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equal to the 4.7 µF capacitor's DC voltage, and a 
negative amplitude of zero.  Thus, there is no signal
when the capacitor is discharged, there will be a 
square wave signal when the mallet touches the metal
pad, and that signal will decay at a rate determined by
both resistor values as well as the duty cycle of the 
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(Twelve 12-bit frequency divider networks in total, one for each tone in the 12-tone chromatic scale)
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Divide-by-2703 followed by divide-by-2 to produce an F#5 pitch (739.92 Hz) from the 4 MHz clock frequency
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MCP6002

Mallet-organ synthesizer

Master oscillator frequency = 4.000 MHz 
Each pitch is 2 times slower than its respective counter recycle frequency 

Pitches and frequency-divider parameters for the highest octave: 
F5   Ideal = 698.456463 Hz  Modulus = 2863  Actual = 698.567936 Hz  Error = 0.276281 cents  Beat f = 0.111473  PRE = 0x4D1 
F#5  Ideal = 739.988845 Hz  Modulus = 2703  Actual = 739.918609 Hz  Error = -0.164329 cents  Beat f = -0.070236  PRE = 0x571 
G5   Ideal = 783.990872 Hz  Modulus = 2551  Actual = 784.006272 Hz  Error = 0.034007 cents  Beat f = 0.015400  PRE = 0x609 
G#5  Ideal = 830.609395 Hz  Modulus = 2408  Actual = 830.564784 Hz  Error = -0.092985 cents  Beat f = -0.044611  PRE = 0x698 
A5   Ideal = 880.000000 Hz  Modulus = 2273  Actual = 879.894413 Hz  Error = -0.207736 cents  Beat f = -0.105587  PRE = 0x71F 
A#5  Ideal = 932.327523 Hz  Modulus = 2145  Actual = 932.400932 Hz  Error = 0.136308 cents  Beat f = 0.073409  PRE = 0x79F 
B5   Ideal = 987.766603 Hz  Modulus = 2025  Actual = 987.654321 Hz  Error = -0.196804 cents  Beat f = -0.112282  PRE = 0x817 
C6   Ideal = 1046.502261 Hz  Modulus = 1911  Actual = 1046.572475 Hz  Error = 0.116151 cents  Beat f = 0.070214  PRE = 0x889 
C#6  Ideal = 1108.730524 Hz  Modulus = 1804  Actual = 1108.647450 Hz  Error = -0.129721 cents  Beat f = -0.083074  PRE = 0x8F4 
D6   Ideal = 1174.659072 Hz  Modulus = 1703  Actual = 1174.398121 Hz  Error = -0.384637 cents  Beat f = -0.260951  PRE = 0x959 
D#6  Ideal = 1244.507935 Hz  Modulus = 1607  Actual = 1244.555072 Hz  Error = 0.065571 cents  Beat f = 0.047137  PRE = 0x9B9 
E6   Ideal = 1318.510228 Hz  Modulus = 1517  Actual = 1318.391562 Hz  Error = -0.155817 cents  Beat f = -0.118665  PRE = 0xA13 

10 kΩ

Stainless-steel pads

F5 F4 F3 F2

These signals are square waves with positive amplitude

"DAMP" signal

F5

F4

F3

F2

F5

F4

F3

F2

(Another 12-bit frequency divider circuit)
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Audio tone signal (square wave w/ 50% duty cycle)

These three 4-bit synchronous counters form a frequency divider with a range of 2:1 to 4095:1
"programmed" for a division ratio necessary to turn the 4 MHz clock signal into a proper audio
frequency for one tone of a 12-tone equal-tempered Western musical scale.

This signal commands all three counters to load in the pre-wired preset count value
whenever the entire 12 bit counter array reaches its full count (1111 1111 1111)

a 2:1 frequency divider, necessary only to convert
the very brief ripple carry output pulse into a nice
symmetrical (50% duty cycle) square wave.

4.7 µFAudio square wave one octave lower . . .

F5
pitch
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. . . two octaves lower . . .

. . . three octaves lower . . .

F4
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e.g. 1   0   0   0
for the "1" portion of 0x4D1

e.g. 1   0   1   1
for the "D" portion of 0x4D1

e.g. 0   0   1   0
for the "4" portion of 0x4D1

To produce an F5 square-wave pitch at the LSB of the final 74HC163 counter, the first
three counters must (together, acting as a 12-bit counter array) divide the 4 MHz clock
frequency by 2863.  This will produce a 1397.14 Hz pulse, which then drives the final
counter to make its LSB cycle at 698.57 Hz, which is close to the target F5 pitch of
698.46 Hz.
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into a quasi-triangle waveform.
Rfilter and Cfilter values customized
for each pitch, with fcutoff set at

pitch frequency.
some fraction of the fundamental
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(Another 12-bit frequency divider circuit)
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Divide-by-2551 followed by divide-by-2 to produce a G5 pitch (784.00 Hz) from the 4 MHz clock frequency

(Another 12-bit frequency divider circuit)
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Divide-by-2408 followed by divide-by-2 to produce a G#5 pitch (830.56 Hz) from the 4 MHz clock frequency

(Another 12-bit frequency divider circuit)
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Divide-by-1517 followed by divide-by-2 to produce an E5 pitch (1318.39 Hz) from the 4 MHz clock frequency
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This passive averager
network "mixes" all
the played notes together
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+5 VDC (74HC05 digital)
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(Twelve filter/mixer networks in total, one for
each tone in the 12-tone chromatic scale)

Clock input

74HC163

MSB

Populate this PCB with
either the clock input
counter OR the 4 MHz
oscillator, not both!

Power indicator

1 kΩ

÷ 16 frequency 
divider

+5 VDC (74HC05 digital)

NOTE: top copper planes are all +5 VDC, bottom copper planes all Ground

NOTE: every RC filter network has layout for three paralleled
resistors, in order to form precision resistance values
as needed for each filter’s unique cutoff frequency using
standard (E12) resistance values.  A program written in
C computes all of these resistance values as well as
parameters for all twelve frequency divider circuits.


