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1 Watt Driver Amplifier

And Low-Pass Filter 



   Abstract

 
This paper was written for the purpose of documenting the designing process of a class B amplifier. 



  Introduction 
Goal:
The goal of this experiment is to drive an 8 ohm speaker with 1 Watt at 400 Hz without clipping. The amplifier must be operation at a voltage where none of the parts would heat up too much. After the completion of the circuit, also incorporate a 2 pole low pass filter that has a -3 db cutoff frequency of 5 KHz. This will remove any unwanted higher frequencies at the input signal. 

Scope of the report:


This report includes the design, evaluation and test of a class B amplifier along with an op amp. The analysis consists of cross over distortion, power efficiency, general noise, output clipping, and filtering with zeros/poles. Although these aspects were taken into consideration, the efficiency in general was not maximized due to our limited knowledge of circuit designing. Furthermore, this report does not include the cost analysis as well as its marketability

The Design 

To drive an 8 ohm speaker with 1 Watt at 400 Hz, we first calculated the voltage that we want to put across load.   
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From the equation P 
[image: image28.wmf], we can see that the root mean square voltage is 
directly related to the power input as well as the resistance of the load. By definition 
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, hence the amplitude of the desired voltage across the load could be calculated simply by combining the two equations and solve for
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Once the voltage is decided across the load, class B amplifier was chosen to drive enough current for the 741 op amp. 
Class B amplifier was chosen for its power efficiency, and since the expected frequency that the amplifier will be operating is relatively low (400Hz). Cross over distortion wasn’t expected to be a major problem. With the class B amplifier, Darlington configuration was used to replace the regular BJT because the required current would heat up the BJT. To provide a DC feedback for the op amp, a resistor between the two BJT was included. By including the resister it also mitigated the cross over distortion. A 40 uF capacitor was provided to ensure a short for any AC component of the DC voltage source.  For the most part, low resistance was chosen to reduce the power consumption. The original design for the upper and lower voltage supplies were + 6 V. This is because the expect voltage drop cross the Darlington configuration is 1.5 V (6 - 1.5 = 4.5). Since the required voltage is only needed 4 V across the 8 ohm speaker, the .5 V is used only for extra buffer. After the circuit was actually tested, it was discovered that clipping still occurred until the input voltage was adjusted to 9.5 V. 
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Figure1. This is the final design.
Testing and evaluation

There were several intermediate steps before the final design, and each improvement was evaluated in the lab. This section will provide the entire lab testing information as well as addition of improvement after each problem. 


After the voltage needed across the load is calculated, next procedure is to design the op amp to supply the sufficient voltage. For this lab a non-inverting 741 op amp with a gain of 2 was chosen. To start off, a simple 741 op amp was tested without any transistor stages (With input of 2 V, to receive a 4 V output across the 8 ohm speaker). This first design is shown in Design1 below.  

After actually testing the above design, it was discovered that the op amp by itself does not provide enough power because it not enough current was drawn. To solve this problem, a transistor stage is needed. The three common types in the market include class A, B and AB. Class A provides a more linear output, but it is not very power efficient. Class B, however, is a power efficient approach, but it is non-linear at high frequencies due to the cross over distortion. Class AB combines the characteristic of both A and B. For this lab, class B was used for its simplicity as well as its power efficiency.   

The addition of the BJT help dramatically with the current supply, but clipping still occurred during the testing of the second design. The simulation of the circuit was heating up the BJT. To solve this problem, another BJT was added to make a Darlington configuration to draw more current. After the addition of Darlington, a relative decent sinusoidal wave that corresponded to the input of 400 Hz finally appeared. 

The last problem was the noise in the signal. The sine wave displayed in the oscilloscope had a major noise problem whenever the sine wave is approaching the maximum amplitude. This effect is caused by the intrinsic capacitance of the breadboard. By adding two capacitors to the DC sources, we discovered that it could help out the noise problem by shorting the AC component. The final addition to the design was the feedback resistor. This resistor provided a feedback for the op amp and stabilizes the output. 
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Figure 2 - Design 1(With simple op amp)
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Figure 3 - Design 2(With Class B)
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Figure 4 - Design3 (With Darlington)
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Figure 5 - Design 4(With coupling capacitors) 

Graph 1 (Speaker output at 400 Hz) 
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Graph2 (Speaker output at 15 KHz) 
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Power rating Calculation:

Ptotal= 
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Ptotal=
[image: image18.wmf])

10

(

8

4

2

V

V

W

p

 = 3.18 Watt
PD = 
[image: image19.wmf]L

CC

L

R

Vo

V

R

Vo

2

2

1

2

-

p

           Eq - 3                    PD = 
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2.18 Watt/ 4 BJT = .5458 Watt/BJT

Safety factor => (.5458 Watt/BJT)( 1.25) = .6823 Watt/BJT

While Choosing the BJT, the power rating of individual BJT must at least be .6823 Watt
Designing the Filter

    The goal of this section is to design a second order filter as shown bottom. For this section, I decided to design a high pass filter. 
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Figure 6 – High pass filter 
The calculation to find the poles and zeros:
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     Eq - 4

A high pass filter could be made if R1= 1 K ohm, R2= 1 K ohm, R3 = 100 ohm, R4 = 500 ohm, C1 = 500 nF, C2 = 100 nF. A bode plot is shown below. 
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Figure 7 – Bode plot of a high pass filter
Conclusion:


The most important aspect of this lab is to know the different considerations during circuit designing as well as how to deal with them. The main considerations that came up during the lab are: cross over distortion, internal noise, stability, providing enough output current, class of amplifier selection and heat control. 


To provide enough current, either classes A, B or A/B transistor stage is needed. One of the important lessons from this lab is to distinguish the trade off between different classes of amplifiers. Since a class B amplifier was chosen for this lab, it is to note that while class B provided a very power efficient amplifier, its linearity is much more distorted compare to class A (especially at high frequencies).  


Cross over distortion is an intrinsic defect with class B amplifiers. Although it was not visible in this lab (400 Hz), at higher frequencies, this distortion could be reduced by putting a capacitor in series with the load. 



Sometimes the BJT in the transistor stage may still not carry enough current. In those cases, adding a Darlington configuration would increase the current. In most cases, the BJT heats up because too much current is running through it. It is wise to have a power analysis for the circuit before to ensure that the BJC has the correct power rating. It is to note that the majority of the industry normally increases the power rating by a factor of 25% as a buffer; this calculation was also done in this lab. 


A feedback from the output back to the op amp is needed to provide stability for the circuit. This feedback will ensure that no DC component will occur at the output. It is also a good idea to add a DC feedback resistor to the op amp between the transistors; this provides a feedback path back to the op amp which also helps to stabilize the circuit. 

� EMBED Equation.3  ���
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