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4.8
Interfacing
to the MG6800

An MBB00 microprocessor can be interfaced with an AY-3-8910/8812
through the addition of an M6820 PIA chip. The I/O ports designated
as PAD to PAT are used as the 8 bit bus lines and I/0 ports PBO to PB2
are used as the bus control lines. The software routines shown are
used to control the latch address, write data, and read data functions
for the AY-3-B910/8912,

4.8.1 LATCH ADDRESS ROUTINE
AT ENTRY, B HAS ADDRESS VALUE

LATCH CLRA
STAA B00S ;GET D DIR A
LDAA #FF
STAA BOO4 .OUTPUTS
LDAA #4
STAA BOOS ;GET PERIPHERAL A
STAB 8004 ;FORM ADDR
5TaA BODE
CLRA
STAA 8006 LATCH ADDRESS
RTS ;RETURN

4.8.2 WRITE DATA ROUTINE
AT ENTRY, B HAD DATA VALUE

WRITE STAB 8004 ;FORM DATA,
LDAA #6 .DWS
STAA 8006
CLRA
STAA 8006 WRITE DATA
RTS ;RETURN

4.8.3 READ DATA ROUTINE
{AFTER READ, B HAS READ DATA

READ STA A BDO5 ,GET D DIR
STA A BOD4 INPUTS
LOAA #4
STA A BODS ,GET PERIPHERAL
DECA
STA A BODE ;READ MODE
LDA B 8004 [READ DATA

CLRA
STA A 8006 :REMOVE READ MODE
RTS RETLURN
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Fig. 21
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4.9
Interfacing
to the 8080

5100 Bus

The sample 5100 bus design provides for reading and writing the
P5G using only an BO8O “IN" or “OUT" instruction to the proper
address. Another feature of the design is the provision for multiple
PSG devices to be connected to a single bus, The system described is
presantly running two PSG's, one to each of two stereo channels,

As can be seen from the read and write routines in the illustrative
program, the program overhead necessary to communicata with tha
PSG is minimal.

4.9.1 LATCH ADDRESS ROUTINE

PORTADDR EQU BOH ADDRESS TRAMSFER PORT ADDRESS
FORTODATA EQU B1H DATA TRAMSFER PORT ADDRESS

THIS ROUTIME WILL TRAMSFER THE COMTENTS OF
8080 REGISTERA C TO THE PSG ADDAESS REGISTER
PEGEAR MOV AL GET G IN A FOR OUT
ouT PORTEAR SEMD TO ADDRESS PORT
HET

4.9.2 WRITE DATA ROUTINE

‘AOUTINE TO WRITE THE CONTENTS OF B0B0 REGISTER B
-TC THE PSG REGISTER SPECIFIED BY 8080 REGISTER ©

PSGWRITE CALL PSGBAR GET ADDRESS LATCHED
MOV AR, (GET VALLUE IM A FOR TRANSFER
LT PORTDATA PUT TO PSG REGISTER
HET

4.9.3 READ DATA ROUTINE

-ROUTINE TO READ THE PSG REGISTER SPECIFIED
1BY THE 8080 AEGISTER C AND RETURM THE DATA
iIN 8080 REGISTER B

PSGREAD CALL PSGBAR

I PORTDATA (GET REGISTER DATA
MOV B A GET IN TRAMSFER REGISTER
RET
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5.1
Note Generation

MUSIC GENERATION

The production of music involves the creation of series of frequen-
cies which are pleasing to the human ear (setting critical evaluation
aside). This involves essentially mathematical relationships, making
the application ideal for digital devices. For example, the shifting up
or down in octaves is a multiplication or division by a power of 2,
which is a simple shift operation for most microprocessors,

Another factor in music generation is "communication™. The com-
poser must be able to convey his tune ideas so that a musician or
group of musicians can reproduce the composer's ideas—often on
widely differing instruments, This concept involves “tuning” the
instruments to a standard set of frequencies and following a set
rhythm pattern. The tuning frequency most widely used is based on
the third octave note "A" of 440Hz, the "Equal Tempered Chromatic
Scale™.

Although it is easy to construct recognizable tunes using only one
note at a time, the simultaneous sounding of more than one note to
produce chords and counterpoint vastly increases the quality of the
sound. This feature is easily achieved in the PSG since three
channels are provided, each independently programmable,

Since notes are formed by sustaining a particular frequency for a
preset period of time at a varying amplitude, the PSG performs this
function with a serles of simple register loads. The method used in
many cases is to obtain register load values for first octave notes and
to shift to the correct octave at playtime.

The chart in Fig. 23 lists a full 8 octaves of notes from a low of C1
(32, 703Hz) to a high of B8 (7902.080Hz). Assuming an input clack
frequency of 1.78977MHz (one half the standard “color” crystal
frequency of 3.579545MHz). and applying the formulas of Section 3.1
for calculating Tone Period register load values, results in the
register values shown., The nature of the PSG divider scheme
produces a high degree of accuracy for low frequencies, less for high
frequencies. This can be seen in the chart in the comparison of “ideal
frequencies” and “actual frequencies”, with the ideal frequencies
being those of the Equal Tempered Chromatic Scale, and the actual
frequencies being the “best fit” values from the formula calculation

di
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9.2
Tune Entry/
Playback

5.3
Tune Variations

One of the methods of entering a composition into a computer
memory would be to utilize a keyboard to pass number and
alphabetic information concarning the composer's wishes. An alter-
nate method would be to scan a positional series of switches (like a
piano keyboard) to determine note, volume and duration data.

Since flexibility in tune entry is desired, it is important to allow the
compaoser to specify certain constants of entry such as octave, pitch
or tempo, and have these entries normalized to a known value

Ona of the significant features of a microcomputer based music
plaver 15 the ability to modify the tune once it has been recorded,
Among the simpler variations are:

5.3.1 OCTAVE SHIFT

If an octave constant is added to the octave of the recorded note prior
to storing the value in the PSG register, dynamic pitch changes can
be obtained. The programming effect would ba to shift one bit left for
each lower octave and one bit right tor each higher octave. For
example, the effect will be that a tune written to play on a piano will
sound like bells if a multiple octave up modification is performed.

5.3.2 KEY

Onea measure of the virtuosity of a musician is his ability to modify the
"kay"” or suboctave shift of a composition. The logical description of
key transposition is to shift each note up or down by a predetermined
number of notes from the original. For example, a piece written in C
and played in C# would have all C notes shifted to C#, C# shifted to D,
etc. (Mote that the case must be considered where B of one octave is
shifted to C of the next higher octave.) All of these operations require
that the one of twelve note identification must be retained in the
recorded representation.

5.3.3 TEMPO

The duration of each recorded note is best expressed in terms of
“ticks"” of an overall “tempo clock”. At playtime, the tatal duration can
be obtained by programatically multiplying the individual note to
“slow down" or “spead up” the tune without changing the crucial time
relationship between the notes. This can be accomplished by
imbedding the note timing loops within the tempo timing loops for
simple operation.
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Fig. 24

5.3.4 CHORDS

* There are certain combinations of notas which when played simul-

taneously produce pleasant combinations. These “chords” can be
easily formed from a base note by performing octave and key
changes on two notes, which are played with the main note. These
relationships are illustrated in Fig. 24, which lists the various note
constants which will produce musical chords. A chord with a
particular quality may be formed by playing its root, a 3rd Minor or
Major, and other notes from the chord chart. For example, a C Major
chord is formed from C(=2), E(=2). and G{+2].
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5.4
Sound Variation

5.4.1 RELATIVE CHANNEL VOLUME

The independently programmable amplitude control for each chan-
nel allows up to 16 levels if using the processor controlled amplitude
mode (bit 4 of registers 10, 11 or 12=0). In the case of a
decaying or steady note, when anote is played or “fired"”, a fraquency
may be set up in the coarse and fine tune registers and then an
amplitude value placed in the respective register 10, 11 or 12. The
value which is placed to play the tune can be an independent
variable, allowing channels to play their respective melody lines with
varying force.

5.4.2 DECAY

The main difference between a “piano” sound and an “organ” sound
is the speed with which the note loses volume. If all of the notes can be
decayed at a uniform rate, the automatic envelope generator can be
set to produce a decaying waveform. Each of the three channels can
have the same decay constant but differing playing times to simulate
the same instrument with differing note-strike times.

5.4.3 OTHER EFFECTS

The addition of variable noise to any or all of the channels can
produce modification effects such “breathing” with a wind instru-
mant. Or noise can be used alona to produce a drum rhythm, The fact
that the noise dominant frequencies ara variable allows “synthesizar”
type effects with simple processor interaction.

Other pleasing effects include vibrato and tremolo, the cyclical
variation of the frequency and volume. Because an intelligent
microprocessor is controlling the effect, they can be all keved to the
tune itself or to other external stimuli,
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