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69 Programmable tone generator.

6 A programmable tone generator for an electronic
musical instrument generaies a pulse train output (F out)
in which in each cycle the starting time and duration of
each pulse is controlied, thereby to determine the harmonic
content of the electronic waves that are converted to audio
sound. A binary counter (12) serves as a time base for
encoding each period of a tone signal waveform into plural
outputs (14) in the form of a binary code. A plurality of
programmable tone generation circuits (16) are coupled
with selected counter outputs (14) to comprise plural tone
signal branchs (16), each providing a tone signal at a
selected fundamental frequency and having selected har-
monic content. Each tone signal branch (16) includes a
programmable variable code generator (26) and determines
the initial content of the output waveform, subsequently
either maintaining or changing the fundamental frequency
and harmonic content thereof.
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Electrical generation of suitable tone signals in elec-
tronic musical instruments has been accomplished in
‘the past by many different arrangements. In recent
years, the prevalent practice has been to provide os-
cillators for separately generating tone signals cor-
responding to the semi-tones of the top octave of the
instrument or above, and providing each oscillator

with a chain of divide-by-two circuits to produce the
corresponding frequencies (lower order harmonics) in
lower octaves of the instrument. This approach of
course requires individual tuning of twelve oscillators.

Recent developments in integrated circuit technology
have made possible the use of a single high frequency
oscillator driving parallel divider circuits each pro-
viding a suitable divider ratio to produce one of the
twelve frequencies of the top octave of the instrument.
These divider chains are then followed by divide-by-
two circuits as in the previous example to produce

the corresponding frequencies in lower octaves of the
instrument. Such circuits are advantageous in requir-
ing tuning of but a single oscillator. However, these
circuits have presented problems in obtaining accurate
division ratios and suitable waveform symmetry that
are difficult and costly to solve. |

In both of the foregoing systems, the use of conven-
tional divider circuits results in generation of square
waves (i.e., 507% duty cycle rectangular waves), thus
limiting the harmonic structure of the tone signal at

the outputs of such generators to the harmonic spec-
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trum of a square wave. Thus, to obtain other desired
musical sounds, it is necessary to provide other cir-
cuitry, which is often quite cumbersome and expensive,
to modify, combine, reshape and/or filter these wave-
forms as necessary to produce the desired musical
sounds. For example, some systems utilize analog wave-
shaping techniques to produce harmonically rich wave-
forms, and then selectively filter these waveforms to
approximate the desired harmonic structure of the out-
put waveform. Generally speaking, such analog circuits
are subject to problems in maintaining accurate and
noise free signals during analog signal processing.
Moreover, such analog circuits have generally been
cumbersome and expensive, -due to the great redundancy
of circuits generally required to produce the number

of voices required even for a relatively simple instru-

ment.

Accordingly, it is a general object of the present in-
vention to provide a new and improved tone generating
method and apparatus for an electronic musical instru-
ment which is capable of producing a tone signal output
at a desired fundamental frequency having a desired

harmonic content. ’

A more specific object of the present invention is to
"provide tone generating method and apparatus for an
electronic musical instrument which is programmable

for initially determining and thereafter for selective-
ly maintaining or changing the fundamental frequency
and harmonic content of the tone signal output thereof.

A related object is to provide a tone generating method
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and apparatus of the type described which is entirely
digital in form, replacing all analog elements of other
conventional tone generation methods and apparatus,

and which provides a digitally derived signal output
which may be applied directly to conventional analog
sound reproduction elements.

‘Briefly, and in accordance with the foregoing objects,
a method for tone signal generation according to one aspect
of the present invention comprises producing a clock
signal at a predetermined frequency, producing an ad-
vancing binary encoded count on a plurality of outputs
in response to said clock signal, and digitally proces-
sing the count at selected ones of said outputs to
produce a series of pulse output signals, said digital
processing including controlling in a predetermined
fashion the width of each said pulse signal produced
and the spacings therebetween, thereby producing a
composite tone signal of predetermined fundamental

frequency and harmonic content.

A tone signal generator according to another aspect of
the invention comprises a clock pulse generator, coun-
ter means having an input coupled to said clock pulse
generator and having output means, at least one digital
signal processing circuit coupled to said output means
and having a tone signal output which is a composite
signal comprising a series of digital signal segments
and a programmable variable number source coupled to
supply predetermined digital numbers to said digital
processing circuit and cooperating therewith to in-
dividually control the duration of each of said digital
signal segments, theréby constructing said composite
signal at a predetermined fundamental frequency and

having predetermined harmonic content.
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The present invention will be more readily understood
upon reference to the fbllowing detailed description
of the illustrated embodiment together with the accom-
panying drawings, wherein:

FIGURE 1 illustrates, in block diagrammatic form, the
novel tone generating circuit of the present invention;

FIG. 2 is a waveform diagram illustrating ome form
of output signal of the circuit of FIG. 1;

"FIG. 3, FIG. 4 and FIG. 5 are circuit schematics il-

lustrating portions of the block diagram of FIG. 1
in additional detail;

FIG. 6 illustrates an addition to the circuit of FIG.

1, in accordance with a further aspect of the present

invention;

FIGS. 7 and 8 are circuit schematics illustrating fur-
ther additions to the circuits of the preceding figures,
in accordance with further aspects of the invention;

and

FIG. 9 is a circuit schematic, partially in block form,
illustrating an alternate form of a tone generating
system in accordance with the principles of the present

invention.

In FIG. 1, a novel tone signal generation system in

accordance with the present invention is illustrated



0042019

-6 -

in block diagrammatic form. Advantageously, the cir-
cuit of this invention is capable of generating a
composite output signal in the form of a series of
pulse signals or a pulse train whose individual sec-
tions or, segments are controllably varied in width

or time duration as well as in amplitude. Accordingly,
this composite tonme signal output exhibits a desired
‘harmonic content or spectrum. As a further advantage,
the circuits of the invention are all in digital logic
form, capable of incorporation on a large scale inte-
grated circuit (LSI) chip, utilizing conventional manu-
facturing techniques, thus enhancing the cost effec-
tiveness as well as the reliability of the system of
the present invention.

Initially, FIG. 1 illustrates a clock or high frequency
oscillator 10 which presents a suitable high frequency
pulse train to a multi-stage binary counter 12, which
preferably comprises an eight-bit synchronous binary
counter. Accordingly, the counter 12 presents eight
bits or binmary outputs designated generally 14. In

the illustrated embodiment, these counter outputs 14
are utilized to drive eight substantially identical
digital processing circuits 16. 1In order to facilitate
the description only one such digital processing cir-
cuit 16 is illustrated. Each such digital processing
circuit 16 utilizes the eight counter outputs 14.

Each circuit 16 produces a pulse train comprising a
series of pulse signals, sections or segments, which
may take, as one example, the form illustrated in FIG.
2. This series generally designated 18, of pulse sig-
nals or segments 18a, 18b, etc., includes in the il-
lustrated embodiment, six such signals, sections or
segments 18a, 18b, etc., which might be called pulses
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and spaces. In the illustrated embodiment, the period
of the pulse train is variable with a minimum of six
and maximum of 512 counts from the clock 10 via the
counter 12. As will be seen later, both the width

and the amplitude of each of these sections may be
varied in accordance with novel aspects of the present
invention, thus the designation of "pulse" and '"space”
of the signal train or series 18 illustrated in FIG.

2 may not be strictly accurate in all cases, whereby
the terms '"section" or '"segment" are frequently uti-
lized hereinbelow. It will also be recognized that
the specific example heretofore given is for purposes
of illustration only, and is not to be construed as

limiting the invention in any fashion.

Referring again to FIG. 1, the digital processing cir-
cuit 16 includes a buffer circuit 20 which receives
the associated eight output 1lines 14 of the counter
circuit 12. In the preferred embodiment, this buffer
circuit 20 comprises a latch, which is controlled at
an input 22 thereof for latching or holding the count
from the first outputs of the counter 12. The control
signal at the input 22 and the time sequence in which
it latches the ongoing count from the counter 12 will
be described later. The buffer or latch 20 feeds the
eight-bit binary signal which has been latched from
the counter 12 to an eight-bit adder circuit 24. This
adder circuit 24 receives a second eight-bit binary
"encoded signal from an arithmetic unit 26. The adder
24 functions to sum or add the two eight-bit binary
encoded signals at its respective inputs and to pro-
duce this sum as an eight-bit binary encoded output
feeding one compared input of a comparator circuit

28. The comparator circuit receives as a second com-
pared input, an eight-bit binary encoded signal direc-
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tly from the same eight outputs 14 of the counter cir-
cuit 12 which feed the buffer 20. The comparator 28
compares these two eight-bit binary encoded input sig-
nals and produces a control output signal indicating
whether or not these two signals are identical. This
output control signal feeds a control circuit 32 which
'responds by providing suitable control signals both
for the arithmetic unit 26 (via a line 30) and for

the control input 22 of the latch or buffer 20 as will
be described in additional detail later herein. The
control circuit 32 also produces a resultant or com-
posite tone signal output (F out) on a line 34.

A suitable reset circuit 38, as shown in FIG. 5 and
described later, feeds all the eight like digital-
processing circuits 16, therefore being illustrated
outside of the dashed line. This reset circuit re-
ceives a reset signal (RST) at an input line 40, and
feeds the reset signal in a predetermined sequence
to each of eight output lines, designated generally
42, for resetting each of the eight control circuits
32 of the digital processing circuit 16.

In accordance with a further novel aspect of the inven-
tion, a pulse height or level control circuit 44 may
be utilized to achieve individual control of the level
or height of each of the signal sections, e.g., 18a,
18b, etc., as illustrated in FIG. 2. This circuit

44 receives further outputs of the arithmetic circuit
26 and produces pulse height or level contreols signal
at an output 46.

It will be constructive to now briefly consider the
operation of the present invention with reference to
the block diagram of FIG. 1. The arithmetic unit 26

-
i
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generally comprises a programmable, variable number
or code source which outputs a control number or code
to the adder 24. The code source stores an initial
binary encoded number as an initial control output
for each section of the signal to be produced. With
reference to the example given in FIG. 2, a separate
such initial number or code would therefore be stored
in the arithmetic circuit 26 for each segment or sec-
tion 18a, 18b, etc. This signal corresponds to the
actual number of clock pulses to be counted by the
counter 12 for that output signal section. 1In accor-
dance with an important feature of the invention,
these numbers are separately programmable in the arith-
metic circuit 26 for each of the digital processing
circuits 16, and therefore can be utilized to produce
as many different tone signals as there are digital
processing circuits 16 in the instrument.

After a desired number of cycles of production or pe-
riod of time of the pulse series (e.g., series 18 of
FIG. 2) in accordance with the initial control side,
which number is also programmed into the arithmetic
circuit 26, the binary encoded control numbers output
by arithmetic unit 26 may be altered, for modifying
the next number of cycles accordingly. This altera-
tion is also programmed into each unit 26. It should
be recognized in this connection that by cycle is meant
a given group or series of digital signals or pulses,
the example of FIG. 2 illustrating a cycle or series
18 comprising six such segments or sections. The
arithmetic circuit 26 may further be programmed for
modifying the binary encoded control number output a
given number of times, whereupon a stable state is
reached at which the circuit 26 continues to generate
a fixed binary encoded signal output, again dependent
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upon the programming thereof.

Referring now to FIG. 3, the arithmetic unit 26 is
illustrated in circuit schematic form. A read omly
memory (ROM) portion of the circuit comprises two in-
tegrated circuit ROM's 50 and 52, which in the illus-
trated embodiment each comprises an integrated circuit
" ROM of the type generally designated MM5202A. 1In the
embodiment illustrated in FIG. 3, the ROM 50 is uti-
lized to store six eight-bit words while the ROM 52

. is utilized to store up to six two-bit words. Thus,
the ROM space utilized in the embodiment illustrated
‘in FIG. 3 comprises six, ten-bit words. The eight
bits of each word contained in ROM. 50 comprise the
binary encoded number or code which determines the
duration or width of a respective section of the tone
signal output, e.g., the widths of sections 18a, 18b,
etc., of the waveform 18 of FIG. 2. The two binary
encoded output bits of each word which are stored in
the ROM 52 are controls or "flags", utilized, respec-
tively, to indicate whether the section width or dura-
tion should be modified in succeeding cycles of the
output waveform, and whether it should be increased
or decreased.

The ROM's 50 and 52 are addressed by a counter 54
which receives its clock input from the output line

30 of the control circuit 32. This signal and its
derivation will be explained in detail hereinafter.
Suffice it to say that this signal on the line 30 goes
low (i.e., logic "0") at the end of each section of
the signal output (e.g., sectioms 18a, 18b, etc., of
the waveform 18 of FIG. 2). The counter circuit 54

is preferably of the type generally designated 74LS93
and is decoded via a suitable logic circuit including
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an AND gate 56 and an OR gate 58, to count from zero
through five. Three similar counter circuits 60, 62

and 64 are interconnected with the counter 54 and each
other, to comprise a counter chain, which provides a
clock pulse to a seven-bit counter comprising a pair of
further similar counter circuits 66 and 68. In the
illustrated embodiment, the counters 60, 62, 64, 66 and
68 are all integrated circuits of the type generally
designated 74LS93. The counters 62 and 64 together
comprise a programmable counter for preselecting the
number of counts therefrom necessary to provide each
clock to the counter 66. This programming or preselec-
tion is accomplished by providing a suitable jumper be-
tween a selected output of counters 62 and 64 and one
input of a two-input AND gate 69 which feeds the clock
input of the counter 66. The other input of the AND
gate 69 is fed from the output of a six-input NAND gate
71, which is utilized to provide a maximum count lockout.
The inputs to the NAND gate 71 are also programmed by
being selectively jumpered with the outputs of the
counters 66, 68, thereby programming the maximum count
for lockout. This process also allows the number of
pulse pattern changes available for each such circuit

16 to be pre-programmed into the circuit. The invention
is not limited, however, to such a counter chain, since
other circuits may be utilized to perform this function.
For example, an asynchronous oscillator circuit (not
shown) might be arranged to provide an adjustable period
- for controlling these pulse pattern changes. |

It will be appreciated from the foregoing that each of
the circuits 16 may be individually programmed to
achieve the desired pattern of output pulses. Advan-
tageously, the novel yet simple expedient of separately
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programming the respective ROM's 50 and 52, as well

as the counters 62, 64, 66 and 68 is all that is re-
quired. In all other respects, the remaining portions
of the arithmetic unit circuit 26, and all other com-
ponents, are identical for each digital processing
circuit 16.

In operation, the six-bit output of the counters 66
and 68 are utilized to provide a number, programmed
as described above, which is either added to or sub-
tracted from the eight-bit ROM number at the output
of the ROM 50. This addition or subtraction is car-
ried out by a pair of four-bit adders 70, 72, which
receive one set of inputs to be added from the ROM
50 directly, and receiyes the other set of inputs to
be added from the six-bit counters 66, 68 via suit-
able intervening logic. The adders 70 and 72 output
an eight-bit signal comprising the sum of these two
signals on eight output lines designated generally
74 (and separately designated 74-1, 74-2, 74-3, 74-4,
74-5, 74-6, 74-7, 74-8).

The decision as to when and how to modify the eight-
bit output of the ROM in the adders 70, 72 is also
programmed into ROM 52. As mentioned briefly above,
one bit output ROM 52 determines whether or not the
count from the counters 66, 68 will be fed through

to the adders 70, 72, to combine with the output of
ROM 50. In the illustrated embodiment, this is out-
put 76 of ROM 52 and is connected via a suitable buf-
fer 78 to one input of each of a plurality of two-in-
put AND gates designated generally 80, the other input
of each of these AND gates 80 being joined with a
respecﬁive output of a group of exclusive OR gates
84. '
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The remaining bit output of the ROM 52 controls whether
the six-bit signal from the counter 66, 68, once al-
lowed in accordance with the state of the bit output
76, will be added or subtracted, at the adders 70 and
72, to the eight-bit signal from ROM 50. This control
bit is output 82 and feeds one input of each of a
plurality of two-input exclusive OR gates designated
generally 84, via a suitable buffer 86. The other
inputs of these exclusive OR gates 84 are fed from

the respective outputs of the previously described
counters 66 and 68. From the foregoing it will be
seen that when the bit output 76 of ROM 52 is high,
the six-bit signal from counters 66 and 68 will be
allowed at the adders 70 and 72 and conversely, when
the bit 76 is low, these same signals will be in-
hibited. When the bits 76 and 82 of ROM 52 are both
high, the six-bit output of the counter 66 and 68 will
be subtracted from the eight-bit output of ROM 52 by
the adders 70 and 72, while if bit 82 is low, the six-
bit number will be added to the eight-bit number.

When the bit 76 is low, all zeros will be presented

at those inputs of the adder 70 and 72 normally re-
ceiving the six-bit output of counter 66 and 68, where-
by the eight-bit output of ROM will be reproduced un-
altered at the output 74. The foregoing may of course
be achieved as desired by programming the bits 76 and
82 accordingly. In the illustrated embodiment, the
circuit of FIG. 3 effects at most a one~bit change

in the output signal 74 per segment, per cycle of the
tone signal output, it being remembered that one cycle
in the illustrated embodiment comprises six segments
or sections, With reference to FIG. 2.

Referring now to FIG. 4, the remaining elements of
the digital processing circuit 16 are illustrated,
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together with the counter 12 and an associated clock
90. The clock 90, in the case of the first of the
processing circuits 16; is the clock or external os-
cillator 10. This oscillator 10 as previously men-
tioned, outputs a square wave pulse train at a fixed
frequency, which in the illustrated embodiment, is
on the order of 1.7 megahertz. The counter 12, in

- the illustrated embodiment, comprises two, four-bit
synchronous counter circuits 91, 92 and interconnec~
ted to form an eight-bit synchronous counter. The
outputs of the synchronous counter feed the illustrated
first signal processing circuit 16 comprise the four
output bits (F1, F2, F3, F4) of the counter circuit
91 and the four bits (F5, F6, F7, F8) of the counter
circuit 92. 1In the illustrated embodiment, the coun-
ter circuits 91 and 92 comprise integrated circuits

~ of the type generally designated 74LS161.

The buffer 20 comprises a pair of four-bit latch cir-
cuits 95 and 96, which have their input terminals
joined with the respective outputs of the counters

91 and 92. The load control input line 22 of the
latches is fed from the control circuit 32, as men-
‘tioned previously. The output lines of the latches
95 and 96 also comprise four bits each and feed respec-
tive input terminals (A) of two four-hit adders 97
and 98, which form the adder circuit 24 of the block
diagram of FIG. 1. These adders 97, 98 receive at
their other inputs (B) the output lines 74 from the
adders 70, 72 of the arithmetic circuit 26 of FIG.

3 as designated by the use of the like reference nu-
merals 71-1 through 71-8. The adder circuits 97 and
98 preferably comprise integrated circuits of the
type generally designated 74LS83, while the latches
95 and 96 preferably comprise integrated circuits
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of the type generally designated 74LS9S.

The summed outputs (A+B) of the adders 97 and 98 com-
prise four-bit outputs which feed corresponding four-
bit input terminals (A) of a pair of four-bit compara-
tors 99 and 100, which comprise the comparator 28 of
the block diagram of FIG. 1. The other compared in-
puts (B) to the comparators 99 and 100 are the four-
bit counter outputs of the counters 91 and 92, respec-
tively. The compare output (A=B) of comparator 100

is fed as an input to comparator 99 whose compare out-
put (A=B) forms the input to control circuit 32.

The control circuit 32 comprises a pair of flip-flops
101 and 102 and an AND gate 104. The comparator 99
output line (A=B) feeds the clear input of flip-flop
101, whose clock input is fed directly from the clock
90. The Q output of flip-flop 101 comprises the out-"
put line 30 for this circuit 32, which is the same
control line feeding the clock input of the counter
54 of FIG. 3, and the clock input for flip-flop 102
whose clear input is driven from the first reset line
42 of the block diagram of FIG. 1. The Q output of
flip~-flop 102 forms one input to the AND gate 104
whose other input is tied to the same reset line 42.
The output of AND gate 104 forms the tone signal out-
put (F out) on line 34 of the digital processing cir-
cuit 16.

With reference to FIG. 5, the Reset circuit 38 of the
block diagram of FIG. 1 is illustrated in detail,
whereby the derivation of the reset signal on lines
42 will now be described in detail. The reset circ-
cuit 38 includes a demultiplexer circuit comprising a

pair of three-line-to-eight-line demultiplexers 110
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and 112. In the illustrated embodiment, the demulti-
plexers 110 and 112 are integrated circuits of the
type generally designated 74LS138. An externally
generated, multiplexed reset signal (RST) feeds the
input line 40 to the circuit, which becomes a first
enable signal of the demultiplexer 110. Select in-
puts of the demultiplexers 110 and 112 are fed in

- common from three lines designated generally 114 which
are provided with suitable external timing signals,

in synchronization with the multiplexing of the reset
signal (RST) at the line 40. The unselected outputs
of demultiplexers 110 and 112 remain high, while selec-
ted outputs go low. '

The 'eight outputs of demultiplexers 110 and 112 each
drive the input of one of sixteen inverters designated
~generally 116. The inverters 116 associated with the
outputs of the demultiplexer 110 each feed the clock
(C) input of one of a corresponding plurality of flip-
flops designated 118. The inverters 116 associated
with the outputs of the demultiplexer 112 each feed
one input of one of a corresponding plurality of three-
input NAND gates designated generally 120. The second
input of each of the NAND gates 120 is fed directly
from a respective output of the demultiplexer 110,
while the third inputs thereof are all tied in common
to a control signal line 122. This control signal on
line 122 comprises a sample pulse occurring during

the last quarter of each multiplexing clock cycle
(i.e., the cycle in which the multiplex clock control
signals are given over the lines 114). 1t will be
understood that these multiplex signals and control
lines are for use with an electronic musical instru-
ment which utilizes multiplexing and demultiplexing
circuits, and is provided with common control signals
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therefor to assure proper synchronization between the
operations of the various related multiplexed and/or
demultiplexed circuits. Such multiplexing and demul-
tiplexing components form no part of the present in-
vention, however, and therefore need not be described

in detail.

The outputs of the NAND gates 120 feed respective re-
set (R) inputs of the flip-flops 118. The Q outputs
of the flip-flops 118 form the respective reset lines
42 for the eight circuits 16. In the illustrated em-
bodiment, the lines 114 present a binary encoded count
which advances at a 30 KHz rate.

Referring now to FIG. 6, the pulse height or level
control circuit 44 is illustrated. This circuit 44
comprises three multiplexer circuits 130, 132 and 134,
which in the illustrated embodiment are all of the
type generally designated 74151. These multiplexers
have respective output select inputs driven in common
 from the three control lines designated generally 114,
- which are the same lines 114 associated with the cir-
cuit of FIG. 5. It will be recognized that these three
lines present three bits of multiplexing and demulti-
plexing information, suitable for handling the eight
data processing circuits 16 of the illustrated embodi-
ment. The multiplexed inputs of multiplexers 130,
132 and 134 are provided in serial fashion from the
respective ROM 52 in each of the data processing cir-
- cuits 16. In order to accommodate the pulse height
adjusting feature, the utilization of these ROM's 52
is inc¢reased by three bits, thereby providing for pro-
gramming of eight possible amplitude levels. These
three additional bits are generally designated 138,
only one such ROM 52 and its bit outputs 138 being
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illustrated to facilitate clarity in the drawing.

Referring again briefly to FIG. 3, a further optional
feature comprises external selection of pulse patterns.
To this end, a pair of terminals 140, 142 are joined
with respective additional address inputs of each of
the ROM's 50 and 52. These additional address lines
are wired in common to the ROM's 50, 52 for each of
the eight digital processing circuits 16. The lines
140, 142 directly join external selection means such
as a suitable switch, or the like, for selecting addi-
tional words programmed into the ROM's 50, 52 respon-
sive to these two address inputs;

Reference is now invited to FIG. 7 and FIG. 8, wherein
additional control circuits, which may be associated
with each data processing circuit 16 of the block dia-
-gram of FIG. 1, are illustrated. The ROM's 50 and

52 are shown in FIG. 7 as a decoder and a matrix array
associated with the counter 54 of FIG. 3. 1t will

be remembered that each ROM 50, 52 may be programmed
with six, eight-bit words for each processing circuit
16. Accordingly, the matrix array of FIG. 7 illus-
trates six, sixteen-bit words, representing the con-
tents of both ROM's 50 and 52 for one processing cir-
cuit 16. The ROM's 50 and 52 are provided with a three-
line-to-six-line decoder circuit 150, which receives
the count from counter 54 and decodes into six lines
for selectively -addressing one of the six words of

the ROM 50, 52.

As described above, the first eight bits, here desig-
nated generally 152, provide "transition time" or sig-
nal segment width information to the adder 70, 72 of
FIG. 3. The next two bits 76 and 82 are the same as
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like numbered bits of ROM 52 in FIG. 3, providing the
"change or maintain" information and the "add or sub-
tract” information to the other circuits of FIG. 3.
The next three bits are the bits 138 containing pulse
height or level information, as described above with
reference to FIG. 6. The remaining three bits, desig-
nated generally 154, may be selectively utilized to
program other suitable information for the tone signal
segments associated with these six words of ROM's 50
and 52.

A digital logic control circuit is provided for utiliz-
ing the bits 138 and 154 in conjunction with a mode
and enable control circuit illustrated in FIG. 8.

The logic control circuit of FIG. 7 comprises an array
of six two-input AND gates designated generally 156
each having one input tied to a respective one of the
ROM bits or output lines 138 and 154. The second in-
puts of the last three AND gates 156, as viewed from
the left to right in FIG. 7, are fed from the output
of an inverter 155, while the second inputs of the
remaining three AND gates 156 are fed the opposite
sense signal takem at the input of inverter 155. The
outputs of the first three AND gates 156 are fed to
one input of each of three, two-input OR gates desig-
nated generally 158, which receive their second inputs
from the respective outputs of the remaining three

AND gates 156. '

Referring now to FIG. 8, outbuts 157, 159 and 161 of
the three OR gates 158 of FIG. 7 feed one input each
of three OR gates designated generally 160. These |
three OR gates 160 feed the ‘three inputs of a three-
bit digital-to-analog converter 162, thereby converting
to analog form the digitally encoded pulse height or
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level signals carried in the ROM's 50, 52. The remain-
ing inputs of the three OR gates 160 are fed in common
from a control input 164. The mode and enable control
circuit of FIG. 8 receives a second control input on

a line 166, which feeds one input of a further two-in-
put OR gate 168, whose opposite input is fed by the
control line 30 from the flip-flop 101 of FIG. 4.

The control input 164 also feeds an inverter 170 which
in turn feeds one input of a two-input AND gate 172, -
 whose other input is fed directly from the control
input 166. The output 174 of AND gate 172 feeds the
input of the inverter 155 of FIG. 7. The output of

OR gate 168 feeds a reference input of the three input
D-to-A converter 162.

- In operation, the control inputs 164 and 166 are connec-
ted with control switches or other suitable control
signal sources for receiving logic "1" or "0" signals
to cause the circuits of FIGS. 7 and 8 to control the
output pulses or tone signal segments in accordance
with three possible modes of operation. With both
inputs 164 and 166 at logic "0", the foregoing circuits
will allow variation in segment width of all segments,
e.g., 18a, 18b, etc., of FIG. 2, and in level or ampli-
tude of alternate segments, e.g., segments 18a, 18c,
and 18e of FIG. 2. With input 166 at logic 0 and input
164 at logic 1, segment width of each segment of the
signal, e.g., segments 18a, 18b, etc. of FIG. 2, is
variable.. With input 166 at logic 1 and input 164

at logic 0, both width and level or amplitude of each
segment of the output tone signal is variable.

Reference is now invited to FIG. 9, which shows a sys-
tem incorporating eight separate notes or tone signals

generated in accordance with the present invention
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on one LSI circuit chip. The circuit of FIG. 9 makes
use of eight of each of the components thus far des-
cribed with reference to FIGS. 3, 4, 7 and 8, which
are here each illustrated in block diagrammatic form.
Several additional suitable control circuit elements

. are included to facilitate the incorporation of these
eight similar circuits in one integrated circuit pack-

age.

These additional components comprise a pair of flip-
flops 200 and 210, the flip-flop 200 receiving its D
input from a "pulse out" signal terminal 202. This
pulse out signal terminal 202 and the signal provided
thereat form no part of the present invention and need
not be described herein in detail. Suffice it to say,
that a pulse signal will be developed at the pulse

out terminal 202 in response to each actuation of a
key on a keyboard of the associated electronic musical
instrument. The Q output of the flip-flop 200 feeds
the clock (CK) input of flip-flop 210, whose Q output
in turn feeds the reset terminals of each of eight
counter circuits, designated generally 212. These
counter circuits 212 are each a counter chain similar
to that comprising counters 54, 60, 62, 64, 66 and

68, illustrated in FIG. 3. Each counter 212 is asso-
ciated with an arithmetic circuit and ROM's designated
generally 214, each of which is similar to the remain-
der of the circuit illustrated in FIG. 3. The arith-
metic circuits and ROM's 214 in turn each feed a tran-
sition circuit designated génerally 216, each of which
is the same as the circuit of FIG. 4, excluding the
counters 80, 82, 84 and 86.: These counters are re-
placed in the embodiment of-FIG. 9 by a single eight-
bit counter 218. The eight-bit counter 218 also drives
the clock input of the flip-flop 200 and the reset
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input of the flip-flop 210.

An additional circuit in the embodiment of FIG. 9 com-
prises a frequency and phase detector 220, which has
one input fed from the eight-bit counter 218 and a
second input fed by a frequency signal (F in) from the
electronic musical instrument via a suitable buffer
222. The outputs of the frequency detector may be
connected to suitable external circuit elements (e.g.,
filters) for use as desired, at terminals designated
generally 224. The input to the eight-bit counter

218 is from a suitable external oscillator (e.g., a
VCO) at a terminal 226. The period transition circuits
216 and additional bits of ROM information from the
circuits 214 feed respective mode select and enable
circuits, designated generally 228. These circuits
228 are each the same as circuits illustrated in FIG.
7 and FIG. 8. The interconnections of these circuits
228 with their associated period transition circuits
216 and ROM's in block 214 are the same as those de-
scribed with reference to FIGS. 7 and 8. A separate
D-to-A converter 162 is provided for each note or tone
signal output, and each has its output, designated
generally 230 tied to a suitable circuit for envelope
control, such as FET's designated generally 232.

A suitable envelope control signal is provided~at the
gate electrode of each FET 232 from an external source
234. Accordingly, the envelope output signal appears
at the opposite terminal of FET 232 at the circuit
point designated 236. In the illustrated embodiment,
the envelope control signals are applied to the outputs
of the tone generation circuits in groups of three,
three and two, viewed from top to bottom. Other en-
veloping arrangements may be utilized, the foregoing
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forming no part of the invention:.but serving merely
to give an example of a circuit embodying the present
invention and including enveloping control.

While preferred embodiments of the invention have been
illustrated and described herein, the invention is not
limited thereto. On the contrary, various modifications,
changes and alternatives may occur to those skilled

in the art, and the invention includes such changes,
modifications and alternatives insofar as they fall
within the spirit and scope of the appended claims.
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CLAIMS

1. A programmable tone generator comprising a digital
signal processing circuit having an output tone signal
which is a composite signal comprising a series of
digital signal segments and a programmable variable
number source coupled to supply predetermined digital
numbers to said digital processing circuit and coopera-
ting therewith to individually control the duration of
each of said digital signal segments, thereby construc-
ting said composite signal at a predetermined fundamen-
tal frequency and having predetermined harmonic content
and characterized in that the programmable variable
number source (26) comprises a first programmable number
source (50) and a second programmable number source
(62, 64) cooperating in circuit with said first pro-
grammable number source (50) to provide the predeter-
mined digital numbers supplied to said digital proces-
sing circuit. '

2. A programmable tone generator according to claim 1
wherein the first programmable number source (50) com-
prises a ROM (50).

3. A programmable tone generator according to claim
. 1 wherein said second programmable number source (62,
64) comprises a programmable counter circuit (62, 64).

4. A programmable tone generator according to claim
1 including a plurality of 1ike digital processing
circuits (16) and a plurality of independently pro-
grammable variable number sources (26) each coupled
to one of said digital processing circuits (16).

5. A tone signal generator according to claim 2 wherein
said first programmable number source (50) is addressed
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by a counter (54) which defines the number of said
signal segments in each cycle, each cycle comprising
a like number of consecutive segments.

6. A programmable tone generator according to claim

1 further characterized in the provisions of a third
programmable number source (52) for providing a control
signal indicative of a desired amplitude for each digi-
tal signal segment.

7. A programmable tone generator according to claim
5 wherein said further programmable number source com-
prises a ROM (52).

8. A tone signal generator according to claim 6 wherein
said third programmable number source (52) also controls
the maintaining or changing of the width of signal
segments at corresponding positions in successive ones

of said cycles thereby selectively maintaining>or changing
the harmonic content of the tone signal output of the
associated tone signal branch.

9. A programmable tone generator according to claim
1 and further comprising a clock (10) for producing

a series of pulses at a predetermined frequency, a
counter (12) having an input coupled to said clock
(10) and a plurality of outputs (14), at least one
tone signal branch (16) connected to selected ones
~of said outputs (14) and comprising said digital sig-
nal processing circuits (16) and producing a cyclical
tone signal output, each cycle thereof comprising a
predetermined plurality of ¢ontiguous signal segments
and further characterized in that the first program-
mable number source (50) is coupled with said tone sig-
nal branch (16) and cooperates with said counter (12)
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for controlling in a predetermined fashion the time
duration of each said signal segment in a basic cycle
of said cyclical tone signal output and second program-
mable number source (62, 64) cooperates with said first
programmable number source (50) for controlling in

a predetermined fashion the time duration of each said
signal segment in each cycle of said cyclical tone
signal output, thereby constructing the composite out-
put tone signal of a predetermined fundamental fre-
quency and of predetermined harmonic content from said
tone signal branch.

10. A tone signal generator according to claim 9 where-
in said clock (10) comprises a digital electronic clock
circuit, wherein said counter (12) comprises a digital
electronic N-bit binary counter circuit, and wherein
each signal processing circuit (16) includes a latch
circuit (20) and an adder circuit (24), said adder
circuit (24) receiving one set of inputs from the latch
circuit (20) and another set of inputs from said pro-
grammable variable number source (26), and a comparator
(28) connected in circuit for comparing the output

of the adder circuit (24) with the output of the coun-
ter (12), and for controlling operation of the latch
circuit (20) in accordance with said comparison, and

a control circuit (32) driven by the output of the
comparator (28) and providing the output tone signal.
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