TUTORIAL 2. - The Music Synthesizer, by Chuck Thomka

The synthesizer circuit, which is contained wholly within the 40 pin custom 1/0
chip, is a very versatile circuit which contains counters and amplifiers to give the
programmer tremendous control of the three voice output along with a tremolo, vibrato,
and even a noise generator. The output frequency range is very accurately adjustable
from less than 14 hertz to ultrasonic frequencies. The upper limit may be set by the
capacity of your tv sound system.

Toward the end of this article I'll give you some examples of figuring out am
accurate oscillating frequency, and two programs. One to play the entlire synthesizer
via the &(16) through &(23) registers , and the other to simulate the Bell Telephone
Touch Tone sound. By holding a telephone mouthpiece at the tv speaker, you can dial
a telephone number. Refer to the logical diagram included to fix in your mind Jjust
what is happening.

The operation goes like this. The clock triggers the Master Counter which counts,
starting from zero, the pulses up to the number set into the &(16) register. When the
Master Counter reaches that number, it puts out a pulse and then the counter will
either reset to zero or preset to the number from the &(20) or &(23) register (thees
will be explained later) and then starts the count up all over again.

The pulse coming from the Master Counter goes to the inputs of the identical A,
B, and C Counters. While all three counters are identical, the number that each counts
up to 1s individually adjustable by using the &(17),&(18), and &(19) registers.

Each of these counters, upon reaching its count number, will "toggle" its output.
Toggle means to change its output once; if it was low, it will go high and if it was
high it will go low. Since the counter has reached its assigned count level, it will
reset to zero at the next pulse from the Master Counter and start counting up again
so that it can once again toggle. .

Each of the outputs of the A,B, and C Counters goes to its own amplifier. That
amplifier is the volume control of that counter (or voice) and it has 16 levels of
output. While the lowest level isn't absolutely zero, it is almost inaudibly low. The
&(22) register controls Volume A (the four least significant bits (=LSB)) and
Volume B (the four most significant bits (=MSB)) while half of register &(21) (the
four LSB) controls Volume C.

There is one more amplifier. The is the Noise Volume. But it must be 'enabled’,
to work. (that is, turned on) Only one bit is the enable, bit 32 of the &(21)
reglster. This bit must be high for the Noise Generator to be heard at the volume
setting of the &(23) register (the four MSB).

&(20) is the Vibrato control register. What it will do to the final audio output
is make the sound shift from one frequency to another frequency at a set rate (1 of 4).
This makes it very useful for sound effects. How it does this is by not allowing the
Master Counter to reset to zero once the Master Counter has reached the &(16) value.
Instead, at that time, on the following clock the Master Counter will preset to the
value set into the 6 LSB's of the &(20) register. This means instead of the next count
cycle of the Master Counter starting at =zero, it will start at some number from 0 to
63. This could greatly reduce the time required for the Master Counter to reach its
&(16) value. For example, if the &(16) is set to 14, which would nermally take 15
clocks ( 0 to 14 is 15), and the 6 LSB's of the &(20) were set to 10, then this would
triple the normal output frequency. This is because now the Master Counter would only
have to count from 10 to 14, a total of five clocks, or three times faster than nommal.

I mentioned a rate selection of 1 out of 4 choices that the Vibrato will 'vibrate'
at. This is selected by the remaining 2 bits of the &(20) register, the 2 MSB's. The
four cambinations of these 2 bits are 00,01,10, and 11, in increasing value. These .
rates are (approximately) 18.5 milliseconds, 37 milliseconds,?4 milliseconds, and 148
milliseconds, respectively. What happens during this rate time is that for rate 00 the
Master Counter will work normally and be allewed to count up to its determined value
and then reset to zero for a period of 18.5 milliseconds; then, for the next 18.5
milliseconds the counter will not reset to zero but instead preset to the value of the
6 LSB's in the &(20) register. Of course, if that value is also zero ( 000000 ) then
there is no difference between reset and preset, hence no vibrato. Each of the other
rate selections work in a similar manner except that the duration of nomal count time
and preset count time will be longer, which is a slower vibrato effect.
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My wording earlier was that this present value could greatly reduce the time required
for the Master Counter to reach its &(16) value. It is also possible that the preset
value could greatly idiease the time, thus making the vibrato shift in audio frequency
go lower instead of higher. This is possible when the vibrate value (range 0 to 63) is
set to a higher value than the number in the &(16) register. For example, in my previeus
example I had &(16) set to 14 (or 15 counts) and the 6 LSB's of &(20) set to 10, showing
that the resultant vibrato shift would be three times greater than normal. Now in this
new example lets have &(16) still at 14 and put &(20) (the 6 LSB's) to 15. During the
time of vibrato preset operation, when the Master Counter finally gets to 14, its deter-
mined value, at the next clock the counter will preset to 15. The counter has no way of
knowing that it 1s now at a count greater than its determined value, it is still looking
for the value 14, and 15 is not 14 - 80 as the counter receives more clock pulses it will
continue to count up. And np to count 255 (binary 11111111) it continues. The next clock
will overflow the counter to zero (no provisions for carryover are made) and still con-
tinue - 1, 2, 3, etc. And it finally reaches count 14 to output the Master Counter Pulse.
The next clock repeats the reset to 15 and another long count, "round the horn", to 14.
So how many clock pulses does this take? Well, counting 15 to 255 is 241, plus O to 14
is an additional 15 for a total of 256. Instead of the normal reset time of 15 clocks,
the preset time will take 256 clocks in this example, or over 17 times longer. The
longer time for the output pulse from The Master Counter results in a much slower rate of
toggling of the A, B, and C counters, which results in a much lower ocutput (voice)
frequency.

A Tremolo would be a warble effect in the tone of a note. This is controlled by
&(23), but it must first be enabled by &(21) bit 16. This bit acts like a switch. When
it is off, &(20) -the Vibrato Register- can be engaged. If &(21) bit 16 is on, the Vibrato
will not work and the Tremolo register is engaged. The Tremolo and Vibrato cannot be
engaged at the same time, but as you become more familiar with the sounds out of the
Sound Synthesizer, and their renges, you'll see it is not really necessary anyway.

The operation of the Tremolo is similar to the Vibrato in that it also presets the
Master Counter to some number before it starts its count. Bat, whereas the Vibrato had a
rate control (the period of which the counter would alternately reser or preset), theed
Tremolo always presets. The number to which it is preset is randomly selected and only
limited to a maximum numner as set dnto &(23). All eight bits of &(23) are used for the
Tremolo preset. But remember that the four highest bits are also used for the Noise
Volume, in case you try to use the Noise along with the Tremolo. Als0 remember that the
Noise is switched in by &(21)bit 32.

The preset of a number into the Master Counter, if it is less than the &(16)
determined value of the Master Counter, will shorten the time involved in reaching that
&(16) value. The result will be an upward shift of the resultant A, B, and/or C
frequency or pitch, and the next preset will be another randomly selected value ( up to
the maximum of &(23)). The audible result of all this will be a tremble or quivering
effect. If the &(23) value is greater than the Master Oscillator's &(16), the result- -
ant may be a random long count 'round the horn' for the same reason that the Vibrate
could have a long count. The audible effect wll be a wildly varying Tremolo sound. One
last remark about the Tremolo is that if &(23) is set to zero, there will be no Tremolo
effect at all since a random preset of up to sero can only be zero, and that is the same
as a reset of the Master Counter.

Now lets get into how to figure out a simple set of frequencies. First, the key to
the whole thing is to know what the main clock frequency is. I am using a frequency of
1,777,940 hertz for all my figures, measured on pins 16 and 20 of the I/o chip after
some warmup. The reciprocal of this frequency is 0.562448 microseconds. This is the unit
of time that the Master Counter counts. This should be 1/8 of the crystal oscillator
frequency (supposed to be 14,318,180 hertz) but the error in my unit is -.0018¢ , a
quite acceptable figure.

For some practice, here are some parameters:

&(16) = 60 Master Counter
&(17) = 99 Counter A
&(18) = 74 Counter B

&(19) = 49 Counter C 63



Forgetting for the moment the Vibrato, Tremolo,Noise and Volume controls, I want
to show you what the resultant A, B, and C voices would be. First remember that all of
these counters start at count zero, which is one less thal you or I count on our fingers.
Second, since the period of total time it takes for the A, B, or C counter to toggle is
only one change of state, it will take yet another toggle to equal ons cycle of some
resultant frequency. This is why you will find a 2 in the figures below.

Use this formula: (Substitute counter B or ¢ when calculating those frequesncies)

Freq. A = 1
(Master Counter+i) x (counter A + 1) x Time Unit x 2

This converts to:

Freq. A = | 6

61 x 100 x 0.562448 x 107° x 2 = 145.7 herts
Freq. B = 1 6

61 x 75 x 0.562448 x 10" x 2 = 194.3 hertz
Frtq- €= 1 _6

61 x 50 x 0.562448 x 10 x 2 = 291.4 hertz

So there are three different frequeneies, all available at one time, by simply
turning on the A,B, anc C volumes. Notice that while Counter A + 1 is twice the value
of Counter C + 1, the resultant frequencies have Freq. C twice the value of Freq. A.
This is because Counter A has to count twice as many Master Pulses, before toggling,
as Counter C does.

Now all that 1s useful if you are trying to find the resultant frequency for some
known values, but we usually want to go the other way. As an example, we will see the
steps to find the values need to generate the Bell System Touch Tones, the number "O¢,
Bell Systems require two frequencies outputted whenever one key is pushed on their
regular pad. When pushing "0" the two frequencies are supposed to be 1336 and 941 hertsz,
with an acceptable tolerance of + 5 hertz. Calculate Freq.A values for 1336 hertz and
Freq. B values for 941 hertaz:

Step 1 Find the reciprocal of the frequency

Step 2 Divide the reciprocal by the Time Period

Step 3 Divide by 2, and use the nearest whole number. Th is answer is the total number
of time periods that must be counted before having an cutput toggle for the frequency's
half cycle.

For Freq. A, 1 divided by 1336 divided by 0.562448 x 10-6 divided by 2 =665.39 =665

For Freq. B, 1 divided by 941 divided by 0.562448 x 10™° divided by 2 =944.7 =945

The values of 665 and 945 are the total number of clock periods as mentioned above.
But recall that the Master Counter must count some of those clocks, and it sends a pulse
to both 4 and B Counters, so it must count a number of clocks which have a common
dentminator to 665 and 945. For ease, I have set the Master Counter to count 5 clock
periods before sending out that pulse, so &}16) =4 (0,1,2,3,4 = 5)

Now that means Counter A must be set to 665/5=133, therefore &(17)=132. And Counter
B must be set at 945/5=189, therefore &(18)=168.

If you run these results back through the first formulas, you will find that Freq
A = 1336.8 hertz and Freq B = 940.7 hertz, well within the tolerance band.

To have both voices come from the tv speaker at the same time only requires that
Volume A and Volume B be brought up to sufficient numbers. Both would be maximum if
&(22) is set to 255.

I have found two exceptions that may be unique to mny own ceamputer... One, when
&(16) 1s set to 0, it recognizes it as 2; and the other is when &(16) is set to 1,
it recognizes it as 3. I can't explain why, it may have to do with the high speed at
which you are trying to make the Master Counter work.

Load the "SOUND GRAPH" program and get some 'hands on' experience, and try out
different ideas. Also, there is an optional modification to the program that will display
all eight binary bits of the value that the knob is adjusted to at that time. It does
slow down the program, but it is a gzood teaching aid.
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arcadian

TUTORIAL - SOUND SYNTHESIZER, Part 2 by Chuck Thomka

Whenever RESET is pushed, the &(16) to &(23) registers are set to fixed
values.(This sort of thing is called DEFAULT) This also happens at POWER TURN
ON. &(16) is set to 71, and &(17) through &(23) are set to zero.

Since pushing most keys on the keypad will generate a sound, one of the
volces must be used. This means that since most keys have unique tones when
pushed, they must be loading unique values into one or more of the registers.
The voice used is the 'A' counter. Each key, when pushed, puts a value into the
&(17) register that the 'A' counter will count up to. It will also put value 15
into the &(22) register, that will adjust the 'A' volume to its maximum so that
the resultant frequency can be heard. At the end of the time of ocutputting the
tone, the &(17) and &(22) are both put back to zero.

At anytime that the computer is stopped, the &(16) register will be set
to 71, and &(17) and &(22) will be set to zero. This may affect some results of
sound effects in programs where you want those registers to be left at some
other values. All the other registers will be as they were last adjusted to, so
remember this if you still have a tone or noise remaining after the computer
has stopped.

Later in this article is a table of all the sound generating keys, their
&(17) values, the resultant frequencies, and any special notes about them. 5%73)

The keys that do not generate sounds are ¢, x, +, and -. These keys will
modify the sounds created by the other keys if the modifying keys are used just
prior to the normal sound keys.

The divide key (&) will make the sound one octave lower in frequency than
normal. This is done by temporarily making the master counter &(16) count twice
as far. So while &(16) is normally at 71, for this one note it will be set to
143. As soon as the note has finished, &(16) will again return to 71 unless the
next note is also preceeded by a ¢ .

The multiply key (x) will make the sound one octave higher in frequency.
This is done by making &(16) equal 35 for the time the concerned note is sound-
ing, at the end of which the &(16) will again return to 71.

The plus (+) and minus (=) keys are only used in conjunction with the
numbers 1 through 7. This was arranged so that the plus and minus sign would be
meaningful in playing musical sharps or flats in the Bally-menticned 3 octave
musical scale.

‘ Another thing to mention is the "Note Timer" or NT. For each numbsr of NT
the notes played will be approximately 17 milliseconds long. An NT=f results in
no sound, while the maximum value of NT=255 results in about a 4.335 second note.

(0.017 x 255 = 4.335)

The ﬂ is used to extend the duration of a played note by taking the note
timer and increasing it an additional NT quantity for each f following the note
to be hesard. For example, say we are to play a note while NT=10, and that this
note is followed by 3 zeros, the resultant NT will be 40. After playing that
modified NT, the NT will again return to normal (10 in this example) until
called upon again. _

A funny thing about this method of extending the duration of a played note
is that you still cannot play any note longer than 4.335 seconds. This is
because if you had a note timer extended by way of using zeros after a printed
character, and it would result in an NT>255, the final result would probably be
less than 255. To explain what I mean, you have to know about binary numbers and
that the NT register is only 8 bits wide. If, for example, we had an ET of 50

and that some program that we are running is to print a character followed by
5 zeros, we would expect a temporary NT result of 300 (14+5=6, 6x50=300) but an
8 bit register's maximum bit count is only 255 while a binary conversion of

7
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decimal 300 requires 9 bits (1 0010 1100). The result is that sonly the least 8
bits (0010 1100) will be loaded into the NT register, so NT will temporarily
be 44. This you see is a lot shorter than we had at first expected and even

shorter than the normal NT of 50.

End of “Sound Synthesizer” Tutorial
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