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Mechatronix, LLC
Lab Board — Audio Signal Processing
© 2006

This system can be used as a demo board or labdast for audio frequency
processing circuits. It is typically hooked to naicontrollers that process audio signals
and allows for easy testing and development.

Circuits/items included on this board are (RefeFigure 1):

Audio amp - 0.7 Watt

Speaker - 1.0 Watt max

DDS oscillator — sinusoid generator — 6.4Hz to RA®

Digital controller with push buttons and LEDs foetDDS

Line level amplifier

Microphone compression and signal conditioner

Audio gain circuit and level shifter as a pre am@h A/D with 5V input
Power supply circuitry to support these functions
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Figure 1: Block Diagram of Lab Board.
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Applications

Audio front end for a MicroChigpor Atmely microcontroller —process signal through A/D
Front end for computerized voice recognition

Microphone preamplifier/processor

Audio (voice) signal generator

Audio sine wave generator with a crystal referetioek

Audio pre-amp for FFT processing

Amplifier and speaker for external audio input

Digital Audio Experimentation board

Electronics Lab Learning tool for High School, Teathool, or College Engineering labs
Audio equipment frequency response tester

Robotics — sound/command recognition when used avitticrocontroller

Included in the kit are:

1. Populated and tested lab pcb.

2. +7.5VDC regulated wall adapter

3. Lapel microphone with a Projects Unlimited Incogted (PUI) electret element
connected to a standard 3.5mm plug. The userlsarsapply their own
condenser microphone as the circuit will work wathers.

4. 8 ohm earphone attached to a 3.5mm plug.

5. A printed user’s manual including complete scheaati pcb.

The board has a DDS (direct digital synthesizemisbidal oscillator that its output
signal is level shifted for an A/D input with a 5&put range. The frequency range of the
sinusoidal signal from the DDS is between 6.4Hz 2n@kHz.

It has a audio input (microphone input) that hasitdio compressed and level shifted for
an A/D input with a OV to 5V input range. This saaudio input can also be
simultaneously processed by an on board audio aag@eaker.

The output signal of the DDS or an alternate useviged audio input signal can also be
processed by this on board audio amp and speaker.

The board is powered by a 7.5VDC regulated walptetavhich is included in the kit. A
5V regulator is provided for the audio circuitrnother 5V regulator is provided for the
DDS sinusoid generator.

An extra op amp gain channel is provided to allowgain of a user supplied input
signal. The signal’s output is level shifted for&/D input with a 5V input range. This
op amp is for a line level signal. The gain frarput to output is ~ -2. A measured
result with both the input and output shown fostAmplifier is given in Figure 5.

Input signals with connectors to the board aredalewing:
1. +7.5VDC power connector
2. Microphone input
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3. Alternate audio input to audio amp
4. Alternate signal sent to an op amp gain circuit

Output signals with connectors to the board arddahewing:
1. Level shifted DDS output for an A/D
2. Compressed audio from microphone level shiftecafoA/D
3. Gained and level shifted user signal for an A/D
4. Amplified audio signal from a microphone sent toe@n phone jack

Switches and jumpers on pcb:
1. 3 position rotary switch selects

a. DDS output sent to amp and speaker

b. Microphone’s compressed audio signal sent to amdpspraker

c. Alternate audio signal sent to amp and speaker

2. On and off jumpers for audio amp

3. Volume control effects sound output to speakeranipdione

4. 5 push buttons controlling the frequency for thgpatiof the sinusoidal DDS
oscillator

a. Max push button (Green) — sets oscillator frequénayaximum

b. Min push button (Red) — sets oscillator frequercyninimum

c. Mid push button (Yellow) — set oscillator frequertoymiddle value

d. Inc push button (Blue) — increments the oscillafiggjuency by a given
step size — 2 speeds of incrementing determindtblaylong push button
is held.

e. Dec push button (White) — decrements the oscillgltiaquency by a
given step size — 2 speeds of decrementing detethiip how long push
button is held.

f. Push max and mid push buttons at same time andeney goes to a
value halfway between maximum and middle frequenci@reen and
yellow LEDs are at dim level at the same time.

g. Push min and mid push buttons at same time anddrexy goes to a
value halfway between minimum and middle frequesnci@ed and
Yellow LEDs are at a dim level at the same time.

h. Push min and max push buttons at same time andefney goes to the
middle frequency value.

i. Push inc and dec push buttons at the same timéharildmp test feature is
enabled which lights all 5 LEDs at the same time.

LEDs on pcb:
1. Max LED (Green) — DDS oscillator at maximum freqagn
2. Min LED (Red) — DDS oscillator at maximum frequency
3. Mid LED (Yellow) — DDS oscillator at middle frequeyn
4. Inc LED (Blue) — DDS oscillator is incrementedfiequency. One blink on the
LED is one step up in frequency.
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5. Dec LED (White) — DDS oscillator is decrementedregquency. One blink on
the LED is one step down in frequency.

Measured Data from circuits on the Lab Board

DDS Circuit:

Included in Figure 2 is the spectrum analysis efdime wave from the DDS oscillator on
the lab board.

The marker in the photo is on the fundamental lagoil frequency.
The frequency picked to monitor is when the MID W&s pushed.

Spectrum Analyzer setup:

The resolution bandwidth is 10Hz

The video bandwidth is 10Hz

The frequency span is 100Hz to 10kHz
The x-axis is ~1kHz/div

The y-axis is 10dB/div

Here are some key marker points on the output fr@DDS:

Output Fundamental Oscillating frequency:
1753.3Hz, +15.8dBm (this is the oscillator fregeygn
1693.9Hz, -39.8dBm (low side of oscillator frequgnc
1802.8Hz, -42.4dBm (high side of oscillator freqeydn

Worst case harmonics:
218.8Hz, -38.5dBm
3277.9Hz, -38.6dBm
1307.8Hz, -44.5dBm
4812.4Hz, -44.6dBm

Noise floor:
<-75dBm
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15.0 dBm MARKER 1 753.:
B, Dlt‘-f RANGE 15.0 dBm 15.8
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Figure 2: Response of DDS oscillator on lab board. Mid P/B as pushed.
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Figure 3: DDS Signal on output connector of PCBMid P/B was pushed.
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Freq Out, Hz vs Digital counter count
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Figure 4: Plot of output frequency from DDS vs. djital input code. Inc or Dec push button moves
the digital count up and down and the output frequecy follows the graph. The major frequency
points in blue are shown along the graph.

From Figure 4:

The frequency step in the low frequency range @iaB.4Hz per digital count or press of
the INC or DEC push button.

The frequency step at the high frequency rangbasiteb4.7Hz per digital count or press
of the INC or DEC push button.

Typical values for the key frequency points are:

Digital Count, Push Button PressgBrequency, Hz
Min 6.4
Min + 1 press of INC 9.8
Min + 2 presses of INC 13.2
Min/Mid 876
Mid 1.75k
Mid/Max 15.7k
Max 27.9k

Table 1: Typical key points in the frequency graph
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User Amp:
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Figure 5: User op amp with Av ~ -2. Light blue isVin and dark blue is Vout.

Microphone Circuit:

The microphone’s sensitivity vs. frequency is showRigure 6 and the microphone
circuit’s output impedance to the amplifier circigitgiven in Table 2. The transfer
function of the microphone to an input of an A/Bsieown in Figure 7.
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Performance
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Figure 6: Microphone’s sensitivity versus frequeng.

Zout, Typical| frequency|
Mic Circuit | 1.1kohms 1.0kHz
Table 2: Microphone circuit’s output impedance tothe amplifier circuit.

Vout vs. Vin : continuous Sine wave at frequency = 1kHz
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Figure 7: Output for an A/D versus input voltage fom Microphone circuit.
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Av, dB vs. frequency, Microphone Amp, Voutis fora  n A/D, sinusoid signal
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Figure 8: 30mVrms input amplitude, Vout/Vin vs. frequency sweep.
Special Note:

A programmable logic device (PLD) is used to carine DDS sinusoid oscillator and is
mounted on the PCB. The programming code usetbgrgm the PLD is not provided
with the kit. If you would like to purchase rightsthe source code, please contact
Mechatronix, LLC.
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