 7, a flip~flop 46 is provided for producing
state signals ST1 and ST2 for controlling the reading
state of the waveform memory 45. The key-on pulse KONP
is applied to a set input S of the flip-flop 46 through
a gate 47 and an OR gate 48 thereby turning its set
output Q@ to "1" and thus turning initiallly the state

signal STl to "1". In the selector 44 of Fig. 5,

~therefore, as described above, the start address data

SAD 1is initially selected and the waveforms of plural
periods of the rise portion are read out from the
waveform memory 45. _

- The repeat address data RAD and the end address
data EAD are supplied respectively to A and B inputs of

>
a seles&or 49, The selector 49 selects the repeat

address data RAD when the state signgl ST1 is "1" and

neleg W

-
selects the end address data EAD when the state signal
ST2 is."l". Therefore, the repeat address data RAD is

initially provided from the selector 49. The od?put of
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the selector 49 is applied to a comparator 51 thfough an
A input of a selector 50. The selector 50 selects the A
input and supplies the repeat address data RAD to the
comparator 51 when the timing signal T1 is "1", i.e.,

5 at a timing when the counter 38 (Fig. 5) is used for
phase address counting.

To the other input of the comparator 51 is applied
the output of the selector 52. The selector 52 receives
at an A input thereof the address signal AAD from the

10 adder 43 (Fig. ©5) and selects the address signal AAD
when the timing signal Tl is "1". 1In the comparator 51,
therefore, the current waveform reading address and the
repeat address data RAD are compared with each other
when the timing signal T1 is "1", i.e., at the timing

15 when the counter 38 (Fig. B5) is used for phase address
counting. If they coincide with each other, the
comparator 51 produces a signal "1" as a coincidence
signal EQ. This coincidence signal EQ and the timing
signal Tl are applied to an AND gate 520 and-an- output

20 of- the AND gate 520 is supplied to a reset input R of
the flip-flop 46.

Iikm therefore, the waveform readi;g address has
reaehedbthe address of the repeat address data RAD when
the wa;eforms of plural periods of tﬁg'rise portion of a

25 tone are being read out, i.e., when the state signag ST1

is "1", the flip-flop 46 is reset and the state®8ignal
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ST2 which 1is a reset output of the flip-flop 46 is
turned to "1" and the state signal ST1 is turned to "O"
(see Fig. 8).

In the selector 44 of Fig. 5, when the state signal
ST2 has been tufned to "1", the repeat address data RAD
is selected so that the adder 43 adds the repeat address
data RAD to the relative phase address signal supplied
from the latch circuit 42. On the other hand, the
coincidence signal EQ and the timing signal T1 are
applied to an AND gate 53 of Fig. 5 and the output of
this AND gate 63 is supplied to a control input of a

gate 41 of the counter 38 after being inverted by a NOR

. gate 54, ' W¥hen, therefore, absolute address data which

has been added in the adder 43 as offset address data is
switched to the repéat address data RAD, the gate 41 is
disébled and the past relative phase address value in
the counter 38 is cleared. Thereafter, the counter 38
resumes counting of the relative phase address from
zero. |

-~ In response to the state signal ST2 which is "1,
the selector 49 in Fig. 7 selects the end address data

s >
EAD. _g&gn, therefore, the state signal ST2 is "1", the

comparator 51 compares the current waveform reading

“iag W

address with the end address data: EAD at the phase
address count timing. If they coincide with each other,

the coincidence signal EQ is turned to "1" qﬁff the
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relative phase address count value in the counter 38 of
Fig. 5 is cleared to zero.

In the foregoing manner, the waveform reading
address changes repeatedly from the address
corresponding to the repeat address data RAD to the end
address data EAD whereby the waveforms of plural periods
of the sustain portion of the tone are repeatedly read
out (see Fig. 8).

(The time setting for delay key-on and crossfade and
the key scaling control)

A specific example of the time setting and Kkey
scaling control section 29 is shown in Fig. 9. The

control section 29 has a counter for counting time but

" this counter is not shown in Fig. 9 but the counter 38

of Fig. 5 is used commonly for this purpose.

Referring to Fig. 9, in the control section 29,
octave rate data ORD' provided from the gate 36 of Fig.
§ at a timing of the note clock pulse NCK is applied to
an adder 56 through a line 55 as tone pitch data for key
scaling. A multiplier 6567 of the control section 29
provides rate data RD for counting time and this rate
data RD is applied to a B input of the selector 37 of

W,
Fig. b. This rate data is selected by the selector 37
when-nlhe timing signal T1 is "0“ anﬁyxs supplied to the
counter 38. The counter 38, therefore, counts thearate

data RTD at the time slot during which the timingﬁgignal
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Ti1 1is "0", thus functioning as a counter for counting
£he delay time of delay key-on or crossfade time.

The delay rate data DRATEland crossfade rate data
XRATE corresponding to a selected tone color are applied
to a selector 58. The delay rate data DRATE is
initially selected in response to a delay state signal
DST and, upon ending of the delay time of "delay Kkey-
on", the crossfade rate data XRATE is selected in
response to a crossfade state signal XST. | Basically,
the output of the selector 58 is supplied as the rate
data ARD to the counter 38 (Fig. 5) through multipliers
59 and 57. However, to the multipliers 59 and 57 are
supplied coefficient data for key scaling the delay time
and the crossfade time and data obtained by scaling the
output data of the selector 58 (either DRATE or XRATE)
with this coefficient data constitutes the rate data
ARD.

Delay rate key scaling data DKSD and crossfade rate
key scaling data DKSD corresponding to a selected tone
color are supplied to decoders 60 and 61 and decoded

respectively therein. Outputs of the decoders 60 and 61

>
are applied to a selector 62 and the output of the

L3

decoder 60, i.e., data designating Kkey scaling

L VTR -

characteristic curve for "delay keyiﬁg" is selected in
response - to the delay state signal DST whereas %the

output of the decoder 61, i.e., data designati;g‘?‘E key
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scaling characteristic curve for "crossfade" is selected
in response to the crossfade state signal XST. Among
the four decoded outputs from the selector 62, a signal
designating key scaling characteristics of "0%" and a
signal indicating key scaling characteristics of *"100%"
are applied to A selection control inputs SA of
selectors 64 and 65 through an OR gate 63, a signal
designating key scaling characteristics of "50%" is
applied to B selection control inputs SB of the
selectors 64 and 65 and a signal designatiﬁg key scaling
characteristics of "25%" is applied to C selection
control inputs SC of the selectors 64 and 65
respectively.

The selector 64 selects a numerical value "1" when
the key scaling characteristics of "0O%X" or "“100%" is
designated, selects a numerical value "1/2" when the key
scaling characteristics of "50%X" and selects the
numerical value "1/4" vwhen the key scaling
characteristics of "25X%" is designated. The selector 65
selects the numerical value "0" when the key scaling
characteristics of "0xX" or "100%" is designated, selects
the quﬂcrical value "*1" when the "key scaling

T

characteristics of "50%" is designated and selects the
numerical value "3" when the key scalf%g characteristics
of "25X%X" is designated. The output of the selector 64

is applied to the multiplier 59. The output &# the
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selector 65 1is applied to the adder 56 in which it |is
added with the octave rate data ORD' from the line &55.
The output of the adder 66 is applied to an A input of a
selector 66. To a B input of the selector 66 is applied
numerical value "1". The selctor 66 is selectively
controlled by the signal designating the key scaling
characteristics of "0X" provided by the selector 62 so
as to select always "1" of the B input when the signal
is "0X", i.e., when no Kkey scaling is made, and
otherwise, 1i.e., when the key scaling is made, select
the output of the adder 56 at the A input. The output
of the selector 66 is applied to the multiplier 57.

Owing to the above described construction, the rate
data A RD in each key scaling characteristics is
determined in accordance with the following formulas.
The basic rate data RATE is either DRATE or XRATE.
In the case of "OX%"

ARD = 1 X 1 x RATE = RATE
In the case of "25%"

- ARD = (ORD' + 3) x 1/4 x RATE

In the case of "50%"

ARD = (ORD' + 1) x 1/2 x RATE

In .the case of "100%"

ARD = ORD' x 1 x RATE = ORD' x"HATE
In the above formulas, the octave rate data ,ORD'

has a numerical value corresponding to the octaﬁﬁgat a

T
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timing of generation of the note clock pulse NCK and
otherwise is "O".

In the above formulas, weight of the octave rate
data ORD' is assumed to be "1" at the reference octave.
In other words, even if the value of the octave rate
data ORD used in the actual phase address counting is
"1" at the first octave, "2" at the second octave, "4"
at the third octave and "8" at the fourth octave, the
octave rate data ORD' used in the key scaling is treated
with the weight of, for example, "1/2" at the first
octave, "1" at the second octave, "2" at  the third
octave and "4" at the fourth octave, assuming, for
example, that the reference octave is the second octave.

By way of example, the note clock pulse NCK is
constantly generated at each samﬁling timing at the
reference tone pitch. [If, for example, the note name of
the reference tone pitch is B, the note clock pulse NCK
of the note name B becomes "1" at each sampling
period. 1In this case, the note clock pulses NCK for the
note names A#, A, G#, G ..... D; C# and C which are
lower than the reference ione pitch become thinned out

>

pulsesakﬁ

- In the case 0of the reference tong_pitch, e.g., the
welag. W co. - - !’. . - -

note name B of the second octave, ‘the solution of the

above formula is ORD' = 1 and, accordingly, A RD =.RATE

in all cases of "Ox", "25x", "B60X" and "100%" iﬁﬁd the
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time DL as set by the basic rate data DRATE or XRATE is

applied (see Fig. 4). In the case of a note name other

than the note name of the reference tone pitech, the

addition of the octave rate data ORD' is not made during

a sampling period at which the note clock pulse NCK is

" absent due to thinning of the note clock pulse NCK so

that multiplication coefficient for the rate data RATE
during this sampling period becomes 3/4 at "25x", 1/2 at
"50%" and 0 at "100%". Thus, multiplication coefficient
of the rate data ARD differs between the sampling
period during which the octave rate data ORD' is given
and the sampling period during which the octave rate
data ORD' is not given and its probability differs from
note name to note name. Accordingly, the change rate of
the count value in the case of cumulative counting of
the rate data RD differs from note name to note name
with a result that the key scaling control as shown in
Fig. 4 is realized. _

The rate data ARD which has been subjected to the
key scaling control is applied to the B input of the
selector 37 of Fig. 5, supplied to the counter 38 at a
timing at which the timing signal f& is "O0" and

AN

cumnlatlvely counted by the counter 38. The output of
the counter 38 is supplied to thé’ B input of the
selector 52 of Fig. 7 as time count data CNT and is

selectively delivered out at a timing at whi
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timing signal T1 is "0" and applied to the comparator
81. To the other input of the comparator 51 is applied
maximum data in which all bits are "1" through the B
input of the selector 50 at a timing at which the timing
5 signal T1 is "O". Therefore, upon reaching of the time
count data CNT of the counter 38 to the maximum value,
the coincidence signai EQ of the comparator 51 becomes
"1, As will be apparent, the larger is the value of
the rate data RD applied to the counter 38, the higher
10 is the speed of increase of the count data CNT and the
shorter 1is the time length for reaching the maximum
value.
The state controls of "delay key-on" and
."crossfade" are performed by the counter 67 of Fig. 7.
15 The counter 67 is reset by the key-on pulse KONP. A
decoder 68 decodes the output of the counter 67 and
produces a delay state signal DST when the count is "O",
a crossfade signal XST when the count is "1" and a hold
s{ate HST when the count is "2", When the hold state
20 signal HST is "0", an AND gate 69.is enabled and the
output of an AND gate 70 is supplied to a count input of
the cgggter 67. To the AND gate 70 ar: applied the
coincidfnce signal EQ provided by the comparator 51 and
an in;:rted signal of the timing 51gna1 T1.
25 Upon depression of a key, therefore, the delay

state signal DST initially is turned to "1, desﬁ&f;ting
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the "delay key-on" control (see Fig. 10). The delay
rate data DRATE and delay rate key scaling data DKSD are
thereby selected in the selectors 58 and 62 of 'Fig. 9
and the rate data'A RD'for the "delay key-on" control is
obtained in accordance with the above described key
scaling operation.

Upon reaching of the count CNT of the counter 38 to
the maximum value by the repeated addition of the rate
data 4 RD for the delay key-on, -the coincidence signal
EQ is produced in the above described manner. To the
AND gate 71 of Fig. 7 are applied this c¢oincidence
signal EQ, the delay state signal DST and the inverted
signal of the timing signal TI1. Upon reaching of the
maximum value of the count CNT in the delay state, the
AND gate 71 is enabled and the delay key-on pulse DKONP
is generated (see Fig. 10). Simultaneously, the output
of the AND gate 70 is turned to "1" and the contents of
the counter 67 are counted up. Simul taneously, the
output of the AND gate 72 of Fig. 5 is turned to "1" and
this output is applied to the NOR gate 54 through an OR
gate 73 whereby the output of the NOR gate 54 is turned

>

to “0" the gate 41 of the counter 38 is disabled and

0

the count value CNT of the counter 38 is cleared. By

L PP

reaching of the count of the counter 67 ¢to "1', the

delay state signal DST is turned to "O" and; the

‘-g’

crossfade state signal XST is turned to "1™ (sf% Fig.
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10).

In this manner, the "delay key-on" control is
finished and tﬁe "crossfade" control is started. Time
during which the delay start signal DST is "1", i.e.,
time from start of generation of the normal key-on pulse
KONP till generation of the delay key-on pulse DKONP is
the delay time in the "delay key-on" control. As
described, this delay time is basically established by
the delay rate data DRATE and key scaled by the delay
raté key scaling data DKSD and the tone pitch o0of the
generated tone.

In the "crossfade" control state, the crossfade
rate data XRATE ahd the crossfade rate key scaling data
XKSD are selected in the selectors 58 and 62 in Fig. 9
and the rate data A RD for the "crossfade" control is
obtained in accordance with the above described key
scaling control.

Upon reaching of the count value CNT to the maximum
value by the repeated addition of the rate data A RD for
crossfading, the coincidence signal EQ is generated as
described above. The contents of the counter 67 in Fig.

F
7 are thyeby counted up, the crossfade state signal XST

is turned to "O0" and the hold state signal HST is turned

ey W
4 E-4

to "1" (see Fig. 10).

In this manner, the "crossfade" control . is

Pd
3

finished. Time during which the crossfade stat ‘ﬂignal
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XST 1is "1" is the crossfade time. As described above,
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this crossfade time is basically established by the
crossfade rate data XRATE and is key scaled by the
crossfade key scaling data.XKSD and the tone pitch of
the generated tone.

(Generation of key-on pulses in accordance with the tone
generation mode)

In Fig. 7, the state control section 30 has a
function of producing a PCM key-on pulse PKONP
designating start of tone generation in the PCM system
tone signal generation circuit 20 and an FM key-on pulse
FKONP designating start of tone generation in the FM
system tone signal generation circuit 21 in accordance
with the tone generation mode. -

The ordinary key-on pulse KONP which is generated
in response to start of depression of a key is applied
to the gate 47. The output of the gate 47 is pfovided
as the PCM key-on pulse PKONP through the OR gate 48 and
also is supplied to a set input S of the above described
frip-flop 46. To the control input of the gate 47 |is
applied, through an OR gate 74, the simgle mixing mode

signal MIX, the FM delay key-on mode signal FMD, or the

~FM -delay key-on and crossfade mode signal FMDX.  When

“cileg W

-
either of these modes is selected as the tone generation

mode, the PCM system tone signal generation circuig 20

starts generation of a tone in response to actud }étart
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of depression of a key (see Figs. 2a, 2b and 2d) so that

the gate 47 is opened when either of the signals MIX,
FMD or FMDX indicating that either of these modes is
selected is "1" and the key-on pulse KONP is provided
directly as the PCM key-on pulse PKONP.

The key-on pulse KONP is applied to the gate 75 and
the output of the gate 75 is provided as the FM key-on
pulse FKONP through the OR gate 76. To the control input
of the gate 756 is applied, through an OR gate 77, the
simple mixing mode signal MIX, the PCM delay key-on mode
signal PCMD, or.the PCM delay key-on and crossfade mode
signal PCMDX. When either of these modes is selected as
the tone generation mode, the FM system tone signal
generation circuit 21 starts tone generation in response
to actual start of depression of a key (see Figs. 2c and
2e¢) so that the gate 756 is opend when either of the
signals MIX, PCMD and PCMDX indicating that either of
these modes.is selected is "1" and the key-on pulse KONP
is provided directly as the FM key-on pulse FKONP.

- The delay key-on pulse DKONP produced by the AND

gate 71 when the delay time in the "delay key-on" has

>

'elapsed is applied to gates 78 and 79. To a control

input of the gate 78 is applied. through an OR gate 80,
the PCM delay key-on mode signal. PCﬂ% or the PCM delay
key-on and crossfade mode signal PCMDS. The outpgt of

the gate 78 1is latched by a latch circuitg%gd in
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synchronism with the timing signal Tl and is provided as

the PCM key-on pulse PKONP through the OR gate 48. In
the case of the PCM delay key-on mode or PCM delay Kkey-
on and crossfade mode, tone generation in the PCM system
tone signal -generation circuit 20 is started after lapse
of the delay time (see Figs. éc and 2e) and,
accordingly, when either of these modes is éelected. the
delay key-on pulse DKONP (see Fig. 10) is provided as
the PCM key-on pulse PKONP.

To a control input of the gate 79 1is applied,
through an OR gate 82, the FM delay key-on signal FMD or
the FM delay key-on and crossfade mode signal FMDX. The
output of the gate 79 is latched by a latch circuit 83
in synchronism with the timing signal Tl and is provided
as the FM key-on pulse FKONP through the OR gate 76. 1In
the case of the FM delay key-on mode or the FM delay
key-on and crossfade mode, tone generation in the FM
system tone signal genefation cirecuit 21 is started
after lapse of the delay time (see Figs. 2a, 2b and 2d)
and, accordingly, when either of these modes is
selected, the delay key-on pulse DKONP (see Fig. 10) is
providqswxas the FM key-on pulse FKON;. The latch

cireuits 81 and 83 are provided for synchronizing

“elep W

timings of the key-on pulses PKONP- and FEKONP with a
channel timing for generating a tone signal. X

The PCM Kkey-on pulse PKONP is applied to tﬁé{ NOR
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gate 54 (Fig. 5) for clearing contents of the counter 38
in the PCM system tone signal generation circuit 20 and
thereby disables the gate 41 of the counter 38. The FM
key-on pulse 'FEONP is applied to the FM system tone
signal generation circuit 21 to clear similarly contents
of the phase address counter. The key-on pulsés PKONP
and FKONP are applied to the envelope generator 23 for
designating generation of the envelope signal.

(The FM system tone signal generation circuit 21)

Fig. 11 shows schematically an example of the FM
system tone signal generation circuit 21. For brevity
of explanation, the number of tone generation channel is
one in this example.
| An F number memory 84 prestores. for each tone
pitch, "F number" which is a numerical value which is.
proportional to the frequency of each tone pitch. An F
number of a tone to be generated is read out in response
to the key code KC supplied from the buffer register 18
(Fig. 1). The read out F number is supplied to an adder
86- of a phase address counter 85. The phase address
counter 85 includes an adder 86, a one-stage shift

>
registe.r;L 87 which is shift-controlled by the timing

| signal Tl and a gate 88. ) The output of the adder 86 1s

Y B

supplied to the shift register 87 and the output of the

shift register 87 is applied to the other input of@ the

adder 86 through the gate 88. The gate 88 is conﬁ%:lled
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by a signal obtained by inverting the FM Kkey-on pulse
FKONP for once clearing contents of the phase address
counter 85 at start of tone generation. Thereafter, the
F number is repeatedly added in the phase address
counter 85 at each sampling period and a phase address
signal is produced by the counter 85.

An FM operation circuit 89 is a circuit for
executing a frequency modulation operation for
synthesizing a tone. The circuit 89 receives the phase
address signal from the counter 85 and the algorithm and
parameter data FMP and executes the frequency modulation
operation in accordance with these data. A tone signal
synthesized in the FM operation circuit 89 is supplied
.to the multiplier 25 (Fig. 1) in which it is multiplied
by the envelope signal FEG.

(Tone control corresponding to the tone generation mode)

A specific example of the crossfade waveform
forming section 31 and an exmaple of the envelope
generation section 23 are shown in Fig. 12. The
crossfade waveform forming section produces, in
accordance with a selected tone generation mode,

2>

crossfqu waveform data for controlling a tone amplitude

Ay

in the PCM system tone signal generation circuit 20 and

P -

crossfade waveform data for controlling a tone amplitude

~in the FM system tone signal generation circuit 21. . The

4

crossfade waveform data for PCM is provided ﬁﬁ#;m a
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selector 93 for PCM and applied to a multiplier 97 of
the envelope generator 23 in which it is multiplied with
an envelope signal for PCM generated by an envelope
generator 95 for PCM. The crossfade waveform data for
FM 1is provided from a selector 94 for FM and applied to
a multiplier 98 of the envelope generator 23 in which it
is multiplied with an envelope signal.for FM generated
by an envelope generator 96 fqr FM. The outputs of the
multipliers 97 and 98 are provided as the envelope
signals PEG and FEG which have been weighted by the
crossfade waveforms and supplied to the multipliers 24
and 25 of Fig. 1. |

To the envelope generator 95 for PCM are applied
the PCM key-on pulse PKONP, envelope parameter PENV for
PCM, key-off pulse KOFP and PCM_ delay Kkey-on and
crossfade mode signal PCMDX and the envelope generator
95 generates an envelope shape signal in response to
these data. To the envelope generator 96 for FM are
applied the FM key-on pulse FEKONP, envelope parameter
FENV for FM, Kkey-off pulse KOFP and FM delay key-on and
crossfade mode signal FMDX and the envelope generator 96

>
generaﬁai an envelope shape signal in response to these

Ly

wleg W - - " - -

&
In the example of Fig. 12, thegérossfade waveform
forming section 31 utilizes the time count data CNT . for

crossfading in the counter 38 of Fig. 5 as the cnﬁg;fade
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waveform data. As characteristic for gradually rising a
tone in the crossfade control, the increasing curve of
the count data CNT is used as it is whereas
characteristic for gradually attenuating a tone is
formed by converting a binary value of the count data
CNT to a decreasing curve by inverting the binary value.

The count data CNT provided by the counter 38 of
Fig. b5 is supplied to a gate 90. The gate 90 is opened
by the crossfade state signal XST or hold state signal
HST supplied from an OR gate 91. The count data CNT for
"delay key-on" thereﬁy is blocked by the gate 90 and the
count data CNT for "crossfade" is gated out of the gate
90. The count data CNT gated out of the gate 90 is
supplied to an A input of a selector 93 for PCM and also
to a B input of a selector 94 for FM. The count data
CNT gated out of the gate 90 is inverted in all Dbits
thereof by an inversion circuit 92 and the output of the
inversion circuit 92 is supplied to a B input of the
selector 93 for PCM and also to an A input of the
selector 94 for FM. To C inputs of the selectors 93 and
94 are appliéd the maximum value, i.e., data in which

-
all bitgﬂgre "1* whereas to D inputs of the selectors 93

and. 94 are applied the minimum value. i.e., data in

~2lea W - ‘”, - - .
7

which all bits are "O". e
To control inputs of the selectors 93 and 94 sare

applied, through AND gates 99 to 112 and OR gatesﬁﬁgs to
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116, the signals MIX, PCMD, PCMDX, FMD and FMDX
respectively designating the tone generation mode and
the state signals DST, XST and HST.

Crossfade waveform generation modes and tone
generation - control modes in accordance with the
respective tone generation modes are described below.

1) Simple mixing mode (Fig. 2a)

When the simple mixing mode has been selected, the
signal MIX is turned to "1" and the selectors 93 and 94
select the C input. The outputs of the selectors 93 and
94 thereby become "1" constantly so that the outputs of
the envelope generators 95 and 96 are provided directly
as the envelope signals PEG énd FEG. Accordingly, as
shown in Fig. 2a, the tone generation control is made so
that tones are generated simultaneously in the PCM
system tone signal generation circuit 20 and the FM
system tone signal generation circuit 21.

2) FM delay key-on mode (Fig. 2b)

When the FM delay key-on mode has been selectgd,
the signal FMD 1is turned to "1" and the selector 93
constantly selects the C input. The selector 94 selects
the Dminput when the delay state signal EST is 1" and
selecfsh the C input when the delay state signal DST is
"o". “The output of the selector Qfﬂthereby ma:nta;ns
"1" constantly and the output of the envelope generator
Iz 4

95 is provided directly as the envelope signal PE&. At
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this time, the PCM key-on pulse PKONP is generated in

" correspondence to the ordinary key-on pulse KONP and the

envelope signal PEG rises simul taneously with depression
of the key. On the other hand, the selector 94 selects
all "0" during the delay time and selects all”1" after
lapse of the delay time. The FM key-on pulse FKONP is
generated in correspondence to the delay key-on pulse
DKONP and the envelope signal FEG rises after lapse of
the delay time. Accordingly, as shown in Fig. 2b, tone
generation is started first in the PCM system tone
signal generation circuit 20 and is started with a delay
in the FM system tone signal generation circuit 21 and
thereafter tone generatioe'is made concurrently in the
two circuits.
3) PCM delay key-on mode (Fig. 2c¢)

When the PCM delay key-on mode has been selected,
the signal PCDM is turned to "1" and the selector 94
constantly selects the C input. The selector 93 selects
the D input when the delay state signal DST is "1" and
selects the C input when the delay state signal DST is
"o, The output of the selector 94 thereby maintains
"1" constantly and the output of the envefope generator

x,lk
96 is provided directly as the envelope signal FEG. At

wsileg W -

' this time, the FM key-on pulse FKOﬁP is generated in

correspondence to the ordinary key-on pulse KONP and the

envelope signal FEG rises with depression of tqséfkey.
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On the other hand, the selector 93 selects all "O"
during the delay time and selects all "1" after lapse of
the delay time. The PCM key-on pulse PKONP is generated
in correspondence to the delay key-on pulse DKONP and
the envelope signal PEG rises at the end of the delay
time. Accordingly, as shown in Fig. 2c¢, tone generation
is started first in the FM system tone signal generation
circuit 21 and is started with delay in the PCM system
tone signal generation circuit 20 and thereafter tone
generation is made concurrently in the two circuits.
4) FM delay key-on and crossfade mode (Fig. 24)

When the FM delay key-on and crossfade mode has
been selected, the signal FMDX is turned to "1" and the
selector 93 selects the C input when the delay state
signal DST is "1", selects the B input when the
crossfade state signal XST is "1" and selects the D
input when the hold state signal HST is "1", The
crossfade waveform data for PCM provided by the selector
§3 thereby maintains all "1" during the delay time,
attenuates gradually from all "1" toward all "0" during
the crossfade time and maintains all "0" after the end
of crossfade. The PCM key-on pulse PKON; is generated

Q.l\
in correspondence to the ordinary key-on pulse KONP and

b TR

the envelope signal PEG rises with'iepression of the

kKey.

The selector 94 selects the D input when the§$ﬁelay
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state signal DST is "1", selects the B input when the
crossfade state signal XST is "1" and selects the C
input when the hold state signal HST is "1". The
crossfade waveform data for FM provided by the selector
94 ‘thereby maintains all "0" during the delay time,
rises gradually from all "0" toward all "1" during the
crossfade and maintains all "1" after the end of
crossfade. The FM key-on pulse FKONP is generated in
correspondence to the delay key-on pulse DKONP. The
envelope generator 96 for FM is assumed to generate an
envelope shape signal which rises instantly to the
maximum level in response to the key-on pulse FKONP when

the FM delay key-on and crossfade mode signal FMDX is

."1". The envelope signal FEG provided by the multiplier

98 thereby rises after lapse of the delay time with a
curve corresponding to the crossfade rising waveform
from the selector 94,

Accordingly, #s shown in Fig. 2d, tone generation
is started first in the PCM system tone signal
generation circuit 20 and is started with delay in the
FM system tone signal generation circuit 21 and the
succeeding tone signal froﬁ the FM sys:em tone signal

. ~
(i ey

generation circuit 21 .is éaused to rise gradually

weag W

whereas the tone signal from the preceding PCM system

tone signal generation circuit 20 is caused to attgyuate

gradually. ﬁﬁg
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5) PCM delay key-on and crossfade mode (Fig. 2e)

When the PCM delay key-on and crossfade mode has
been selected, the signal PCMDX is turned to "1" and the
selector 94 seleéts the C input when the delay state
signal DST is "1", selects the A input when the
crossfade state signal XST is "1" and selects the D
input when the hold state éignal HST is "1", The
crossfade waveform data for FM provided by the selector
94 thereby maintains all "1" during the delay time,
attenuate gradually from all "1" toward all "0" during
the crossfade time and maintains all "0" after lapse of
the crossfade time. The FM key-on pulse FKONP is
generated in correspondence to the ordinary key-on pulse
KONP and the envelope signal FEG rises with depression
of the key.

The selector 93 selects the D input when the delay
state signal DST is "1", selects the A input when the
crossfade state siénal XST is "1" and selects the C
input when the hold state signal HST is *"1", The
crossfade waveform data for PCM provided by the
selector 93 thereby maintains all "0" during the delay
time, rgges gradually froﬁ all "o" towardfall "in during
the- Sfessfade time and maintains all "1" after lapse of
the crossfade time. The PCM key-on pulse PEONP is

generated in correspondence to the delay key-on gulse

DEKONP. The envelope generator 95 for PCM is aséﬁmed to
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generate an envelope shape signal which rises instantly
to the maximum level in response to the key-on pulse
PKONP when the PCM delay key-on and crossfade mode
signal PCMDX is "1". The envelope signal PEG provided
by the multiplier 97 thereby rises with a curve
corresponding to the crossfade rising waveform from the
selector 93 after lapse of the delay time.

Accordingly, as shown in Fig. 2e, tone generation
is started first in the FM system tone signal generation
circuit 21 and is started with delay in the PCM system
tone signal generation circuit~20 and this succeeding
tone signal of the PCM system tone signal generation
circuit 20 is caused to rise gradually whereas the
preceding tone signal of the FM system tone signal
generation circuit 21 is caused to attenuate gradually.
(Modifications)

In the above described embodiment, the key scaling
characteristics of the delay rate or crossfade rate is
established in accordance with a selected tone color.
The invention however is not limited to this but the key
scaling characteristics may be selected as desired by
suitab[ehyey scaling characteristics sele;tion means.

- In the above described embodiment, the basic value

a2iag W -

of the delay rate or crossfade rate'is established in
accordance with a selécted tone color. The inveniion

however 1is not limited to this but the basic vauﬁé may
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be selected as desired by suitable rate selection means.

In the above described embodiment, the tone
generation mode is automatically established in
accordance with a selected tone color. Alternatively,
the tone generation mode may be selected as desired by
suitable selection means.

The count of the delay time or crossfade time need
not be a count of incremental value data but it may be a
count of clock pulse of variable frequency or a count
which is a combination of a clock pulse of variable
frequency and incremental value data. It may also be a
count of frequency of a tone waveform.

In the above described embodiment, key scaling of
the delay rate or crossfade rate is made for each
individual tone pitch. Alternatively, this key scaling
may be performed with respect to a suitable tone range.
In this Specification, performing of key scaling in
accordance with tone pitch includes performing of key
scaling for each predetermine4 tone range.

-~ The Kkey scaling control of the delay time or
crossfade time is not limited to a variable control of

>
the count rate but may be a variable control of a target

“2lag. W -

£ '
In the above described embodiment, the rising
crossfade waveform and falling crossfade waveform are of

the same time length but the time length #&y be
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different between two of them. Further, the rising
crossfade waveform and falling crossfade waveform need
not ‘be linear but they mﬁy be of an exponential or
logarithmie characteristic or éther characteristic.

The tone source system or tone signal generation
system in the first and second tone signal generation
circuits 20 and 21 need not be the above described
systém but may be of other system. For example, the
waveform stored in the waveform memory'of the first tone
signal generation circuit 20 is not limited to a rise
portion and a part of sustain portion of a tone but may
be a full waveform from rising of the tone to the end of
generation of the tone. Thedmethod of coding of data
stored in the waveform memory is not liﬁited to PCM
(pulse-code modulation) but it may be other suitable one
selected from coding systems such as DPCM (difference
PCM), ADPCM (adaptive difference PCM), DM (delta
modulation) and ADM (adaptive delta modulation).
Algorithm of the frequency modulation operation in the
second tone signal generation circuit 21 may be any
suitable one. The tone synthesis modulation operation

. -
in thedggcond tone signal generation circuit 21 is not

~limtted to the frequency modulation operation but other

wcileg W

- .
suitable modulation operation such as an amplitude

modulation operation or an amplitude modulgtion

A
operation using a time window may be employed. Eﬁ?ther.
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a tone synthesis system other than the modulation
operation type tone synthesis system may be employed.

The tone pitch of a generated tone in each tone
signal generation circuit need not be the same but may
differ between the respective circuits. For example,
transposition or pitch adjustment may be made
independently in each tone signal generation circuit or
tones differing from each othef by a suitable scale may
be generated.

The number of the tone signal generation circuits
is not limited to two but there may be more tone signal
generation circuits.

The number of tone generation channel is not

limited to one but plural tone generation channels may

be provided.
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(Description of the entire construction of another
embodiment)

Focusing on the structure of two different tone
signal generation circuits, description will be made
about another embodimedt of the invention.

Referring to Fig. 13, a keyboard 210 has keys for
designating tone pitches of tones to be generated. A
depressed key detection circuit 211 detects depression
and release of a key in the keyboard 210 and supplies a
signal corresponding to the depressed or released key to
a key assigner circuit 212. The key assigner circuit
212 assigns generation of the tone corresponding to the

depressed key to one of plural tone generation channels

'and generates a key code KC representing a key which has

been assigned to a certain channel at a time division
timing corresponding to the channel, a key-on signal KON
representing whether or not the depression of the key is

still continuing and a key-on pulse KONP carresponding

-to rise of the key-on signal KON. By way of example,

the number df the tone generation channels is set at
eight.
>
Tl_\:h key code KC generated by the key assigner

[y

circuit 212 is supplied to a first tone signal
generation circuit 213 and a second tone signal
generation circuit 214.

The first tone signal generation circuit 2§§§is a
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pitch-synchronizing type tone signal generation circuit
which generates a tone signal having a pitch which is
determined by a given key code KC and outputs this tone
signal with a first sampling frequency f£sl synchronized
with this -pitch. The number of the tone generation
channele in this first tone signal generation circuit
213 is eight as described above and a digital tone
signal is generated in the respective channels in
response to the key code KC assigned to the respective
channels. By way of example, the tone signal generation
system in this first tone signal generation circuit 213
includes memory means prestoring waveform data of plural
tone waveforms corresponding to various tone colors and
waveform data of a tone waveform corresponding to a
selected tone color is read out from this-memory means
and a tone signal is generated on the basis of this read
out waveform data. This system will be abbreviated as
"PCM system"” in the same manner.as was described with
respect to the first embodiment. .

-~ A second tone signal generation circuit 214 is a
non-pitch- synchronizing type tone signal generation

> )
circuit which generates a tone signal having a pitch

which is determined by a given key code KC and outputs
this tone signal with a second sampling frequency £fs82
which is not synchronized with the pitch. The number of

the tone generation channels in this second tonej?gagnal
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generation circuit 214 is also eight and a digital tone
signal 1is generated in respective channels in response
to the key code KC assigned to the respectiye channels.
By way of example, the tone signal generation system in
this second tone signal generation circuit 214 generates
a tone signal by executing a tone synthesis operation of
a frequency modulation type and-this system will be
abbreviated as "FM system” in the same manner as
described above.

The output tone signals of the first tone signal
generation circuit 213 and the second tone signal
generation circuit 214 are added together in a digial
mahner by an adder 215 and an output of the adder 215 is
supplied to a sound system 217 after being converted to
an analog signal by a digital-to-analog converter 216.

A tone color data generation circuit 218 produces
tone color data TC corresponding to a selected tone
color. This tone color data TC is supplied respectively
to the first tone signal generation circuit 213 and the
second tone signal generation circuit 214 for
designating the tone colors to be generated in the

>
respec{&xp tone signal generation circuits 213 and 214.

A nominally common tone color is dgsignated in the

il W - -

_ ' -
respective tone signal generation cifcuits 213 and 214
by this tone color data TC. The tone color in these

& ff
circuits hovwever may be different subtly betweenzﬁﬁﬁ two
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circuits depending upon différence in the tone signal
synthesis system. Besides, presence or absence and the
manner of timewise change in the tone color may also be
different between the two circuits. Thus, the tone
quality of a tone to be generated may differ in a
desired manner between the tone signal generation
circuits 213 and 214. |

An envelope generator 219 generates envelope
signals EV1 and EV2 used by the tone signal generation
circuit§ 213 and 214. The envliope signals EV1 and EV2
include envelope signals of various functions such as
envelope signals for establishing tone volume levels of
tone signals generated by the tone signal generation
circuits 213 and 214 .and envelope signals for
establishing timewise'Qariahle controls of tone color or
other tone elements. The envelopei_signals for
establishing the tone volume levels of the tone signals
generated by the tone signal generation circuits 213 and
214 function as coefficients for controlling the ratio
of- addition of the output tone signals of the tone
signal generation circuits 213 and 214 in the adder 215

) 3
and fq%gtion as timewise changing coefficients for

timewise changing the ratio of additiop.

wtieg W

A timing signal generation ciréﬁit 220 generates
various timing signals for controlling time division

processings and other operations. ﬁﬁg
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The first and second tone signal generation
circuits 213 and 214 generate, channel by channel, tone
signals having a pitch corresponding to a common tone
pitch for a key code KC for each channel supplied {from
the key assigner circuit 212. There may be provided, if
necessary, a suitable pitch difference or shift in the
tone pitch or tone scale between the first tone signal
generation circuit 213 and the second tone signal
generation circuit 214. For example, ihe tone signal
generation circuits 213 and 214 may perform,
independently from each other, controls such as tuning,
transposition, vibrato, glide and pitch control.

1f, for example, in adding the output tone signals
of the tone signal generation circuits 213 and 214
together, the tone signals are combined and synthesized
at a suitable ratio of addition over the entire tone
generation period from start of generation of the tones
to the end thereof, a duet effect may be obtained, i.e.,
two tones having a commoﬁ tone pitch and a common tone
color (though actual pitch and tone gquality may. be
caused to differ subtly {from each fther) may be
generated simul taneously. In other words, while the
maXi@gy_ number of tones to be gegeraggd is eight which
corresponds to the number of channgis in each o0of the
tone signal generation circuits 213 and 214, the ;duet

effect is obtained by simultaneous generation og?:tones

[
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in the two channels.

For another example, the output tone signals of the

_two tone signal generation circuits 213 and 214 may be

‘caused to change to crossfade with each other depending
upon tone generation stages such as a rise portion and a
sustain portion of a tone and these tone signals may be
combined and synthesized together. An optimum tone
synthesis corresponding to each tone generation stage
can be achieved by such arragnement.

In the first tone signal generation c¢ircuit 213,
there 1is provided a note clock generation circuit 221
(Fig. 15) which generates a note clock pulse NCK having
a frequency which corresponds to the tone pitch of a
tone to be generated. If a .tone signal is generated in
synchronism with a timing of generation of this note
clock pulse NCK, an effective sampling frequency of the
tone signal is harmonized with its pitech and, besides,
pitch synchronization is achieved if note clock pulses
NCK of all tone pitches are set to harmonize with the
basic sampling frequency fsl of the system.

In this embodiment, in the <first - tone signal
generazigr circuit 213, tose signals of ihe respective

channels are generated on a time shared basis so that

moileg. W

the note c¢lock pulses NCK of tonesr a531gned to the
respective channels must be generated on a time sgared

basis. It is also desirable, for increasing accg§§;y of

1
i
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the pitch synchronization, that the frequency of the
note clock pulse NCK be relatively high. Generation and
pitch synchronizing processing of the note clock pulse
NCK in the first tone signal generation circuit 213,

therefore, -must be made at a time division timing of a

relatively high rate.

On the other hand, the key assinger circuit 212 and
the second tone signgl generation circuit 214 of the
non-pitch-synchronizing type are not required to be
operated at a time division timing of such a high rate
but, as these circuits, circuits operated at a time
division timing of a relatively low rate are rather

preferable from the standpoint of circuit design and

tone generation operation processings.

In the present embodiment, therefore,  necessary
circuits are operated at two kinds of time division
operatioﬁ rates, i.e., high rate and low rate. More
specifically, time &ivision processings in the
respective channels are performed at a low rate time
diwision timing in the key assigner circuit 212, the
second tone signal generation circuit 214 of the noh-
pitch-{xafhronizing type and a circuit ;ortion in the
first téne signal generation circuit 213 where a high
rate ‘:ime division pfocessing i;- ﬁﬁ;ecessaf& wher;as

time division processings in the respective channel% are

performed at a high rate time division timihq§3§n a
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circuit portion in the first tone signal generation
circuit 213 where a high rate time division processing
is necessary. “"Accordingly, outputs KC, KON and KONP of
the key assigner circuit 212 are prodﬁced at the low
rate time division timing. Since, however, there is a
circuit portion 1in the first tone signal generation
circuit 213 where the high rate time division processing
is necessary, means for converting the time diviston
rate of a signal from a low rate to a high rate or,
conversely, from a high rate to a low rate is provided
in the first tone signal generation circuit 213 for
matching with the time division rate of such circuit
portion. |

Specific examples of respective circuits in Fig. 13
will now be described.-

(Deecriptidn of time division timing)

An example of the low rate and high rate time
division timings will first be described with reference
to Fig. 14. .

- The high rate time division timing is formed by
using one period of master clock pulse ¢ M being used as
one tige slot. On the assumption thatathe number of

.
L EL Y

time division tone generation channels is eight, time
slots of the first to eighth channefs in the high rate
time division timing, 1i.e., high rate channel timings.

are shown in the column of Hech in Fig. 14. The g&mpling

This Sheet Has Been Replaced

[T

THIS SHEET HAS BEEN
REPLACED




10

15

20

25

-77-

period of one tone in the high rate time division timing
therefore is eight times as long as the master clock
pulse ¢ M.

The 1low rate time division timing is {formed by
using one period of clock pulse ¢ L having a period of
eight times as long as the master clock pulse ¢ M as one
time slot. Time slaots of the first to eighth channelé
in the low rate time division timing, i.e., the low rate
channel timings, are shown in the column of Lch in Fig.
14. The sampling period of one tone in the low rate
time division timing therefore is eight times as long as
the clock pulse ¢ L(sixty-four times as 1long as the
master clock pulse ¢ M).

Assuming that the frequency of the master clock
pulse ¢ M is 3.é MHz, _the sampling frequency of one tone
in the high r#te time division timing Heh (corresponding
to the first sampling frequency fsl) becomes 400 kHz and
the sampling frequency 6f'one tone in the low rate time
division timing Lch (corresponding .to the second
sampling frequency £s2) becomes 50 kHz. 1In this manner,
the first sampling frequency fsl and the second
samplit}ﬁL frequency £s2 are establisheda so that the
form?r ?ecomes integer multiple of the latter.

I; Fig. 14, a channel synchrnnizing pulse CH mis

used when the time division rate of a signal is ta be

changed from a low rate to a high rate or from jﬁf high
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rate to a low rate. The pulse CH consists of eight
shots of pulses each of which is generated at a high
rate time division timing in each of the ohannels 1 -8
during 64 ¢ M (64 periods of the master clock pulse ¢ M)
during which the low rate channel timing completes one
cycle.  For example, one shot of.pulse is generated at
the high rate time division timing of the channel 1 and
another shot of pulse is generated at the high rate time
division timing of. the channel 2 which is_ 9 ¢ M (9
periods of the moster clock pulse ¢ M) later, and
subsequently one shot of pulse is generated at each high
rate time division timing of each of the channels 4, 5,
6, 7 and 8. After generation of one shot of pulse at
the high rate time division timing of the channel 8, one
shot of pulse is generated at the hiéh rate time
division timing of the channel 1 again which is 1 oM
(one period of the master clock pulse ¢ M) later.
(Description of P number)

For performing the pitch synchronizing type tone
signal forming in the first tone signal generation
circuit 213, information referred to as "P number"”, for

2
examplexm is employed. The "P number" is a number

indicating a sample point number in one period of a tone

welag W

waveform having a frequency corresponding to each tone
pitch. Since plural tones of desired tone pitches can

be generated on a time shared basis, the basic gﬁﬁ;ling
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frequency in the first tone signal generation circuit
213, i.e., the first sampling frequency £fsl, is common
through all tone pitches and this frequency has a period
which is, as described above, eight times as long as the
master clock pulse ¢ M (i.e., frequency of 400 kHz). On
the other hand, since the basic sampling frequency is
common, the P number of each tone pitch exhibits a value
which differs depending upon the frequency of the tone
pitch. If frequency of a certain tone pitch is
denoted by fn and the common sampling frequency by f£sl,
the P number corresponding to the tone pitch is
determined by the following equation (1):

fsl+fn e & ¢ & o (1)

P number
(Description of note clock pulse)

In the note clock generation circuit 221 (Fig. 15),
the note clock pulse NCK is obtained by frequency-
dividing the common sampling frequency fsl established
on the basis of the master clock pulse¢ M in accordance
with the P number. As will be apparent from the
foregoing description, the P number is the number of
periods, i.e., the sample point number, of the common
sampling frequency £fsl in wvaveform of on; period. If en

.
-t

effective sample point number per one period of a tone

wtieg W

vaveform which can be generated in fﬁe first tone signal

generation circuit 213 is denoted by N (e.g., N = 64)

¢r

and the frequency dividing number for frequency1§¥%iding
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the common sampling frequency fsl is represented by
frequency dividing number = P number =+ N .....(2),

‘N shots of pulses can be obtained per one period of the
tone as a frequency divided output, and all of N
effective sample points can thereby be established. By
frequency-dividing the common sampling frequency fsl by
the frequency dividing number determined in this manner,
the following equation (3) is derived from the above

equations (1) and (2);

fsl +-frequehcy-dividing.number = (fn X P numbeﬁi—(P

number < N) = fn X N = fe ..... (3)
By changing a sample point address with this frequency-
divided output, the effective sampling frequency fe can
be established. The effective sampling frequency fe
established in this manner is harmonized with the tone
pitch frequency fn and pitch synchronization thereby is
realized. The note clock pulse NCK generated by the
note clock generation .circuit 221 is a frequency-
division output signal represented by the equation (3),
i-e., a signal haviné the effective sampling frequency

fe.
>

TQ%& frequency dividing number determined by the
equat{o? (2) is not necessarily an 1nteger but it often
inclﬁ;:.a decimal. The frequency diV1ding operation in
the note clock generation circuit 221 therefore is

performed in such a manner that frequency-divxqﬁbn is
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made with two integers. which are proximate to the
frequency dividing number determined by the equation (2)
and the same result as if frequency division was made by
the frequency dividing number determined by the equation
(2) is obtained as an average result. |

(A specific example of the first tone eignal generation
circuit 213)

Fig. 15 shows a specific example of the first tone
signal generation circuit 213. A P number memory 222
prestores P numbers of respective tone pitches. The key
codes KC of the respective channels at the low rate time
division timing Lch from the key assigner circuit 212
are applied to the P number memory 222 and the P numbers
ere read out in response to the tone pitches of these
key codes KC. The read out P numbers are likewise
signals of the low rate time division timing Lch.

A low/high conversion section 223 converts the time
division timing of the P number read from the P - number
memory 222 to a high rate time division timing.  This
low/high conversion sectoin 223 includes a selector 224
which receives the output of the P number memory 222 at

>
a "1"_%£put thereof and an eight-stage shift register’

225. corresponding to the number of channels which is

wailag W - - - N - -

£
eight. The output of the shift’ register 225 is

~circulated through a "0" input of the selector 224. z As

a selection control signal for the selector zzﬁ? the
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channel synchronizing pulse CH (see Fig. 14) is applied
and when this pulse CH is "1", the "1" input is selected
whereas when the pulse CH is "0", the "0" input is
selected. The shift register 225 is shift-controlled by
the master clock pulse ¢ M.

The P number which is read out from the P number

memory 222 at the channel 1 at the low rate timing is

: selected by the selector 224 vhen the channel

synchronizing pulse CH is turned to "1" at the channel 1
at the high rate timing and is loaded in the shift
register 225, Similarly, the P numbers read out at
timings of the other channels 2 to 8 at the low rate
timing are selected by the selector 224 when the pulse
CH is turned to "1" at respective corresponding timings
of the channels 2 to 8 at the high rate and is loaded in
the shift register 225. The P numbers loaded in the
shift register 225 are held therein circulating
therethrough via the "0" input of the selector 224 until
the pulse CH is turned to "1" at a next high rate timing
of the channel. Thus, the P numbers corresponding to
the tone pitches of keys assigned to the channels 1 to 8

>

are loq%go in the eight stages of the shift register 225

and- are repeatedly delxvered out at a period which is

“tiag. W ~

eight times as long as the master clock pulse ¢ M (i.e.,
at a period of the common sampling frequency £sl) uhile

they are shifted in response to the master clocE?‘pulse¢
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M. Accordingly, the timing of the P number at each
channel produced by the shift register 225 becomes a
high rate time division timing as shown in the column of
Hch in Fig. 14.

P number data of each channel which has been
converted to the high rate time division timing is
applied to the hote clock generation circuit 221. The
note clock generation circuit 221 performs a frequency
dividing oﬁeration as described above in response to the
P number applied and thereby generates the note clock
pulse NCK having a frequency corresponding to the tone
pitch of a tone assigned to each channel on a time
shared basis in response to the high rate time division
timing Hch. |

The above explanation has been made on the
assumption that the P number is stored in the memory 222
in correspondence to each individual tone piteh.
Alternatively, P numbers only for twelve note'names C to
B in a certain reference octave may be stored in the
memory 222 and the octave control may be made inside the
note clock generation cirecuit 221.

As a toné source in the firs:I tone signal
generiféon circuit 213, a_wavefor?_mempry 226_prestor}ng
waveform data of plural tone waveforﬁi éorresponding to

various tone colors is employed. For example, a:full

waveform from rising of a tone to the end theﬂff; is

Sheet Has Been Replaced THIS SHEET HAS BEEN

||IIIl|||IIl||||IlI||II| rrincin




10

15

20

25

-84~

stored in the waveform memory 226.
Since it is unnecessary to perform reading from

this waveform memory 226 itself at a high rate time

'division timing, a processing for converting the time

division rate of the note clock pulse NCK generated by
the note clock generation circuit_221 to a low rate one
is made by a high/low conversion section 227.

In the high/low conversion section 227, the note
clock pulse NCK is supplied to a gate 229 via an OR gate
228. The gate 229 is coctrolled by a signal obtained by
inverting the key-on pulse KONP supplied from the key
assigner circuit 212 (Fig. 13) in accordance with the
low rate time division timing and is disabled at the
beginning of depression of a key and otherwise is abled.
The output of the gate 229 is applied to a one-
bit/eight-stage shift register 230 and. is shifted
therein in response to the master clock pulse ¢ M. The
output of the shift register 230'is fed back to the
input side via a gate 231, an OR gate 228 and the gate
229, The gate 231 is enabled by a signal obtained by
inverting the channel synchronizing pulse CH by an
invertcgh 232. On the other hand, thc’ontput of the
shiitﬁrsgister 230 is further applied to a latch circuit
233 w;ere it is loaded at a timing of the channel

synchronizing pulse CH. 3

By this construction, the note clock pulsejﬁék of
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each channel is temporarily stored in the shift register
230 and circulated in accordance with the high rate time
division timing. In response to the channel
synchronizing pulse CH generated in the manner shown in
Fig. 14, +the output of each channel of the shift
register 230 is latched, channel by channel, by the
latch circuit 233 at substantially the period of the low
rate time division timing. When the output of the shift
register 230 has been latched by the 1latch cirecuit
233, the gate 231 is closed to prohibit circulation of
data and clear the contents of storage. On the other
hand, data of a certain channel latched by the 1latch
circuit 233 1is also cleared at next occurrence of the
channel synehfonizing pulse CH. Accordingly, when the
note clock pulse NCK of a certain channel is "1", this
data "1" is held by the latch circuit 233 during nine or
one period of the master clock pulse ¢ M from generation
of the channel synchronizing pulse CH in synchronism
with the high rate time division timing of the channel
till next occurrence of this pulse CH. |

A phase address counter 234 includes an adder 236
to which the output of the latch circuit 233 is applied,
a .gate 236 and an eight stage shift register 237 vwhich
is s;;;t -controlled by the low rate clock pulse ¢ L.
The output of the shift register 237 is supplied to. the
adder 235 and fed back to the input side thereofﬁvfa the
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gate 236. A signal obtained by inverting the key-on
pulse KONP is supplied to the gate 236 via the NOR gate
238 and the gate 236 thereby is disabled at the
beginning of depression of a key and the old storage of

5 the shift register 237 concerning the channel to which
this key has been assigned is cleared.

The output of the latch circuit 233 is applied to
the adder 235 where it is added to the output of the
shift register 237. The result of the addition is

10 stored in the shift register 237. This addition is made
with a period which is eight times as long as the low
rate clock pulse ¢ L concerning one channel. Sinée, on
the other hand, time width during which data of a
certain channel is produced from the latch circuit 233

15 is nine or one period of the master clock pulse¢ M, the
output of the latch eircuit 233 is added to the output
of the shift register 237 concerning the same .channel
only once. For example, tﬁe shift register 237 performs
loading and shifting of data in synchronism with rising

20 (change from "Q“ to "1") of the low rate clock pulse
¢L. Thus, in the phase address counter 234, count value
corresgggﬁing to a certain channel is i;creased by . 1
each tiﬁe one shot of the note clqpk. pulse NCK is
gene;:¥;d in corresponéence to th;s éﬁhnnel. . -

25 The output of the phase address counter 233 is

supplied as a relative phase address signal to gﬁgadder
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239. The time division timing of the output of this
phase address counter 234 is the low rate time division
timing Lch as shown in Fig. 14.

The tone color data TC generafed in accordance with
the selected tone color is supplied to a start address
generation circuit 240 and an end address generation
circuit 241 and start address value data and end address
value data indicating a memory address regién
corresponding to the tone color in the waveform memory
226 are provided by the circuits 240 and 241. The start
address value data is supplied from the start address

genration circuit 240 to the adder 239 and is added to a

_relative phase address signal provided by the phase

address counter 234. The output of the adder 239 is
applied to the address input of the waveform memory 226.
The output of the adder 239 is supplied also to a
comparator 242 and compared with the end address value
data 'supplied from the end address genefation circuit
241. VWhen the two data coincide with each other, an end
pilse END is produced. The end pulse END is supplied to
the gate 236 via the NOR gate 238 to clear the count of
>

the cogresponding channel in the phase address counter

234.

R TR - -

:f?: .
Thus, the address value changes from the start

address to the end address in response to the note gclock

pulse NCK and, 'in respohse thereto, waveform d‘bé for
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the full waveform from rising of the tone to the end
thereof is sequentially read out from the waveform
memory 226.

The waveform data read out from the waveform memory
226 is supplied to a multiplier 243 where it is
multiplied with the envelope signal EV1 suﬁplied from
the envelope generator 219 (Fig. 13). A digital tone
signal which has beeﬁ envelope controlled and provided
by the multiplier 243 in this manner is provided at the
low rate time division timing signal Lch shown in Fig.
14.

The output of the multiplier 243 is applied to a
low/high concersion section 244 where it is converted to
the high rate time division timing Hch. The low/high
conversion section 244 includes, as the above described
low/high conversion section 223, a selector 245 and an
eight-stage shift register 246 and performs a similar
operation to convert the time division timing of a tone
signal to the high rate time division timing Hch.

- A pitch synchronizing circuit 247 resamples tone
waveform sample point amplitude data read out from the
wavefqﬁﬂﬂmemory 226 in synchronism with ;ts tone pitch,
i.e.{"-pitch (this operation is called "pitch
sync;:;hizing operation”).  This %ﬁtch synchroni;ing

operation is performed in response to the note gclock

pulse NCK generated by the note clock generationﬁ%ﬁrcuit
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221. It is therefore necessary to perform the pitch
synchronizing operation in the pitch srnchronizing
circuit 247 at the high rate time division timing Hch
similar to the note clock pulse NCK. For this purpose,
the above described low/high conversion section 244 is
provided to convert the tone waveform sample point
amplitude data signal read out from the waveform memory
226 to the high rate time division timing Hch.

The pitch synchronizing circuit 247 includes a
selector which receives the output of the ehift register
246 at its "1" input and an eight stage shift register
249 which is shift controlled by the master clock pulse
oM. The output of the shift register 249 is fed back to
the input side of the shift register 249 via the "O"
input of the selector 248.

To a control input of the selector 248 is applied
the note clock pulse NCK generated by the note clock
generation circuit 221 via a delay circuit 250. When
the note clock pulse NCK applied to the control input of
the selector 248 is "1", the selector 248 selects the
tone waveform sample point amplitude data supplied from
the spift register 246 of the low/ﬂ?gh conversion
sectio; 244 to the "1" input and. otherwise selects the
outp&?ihof the shift register 249 s&pplied to the ."0"
input to hold the contents of the shift register 243 in

circulation. The delay eircuit 250 applies a d§¥£} for
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a period of time corresponding to a signal delay time in
the other route through which the note clock pulse NCK
is supplied, i.e., the route from the high/low
conversion section 227 to the 1low/high conversion
section 244 via the waveform memory 226.

When the note clock pulse NCK has been turned to
"1" at a time slot of a certain channel at-the high rate
time division timing Hch, the tone waveform sample point
amplitude data of the channel is selected by the
selector 248 and stored in the shift register 249.
Thus, the tone waveform sample point amplitude data 6f
each channel provided by the shift register 249 of the
pitch synchronizing circuit 247 changes in synchronism
with the note clock pulse NCK of the channel whereby
pitch synchronization is realized.

The output of the pitch synchronizing circuit 247,
i.e., the output of the shift register 249, is supplied
to an accumulator 251 where tone waveform sample point
amplitude data for one sample point in the resﬁective
channels are summed together in the accumulator 251.
The accumulator 251 includes an adder 252 receiving the
output Eignal of the shift register 249, ’g register 253
for. dg}aying the output signal of the adder 252 by one
bit ?; response to the master clock ?ulse oM, a gate

254 for applying the output of this register 253 to& the

. adder 252 and a latch circuit 255 for holding thg&%ntput
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of the register 253. The gate 254 is controlled by a
signal obtained by inverting the clock pulse CH1 (see
Fig. 14) which synchronizes with the time slot of the
first channel at the high rate time division timing Hch.
The operation of the latch circuit 2556 is controlled
also by the clock pulse CHI.

The tone waveform sample point amplitude data for
one sample point of the first to eighth channels
sequentially supplied in accordance with the high rate
time division timing Heh arq  sequentially accumulated
and, when data of all channels have been accumulated,
the clock pulse CHl rises and the accumulated value of
data of all channels is latched by the latch circuit 255
and the gate 254 is closed to clear the accumulated
value in the register 253.

The output of the latch circuit 2565 is provided as
the output of the first tone signal generation circuit
213. In the foregoing manner, the sampling frequency
fsl of the output tone signal of the first tone signal
generation circuit 213 becomes the sampling frequency
400 kHz at the high rate time division timing Hch and is
also synchronized with the pitch of the {;ne signal.

(A spec:fxc example of the second tone signal

generation circuit 214) -4

Fig. 16 shows a specific example of the second .tone

signal generation circuit 214, An F number mejﬁ#; 260
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prestores F numbers of respective tone pitches. Key
codes KC of respective channels supplied from the Kkey
assigner circuit 212 (Fig. 13) at the low rate time
division timing Lch are applied to the F number memory
260 and F numbers are read out in correspondence to the
tone pitches of the key codes KC. The F numbef is
numerical data which 1is proportional to tone pitch
frequency and corresponds to phase iﬂcremental value per
unit time.

The read out F number is applied to a phase address
accumulator 261. The phase address accumulator 261
repeatedly operates the F number at a regular time
interval and generates a phase address signal
corresponding to a phase angle w t.

The phase address accumulator 261 includes an adder
262 which has received the F number from the memory 260,
an eight staée shift register 263 which is. shift
controlled by the low rate clock pulse ¢ L and a gate
264. The output of the shift register 263 is applied to
the adder.zsz through the gate 264 and is fed back to
the input side of the adder 262. A signal obtained bf
inverting the key-on pulse KONP is hppli;d to the gate

264. whereby the gate 264 is disabled at the beginnxng of

w2l W

depression of a key and the old storage in the sh:ft

register 263 concerning the channel to which this . key

&4

has been assigned is cleared. E?f
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The phase address signal w t generated by the phase
address accumulator 261 is supplied to é frequency
modulation operation section 265. The frequency
modulation operation section 2656 executes a frequency
modulation operation for synthesizing a tone. |

The frequency modulation operation section 265
executes a frequency modulation operation in #ccordance
with a predetermined operation algorithm hy. using an
operation circuit of one system on a time shared basis
by the control of an algorithm control section 266. In
the illustrated example, the simplest one~term frequency

modulation operation is executed on a time shared basis

by using tvo time slots. Time division timing in each

" channel in the second tone signal generation circuit 214

is the 1low rate time division timing Lch as shown in
Fig. 14. The time slot in each channel at the laow rate
time division timing Lch is divided into two by the
clock pulse ¢ L2 (see Fig. 14) having a frequency which
is twice as high as the lowr rate clock pulse_¢'L. The
operation for generating a modulating wave signal is
executed in a former half time slot ani.the operation
for gengrating a modulated wave signal (i.e., carrier

signg}) is executed in a latter half time slot
Ty ﬂ’ -
Hardware structure of an operation circuxt in the

frequency modulation operation section 265 will noy be

é -3

described. A shift'circuit 267 receives a phasef'adress
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signal corresponding to the phase angle Wt from the
phase . address accumulator 261 and shifts this signal
suitably by an amount corresponding to coefficient k to
multiply an aﬁgular ~frequency ® by k. More
specifically, frequencx coefficient data kc of the
carrier and frequency coefficient data km of the
modulating wave are provided from the algorithm control
section 266 at a proper timing and the shift amount is
controlled in accordance with these daia. In this
manner, the output of the shift circuit 267 exhibits an
instantaneous phase angle kcw t of the carrier signal or
an instantaneous phase angle kmwt of the modulating
wave signal.

The adder 268 to which the output of the shift
circuit 267 is applied is an adder for executing phase
modulation. For executing Phase modulation, a
modulating signal is supplied from a delay circuit 269
through a gate 270 and added to the phase address signal
corresponding to the phase angle. When the adder 268
daes not execute the phase modulétion. the modulating
wave signal is not given but the phase address signal

. . 2
correspggding to the phase angle passes through the

adder 268.
The output of the adder 268 cor?gsponds to a phase
address signal for accessing a waveform table 271.. In

this example, an "address conversion section gﬁ?z is

is Sheet Has Been Replaced

\ THIS SHEET HAS BEEN
l III I i REPLACED

LI




10

15

20

-95-

provided between the adder 268 and the waveform table
271. |

- The waveform table 271 stores waveform data of a
predetermined waveform function, e.g., a sine functibn,
in a linear expression.

The address conversion section 272 converts the
address value of the phase address signal for each of
plural sections defined by dividing a phase for one
cycle in accordance with a function which_is established
section by section.

By accessing the waveform table 271 by the output
of the address conversion section 272, waveform data of
a waveform function which is different from a
predetermined waveform function, e.g., sine function,
stored in fhe waveform table 271 is provided from the
waveform table 271 in response to the phase address
signal. As a different waveform function, in this
example, a function simulating a sine wave function,
for example, is realized. Particulars of this address

coenversion section 272 will be described later.

WA,

weleg W . - - - : - -~
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The output signal of the waveform table 271 is
supplied té a multiplier 273-where it is multiplied by
the envelope signal EV2 provided by the envelope
generator 219 (Fig. 13). As this envelope signal EV2,
as will be described 1later, an envelope signal
corresponding to modulation index is supplied at the
former half time siot and an envelope signal
corresponding to amplitude coefficient is provided at
the latter half time slot. The output of the multiplier
273 is delayed by the delay circuit 269 by one period of
the clock pulse ¢ L2 (see Fig. 14), 1i.e., half of one
channel time slot at the low rate time division timing
Lch and thereafter is supplied to the.adder 268. The
output of the multiplier 273 is supplied to lacth
circuits 275 and 276 via an adder 274. The output of
the latch circuit 276 is supplied to the adder 274. The
latcﬁ circuit 2786 is prbvided for holding result of the
frequency modulatibn operation for one channel and
performs a latch operation at the end of time slot of
each channel at the lbw rate time division timing.

A specific example of the addrsss conversion

section 272 is shown in Fig. 17. The address conversion

3 sect{gnh'272 includes an address conversion circuit 277

4
for performing an address conversion operation and a

selector 278 for selecting either a converted address

(¥

signal or an unconverted phase address signa;. The
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address éonversion circuit 277 includes a phase section
judging circuit 279 for judging which_ phase section
among plural sections in a phase of one cycle the
address value falls in on the basis of the value of an
input phasé address signal and an address conversion
function operation circuit 280 which has a plurality of
address conversion functions ‘which are established
individually for each phase section, selects an address
conversion function corresponding to a phase section
judged by this phase section judging circuit 279 and
performs an operation for converting the address value
of the input phase-address signal in‘accordance with the
selected address conversion function.

An example of éddress conversion functions prepared
in the address conversion function operation circuit 280
is shown in Fig. 18. 1In this example, a phase range of
0 tom/8 is divided into six phase sections 0 to 7/8,
m/8 to ®/4, T/4 to W/2, W/2 to 3T/4, 37/4 to 77/8,
and 7 T /8 to T and the following address conversion
functions are prepared for each phase section. In Fig.
18 and the following address conversion functions, the

>

indepengﬁ§t variable x is a phase value of a 'phaée

_address applied from the adder 268 and the &ependent

wriag. W

2
variable y is a phase value of the address signal after

conversion provided by the address conversion fungﬁion

) ,ﬁﬁ'
operation circuit 280. The inequality repf%sents
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a condition of judgement in the phase section judging
circuit 279.

(1) when 0 <x < 7w /8

y = (1/2) x

(2) When 7/8 <x< 7w /4

Yy x - n/16
(3) When 7 /4 £ x < w /2

(6/4) x - =%/8

y
(4) When T /2 < x < 3 /4
(67/4) x - ©/8

y
(5) When 37/4 < X< 7 n/8

x + /16

y
(6) When 7 7 /8 < X< 7

y = (1/2) x + ©w/2 _

In a phase range of T to 2 T also, the phase range
is divided into six phase sections 7 to 7+ W8, T+ T/8
tom + w/4, T + TW/4 to T+ /2, T+ T/2 to. T + 3
/4, T+ 3T /4 to ™ + 7 W/8, T + 7UW/8 to 27 in the
same manner as described above and the same address
cenversion functions as described above are used for the
respective phase sections.

S;nge each of the above address con;;rsion function
is.a }1near functiun. the structure of the address
conve;;ion function operation -cigzﬁit 280 can ‘be

substantially simplified. The address conversion

function corresponding to each phase section ﬁ%#f the
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address conversion function operation circuit 289
however is not limited to a linear function but may be a
secondary function or other type of function.

The selector 278 1is controlled by a selection
control signal supplied from the algorithm control
section 266 to select either an unconverted phase
address signal or an address signal which has been
converted by the address conversion circuit 277 and
supply the selected signal to the waveform table 271,
The waveform table 271 therefore is accessed selectively
by either the unconverted phase address signal or the
convertdd address signal.

If the phase of the unconverted phase address

signal is designated by wt and a sine function is

stored in the waveform table 271, a sine wave function
sin wt is obtained by accessing ‘the waveform table 271
by the unconverted phase address signal (see Fig. 19a).
If, on the other hand, the waveform table 271 Iis
accessed by the address signal as in the above described
example (i.e., Fig. 18) which has been converted by
using the address conversion function, a waveform

2

>
functiqﬁk sin? wt simulating a sin? wave function is

obtained (see Fig. 19b).

iy W0

Thus, by using the waveform table 27i storing

_ waveform data in the form of a linear expression ef a

sine wave function, two types of waveform fud?%ions.
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i.e., a sine wave function (sin gy t) as stored in the
waveform table 271 and a waveform function simulating a
sin? wave function (sin? wt) which is different from the
sine wave functioﬁ. can be selectively produced.

1f, as is well known, a waveform of a former half
period and one of a latter half period are symmetrical as
sine wave function, it is not necessary to cause a full
waveform of the entire period to be' stored in the
waveform table 271 but a half period waveform or a
quarter period waveform has only to be stored in the
waveform table 271. 1In that case, controls for changing
the forward/reverse direction for accessing the waveform
table 271 depending upon the phase range and inverting
the positive and negative signs of read out waveform
data are performed. Since these controls are well
known in the art, déscription and illustration thereof
will be omitted.

The address conversion_functidn prepared ‘in the
address conversion function operation circuit 280 is not
Ifmited to one which can realize a waveform function

simulating the above described sin® .wave function (sin?
>

W) buty.may be one which can realize other waveform

& _
The address conversion function prepared in the

address conversion funcfion operation circuit 280 ig not

limited to a set of-functions which can realize gﬁé kind
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of waveform function in simulation but may be plural
sets of functions which can realize plural kinds of
wvaveform functions in simulation and one Kkind of
waveform function among them may be selected as desired.

As the addréss conversion function operation
circuit 280, not only an arithmetic operation circuit
but also a memory circuit such as a function table may
be employed.

The waveform function stored in the waveform table
271 1is not limited to a sine wave function but may be a
cosine' wave fﬁnctign or any other desired waveform
function. In that case, characteristics of the address
conversion function in the address conversion function
operation circuit 280 should be determined having regard
to the waveform stored in the waveform table 271 and a
desired waveform function to be realized.

The manner of dividing the phase section is not
limited to-the'above described one but #ny other method
may be employed as desired.

- An example of operation algorithm in the frequency
modulation operation section 265 using two time slots
per ch&gnel will now be described. fThere are the .
foblggipg eight possible opera};on_ algorithms. One
algorithm among them is selectedﬁyih the algorithm
control section 266 in response to the tone color ;data

'

TC and various control signals and operation pafémeters
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for realizing the selected algorithm are supplied to the
respective circuits in the frequency modulation
operation circuit 265.

Algorithm 1 .... E(t) sin{kc wt + Em(t) sin(kmwt)}

Algorithm cees E(t) sin{tkcwt + Em(t) sin® (km o t))
Algorithm cees . E(t) sin®{kc wt + Em(t) sin(kmwt))
Algorithm ceoe E(t) sin{kcwt + Em(t) sin® (kmwt))
Algorithm eeee E(t) sin(kc wt) + Em(t) sin(kmwt)

Algorithm cees E() sin(kc wt) + Em(t) sin’® (kmowt)

1] & O A W™

‘Algorithm 7 .... ECt) sin® (kcuwt) + Em(t). sin(kmw t)
Algorithm 8 .... E(t) sin? (kcwt) + Em(t)sin® (km wt)
E(t) represents an envelope signal for establishing
an amplitude envelope and Em(t) represents an envelope
signal for establishing a modulation index. These
envelope signals E(t) and Em(t) are functions of time so
that they change with time. These envelope signals E(t)
and Em(t) are included in the envelope signal EV2 for
the second tone signal generation circuit 214 and the

envelope signal Em(t) for establishing the modulation

index is provided at the former half of a time slot for

one channel whereas the envelope signal E(t) for

>

establighing the amplitude envelope is provided at the

lat&gf.balf of the time slot. L o
Processings for generating S? modulating wave

function (an operation of the second term of the ahove

described equation, i.e., the term in whﬂ%h the
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coefficient Em(t) is multiplied) are performed at the

" former half of the time slot for one channel whereas

processings for generating a carrier function and
performing the modulation operation (an operation of the
first term of the above described equation, i.e., the
ternm in which the coefficient E(t) is multiplied) are
performed at the latter half of the time slot.

By way of example, the operation of the above
algorithm 2 will be described. At the former half of a
time slot for one channel, the modulating wave frequency
coefficient km is supplied to the shift circuit 267, a
control signal for selecting the converted address
signal to the address conversion section 272 and the
envelope signal Em(t) as the envelope signal EV2 to the
multiplier 273, respectively, and a modulating wave
function signal having characteristics of Em(t) sin? (km
wt) in simulation is provided through the waveform table
271 and the multiplier 273. This modulating wave
function signal is delayed by the delay circuit 269 and
supplied to the gate 270 at the latter half time slot.

At the latter half time slot, the carrier frequency
coeffieignt ke is supplied to the shift circuit 267, a
conirol..signal for selecting the unconverted phase
addre;;hsignal to the address converé?on section 272’~ a

control signal for enabling the gate 270 to the gate 270

and the envelope signal Em(t) as the envelope sigiﬁl Ev2
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to the multiplier 273, respectively. The modulating
wave function signal Em(t)sin? (km wt) is thereby added
by the adder 268 to the carrier phase angle data k¢ ot
to effect phase modulation. A resulting phase-modulated
phase address signal passes through the address
conversion section 272 without conversion and accesses
the waveform table 271. The read out output signal from
the.waveform table 271 is multiplied with the amplitude
envelope signal E(t) whereby tone signal sample point
amplitude data which is a result of the frequency
modulation operation shown in the above algorithm 2 is
obtained. This data passes through the adder 274 and is.
supplied to the latch circuit 275. A latch control
pulse is supplied to the latch circuit 275 at a suitable
timing at the end of the latter half time slot to latch
the tone signal sample point amplitude data which is a
result of the frequency modulation operation shown in
algorithm 2 in the latch circuit 275.

The above described algorithms 1 to 4 are used
virtually for frequency modulation operation and
algorithms 5 to 8 are used for adding and synthesizing
two wsigform signals together. In cas: of conducting
such s?dxtion and synthesis of two waveform signals. a
latcﬁ“;ontrol pulse is supplied to tﬁz latch circuit 276

at a suitable timing at the former half of a time .slot

for one channel to latch waveform sample data (Ej§§3 sin
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km wt etc.) which have been operated at the former half
time slot in the latch circuit 276. At the latter half
of the time slot for one channel, the gate 270 is not
enabled, i.e., phase modulation is not performed, but
waveform sample point amplitude data (E(t) sin kc Wt
etc.) obtained by multiplying the read out signal {from
the .waveform table 271 with the amplitude envelope
signal E(t) is added to waveform sample point amplitude
data (Em(t) sin kmwt etc.) from the latch circuit 276
by the adder 274. The result of addition is latched by
the latch circuit 275 at a suitable timing at the end of
the latter half time slot.

In a case where the addition and synthesis as shown

by the algorithms 5§ to 8 is performed, the gate 270 may

be enabled, i.e., phase modulation may be performed, at
the latter half of a time slot for one channel. By
doing_so. é tone signal which consists of a tone signal
of the frequency modulation operation algorithm of the
above described algorithms 1 to 4 added with a
modulating wave signal is synthesized.

The output of the latch circuit 27i is applied to
an acgggulatdr 281 vhere tone waveform sample point
ampliﬁg?e data for one sample pg;nt_ is summed. _The
accumulator 281 includes an adder z?Z for receiving the

output signal of the latch cirecuit 275, a register 283

- for delaying the ouptut of the adder 282 by one ﬁt time
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in response to the low rate clock pulse ¢L, a gate 284
for applying the output of this register 283 to the
adder 282 and a latch circuit 285 for holding the output
of the register 283. The gate 284 is controlled by a
signal obtained by inverting, by an inverter 282, the
clock pulse ¢1 (see Fig. 14) which is synchronized with
the time slot of the first channel at the low rate time
division timing'Lch. The latch operation of the latch
circuit 285 is also controlled by this clock pulse ¢ 1.
Tone waveform sample point amplitude data for one
sample point of the first to eighth channels which is
sequentially supplied at the low rate time division
timing Lch is sequentially-accumulated and, when data of
all channels have been accumulated, the clock pulse ¢ 1
rises whereby the accumulated value of the data of
all channels is latched by the latch circuit 285 and,
simul taneously, the gate 284 is closed and the
accumulated value in the register 283 is cleared.

The output of the latch circuit 285 is provided as

. the output of the second tone signal generation circuit

214. .In this manner, the sampling frqufncy £fs2 of the
output. jone signal of the second tone signal generation
circuif 214 becomes the sampling frequency 50 kHz at the
low rate time division timing Lch. 'Jin this second tone
signal generation cirecuit 214, no particular pitech

synchronizing processing is performed so that tﬁ% pitch

. TH :
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of the output tone signal and the sampling frequency f£s2
thereof are asynchronous with each other.
(Digital addition and synthesis)

Reverting to Fig. 13, as described above, the
output tone signal of the first tone signal generation
circuit 213 and the ouptut tone signal of the second
tone signal generation circuit 214 are added and
syﬁthesized together in the adder 215. The sampling
freéuency fsl of the output tone signal of the first
tone signal generation circuit 213 is 400 kHz and the
sampling frequency fs2 of the output tone signal of the
second tbne signal generation circuit 214 is 50 kHz so
that the fbrmer is integer multiple of the 1latter.
Accordingly, the sampling frequencies of the two tone
signals to be added together are synchronized and,
therefore, the two signals can be added together without
any problem at a harmonized timing. |
(Envelope generator 2&9)

An example of the envelope generator 219 is shown
in Fig. 20. In Fig. 20, the envelope generator 219
includes_ an envelope generation circgit 290 vhich
generqggs, in time division multiplexing, ‘the first
envglgge signal EV1 for the tone signal generated in the
first tone signal generation circuigﬂéls and the second
envelope signal EV2 for the tone signal generated yn the

second tone signal generation circuit 214 adf- latch
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circuits 291, 292 and 293 for distributing the envelope
signals EVl and EV2 generated in time division
multiplexing.

The envelope generation circuit 290 generates, on a
time shared basis, the first envelope signal EVl for
eight . channels for the first tone signal generation
circuit 213 and the second envelope signal EV2 for eight
channel; for the second tone signal generation. circuit
214 (fhis-envelope signal consiﬁts. as described before,
of the two envelope signals E(t) and Em(t) per one
channel), in twentyfour channels in total. The time
division timing for the twentyfour channels in this
envelope generation circuit 290 is established by the
clock pulse ¢ L3 (see Fig. 14) having a frequency which
is three times as high as the low rate clock pulse ¢ L.
By this clock pulse ¢ LS, time division timing Ech (see
Fig. 14) for forming an envelope which timing is
provided by dividing fhe time slot of each channel of
the low rate time division timing Lch is established.

- The envelope generation circuit 290 generates, in
response to the key-on signal KON d£ each channel
suppliggh from the key assigner circuit 212 in

synchronism with the low rate time division timing Lech,
*iag W - - - - - - -

b5
»

three different envelope signals EV1 E(t) and Em(t) at

three time slots determined by dividing one channga by

.three. The shape and level of the respective-ﬁ%&elope
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signals EVl, E(t) and Em(t) are determined by the tone
color data TC.

For example, among the time slots obtained by
dividing one channel by three, the first envelope signal
EVl is generated at the first time slot, the envelope
signal Em(t) of the second envelope signal EV2 is
generated at the second time slot and the envelope
signal E(t) of the second envelope signal EV2 at the
third time slot. Data expression of these envelope
signals Evl, Em(t) and E(t) are assumed to be linear
expression.

The output of the envelope generation circuit 290
is supplied to the latch circuits 291 ahd 292. The
latch circuit 291 latches the first envelope signal EV1
for each channel in respoﬁse to a strobe pulse L1 (see
Fig. 14) which is generated in synchronism with the
first time slot of the three-divided time slots. The
latch circuit 292 latches the two second envelope
signals Em(t) and E(t) for each channel in response to
strobe pulses L2 (see Fig. 14) which are generated in
synchronism with the second and third time slois among
the thrge divided time slots. The outp;i of the latch
cir-cuith 293 is applied to a latch circuit 293. The
latch .circuit 293 is latch controlled by a strobe pulse
L3 (see Fig. 14) vhich is synchronized with a g¢lock

pulse ¢ L2 (see Fig. 14) having a frequency wﬁ?fk is
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twice as high as the low rate clock pulse ¢ L and
thereby shapes the time division time slot of the two
envelope signals Em(t) aqd E(t) for each channel at
equal intervals. |

In this manner, the latch circuit 291 produces, on
a time shared basis, the first envelope signal EV1 for
each channel in synchronism with the 1low rate time
division timing Lch. The output EVl of the Ilatch
circuit 291 1is subjected to a proper timing matching
processing and thereafter is supplied to the multiplier
243 (Fig. 15) in the first tone signal generation
circuit 213. The latch circuit 293 produces, on a time
shared basis, the two envelope signals Em(t) and E(t)
for each channel at a time division rate which is twice
as high as the low rate time division timing Lch. The
outputs Em(t) and E(t) from the latch circuit 293 are
subjected to a proper timing matching processing and
thereafter 1is supplied to the multiplier 273 (Fig. 16)
in the second tone sigal generation circuit 214 (Fig.
16) as the second envelope signal EV2.

The waveform table 271 in the secogd tone signal

generatjan circuit 214 may store waveform data in

_ logagllgmic expression. _ This ‘however requires- the

=
envelope signal EV2 to be provided in logari thmic

expression also. In that case, the hardware of} the

° i'.—-#
envelope generator 219 cannot be used commonly ﬁ%} the
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first and second envelope signals EV1 and EV2 so that it
is impossible to generate these envelope signals EV1 and
EV2 on a time shared basis. The hardware of the
envelope generator 219 therefore would become large.

I1f, however, waveform data is stored in linear
expression in the waveform table.271 in the second tone
signal generation circuit 214, the envelope signal EV2
may also be provided in linear expresion. 1In that case,
as in the above described embodiment, the hardware of
the envelope generator 219 can be used commonly for the
first and second envelope signals EVl and EV2 so that
these envelope signals EVl and EV2 can be generated on a
time shared basis. - The hardware of the envelope
.generator 219 can therefore be made compact.

Even in a case where waveform data is stered in
linear expression in the waveform table 271 of the
second tone signal generation circuit 214, the provision
of the address conversion section 272 as.shown in the
above described embodiment will enable a waveform
function which is different from the waveform function
stored in the waveform table 271 to be produced with a
simple gircuit construction. ”

'.?Pf structure of the envelope generator 219 is not
limited to the one shown in Fig. 20 hut any other

structure may be employed. For example, the first and

second envelope signals EV1 and EV?2 may be geneiﬁted in
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parallel by separate hardwares. In a case where
waveform data is stored in logarithmic expression in the
waveform table 271 of the secénd tone signal generation
circuit 214, the envelope signal EV2 may also be
generated as data in logarithmic expression.
(Example of structure of integrated circuit chip of the
first and second tone signal generation circuits 213 and
214) |

The first and second tone signal generation
circuits 213 and 214 can be constructed by integrated
circuits. 1In that case, it is possible to form the tone
signal genération circuit 213 which is of the pitch
synchronizing type and the tone signal generatin
circuit 214 which is of thg non-pitch-synchronizing type
on the same integrated circuit chip. One reason is that
a partial common use of various timing clock pulses can
be realized by establishing the integer multiple
relationship between the sampling frequencies fsl and
fs2- and this contributes to simplification of the
circuit design. Another reason is that generation of
the envelope signals EVl and EV2 in time division

multip1%§ing by using a common hardware contributes to

simplificatiun of the circuit design._

w2lag W

For example, the first and second tone signal

generation circuits 213 and 214, adder 215, envglope

' generator 219 and tlming signal generation circus{? 220
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may advantageously be formed as a tone generator unit on
the same integrated circuit éhip. Al ternatively, the
first and second tone signal generatin circuits 213 and
214 and adder 215 may be formed on the same integrated
circuit chip.

(Other embodiments)

Fig. 21 shows an embodiment in which the two tone
signal generation circuits 213 and 214 are used not only
for generating tone signals of a common pitch but for
other purposes whereby the two tone signal generation
circuits 213 and 214 can be utilized more effectively.
In Fig. 21, only a portion which has been modified from
the embodiment of Fig. 13 is shown and illustration of a
portion which is the same as the embodiment of Fig. 13
is omitted.

In Fig. 21, a distribution circuit 294, a PCM key
assigner circuit 295, an FM key assigner circuit 296 and
a selector 297 are provided in place of the key assigner
circuit 212 of Fig. 13. Additionally, there is provided
a amode selection switch 298.

In the embodiment of Fig. 21, an eight-tone mode

>

and a saiteen-tone mode can be selected as desired. The

mode selection switch 298 is providgd for selecting
either one of these two modes. THE eight-tone mode
means the same tone generation mode as is used in 4the

embodiment of Fig. 13, i.e., a mode in which geqﬁration
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of tone signals having a common tone pitch is assigned
to the first and second tone signal generation circuits
213 and 214. The maximum number of tones which can be
sounded simul taneously in the electronic musical
instrument, therefore, is eight tones in this mode. The
sixteen-tone mode is a mode in which generation of tones
having different tone pitches (different scales) from
each other 1is assigned to the £first tone signal
generation c¢irecuit 213 and the second tone signal
generation circuit 214. The maximum number of tones
which can be sounded simultaneously in the electronic
musical instrument, therefore. is eight tones plus eigth
tones, totalling sixteen tones in this mode.

By way of example, the keyboard 210 is constructed
as a one-stage kKeyboard. In the case of the eight-tone
mode, the entire key range of the one-stage keyboard is
used for a common tone color. In the case of the
sixteen-tone mode, the one-stage keyboard is divided
into two key ranges and tones can be generated with tone
calors which differ from each other between the
key ranges. The distribution circuit 294 distributes
key depression information provided from the depressed

key. detection circuit 211 either to the PCM key assigner

wtlen W

circuit 295 and the FM key assigner circuit 296. The

mode of distribution is determined by a mode selected by

the mode selection switch 298. The PCM key §igner
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circuit 295 and the FM key assigner circuit 296 periform
key assigning processings for eight channels. The
output signals of the-key assigner circuits 295 and 296
include, in the same manner as described before, the key:
code KC, key-on signal KON and key-on pulse KONP. The
output 6f the PCM key assigner circuit 295 is supplied
directly to the first tone signal generation circuit 213
and also to a "1" input of the selector 297. The output
of the FM key assigner circuit 296 is supplied to a ™"O"
input of the selector 297. The selector 287 is
controlled for its selection in accordance with a mode
selected by the mode selection switch 298. More
specifically, the "1" input is selecte& in the eight-
tone mode and the "0" input is selected in the sixteen-
tone mode. The output of the selector 287 is supplied
to the second tone signal generation circuit 214.

In case the eight-tone mode has been selected, the
distribution circuit 294 distributes all key depression
information to the PCM key assigner circuit 295 so that
generation of tones cofresponding to all depressed Kkeys
is ;ssigned to any one of the eight channels in the PCM

3

key ass%gper circuit 295. The selector 297 selects the

*"1". input so that the output of the PCM key assigner

g W

;?
circuit 295 1is supplied to the sécond tone signal

generation circuit 214. Accordingly, the same outpgﬁ of

 #

the PCM key assigner circuit 295 is supplied jﬁ% the
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first and second tone signal generation circuits 213 and
214 so that the two tone signal generation circuits 213
and 214 -generate tone signals in accordance with the
same data assigned thereto.

In case the sixteen-tone mode has been selected,
the dsitribution circuit 294 divides the keyboard into
two key ranges and distributes key depression
information of one key range to the PCM Kkey assigner
circuit 295 and key depression information of the other
key range to the FM key assigner circuit 296.
Accordingly, generation of the tone corresponding to the
depressed key in said one-key range is assigned to any
one of the eight channels in the PCM. key assigner
circuit 295 and generation 6f the tone corresponding to
the depressed key in the other key range is assigned to
any of eight channels of the FM key assigner circuit
296. The selector 297 selects the "0" input so that the
output of the FM key assigner circuit 296 to the second
tone signal generation circuit 214. ,Accordingly,
different outputs of the key assigner circuits 295 and
296 are supplied to the first and second tone signal
genera&;gn circuits 213 and 214 so tha:rthe two tone
signgi"generation circuits 213 and 214 ~generate {one
signals in accordance with data Wthh are entirely
differnt from each other. P

The tone color data generation circuit 218 gﬁbplieé
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different tone color data TCl and TC2 to the first and
second tone signal generation circuits 213 and 214.
When the eight-tone mode has beén selected, the tone
color data TCl and TC2 are of the same contents whereas
when the sixteen-tone modé has been selected, the tone
color  data TCl and TC2 exhibit tone colors selected in
accordance with their corresponding key ranges.

In the embodiment of Fig. 21, the outputs of the
first and second tone signal generation circuits 213 and
214 may bde sounded through different sound systems
without being digitally added together.

(Modified examples) |

The tone source system or tone signal generation

system in the first and second tone signal' generation

circuits 213 and 214 is not 1limited to the above
described one but any other system may be employed. For
example, the waveform stored in the waveform memory of
the first tone signal generation circuit 213 is not
limited to a full waveform from rising of a tone to the
end thereof but it may be a partial waveform including a
rise portion of a tone and a sustain:,portion. The
coding *gystem of data stored in the waveform memory is
not liyeted to PCM (pulse-code mo?ulatlon) but it may be
other suitable one selected from coding systems such as
DPCM (difference PCM), ADPCM (adaptive difference PCM).

DM (delta modulation) and ADM (adapt;vei?‘delta
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modulation). Algorithm of the frequency modulation
operation in the second taone signal generation circuit
214 is not 1limited to the one used in the above
described embodiment but other suitable modulation
operation such as an amplitude modulation operation or
an amplitude modulation operation using a time window
may be employed. -Further. a tone synthesis system other
than the modulation operation type tone synthesis system
may be employed.

The number of tone generation channels and sampling
frequencies fsl1 and fs2 are not limited to numerical
values shown in the above described embodiments. The
tone signal generation circuits 213 and 214 may be a
monotone generation type circuit.

In a case where tone signals of a common tohe piteh
are simultaneously generated in the first and second
tone signal generation circuits 213 and 214 to obtain a
duet effect, generation of the two tone signals need not
be started exactly simultaneously but there may be some
delay between starting of generation of the two tones.
Further, the delay time in starting the tone generation

>
may be xgriably controlled.

.
LoEL i )

ey W
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Instead of digitally .adding the outputs of the
first and second tone signal generation circuits 213 and
214 together, the outputs of these circuits may be
sounded through sound systems of separate systems.

In case the tone signal generation circuit is
utilized as a tone signal synthesis device of a
modulation operation type, the tone signal generation
circuit 214 of the modulation operation iype only may be
provided and the provision of the first tone signal
generation circuit 213 may be omitted. |

As will be apparent from the foregoing description,
according to the invention, the delay duet effect, i.e.;
the effect of delaying start of generation of a tone
signal in one of the first and second tone signal
generation circuits with respect to start of generaton
of a tone signal in the other circuit, can be realized
and the key scaling control, i.e., the variable control
of the delay time in accordance with the tone pitch of a
tone to be generated, can be performed whereby various
controls such as equalizing the impression of delay in

accordance with ihe tone pitch and, conversely,

. >
differring the impression of delay greatly in accordance

with the tone pitch can be realized.
Further. according to the fﬁventxon. various
controls can be realized, e.g., smooth switching of_tone

sighal generation from one tone signal geg;#atzon
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circuit to the other can be realized by performing the
control in which a tone signal is first generated in one
of the first and second tone signal generation circuits
and then generation of a tone signal is switched to the
other tone signal generation circuit and a preceding
tone is gradually attenuated while a succeeding tone is
caused to rise gradually during the switching period
and, besides, the key scaling control, i.e., the
variable control of the switching period in accordance
with the tone pitch of a tone to be generated, can be
realized vhereby equalizing of the  impression of
switching of a tone signal can be realized in accordance
with the tone pitch and, conversely, differing of the
impression of switching can be realized in accordance
with the tone pitch.

Since, further, the tone generation mode
designating the combination of tone generation in the
first and second tone signal generation circuits can be
selectively switched, various performance effects such
as the duet effect and the delay duet effect can be
selectively realized by swithcing the Eone generation

mode. An

- Thus, according to the invention, a tone synthesis
~an W - - ;5‘-"' . -
system in which various controls can be performed is

realized and rich performance effects can be achieved.

Further, according to the invention, by fﬁipting
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the structure comprising two tone signal generation
circuits and having output tone signals of the two
circuits added and synthesized wherein one of the tone
signal generation circuit is of a pitch synchronizing
type circuit and the other is of a non-pitch-
synchroni;ing type circuit, an aliasing noise which is
not harmonic with the pitch can be excluded from a tone
signal generated in the tone signal generation circuit
of the non-pitéh synchronizing type whereby a tone of a
high quality can be synthesized.

Further, by suitably adding and synthesizing output
tone signals of two tone signal generation circuits,
various performance effects including th duet effect can
be obtained.

Since the sampling frequencies of the two tone
signal generation circuits are in integer multiple
relationship, a part of various clock signals can be
used commonly in both of the pitch synchroinizing type
and non-pitch-synchronizing type tone signal generation
circuits whereby the structure of circuits relating to
clock signals can be simplified and, in addition
theretg‘H synchronous operations of theatwo tone signal
generation circuits are facilitated, - which is

- .
advantageous to the digital addition of the output tone

eeg. W

signals of the two tone signal generation cirgyits.

This 1is also advantageous in a case where théff;itch
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synchronizing type and non-pitch-synchronizing type tone
signal generation circuits are formed on the same
integrated circuit chip.

Furhter, according to the invention, tone signals
of the same designated tone pitch may be generated in

the two tone signal generation circuits or tone signals

of different designated tone pitches may be generated

depending upon the selected mode so that the duet effect
and the optimum tone synthesis effect matching the tone.
generation stage can be obtained in the former mode
whereas the number of tones which can be generated
simul taneously can be increased in the latter mode
so that the tone signal generation circuits can be
utilized more effectively in various modes.

Further, according to the invention, in a tone
signal synthesis device of a modulation operation type,
an address value of a phase address signal for each of
phase sections provided by dividing a phase of one
period into plural sections is converted in accordance
with a function established individually for each of the
phase sections and a waveform table is accessed with the
converted address signal. A modulating J;ve function or

.
[

a . modulated wave function in the tone synthesis

modulation operat1on can therefore E% converted easily

to a complex waveform function which is different ,from

a waveform function which is stored in the gﬁ#;form
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operation
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modulation

capable of controlling many frequency

components with a relatively simple construction can

realized.
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What is claimed is:

1. An electronic musical instrument comprising:

tone pitch designation means for designating a tone
pitch of a toné to be generated;

first tone signal generation means for generating a
tone signal having a pitch corresponding to the tone
pitch designated by said tone pitch designation means;

second tone signal generation means for generating
a tone signal having a pitch corresponding to the tone
pitch designated by said tone pitch designation means in
accordance with a tone signal generation system which is
different from a tone signal generation system of said
first tone signal generation means;

delay means for delaying start of generation of a
tone signal in one of said first and second tone signal
generation means with respect to stari of generation of
a tone signal in the other tone signal generation means;
and

key scaling mean{ for variably controlling delay
time in- said delay means in accordance.with the tone

*

pitch of a tone to be generated.
'..“i' .Ll

2. “Ap_ glectronic musical.instrument as defined in claim

1 wherein a key scaling characteristic of said key

scaling means is selected from plural characteristigs.

3. An electronic musical instrument as defined in claim
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2 wherein said key scaling characteristic is selected in

accordance with a tone color.

4. An electronic musical instrument as defined in claim
1 whereinisaid delay means starts a counting operation
from start of generation of a preceding tone and causes
generation of a succeeding tone to start when a count
value has reached a predetermined value, and said Kkey
scaling means variably controls a count rate of the

counting operation in accordance with the tone pitch.

5. An electronic musical fnstrument comprising:

tone pitch designation means for designating a tone
pitch of a tone to be generated;

first tone signal generation means for generating a
tone signal having a pitch corresponding to the tone
pitch designated bf said tone pitch designation means;

second tone signal generation meané for generating
a tone signal having a pitch corresponding to the tone
pitch designated by said tone pitch designation means in
accordance with a tone signal generation gystem which is
differqni from a tone signal generation ;ystem of said
first tgne signal generation means; )

é;ossfade control means for pef?brming a control
in which a tone signal is first generated in one ofjsaid

first and second tone signal generation means aqiggthen |

generation of a tone signal is switched to the other
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tone signal generation means, and a preceding tone is
gradually attenuated while a suuceeding tone is caused
to rise gradually during the switching period; and

key scalzng means for variably controlling time
length of said switching period in said crossfade
control means in accordance with the tone pitch of a

tone to be generated.

6. An electronic musical instrument as defined in claim
5 wvherein a key scaling characteristic of said key

scaling means is selected from plural characteristics.

7. An electronic musical instrument as defined in claim
6 wherein said key scaling characteristic is selected in

accordance with a tone color.

8. An electronic musical instrument comprising:
tone pitch designation means for generating tone
pitch designation information designating a tone pitch
of a tone to be generated;
- first tone signal generation means for generating a
tone signal having é-{itch which is determined by said
tone pitch designation information in acéﬁgd;nce with an

A
effgctive sampling frequency which is synchronized with

" said " Ppitch and outputting the tone s¥znal at a sampling

timing based on a common first sampling frequency;

second tone signal generation means for geggfating

TNV | s s s
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a tone signal having a pitch which is determined by said
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tone pitch designation information and outputting the
tone signal at a second sampling frequency which is
asynchronous with this pitch, said first and second
sampling frequencies being in an integef multiple
relation to each other;

digital addition means for adding the output tone

signals of said first and second tone signal generation

means together; and
digital-to-analog <conversion means for converting
an output tone signal of said digital addition means to

an analog signal.

9. An electronic musical instrument as defined in claim
8 further comprising envelope generation means for
generating, in a time division multiplexing manner, a
first envelope signal for the tone signal generated by
said first tone signal generation means and a second
envelope signal for thé tone signal generated by said

second tone signal generation means.

~-
’,

10. An electronic musical instrument as defined in claim

9 - wherein at least said firét and second tone signal
.G“:.Ll

generation means are formed on the same integrated

w2lag W " = -

“eirecuit chip. -

11. An electronic musical instrument as defined in elaim

10 which further comprises distribution means f&%ﬁed on
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the integrated circuit chip for distributing said first
and second envelope signals generated by said envelope
generation means in a time division multiplexing manner
to said first and second tone signal generation 'means,

respectively.

12. An electronic musical instrument as defined in claim
8 wherein said first tone signal generation means
comprises ~memory means prestoring waveform data of
plural tone signal waveforms corresponding to various
tone colors, reads from said memory means waveform data
of a tone signal corresponding to a selected tone color
and generates a tone signal on the basis of the read out
waveform data, and

said seéond tone signal generation means generates
a tone signal by executing a predetermined tone

synthesis operation.

13. An electronic musical instrument as defined in claim
12 vherein the predetermined tone synthesis operation in
said second tone signal generation means is a tone

synthesis operation of a frequency modulation type.
>

AN, ' '
14. An electronic musical instrument as defined in claim

' 8 fufther comprising means for contpolling a ratio "of

addition of the output tone signals of said first and

£3
]

second tone signal generation means in said é}?ﬁital
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addition means.

15. An electronic musical instrument as defined in claim

14 wherein said ratio of qddition is timewise changed.

16. An electronic musical instrument as defined in claim
8 further comprising mode selection means for selecting
a mode, and supply control me#ns for perfoming, in
accordance with a mode selected by said mode selection
means, a control for suppying the tone pitch designation
information representing a tone pitch and generated by
said tone pitch designation means to either or both of

said first and second tone signal generation means.

.17. An electronic musical instrument comprising:

tone pitch designation means for designating a tone
pitch of a tone to be generated:

first tone signal generation means for generating a
tone signal having a pitch determined by supplied tone
pitch designation information in accordance with an
effective sampling frequency synchronized with the pitch
and outputting the_tone signal at a sampling timing
based on a common first sampling frequency;

sedbnd tone signal generation means for generating

. a tone.signal having a-pitch determiggd_by supplied tone

pitch designation information and outputting the tone

- signal at a second sampling frequency which 1§r-not

#

synchronized with this pitch;

THIS SHEET HAS BEEN

GOl - REPLACED
*. -.C L M s x®



10

15

20

25°

This Sheet Has Been Rep

o IR

mode selection means for selecting a mode; and

supply control means for performing, in accordance
with- a mode selected by said mode selection means, a
control for _supplying the tone pitch designation
information-representing a fone pitch designated by said
tone pitch designation means to at least one of said
first and second tone signal generation means,

a control for generating a tone signal of the same
designated tone pitch in at least one of said first and
second tone signal generation meaﬁs being made 1in
accordance with a mode selected by said mode selection

means.

18. An electronic musical instrument as defined in claim
17 wherein said mode selection means selects either of a
first mode and a second mode and said suppy control
means supplies said tone pitch designation information
for all tone pitches to both of said first and second
tone signal generation means when said first mode has
been selected and supplfes said tone pitch designation
information to either‘;aid first tone signal generation
means or said second tone signal ge;eration means

selﬁctiVel? in accordance with the tone pitch when said
second tone mode has been selected. "?

19. A tone signal synthesizing device for syntﬁ§§gzing

a tone signal by a modulation operation using a

/
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modulating wave signal and a modulated wave signal
cémprising:

a waveform table storing waveform data of a
waveform of a predetermined waveform function in linear
expression:: )

rhase address signal supply means for supplying a
phase address signal for a modulating wave signal or a
modulated wave signal;

address conversion means for converting an address
value of said phase address signal for each of phase
sections profided by dividing a phase of one cycle into
plural sections, in accordance with a function
established individually for each of said phase
sections; and |

means for outputting waveform data of a waveform
function which is different from said predetermined
waveform function from said waveform table in response

to said phase address signal by accessing said waveform

table with the output of said address conversion means.

-

20. A tone signal synthesizing device as defined in

claim 19 wherein said address conversion Mmeans converts
WA
thg_ address value of the phase address signal by

a2la.

executi;g an operafion. of a -fuﬂ51ion ésfahlisﬁed

individually for each phase section using the ghase

address signal as an independent variable. ﬁgf
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21. A tone signal synthesizing device as defined in
claim 20 wherefn said function established ihdividually

for each phase section is of a primary function.

22. A tone fgignal synthesizing device as defined in
claim 19 further comprising means for selecting whether
said waveform table should be accessed by an address
signal wvhich has been converted by said address
conversion means or a phase address signal which has not

been converted by said address conversion means.

23. A tone signal synthesizing device as defined in
claim 19 wherein said waveform table stores waveform

data of a sine wave function.

24. An electronic musical instrument comprising:

tone pitch designation means for designating a tone
pitch of a tone to be generated;

first tone signal generation means for generating a
tone signal having a_pitch corresponding to the tone

pi.tch designated by said tone pitch designation means;

4

second tone sigﬁal generation means for generating

>
a tone signal having a pitch corresponding to the tone

‘u i .

pitch designated by said tone pitch designation means in

ey W -

accordance with a tone signal generaffbn system which is

different from a tone signal generation system of 3said

e

first tone signal generation means; . ﬁ?ﬁ

’ THIS SHEET HAS BEEN
N0 TR | Repcaceo
* C L M S *



10

15

20

25

This Sheet Has Been Replaced

A

tone generation mode selection means for selecting

a-tone generation mode designating a combination of tone
generation in said first and second tone signal
generation means from among a plurality of different
tone generation modes; and

control means for controlliné tone generation in
said first and second tone signal generation means in
accordance with the tone generation mode selected by

said mode selection means.

25. An electronic musical instrument as defined in claim
24 wvhich further comprises tone color selection means
and wherein said first and second tone signal generation
means generate tone signals having a tone color selected
by said tone color selection means in accordance with
tone signal generation systems proper to these tone
signal generation means and said tone generation mode
selection means automatically selects a tone genefation
mode which is determined by the tone color selected by

said tone color selection meens.

-
’

26. An electronic musical instrument as defined in claim

24 wherein said tone generation mode sele®tion means can
.U-&.Li
select a desired tone generation mode by a manual

weiag W - - -

' selection operation by an operator ,%?

27. An electronic musical instrument as defined in flaim

24 wherein the plurality of tone generation modé%égfrom

1
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which a desired tone generation mode can be selected in

said tone generation mode selection means comprise a
simple mixing mode in which tones are soﬁnded
substantially simultaneously in said first and second
tone signailgé;eration means and a delay mode in which
start -0of sounding of a tone in one of said first and
second tone signal generation méané is delayed from

start of sounding of a tone in the other +tone signal

generation means.

28. An electronic musical instrument as defined in claim

24 wherein the plurality of tone generation modes from

which a desired tone generation mode can be selected in
said tone generation mode selection means comprise a
simple mixing mode in which tones are sounded
substantially simultaneously in said first and second
tone signal generation means and a crossfade mpde. in
which la tone signal is first generated in one of said
first and second tone signal generation means and then
generation of a tone is switched to the other tone
signal generation mehn; and a preceding tone signal is
gr#dually attenuated and a succeeding fone signal is

AN
cauged to rise gradually during the switching period.

g W .- --

P
29. An electronic musical instrument as defined in claim

24 wherein the plurality of modes from which a desjred

tone generation mode can be selected in sajéF tone

* c L M S *
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generation mode selection means comprise a delay mode in

which start of sounding of a tone in one of said first
and second tone signal generation means is delayed from
start of sounding of a tone in the other tone signal
generation :means and a crossfade mode in which a tone
signal is first generated in one of said first and

second tone signal generation means and then generation
6f a tone signal is switched to the other tone signal
generaton means and a preceding tone signal is gradually
attenuated gradually while a succeeding tone signal is

caused to rise graudally during the switching period.

30. An electronic musical instrument comprising:

tone pitch designation means for designating a tone
pitch of a tone to be generated;

first tone signal generation means for generating a
tone signal having a pitch corresponding to the tone
pitch designated by said tone pitch designation means;

second.tone signal generation means for generating
a _tone signal having a pitch corresponding to the tone
pitch designated bi-s;id tone pitch designation means
in accordane with a tone signal generatidn system which

N
is different from a tone signal generation system of

s VT - ~

) said flrst tone signal generatlon meai%.

crossfade control means for performing a control in

which a tone signal is first generated in one %§$‘said
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first and second tone signal generation means and then

generation of a tone signal is switched to the other
tone signal generation means and a preceding tone is
gradually éttenuated while a succeeding tone is caused
to rise gradually during a switching period; and

time control means for variably controlling a time

of the switching period.

31. An electronic musical instrument as defined in claim
30 wherein said time control means variably controls
the time of the switching period and delay time from
start of generation of the preceding tone.signal till
start of generation of the succeeding tone signal

independently from each other.

32. An electronic musical instrument as defined in
claim 30 which further comprises tone color selection
means and wherein said first and second tone signal
generation means generate tone signals having a tbne
color selected by said tone color selection means in
accordance with tone signal generation systems proper to
these tone signal geﬁér;ton means and said time control
means controls the time of the switchfhg period in

'-.&_Ll
accqrdance with the tone color selected by said tone

. #oileg W . - M
color selection means. £

33. An electronic musical instrument as defined in claim

30 wherein said time control means comprises seﬁpétion

N RO [ s e s
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means for selecting the time of the switching period as

desired.

34. An electronic musical instrument as defined in claim
30 wherein said time control means comprises means for
5 supplying time data for establishing the time of the
switching period and said crossfade control means
comprises time counting means for establishing the
switching period by performing repetitive counting in
response to the time data and crossfade imparting means
10 for imparting a decay envelope to the preceding tone
signal and a rise envelope to the succeeding tone signal

during the switching period.

35. An electronic musical instrument as defined in claim
34 wherein said first tone signal generation means
15 comprises a count circuit for repetitivély counting data
correspbnding to the designated tone pitch to generate
Phase address information and said time counting means

uses this count circuit on a time shared basis.

-
L4

36. An electronic musical instrument as defined in claim

20 34 which further comprises tone color selection means
* '..*?'.‘A
and wherein said first and second tone signal generation

“eiag W

-means generaté tone--signals h&éiﬂﬁ' a tohe colbr

selected by said tone color selection means  in

E

- accordance with tone signal generation systems prg?é? to

LN S O M
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these tone signal generation means and controls whether
the control by said crossfade control means should be
made or not in accordance with the tone color selected

by said tone color selection means.

37. An elecironic musical instrument comprising:

tone pitch designation means for designating a tone
pitch of a tone to be generated;

first tone signal generation means for generating a
tone signal having a pitch corresponding to the tone
pitch designated by said tone pitch designation means;

second tone signal generation means for generating
a tone signal having a pitch corresponding to the tone
pjtch designated by said tone pitch designation means in
accordance with a tone signal generation system which is
different from a tone signal generation system of said
first tone signal generation means; and

delay means for delaying start of generation of a
tone signal in one of said first and second tone signal
generation means with respect to start of generation of

a tone signal in the_other tone signal generation means.

38. An electronlc musical instrument as belned in claim
A,.L

37 , which further comprises tone calor selection means

and vherein said first and second toﬁé signal generation
means generate tone signals having a tone color selected

by : said tone color selection means in accordanﬁgfiwith
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tone signal generation éystems proper to these tone

-139-

signél generation means and perform a control as to
whether delay should be applied by said delay means or
not and a control to select one of said first and second
tone signa1 -generation means in which start of tone

generation should be delayed.

39. An electronic musical instrument comprising:

tone pitch designation means for designating a tone
pitch of a tone to be generated;

first tone signal generation means for generating a
tone signal having a pitch corresponding to the tone
pitch designated by said tone pitch designation means:

second tone signal generation means for generating
a tone signal having a pitch corresponding to the tone
pitch designated by said tone pitch designation means in
accordance with a tone sizgznal generation system which is
different from a tone signal generation system of said
first tone signal generation means;

delay means for delaying start of generation of a
tone signal in one of said first and second tone signal
generation means witﬂ respect to start of generaﬁion of

a tone signal in the other tone signal generation means;

“ilag W to- - -~ N - -

-
time control means for variably controlling delay
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40. An electronic musical instrument as defined in claim

39 which further comprises tone color selection means

| and wherein said first and second tone signal generation

means generate tone signals having a tone color selected
by said tone color selection means in accordance with
tone signal generation systems proper to these tone

signal generation means and said time control means

controls the delay time in accordance with the tone

color selected by said tone color selection means.

41. An electronic musical instrument as defined in claim
39 wherein said time control means comprises selection

means for selecting the delay time as desired.

42. An electronic musicél instrument as defined in claim
39 wherein said time control means comprises means for
supplying time data for establishing the delay time and
said delay means comprises time counting means for
establisﬁing_ the delay time by performing repetitive
counting in accordance with the time data and means for
imparting a tone generatibn_starf command first to the
tone signal generatibn/means in which tone generation
should be made first and imparting a tone - generation

‘.._k."_‘.
start command to the tone signal generation means in

Moy A 3

which tone generation should be made néxtly wﬁen

counting of the delay time by said time counting means

has been completed. ﬁgf
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43. An electronic musical instrument as defined in claim
42 wvherein said first tone signal generation means
comprises a count circuit for repetitively counting data
corresponding to the designated tone pitch to generate
phase address information and said time counting means

uses this count circuit on a time shared basis.

44. An electronic musical instrument comprising:

tone pitch designation means for designating a tone
pitch of a tone to be geﬁerated;

first tone signal generation means for generating a
tone signal having a pitch corresponding to the tone
pitch designated by said tone pitch designation means;
. second tone signal generation means for generating
a tone sigpal having a pitch corresponding to the tone
pitch designated by said tone pitch designation means in
accordance with a tone signal generation system which is
different from a tone signal generation system of said
first tone signal generation means; |

. means for generating a key-on pulse designating

start of tone generafidn in response to designation of a
tone'pitch in said tone pitch designation’means; and

n._.

. key-aoan pulse distribution means for distributing

“ieg W

this key-on pulse to at least one of? said first ;nd

second tone signal generation means to start generation

Y3
d

of a toné signal in the tone signal generation mqgﬁg to
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which the key-on pulse has been distributed.

45. An electronic musical instrument as defined in claim
44 which f{further comprises delay control means for
performing a control to delay start of generation of a
tone signaf in one of said tone signal generation means
with respect to-start of generation of a tone signal in
the other tone signal generation means and wherein said
key-on pulse distribution means distributes the key-on
pulse to the tone signal generation means in which tone
generation is started first when the &elay control is
made by sasd delay control means and distributes the
key-on pulse to both of the tone signal generation means

when the delay control is not- made.
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