Section 4: Power amplifiers 1 (Class A, AB & B)

Suggested 8.0 hours
duration

Purpose This section introduces the concept of transistors as power
amplifiers. The student has already been introduced to the
transistor as a current and voltage amplifier. The transition to
power amplifier is a logical progression. Class A, AB and B
operation are considered, with circuits and practical
applications.

Objectives At the end of this section students should be able to:

®  Describe the difference between class A, AB and B power
amplifiers and an application of each class.

®  Describe the relationship between conduction angle and
amplifier efficiency.

®  Diagnose and repair faults in each class of amplifier.
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Suggested content for section 4

Class A Amplifiers

Introduction

®  Review the general concept of the transistor as a current and voltage
amplifier.

®  Introduce the concept of power amplifiers from a "need to know" viewpoint,
(Hazen, p245-246). Stress the need for private study in the following sections
as the extent of the topics to be covered is too large for time available in the
classroom.

Class A amplifiers

®  Explain that amplifiers are classified according to bias operating point and
signal conduction angle. The classification uses the letters A through D. There
are some sub-classifications which differ only marginally from the classes to be
covered.

®  Remind students that all the amplifiers discussed so far in this module have
been operated in class A. This classification applies to all amplifiers in which
the bias point and the input signal level are chosen so that the input signal is
amplified without clipping..

®  Ask questions to check that students understand the reason for mid-point
biasing, ie maximum AC output signal without positive or negative peak
clipping. Sketch midpoint bias on an AC load line (Hazen, Exploring Electronic
Devices). | '

= Explain that both small-signal and large-signal class A amplifiers operate on
a 100% duty cycle. The transistor is on or conducting for the complete input
signal cycle and so dissipates power continually in the form of heat. It is the
least efficient of all the amplifier classes.

®  Explain with a sketch that an amplifier can be biased well towards cut-off
for very small input signals and still remain in class A. As the input signal level
increases, the bias or Q point must be moved further up the load line until the
mid-point is reached. As the Q point moves up the load line, efficiency
decreases since the average current is higher.
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Class A power dissipation

®  Explain that the power dissipated in a class A amplifier is the product of the
quiescent collector current and the quiescent collector/emitter voltage. In a FET
or MOSFET the situation is the same and power dissipated equals the qulescent
drain current times the quiescent drain/source voltage.

®  State that the average collector current does not change over the input signal
cycle in a class A amplifier.

Pp = Vcrg)Icg)
or, similarly in a FET:
Pp = Vps).Ip(g)

Class A output power

®  State that the output power from any amplifier is the power delivered to the

load resistance. The load may be any one of a range of devices - speaker, aerial
etc.

(Vousms) )?

Pou = .%"Z‘)_

®  For a class A amplifier the power output can be expressed as:

Vcro) - Ick)

Poul— 2

Class A input power

= Explain that the total DC input power is the supply rail voltage multiplied by
the quiescent DC collector current which remains stable over the entire input

cycle.
Ppc =VeeIcg)
Class A power efficiency
= State the efficiency factor (h) is the ratio of output power to DC input
power.
N% = Pou x 100
Ppc

® Jllustrate by drawing that the AC load line is steeper than the DC load line
because of the parallel load resistance. Since both load lines pass through the Q
point, the peak AC output swing is always less than the theoretical maximum.
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®  Explain that the efficiency achieved in a practical class A amplifier using a
collector load resistor is around 3% to 7%. If the AC load line and DC load line
were identical and the output voltage could swing up to the supply rail, the
maximum efficiency would still only be 25%. State that class A amplifiers are a
poor choice for power efficiency since they operate on a 100% duty cycle,
conducting over the full 360° of the input signal cycle. Other factors may weigh
in their favour, making them a suitable choice for reasons other than efficiency.
Say that the efficiency can be improved by using transformer coupling and that
this will be looked at later.

~

®  Provide a worked example to demonstrate efficiency calculation and then
provide an example for the class to complete. (Hazen, Exploring Electronic
Devices)

®  Explain and demonstrate by worked example that maximum power is
transferred to a load when the load resistance equals the output impedance of the
amplifier. For a given circuit, efficiency is highest at this point. (Hazen ,
p251-253)

®  Use the self-check questions in the reference texts and the review questions in
the workbook to test your students' comprehension.

Class B Amplifiers

Applications =
®  State that class B amplifiers are commonly used in both audio and RF
applications because of their high efficiency. The bias is adjusted so that with no
input signal the standing or quiescent current is almost zero. On the positive
half- cycle of the input signal the transistor amplifies normally but cuts off
completely for the negative half-cycle.

= Explain that this has no practical value in an audio circuit as the output
consists only of negative half-cycles, which is a gross distortion of the input
sinewave.

®  Explain that this difficulty is overcome by combining two transistors, one
NPN and one PNP, in a circuit known as a complementary push-pull amplifier.
(Figure 4.1).
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Operation

®  Explain the operation of the circuit in which the NPN transistor amplifies the
- positive half cycle of the input signal and the PNP transistor amplifies the
negative half-cycle.
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Figure 4.1

®  Point out that each transistor functions as an emitter follower on alternate
half cycles of the input signal, and rests on the other half cycle. For this reason,
the efficiency of a class B amplifier is higher than its class A counterpart.

®  Draw attention to the capacitor which connects the emitters of the transistors
to the load. It block the DC voltage at the junction of the emitters from the load
resistor. Explain that the capacitor charges through the NPN transistor and the
load and discharges through the PNP transistor and the load.

®  Assuming silicon devices, describe the way in which the bias is derived for
both transistors. Notice the voltage across the resistor connecting the two bases
is 1.4V or twice the value of V., which is nominally 0.7V. Point out that the
s DC voltage at the junction of the emitters should be half V_ but will only be so if
the transistors are a matched complementary pair.

Bias requirements

®  Stress the importance of correct biasing. Zero bias results in cross-over
distortion. Show an OHT to demonstrate the nature of cross-over distortion.

= Explain that the bias voltage developed across a resistor is not ideal as it
cannot maintain a stable 1.4V between the bases with changing temperature. A
more common method uses two series-connected silicon diodes in place of the
resistor between the bases of the output transistors.
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®  Mention that germanium diodes would be used if the output devices were
also germanium.

®  Explain that the diode PN junction closely matches the V; characteristic of
the transistors and places each transistor at the turn-on threshold, maintaining
circuit symmetry. State that the design is called a complementary-symmetry
push-pull amplifier.

®  Explain that the current through the diodes is "mirrored" in the output
transistors as the standing or quiescent current. Adjusting the value of R, in
Figure 4.3 allows the standing current to be set to any desired value.

®  Show that a single ended class B amplifier can operate satisfactorily without
distortion if the collector load resistor is replaced with a parallel resonant LC
circuit, known as a tank circuit.

®  Emphasise that this arrangement is only effective over a narrow band of
frequencies centred on the resonant frequency of the tank circuit and is used only
for RF power amplification.

= Explain that the tank circuit, by flywheel action, reproduces the missing half
cycle of the output waveform as energy stored in the inductor on the conducting
half-cycle charges the capacitor on the opposite half-cycle when the transistor is
off. The output swing is twice the value of V.. (Hazen, p259)

Split supply

®  Push-pull amplifiers may operate with either a single power supply or a split
rail, ie a positive and a negative supply. Show a representative circuit on OH
and point out the balance or symmetry of the circuit is maintained.

®  Note that no coupling capacitor is required between the emitters and the load
if the circuit has correct DC balance.

Darlington pair

®  Explain that very high power gain can be achieved by using a Darlington
pair in each leg of a push-pull amplifier. Either single or split rail supplies can
be used.

Show a circuit and explain that four silicon diodes, D1 to D4, are required in
the bias string to produce the 2.8V needed for correct biasing of the Darlington
pairs. See Figure 4.2.
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