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1.Overview of the entire project To listen to music, a speaker can not be connected directly on the CD reader output. Due to the low voltage and above all the low current of the output, a voltage and current amplifier is compulsory. The project of this year is to design an audio frequency amplifier using discrete components.



1.Specifications of the audio frequency amplifier The maximum output power of the amplifier must be 10W sinus under a load impedance of 8Ω (speaker) with an input level of 1V peak to peak and an input impedance superior to 10kΩ. It must amplify audio signals with a band-width ranging from -3dB of 20Hz to 20KHz. Its power amplifier stage must be a class B or AB. Finally, only passive components and bipolar transistors could be used to design the different parts of the amplifier.



2.General structure choice These specifications can be met with a power operational amplifier as shown in figure 1, so the structure will be like the inside of a power operational amplifier. +Vsupply



A



R1



Vo



R2



Figure 1 : General structure diagram 1/10
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The total amplification is like a non-inverter operational amplifier one. Vo A = Vi 1 + AK where A is the operational amplifier amplification R1 and K = R1 + R 2 1 R1 + R 2 if A >> 1 then G ≈ ≈ K R1 G=



3.Supplies As shown in specifications, the output power must be 10W. Pmax = 10W The maximum output power dissipation in the load is Pmax =



Voeff RL



2



=



Vomax 2 RL



2



where Vomax is the maximum output voltage. so Vo max = P * 2 RL = 20 * 8 = 4 10 = 12.7V



To reach this maximum output voltage, the amplifier must be supplied with a higher voltage, it will be supplied with a 15V voltage. Vsupply=15V.



4.The distinct parts The power operational amplifier shown in figure 1 can be divided in four distinct parts. Low-pass filter



Differential input stage



Vi



Voltage preamplifier Driver



Curent amplifier Vo



FP1



FP2 FP3



Figure 2 : The four distinct parts
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The first part (FP1) is a low-pass filter. It sets the 20 Hz low cut-off frequency of the band-width. The second element (FP2) is a differential input stage. This is the first stage amplifier which differentiates between its positive and negative input. The third part (FP3) is a voltage preamplifier. This is the second stage amplifier, commonly named the driver, which must increase the voltage amplification The last element (FP4) is a current amplifier. This is the third stage amplifier. It amplifies the current up to 1.6A into a load of 8Ω.



2. Power stage principle 1.Presentation of the different classes Output stages are classified according to the collector current waveform that results when an input signal is applied.



The class A stage is biased at a current Ic greater than the amplitude of the signal Icmax. Thus the transistor for the class A stage conducts for the entire cycle of the input signal.
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In contrast, the class B stage is biased at zero current. Thus a transistor in a class B stage conducts for only half of the cycle and a second transistor must be used to supply the negative halves of the sinusoid.



Class B 2,5 2 ic



1,5 1 Iˆc



0,5 Ic 0



0



3,141592654



6,283185307



9,424777961



ωt An intermediate class between A and B is the class AB which is biased at a non-zero current but smaller than Icmax . The transistor conducts for an interval slightly greater than half of the cycle. As for class B, a second transistor must be used to supply the negative halves of the sinusoid. It follows that, near zero, both transistors conduct.
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2.Advantages and drawbacks of the different classes Class A stage: The main advantage of class A stage is that it doesn't present crossover distortion but the transistor power dissipation is high, its power-conversion efficiency is very low, and the power consumption is constant (also at rest). ηmax = 25% Psupply > (Vcc)2 / RL



Class B stage : Class B power-conversion efficiency is significantly higher than that of class A with a lower power dissipation and power consumption, and no consumption at rest but it presents crossover distortion. Pdissipation < 2*Vcc² / (◊² RL) Psupply = Vcc * Vomax / (◊ RL) ηmax = 78%



Class AB stage : Class AB stage is a good compromise, with no crossover distortion, low power dissipation and power consumption, and good power-conversion efficiency (basically the same as the class B stage).



Because this is a good compromise and as got many advantages, this configuration (class AB) was selected for the power amplifier.
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3. Study of the driver The first step will be to choose the configuration type among a common-collector (CC), a common-emitter(CE) and a common-base(CB) . As far as the amplification is concerned, the case of CC is to be rejected because it presents a gain close to 1 which has no interest for us. On the other hand, it should be noted that a CE can not drive a load RL which is much lower than the internal resistance of the source, so using a CE would dramatically decrease the amplification . Given that the driver load is in fact the 3rd stage input impedance, it should not be too small. Thus, a transistor is placed between the two stages in order to increase this input impedance value (ze'=ze(1+β) + rbe), so that a CE can be chosen as well as a CB. The Common-Base is very similar to the CE .They have almost the same gain with only a slight difference of sign. However, the CB impedance is too small for our use in this case Therefore it is better to choose a CE :



Rc



+Vsupply



RL



CE



RE



RB



Figure 3: the CE layout 6/10
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The resistor RE shown in figure 3 is in fact the source output impedance, so its value has to be relatively high, unlike the case of the CE. Thus, the capacitor is disconnected and a PNP transistor is used instead of the NPN, resulting in the following configuration, namely the common-emitter with a resistance in the emitter.



RE



Vsupply



RB



RC



RL



Figure 4: a Common-emitter with a resistance in the emitter



This amplifier stage has a gain Av=-gm.Rc/(1+RE.gm) and an input impedance Rin=rbe+ βRE which is larger than the Rin of the CE.



Then RC is replaced by a bias source similar to the Io- 3rd stage. Note the resistances have to be changed.
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4. Push-Pull theory The classic configuration of a push-pull is represented as follows : +Vsupply Ic1 T1 Vbe1



Vi



Vbe2



IL



Vo RL



Ic2 T2



-Vsupply



Figure 5: the push-pull layout It shows a class B output stage. It consists of a complementary pair of transistors (that is an NPN and PNP) connected in such a way that both cannot conduct simultaneously. T1 is locked while Vbe1 < Vbeon = 0.6 V, whereas T2 is locked while Vbe2 > -0.6V. When the input voltage vi is zero, both transistors are locked and the output voltage vs is zero. As vi goes positive and exceeds 0.6V, T1 conducts and operates as an emitter follower. In this case vs follows vi (that is vs = vi - vbe1 ) and T1 supplies the load current since T2 is locked. If the input goes negative by more than 0.6V, T2 turns on and acts as an emitter follower. Again vs follows vi, that is vs = vi - veb2 .In this case, T2 supplies the load current and T1 will be locked. The circuit operates in a push-pull mode, that is to say T2 pushes the source current into the load when vi is positive, and T2 pulls current from the load when vi is negative .
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Transfer Characteristic: Vo +Vsupply



-0.6V +0.6V



Vi



-Vsupply Note that there is a range of vi where vs is zero. This results in the crossover distortion illustrated in this diagram : V



Vi Vo



+0.6V



t



-0.6V



Improved configuration: The crossover distortion can be reduced substantially by slightly biasing this stage in such a way that the transistors cannot be locked during the DC mode. The bias current is small but non zero and the transistors will almost operate as class AB, that is both conduct in small signals and alternatively are locked when the signal amplitude is high. A pair of diodes and an adjustable resistance are inserted between the bases of T1 and T2. The diodes ensure a voltage of about 1.2V between the two bases in order to enable the transistors to conduct. 9/10
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5. Perspectives Simulations of the power-amplification stage, the driver and the differential amplifier were conclusive. Potentiometers adjustments were carried out in order to have a voltage close to zero when the input differential voltage is zero. Simulations with a retroaction need to be carried out to be able to begin the layout design.



This first part of the project gave us the opportunity to put into practice the analog simulation with Mentor Graphics that we have learned during the beginning of this semester. Although such an amplifier can be designed only with an integrated circuit, we have learned how to design it with transistors, which are the basic components of such a circuit.



The physical design and material simulations remain, which will enable us to complete our project and meet the specifications.
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