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€9 Generation of musical tones from muitiplexed serial data.

) Multiplexed serial data {20) from the keyboard (10) of a
musical instrument, such as an electronic organ, is delayed in a
shift register (22) to cause generation of musical tones related
to the keyswitches closed on the keyboard and combined with
the non-delayed serial data (42) for producing mutation voices
or chords.
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Generation of Musical Tones
From Multiplexed Serial Data

Background of the Invention

In order to avoid the complexity and expense of individual
wiring of organ keyboards it has become known to utilize
multiplexing of the keyboard, see for example Watson U. S.
Patent 3,610,799. A serial data stream is thus generated
with pulses in the serial data stream indicating which notes
are to be played. Other information also may be carried
such as the condition of various controls including the
position of stop tablets. The pulses in the serial data
stream provide information to electronic tone generating
circuitry to effect production of tones corresponding to
keys that are depressed on the keyboard to close correspond-
ing keyswitches, )

The production of transposition by selectively delaying the
serial data stream also is known as disclosed in Deutsch

U. S. Patent 3,610,800.

Objects and Summary

The present invention advances over prior multiplexed organs
and the like in providing a time delay to the serial data
stream, and combining the delayed stream with the non-delayed
stream to generate mutation frequencies, chords, couplers,
and chimes effects. '
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Related Applications

Klaiber Serial No. 917,307, for 'Wave Form Synthesis for
an Electronic Musical Instrument';

Hoskinson Serial No. 917,308, for "Digital Control of
Attack and Decay';

Machanian et al Serial No. 917,309, for '"Means for Storing
Bass Rhythm Patterns";

Machanian et al Serial No. 917,305, for "Production of
Chord Notes in a Digital Organ'';

Schwartz et al Serial No. 917,310, for "Modular Expandable
Organ System';

Schwartz et al Serial No. 917,311, for '"Master Control LSI
Chip";

Hoskinson et al Serial No. 917,312, for '"Large Scale
Integrated Circuit Chip for an Electronic Organ'';

Schwartz et al Serial No. 917,313, for 'Large Scale
Integrated Circuit Generator Chip for an Electronic Organ';

Schwartz et al Serial No. 917,314, for "Large Scale
Integrated Circuit Generator Chip for an Electronic Organ';

Ippolito et al Serial No. 917,296, for "Non-Redundant

Generator Unlocking';

Carley et al Serial No. 917,295, for "Envelope Control
Causing Damper Effect on Percussion'.

All of the foregoing applications were filed on June 20,
1978. A further related application is Schwartz et al
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Serial No. 962,981, filed November 11, 1978, for 'Large
Scale Integrated Circuit Generator Chip for Electronic
Organ'. The disclosures of all of the foregoing related
applications are incorporated herein by reference. All are
assigned to the same assignee as the present application,
The Wurlitzer Company of Dekalb, Illinois.

The Drawings

The invention will best be understood with reference to
the ensuing specification when taken in connection with
the accompanying drawings wherein:

Fig. 1 is a circuit diagram illustrating the underlying
principles of the present invention;

Fig. 2 illustrates a modification of the circuit of Fig. 1;
Fig. 3 is a timing diagram illustrating the different types
of information carried by the serial data stream in one
multiplexing scan; -
Fig. 4 is a diagram in time relation with the diagram of
Fig. 3 illustrating the state of a particular potential at

a given time;

Fig. 5 is a circuit diagram illustrating the present
invention as utilized to provide a chord generator; and

Fig. 6 is a circuit diagram of an addition to the circuits
of the present invention to produce a chimes effect.

Detailed Description

Referring now in greater particularity to the drawings, and
to Fig. 1 there is shown a keyboard 10 which will be under-
stood to comprise the usual organ keyboard having a
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plurality of keys, for example 61 for a full organ, or a
lesser number for the well-known spinet organ. Each key of
the keyboard will be understood as having at least one key-
switch which is connected to a multiplexer 12 as indicated at
14, Similarly, various control switches 16 are connected to
the multiplexer at 18. The control switches may include stop
tablets for various organ voicing, or control switches for
accompaniment rhythm effects, etc. The multiplexer scans the
various switches from bottom to top, i.e., an up—scan;

Serial data from the multiplexer is carried by a line 20
leading to the input of an N stage shift register 22.

A data clock 24 is connected by a line 26 to a divide-by-two
circuit 28. The divide-by-two circuit 28 has an output line
30 leading to a seven-stage divider 32. The outputs of

this divider, indicated at A through G are connected to the
multiplexer 12 in conventional fashion to operate the
multiplexer. The output line 30 of the divide-by-two circuit
28 has another line 34 connected thereto which leads to

the C or "clock" input of the aforementioned shift register
22.

The output of the shift register 22 is applied to a line

36 which carries delayed data similar to the serial data

on line 20, but delayed by the number of counts possible
from the N stage shift register. The delayed data line 36
is individually connected to a series of B chips 38, 40,
etc. These B chips are constructed in accordance with
Schwartz et al Serial No. 917,313 or Schwartz et al 917,314,
or Schwartz et al Serial No. 962,981. As is set forth in_
greater detail in each of the foregoing applications, each

B chip is capable of producing any frequency of any note of
the organ, and is assigned by the serial data, in the present
instance the delayed data, to produce the frequency corres-

ponding to a note played on the keyboard 10.

The serial data line 20 is provided with a branch 42 which
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leads to an additional sequence of B chips, 44, 46, etc.

Each B chip is provided with a plurality of output terminals
schematically represented in Fig. 1 by a single output 47.
The output terminals are respectively connected to output
circuits 49 including filters, couplers, etc., in which

the B chip outputs are ultimately combined and connected

to an output amplifier which feeds a loudspeaker system 51
or other suitable electro-acoustic translating means.

The system strobe 48 is derived from the counts of the
divider 32.in aknown manner, and is connected to the reset
line 50 for the divide-by-two circuit 28 and the seven-stage
divider 32. A branch reset line is connected to the B

chips 38, 40, etc., and 44, 46, etec. A further connection
is made from the previously mentioned reset line, herein-
after identified with numeral 50, to a further system strobe
line 52 connected to the reset terminal of the shift register
22. The system strobe and various reset line connections
ensure proper synchronization of all parts of the circuit.
The serial data lines 20 and 42 leading direct to the set

of B chips, 44, 46, etc., causes the B chips to generate
frequencies corresponding to the note of the keys depressed
in the keyboard 10. On the other hand, the delayed data

on the line 36 from the end stage of shift register 22 as
applied to the set of B chips 38, 40, etc., causes this

set of B chips to produce frequencies related to the keys
depressed on the keyboard 10, but not the same as such

keys. As stated otherwise, each switch of each keyboard

(or keyboards) has its own time slot according to the
mubtiplex scan. Thus, when a given closed switch is
encountered there will be a corresponding 1 on the serial
data at that time slot. Each time slot has its correspond-
ing frequency. Thus, the set of B chips 44, 46, etc.,
produces frequencies exactly the same as that of the note
corresponding to the closed keyswitches of the keyboard. On
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the other hand, since the data is delayed to the set of B
chips 38, 40, etc., mutation frequencies are produced.

A modification of the invention is illustrated in Fig. 2.
In this Figure the delayed data line is connected to a two
input AND gate 54. The other input to the AND gate 54 is
MOX G. The output 56 from the AND gate 54 is connected to
one input of a two input OR gate 58. The other input to
the OR gate comprises the serial data as on line 42, for
example. The OR gate has an output 60 leading to a single
B chip set, for example the set of B chips 44, 46, etc.

In accordance with the modification of Fig. 2 the same set
of B chips will produce both the fundamental and the muta-

tion tones.

In Fig. 3 a time base is shown at 62 corresponding to the
counts of the seven-stage counter 32, which will be
recognized as being a binary counter. With the seven stages
and the outputs thereof the time base runs from 0 to 127.
Key information is provided in the serial data line 20 from
the multiplexer on counts 1 to 61. Control informationm -is
provided from count 61 to count 127. Fig. 4 is aligned
vertically with Fig. 3 and shows the condition MUX G, being
0 from count 0 to count 63, and being 1 from count 64 to
count 127. MUX G is the inverse of MUX G. MUX G comprises
output G of the seven-stage divider 32. The inverse of
MUX G, namely MUX G is used in order that a zero into the
AND gate 54 will not let the delayed control information
through. The OR gate 58 responds to either or both the
delayed data or the serial data which is not delayed. It
will be apparent that positive logic is being used herein.

Fig. 5 is similar to portions of Fig. 1, and provides for
the production of chords. The data clock/2 line 30 is
connected to the C or "clock" input of a 12 stage shift
register 64. The 12 stages are chosen in correspondence to
the 12 semi-tones of a musical octave. The 12 outputs
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66-1, 66-2, through 66-12 are respectively connected to
fixed switch contacts illustrated at 68-1, 68-2, through
68-12,

The serial data line 30 is connected to the input of the
12 stage shift register 64, and is connected by means of
a branch connection 70 and a further branch connection 72
to a switch contact 74.

A fixed switch contact 76 corresponds to the fixed switch
contact 74. Subsequent switch contacts 78-1, 78-2, through
78-12 corfespond to the switch contacts 68-1, 68-2 through
68-12. All of the switch contacts 76 and 78 are connected
to a common buss 80 which leads to one input of a two input
NOR gate 82. MUX G is connected to a line 84 which leads
to the second input of the two input NOR gate 82. The
output 86 from the NOR gate 82 is connected to one input

of a two input NOR gate 88. "

The MUX G line 84 also is connected by a branch connection
90 to both inputs of a two input NOR gate 92, which there-
fore serves simply as an inverter. The output of the NOR
gate 92 is connected at 94 to one input of a two input NOR
gate 96. The second input of the NOR gate 96 comprises

the serial data on the line 70 previously mentioned. The
output of the NOR gate 96 is connected at 98 through the
second input of the NOR gate 88. The output of the NOR
gate 88 at 100 leads to the B chip set and comprises serial
data.

The switches comprising the contacts 74, 76 and 68-1 through

68-12 and 78-1 through 78-12 are controlled by external
controls 102. For example, if the contacts 74 and 76 are
connected as by a suitable electronic gate, then the serial
data on line 70 will be applied as an input to the NOR gate
82 without delay. If the E contacts 68-4 and 78-4 and also
the G contacts 68-7 and 78-7 are respectivelyrconnected,
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then delayed pulses corresponding to the E and G notes will
also appear on the collector 80 and a C chord will be

produced.

As noted before MUX G comprises the second input to the NOR
gate 82. A 1 on either input to the NOR gate 82 forces a
0 on the line 86. This, of course, provides a 0 on the
line 86 through the entire second half of the multiplex
scan, since MUX G is high during that period. Since the
NOR gate 92 serves as an inverter, MUX G appears on line
94, MUX G is 1 during the first half of a scan, thus
forcing a 0 on the output 98 during that period. On the
other hand, MUX G is 0 during the second half of the scan,
whereby serial data comprising control data will determine
the output on the line 98.

The output of the NOR gate 88 on line 100 thus will comprise
serial data to the chips with the count corresponding to
the notes selected either not delayed or delayed, or both
in the case of chords, in accordance with the setting of
the switches as previously noted.

In order to produce a chimes sound it may be necessary, in
effect, to back up the entire keyboard. For example, it
may be desired to play a C note, an E note below the C, G
and C an octave above. 1In order to get the E below the C
it is necessary to back up the keyboard eight notes or time
slots. A 1 of 16 multlplexer commerc1ally available under
No. 74 150 is provided at 104 in Fig. 6. Information in
the form of serial data is presented to the input of this
multiplexer in eight bit (or time slots) éhunks from a

one of eight multiplexer. Due to utilization of commer-
cially available components the multiplexer 12 comprises
sixteen one of eight multiplexers connected to a one of
sixteen multiplexer. It is one of these one of eight
multiplexers that is used here. Prerequisite serial data
is present, and in order to get the note or notes below
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those actually played it is necessary not to take the serial
data in normal or right order. Due to the one of eight
multiplexer the data repeats once every 1/16 scan frame.

The inputs of the multiplexer 104 are wired together in
pairs, input 1 being connected to input 8, input 2 Being
connected to input 9, etc. Input connections A, B and C

are the normal one of eight. Input D cycles inputs 0
through 7 when D equals 0, and cycles inputs 8-15 when D
equals 1. The output then is taken at 106 as serial data
transmitted to the set of B chips.

Mutations of multiplexed serial data corresponding to
musical tones are produced as heretofore set forth for

the various effects noted. The specific illustrative
examples are exemplary only, and those skilled in the art
will no doubt be able to provide other examples which will
be understood as forming a part of the present invention
insofar as they fall within the spirit and scope of the
appended claims.
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Claims:

l. Tone generating means for an electronic musical
instrument comprising a keyboard (10) having a plurality

of keys each having a musical name note and a like plurality
of keyswitches (16) respectively moved from inactive to
active position by selective manual operation of said keys,
multiplexing means (12) interconnected with said keyswitches
to scan from bottom to top thereof for generating a primary
serial data stream (42) having time encoded pulses corres-
ponding to active keyswitches, each pulse in said serial
data stream corresponding to a predetermined musical name
note, characterized in the provision of means for shifting
the time position of at least one of said pulses (22) to
produce a second data stream (36) in which at least one of
said pulses corresponds to a note other than said predeter-
mined notes, and means for producing musical notes (38, 40,
44, 46) corresponding to the pulses in both said primary
and said second data streams.

2. Tone generating means as set forth in claim 1 charac-
terized in the provision of means for combining said
primary data stream and said second data stream (58) to
produce a composite data stream (60), said composite data
stream being fed to said musical note producing means.

3. Tone generating means as set forth in claim 1 or claim
2 characterized in that a single pulse in said primary data
stream is shifted to a plurality of different positions

(64) in said second data stream.

4, Tone generating means as set forth in claim 3 charac-
terized in that the single pulse is delayed by different
counts to provide said plurality of positions to produce

a musical chord.
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5. Tone generating means as set forth in claim 3 or claim
4 characterized in that said pulse is both advanced (104)
and delayed to form a chimes effect.

6. Tone generating means as set forth in any of claims
3-5 characterized in that an advanced pulse is produced
by a one of eight multiplexer (12).

7. Tone generéting means as set forth in any of the

preceding claims characterized in that said means for
producing means receiving the primary data stream (44, 46)
and separate note producing means receiving the second data
stream (38, 40).

8. Tone generating means as set forth in any of claims 1-5
and 7 characterized in that the pulse time position shift-
ing means comprises a shift register (22).
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