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Of acoustic engineering
Audio amplifiers
1. Purpose of this laboratory:

Familiarizing  with basic amplifier classes, the typical preamplifiers and power amplifiers circuits.
2. Preliminary theory:
Transistor – what is it?
Transistor  (picture. 1) is a semiconductor device used to amplify and switch electronic signals. 
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Picture 1. Exemplary transistor appearance
Transistor Polarization
Transistor to be able to work as amplifier must be properly polarized (picture 2). We will follow the correct polarity on the NPN-type transistor: 
 - the potential of the collector must be higher than the potential of emitter (we need to feed power to the transistor) 
-  diode in the base-emitter junction must be polarized in conducting direction, and the collector-base diode in opposite direction (we apply voltage to the base of transistor higher than the threshold voltage and lower than the supply voltage) 
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Picture 2. Polarization example for npn transistor
Operating Point and Load Line

Operating point is a point on transistor output characteristic in which it actively works and parameters such as Uce and Ic can be designated.

Load line shows all the possible operating points when different values of base current are applied. It also shows how will voltages and current change when we feed input signal to base of transistor. 
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Picture 3. Transistor output characteristics.
Setting up Operation Point:

Let’s assume transistor current gain β=100

We calculate Uce = Uz-Uce_sat=12v-0,9V=11,1V

We calculate maximum collector current Uce/Rc=11,1V/1kΩ=11,1mA 

Let’s chose operating point in the middle of load line (Uwy=5,5V oraz Ic=5,5mA) 

We calculate base current Ib=Ic/β =55uA 
and value of base resistor Rb=(Uz-Ube)/Ib= 205,45kΩ 
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Picture 4.Exemplary operating point set up.
Operating Point of amplifier and the class
Setting up operating point in the middle of load line we get amplifier working in A-class. P point on output characteristics. 

.
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Picture 5. Exemplary schematic of A-class amplifier
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Picture 6. Waveforms of A-class amplifier
Green – Input signal
Red – Output signal

Pros and cons:
Pros:

· No crossover distortion 

· Very low distortion 

· Low construction cost (for small powers)

Cons:

· Low efficiency of less than 50% (up to 20%)

·  At higher powers problem with the heat dissipation from the transistors 

· The need for precise setting of the operating point 

· The need to compensate for transistor parameters change according to temperature. 

· Weight, size and price of the amplifier increases exponentially with the output power 

Setting up operating points in way that collector current is minimal (Iceo) We obtain B-Class amplifier. Point A’ on output characteristics.
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Picture 7. Exemplary schematic of B-class amplifier
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Picture 8. Waveforms of B-class amplifier
Green – Input signal
Red – Output signal

Pros and cons: 

Pros:

· High efficiency (theoretically 78,5%)

· Very low quiescent current in idle. 

Cons:

· Huge signal distortion. Only one half of signal is amplified, other half is cut.
Adding second transistor working with second half of the signal we get 2B-Class amplifier. 

 [image: image10.png]



Picture 9. Waveforms of 2B-class amplifier
Green – Input signal
Red – Output signal

Pros and cons:
Zalety:

· High efficiency (theoretically 78,5%)

· Very low quiescent current in idle. 

Wady:

· Crossover distortion 

· “metallic” sound of this kind of amplifier 

Setting up operating points in way that there is no collector current.  We obtain C-Class amplifier. Point A on output characteristics.
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Picture 10. Exemplary schematic of C-class amplifier.
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Picture 11. Waveforms of C-class amplifier
Green – Input signal
Red – Output signal

Pros and cons:
Pros:

· High efficiency 
· No quiescent current, no power draw without signal. 

Cons:

· Huge signal distortion, bigger than in B-class 

Adding second transistor working with second half of the signal we get 2C-Class amplifier. 
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Picture 12. Waveforms of 2C-class amplifier
Green – Input signal
Red – Output signal

Pros and cons:
Pros:

· High efficiency 
· No quiescent current, no power draw without signal. 

Cons:

· Crossover distortion bigger than in 2B-class 

Setting up operating points of 2B-class in way that collector current is just above minimal (Iceo) We obtain 2AB-Class amplifier. Point between A’ and P on output characteristics.
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Picture 13. Exemplary schematic of 2AB-class amplifier.
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Picture 14. Waveforms of 2AB-class amplifier
Green – Input signal
Red – Output signal

Pros and cons:
Pros:

· High efficiency (theoretically 78,5%)

· Low quiescent current 

· Low signal distortion 

Cons:

· It requires precise settings of operating points that the quiescent current of both transistors is identical. 

Useful notions:

The preamplifier (preamp)
The preamplifier is one of the first pieces of audio path. It is an electronic amplifier that prepares low-amplitude signal to the next process of amplification or processing. It is also used to match the impedance of the input source. In audio applications, the preamplifier is often found in one housing with a collective mixers, equalizer and power amp.

Mixer
The device whose main task is to combine several audio sources to one output, and adjust the volume of each of the inputs.

Equalizer (EQ​​)
It is a set of filters that are used to boost or suppress particular frequency range, thereby changing the sound. In simple sets, it's mostly regulation of high and low frequencies.

Power amplifier
It is the amplifier which supplies power to a load (speaker). Commonly power amplifier determines the entire audio path, preamp, EQ and output stage.

3. Exercise „C, B, A - classes”
At this point you will learn about basic amplifier classes in a simple transistor preamp system.

For proper execution of exercises basic knowledge of electrical circuits and semiconductor devices is required.

To do the exercise you will need:
- PC
- oscilloscope
- Laboratory power supply
- Set of the multimeter and oscilloscope probes
- NPN transistor BC547 or BC639
- 20kΩ resistors, 2x2.2kΩ, 22kΩ, 100kΩ
- Capacitor 2x22uF
- Potentiometer 100 kOhm
- A set with breadboard
- JIG (measurement amplifier)
- The speaker or headphones
a. Take the necessary elements to perform the exercise..
b. Use the breadboard to connect the system as shown. 
The PC will be used as signal generator. Hook up jack- jack cable to PC output jack (green jack socket on the front panel of the enclosure) and connect input jack socket to breadboard. Pin assignment of the transistor could be found in documentation available on the internet (search for component name + datasheet).
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c. Connect audio output from PC to the input of the circuit. Run the audacity program (shortcut on your desktop) to generate a sine wave with a frequency of 1 kHz. (menu "Generate" and then "tone ..."). 
Mute the audio output from PC. (left mouse button click on speaker icon near the system clock at start bar, and move the slider all way down)
d. Connect first channel of oscilloscope to circuit input. (A-measurement point) and connect second oscilloscope channel to output of the circuit (JIG measurement point) . Remember to connect oscilloscope probe ground to circuit ground.
e. Run oscilloscope program on PC (shortcut is on desktop) Set up time scale to 400 us and voltage scale to 500 mV (input channel) and 500 mV (output channel).
f. Connect the 10 volts power source as shown in picture below. Voltage should be connected as 2 x 5V voltages. You should use upper 5V voltage and lower regulated voltage set up as 5V supply.
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g. Play the generated tone in audacity holding shift button on keyboard. It will play the sound in loop. Change the volume of output sound, thus regulate output voltage, watch for value of input voltage that causes output signal to appear.
Why amplifier doesn’t amplify signals below this voltage?
Save oscilograms.
In what class the amplifier works?
Connect jack socket parallel to R-obc (load resistor). Next, using second jack-jack cable connect measurement amplifier to jack socket. Next connect headphones to measurement amplifier. Listen your favorite song. Make observations and add them to report.

h. Disconnect measurement amplifier and input signal from the circuit and turn of the power supply. Modify existing circuit adding Rb1 and Rb2 as in schematic below. Then turn on the power supply.
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i. Set up potentiometer in a way that voltage in B point is about 8V. You should use multimeter connected between ground and point B). 
Turn down the output volume of PC to zero and then play the 1kHz tone from audacity. Connect the input cable.
j. Change the volume of output sound, thus regulate output voltage, watch for value of input voltage that causes output signal to appear.
Why this voltage differs from voltage measured earlier?
Save oscilograms.

k. Increase PC volume and watch the waveforms. Write down maximum input voltage for which sine wave isn’t cropped.

 In what class the amplifier works?
l. Listen to your favorite song as in point “h”. Make observations and add them to report.
m.  Once more disconnect measurement amplifier and input cable. 
Then set B-point voltage to 5V.
n.  Turn down the output volume of PC to zero and then play the 1kHz tone from audacity. Connect the input cable.
o. Change the volume of output sound, thus regulate output voltage, watch for value of input voltage that causes output signal to appear. Why this voltage is the same as in earlier settings? Save oscilograms. 
p. Increase PC volume and watch the waveforms. Write down maximum input voltage for which sine wave isn’t cropped. Why this voltage is different than in earlier settings? Save oscilograms.

 In what class the amplifier works?
q. Answers to r questions, requests and corresponding waveforms should be included in the report.
4. Classes 2C, 2B, 2AB
At this point you will learn about basic amplifiers constructed with pair of output transistors.

For proper execution of exercises basic knowledge of electrical circuits and semiconductor devices is required.
To do the exercise you will need: 
- PC Computer
- oscilloscope 
- Laboratory power supply 
- Set with the multimeter and oscilloscope probes 
- A set with breadboard 
- NPN transistor and a PNP transistor BD651 BD652 
- 2x 5W resistor 1Ω, 1x 4Ω 5W or 1x5Ω 
- 4x 1k resistor, 100 Ω 1x, 1x 500Ω, 22kΩ 1x, 1x 10k, 2x2.2kΩ 
- 2x 2k resistor, 2x 5Ω 
- 1x 100kΩ potentiometer 
- 1x 22uF capacitor, 1x 220uF 
- 2x rectifying diode 1N4007
a. Connect the circuit as in schematic:
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b. The circuit power supply should be connected as in picture below. The circuit should be powered with symmetrical ± 5V voltage. Always remember to connect ground wire from power supply to the circuit.
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c. Connect audio output from PC to the input of the circuit. Run the audacity program (shortcut on your desktop) to generate a sine wave with a frequency of 1 kHz. (menu "Generate" and then "tone ..."). 
Mute the audio output from PC. (left mouse button click on speaker icon near the system clock at start bar, and move the slider all way down).
Connect first channel of oscilloscope to circuit input. (A-measurement point) and connect second oscilloscope channel to output of the circuit (JIG measurement point) . Remember to connect oscilloscope probe ground to circuit ground.
d. Run oscilloscope program on PC (shortcut is on desktop) Set up time scale to 400 us and voltage scale to 500 mV (input channel) and 500 mV (output channel).

e. Play the generated tone in audacity holding shift button on keyboard. It will play the sound in loop. Change the volume of output sound, thus regulate output voltage, watch for value of input voltage that causes output signal to appear.
Why amplifier doesn’t amplify signals below this voltage?
Why waveforms faults occur? What are they called?
Save oscilograms.
In what class the output stage of amplifier works?

f. Increase PC output voltage (volume) look at output waveform. Why the upper and lower halves are asymmetrical? Save oscilograms.
g. Connect jack socket parallel to R-obc (load resistor). Next connect headphones to that socket. Listen your favorite song. Make observations and add them to report.


h. Reconnect the circuit as in schematic adding operational amplifier:
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i. The circuit should be powered with symmetrical ± 5V voltage. Always remember to connect ground wire from power supply to the circuit. Connect oscilloscope probes and audio signal as in previous exercises. 

j. Change the volume of output sound, thus regulate output voltage, watch for value of input voltage that causes output signal to appear.
Why this voltage differs from voltage measured earlier?
Save oscilograms.
In what class the output stage of amplifier works?
Why using same transistors output sine wave is symmetrical?
k. Connect the second oscilloscope channel to point C in the schematics. When needed change time and voltage dividers. Verify working class conclusions. Save oscilograms.
l. Decrease volume and connect jack socket parallel to R-obc (load resistor). Next connect headphones to that socket. Listen your favorite song. Make observations and add them to report.












m. Connect the circuit as in schematic:
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n. Do not connect the audio input signal and R_obc resistor. Connect circuit to power supply. Using multimeter measure voltage between ground and C point on schematics.
o. Regulate potentiometer R2 to achieve C-point voltage as close to “0” as possible. Connect the R_obc resistor.
p. Decrease PC volume to zero. Connect PC output to circuit input and oscilloscope as in earlier exercises
q. Change the volume of output sound, thus regulate output voltage, watch for value of input voltage that causes output signal to appear. Why this voltage is the same as in earlier settings? Save oscilograms.
In what class the amplifier works?
r. Decrease volume and connect jack socket parallel to R-obc (load resistor). Next connect headphones to that socket. Listen your favorite song. Make observations and add them to report.
For inclusion in the report: 
Answers to the questions asked along in the exercises with oscilograms, your own thoughts and insights.
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