Appendix
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Analog Boards
All the analog boards (i.e. the boards used to generate sound) were predesigned
and purchased from Ray Wilson from www.musicfromouterspace.com. These boards
come unpopulated with components. It is up to the user to gather parts and assemble the
boards. These analog boards act as the “body” of the design.

Voltage Controlled Oscillator
The voltage controlled oscillator (VCO) is the source of sound generation. The
board utilizes a sawtooth core. The saw tooth is further shaped by other circuitry to
create additional waveforms. The waveforms that can be produced include a sine wave,
triangle wave, rectangle wave, and sawtooth wave. The VCO runs off of +/- 12 V power
supply with a current draw of approximately 23 mA from each rail. The VCO is capable
of running off of +/- 15 V, although some minor changes need to be made. The VCO has
1 linear control voltage input which ranges from 0 to 5 V. This control voltage sets the
frequency of the signal. The VCO has tracking over at least 3 to 4 octaves with a 1 V /
octave control voltage. This rectangle wave’s duty cycle can also be adjusted from 10%
to 90%. Figure 1 depicts the schematic of the VCO. Figure 2 shows the board layout.
Additional information can be found at
http://musicfromouterspace.com/analogsynth/VCO200604REV01/VCO200604REV01.ht
ml.
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Figure 1.a. Voltage controlled oscillator schematic part 1.
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Figure 1.b. Voltage controlled oscillator schematic part 2.
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Figure 2. Voltage controlled oscillator layout.

Voltage Controlled Amplifier
The voltage controlled amplifier (VCA) is responsible for boosting or attenuating
the gain of a signal. In the design, each waveform output from the VCO is connected to a
separate VCA. There are two VCAs on a single board, so a total of three VCAs were
used. The VCA is powered from a +/- 15 V supply. The VCA is also capable of being
powered from as low as a +/- 9 V supply. The VCA uses a separate control voltage from
-5 to 5 V for each amplifier on the board which adjusts the gain of the signal. The design
uses a logarithmic control voltage response. However, linear response is also available.
Figure 3 depicts the schematic of the VCA. Figure 4 shows the board layout. Additional
information can be found at
http://musicfromouterspace.com/analogsynth/DLLVCA001/DLLVCA001.html.
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Figure 3.a. Voltage controlled amplifier schematic part 1.

A6

Figure 3.b. Voltage controlled amplifier schematic part 2.
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Figure 4. Voltage controlled amplifier layout.

Voltage Controlled Filter
The voltage controlled filter (VCF) is a state variable filter. In the design, the
mixed outputs from the VCA proceed to the filter where they can be passed through a
highpass, lowpass, or bandpass filter before proceeding to a final VCA to be amplified.
The VCF runs off of +/- 12 V supply, but can be powered from a +/- 9 V to +/- 15 V
supply. Current consumption is approximately 30 mA from each rail. There are two
control voltages. The center/cutoff frequency takes a range from -5 to 10 V whereas the
resonance takes a range from -5 to 5 V. Figure 5 depicts the schematic of the VCF.
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Figure 6 shows the board layout. Additional information can be found at
http://musicfromouterspace.com/analogsynth/STATEVARVCFFEB2006/STATEVARV
CFFEB2006.html.

Figure 5.a. Voltage controlled filter schematic part 1.
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Figure 5.b. Voltage controlled filter schematic part 2.
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Figure 6. Voltage controlled filter layout.

Noise Cornucopia
The noise board is capable of producing several different types of noise, including
white Noise, pink-ish noise, high pass noise, and adjustable grainy noise. The design
calls for only utilizing the white noise source. This source also goes through a VCA
which can be mixed with the other waveforms of the VCO and filtered. The board is
powered from a +/- 12 V supply, but can be powered up to a +/- 15 V supply. The
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noise cornucopia board consumes approximately 6 mA from the positive rail and 3
mA from the negative rail. Figure 7 depicts the schematic of the Noise Cornucopa.
Figure 8 shows the board layout. Additional information can be found at
http://musicfromouterspace.com/analogsynth/NOISECORNUCOPIA/NOISECORN
UCOPIA.php.

Figure 7. Noise cornucopia schematic.
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Figure 8. Noise cornucopia layout.

Analog Signal Flow
The analog signal flow of the design is as follows: each waveform from the VCO
as well as the Noise Cornucopia goes through a separate VCA. The VCA signals are
mixed together on the System Interface Board before being sent to the filter. Finally, the
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output of this signal proceeds to one last VCA before being outputted. This is illustrated
in Figure 9.

Figure 9. Analog signal flow.

System Interface Board
The System Interface Board (SIB) acts as a bridge between the analog boards and
the Digital Control Board and is also the “heart” of the design. It is a custom design. All
of the analog boards, in addition to the Digital Control Board, Rotary Knob Assembly
boards, and User Interface board, connect to the SIB. The SIB provides power to all of
the boards. The power is provided by a standard computer supply which connects to the
SIB and provides +/-12 V for the analog boards and +/- 5 V and +/- 3.3 V for the Digital
Control Board. The SIB mixes the VCO waveforms and noise cornucopia waveforms
together using an op-amp and outputs the resulting signal to a VCA. The SIB also
transfers the control voltages from the Digital Control Board to the appropriate analog
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board. A small mux is housed on the board that aids in the switching of the filter outputs.
Figure 10 shows the schematic of the SIB. Figure 11 shows the board layout.

Figure 10. System Interface Board schematic.
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Figure 11. System interface board layout.

Digital Control Board
The Digital Control Board (DCB) is responsible for all digital aspects of the
design. The DCB is effectively the “brain” of the design. It is custom designed. The
DCB accepts input from the Rotary Knob Assembly boards that control the various
parameters of the board. The master microcontroller, a PIC24FJ64GA002,
communicates via I2C to a slave microcontroller on each the Rotary Knob Assembly
boards to retrieve parameters set by the user (such as center frequency, gain, etc. for the
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analog boards). The master microcontroller then communicates back to the Rotary Knob
Assembly board to light up LEDs on the board. The master microcontroller
communicates the parameters to several DACs housed on the board, which pass the
newly created analog signal to the analog boards via the SIB. Several potentiometers and
op-amps help to scale the appropriate voltage levels for the analog boards. The DCB has
a standard 5 DIN MIDI input in which a MIDI control plugs into. The master
microcontroller decodes the MIDI control messages to set the pitch of the VCO. The
DCB has a standard RS-232 serial port to aid in debugging the board. Figure 12 shows
the schematic of the DCB. Figure 13 shows the layout.

Figure 12. Digital control board schematic.
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Figure 13. Digital control board layout.

The source code for the master microcontroller can be found on the ECE4007 website.
Figure 14 shows the digital signal flow.
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Figure 14. Digital signal flow.

Rotary Knob Assembly
The Rotary Knob Assembly (RKA) boards are custom designed boards that the
user communicates with to set the various parameters for the design. These RKAs act as
the “eyes” of the design. Some of these parameters include the gain of the VCAs and the
resonance of the VCF. The RKAs house a slave microcontroller, a PIC16LF87-I/P, that
reads a rotary encoder (ECW1J-B24-BC0024L). It reports this value via I2C to the
master microcontroller upon a query. The RKAs also hold a LED driver (TPIC2810D),
which lights up various LEDs on the board based on the value of the rotary encoder. The
LED drivers are controlled by the master microcontroller and also communicate via I2C.
Figure 15 shows the schematic of the RKAs. Figure 16 shows the layout. The slave code
can be found on the ece4007 website.
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Figure 15. Rotary Knob Assembly schematic (3 LED version top, 8 LED bottom).
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Figure 16. Rotary Knob Assembly layout (3 LED version top, 8 LED bottom).
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User Interface Board
The User Interface Board (UIB) is a simple board that holds a few components.
This is the “mind” of the design. The UIB is responsible for selecting the waveform
source to further adjust parameters. This utilizes a five position switch housed on the
front panel of the system. The UIB coordinates four preset/recall buttons and one save
button and communicates to the DCB. To accomplish these tasks, two priority encoders
(M74HC148B1R) are used. A switch also connects to the board to switch between time
and duration modes for an ADSR envelope generated by the master microcontroller.
Figure 17 shows the UIB schematic.

Figure 17. User interface schematic.
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Overview
An overview of the system is shown in Figure 18.

Figure 18. Overview of the entire system.
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