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1.1. Introduction
An amplifier receives a signal from some pickup transducer or other input source and provides a larger version of the signal to some output device or to another amplifier stage. An input transducer signal is generally small (a few millivolts from a cassette or CD input, or a few microvolts from an antenna) and needs to be amplified sufficiently to operate an output device (speaker or other power-handling device). In small-signal amplifiers, the main factors are usually amplification linearity and magnitude of gain. Since signal voltage and current are small in a small-signal amplifier, the amount of power-handling capacity and power efficiency are of little concern. A voltage amplifier provides voltage amplification primarily to increase the voltage of the input signal. Large-signal or power amplifiers, on the other hand, primarily provide sufficient power to an output load to drive a speaker or other power device, typically a few watts to tens of watts.
يشبه هذا النوع من المضخمات الانواع السابقة التي تمت دراستها في المحاضرات السابقة لكن التطبيقات التي يستخدم بها هذا النوع من المضخمات تختلف عن الانواع السابقة التي كانت تتعامل مع الاشارات الصغيرة وعلية فان القدرة الخارجة او مدى التكبير يكون صغير بطبيعة الحال (1واط, 2 واط). لكن في هذا النوع من المكبرات تكون القدرة اعلى بكثير ولذلك سميت بمكبرات القدرة او مكبرات الاشارات الكبيرة وتقسم الى عدة اصناف حيث سيتم دراسات اغلب الاصناف.

1.2.	AMPLIFIERS TYPES 
One method used to categorize amplifiers is by class. Basically, amplifier classes represent the amount the output signal varies over one cycle of operation for a 



full cycle of input signal. A brief description of amplifier classes is provided next.
Class A: The output signal varies for a full 360° of the input signal. Figure 12.1 a shows that this requires the Q -point to be biased at a level so that at least half the signal swing of the output may vary up and down without going to a high enough voltage to be limited by the supply voltage level or too low to approach the lower supply level, or 0 V in this description.
بالامكان التمييز بين اصناف المكبرات من خلال موقع نقطة التشغيل على خط الحمل. حيث ان المحور العمودي يمثل التيار والمحور الافقي يمثل فرق الجهد بين الباعث والجامع وخط الحمل هو الخط الواصل بين المحور العمودي والافقي  ونقطة التقاطع بين قيمة التيار وفرق الجهد تمثل نقطة التشغيل ويلاحظ ان التغيير الحاصل في قيمة نقطة التشغيل نتيجة تغير قيمة التيار وفرق الجهد يكون على استقامة واحدة ومحددة بخط الحمل.
يكون المكبر من النوع الاول اذا كانت نقطة التشغيل ضمن المنطقة الفعالة للتشغيل وبعيدة عن منطقة التشبع او القطع اما اذا كانت خارج المنطقة الفعالة وموجودة على نقطة القطع عندها يكون المكبر من النوع الثاني واذا كانت داخل منطقة القطع يكون من النوع الثالث وهكذا عند تغير مموقع نقطة التشغيل يتغير نوع المكبر. 
Class B: A class B circuit provides an output signal varying over one-half the input signal cycle, or for 180° of signal, as shown in Fig. 12.1 b. The dc bias point for class B is at 0 V, with the output then varying from this bias point for a half-cycle. Obviously, the output is not a faithful reproduction of the input if only one half-cycle is present.
Two class B operations one to provide output on the positive-output half-cycle and another to provide operation on the negative-output half-cycle are



 necessary. The combined half-cycles then provide an output for a full 360° of operation. This type of connection is referred to as push pull operation, which is
discussed later in this chapter. Note that class B operation by itself creates a very distorted output signal since reproduction of the input takes place for only 180° of the output signal swing  
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Class AB: A n amplifier may be biased at a dc level above the zero-base-current level of class B and above one-half the supply voltage level of class A; this bias condition is class AB. Class AB operation still requires a push pull connection to achieve a full output cycle, but the dc bias level is usually closer to the zero-base-current level for better power efficiency, as described shortly. For class AB operation, the output signal swing occurs between 180° and 360° and is neither class A nor class B operation.




Class C: The output of a class C amplifier is biased for operation at less than 180° of the cycle and will operate only with a tuned (resonant) circuit, which provides a full cycle of operation for the tuned or resonant frequency. This operating class is therefore used in special areas of tuned circuits, such as radio or communications.
Class D: This operating class is a form of amplifier operation using pulse (digital) signals, which are on for a short interval and off for a longer interval. Using digital techniques makes it possible to obtain a signal that varies over the full cycle (using sample and-hold circuitry) to recreate the output from many
pieces of input signal. The major advantage of class D operation is that the amplifier is “on” (using power) only for short intervals and the overall efficiency can practically be very high, as described next.
Amplifier Efficiency
The power efficiency of an amplifier, defined as the ratio of power output to power input, improves (gets higher) going from class A to class D. In general terms, we see that a class A amplifier, with dc bias at one-half the supply voltage level, uses a good amount of power to maintain bias, even with no input signal applied. This results in very poor efficiency, especially with small input signals, when very little ac power is delivered to the load. In fact, the maximum
efficiency of a class A circuit, occurring for the largest output voltage and current swing, is only 25% with a direct or series-fed load connection and 50% with a transformer connection to the load. Class B operation, with no dc bias power for no input signal, can be shown to provide a maximum efficiency that 



reaches 78.5%. Class D operation can achieve power efficiency over 90% and provides the most efficient operation of all the operating classes. Since class AB falls between class A and class B in bias, it also falls between their efficiency ratings between 25% (or 50%) and 78.5%. T able 1 2.1 summarizes the operation of the various amplifier classes. This table provides a relative comparison of the output cycle operation and power efficiency for the various class types. In class B operation, a push pull connection is obtained using either a transformer coupling
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Class C is usually not used for delivering large amounts of power, and thus the
efficiency is not given here. or by using complementary (or quasi-complementary)boperation with npn and pnp transistors to provide operation on opposite-polarity cycles. Although transformer operation can provide opposite-cycle signals, the transformer itself is quite large in many applications. A transformer less circuit using complementary transistors provides the same operation in a much smaller package
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FIG. 12.1
Amplifier operating classes.
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TABLE 12.1

Comparison of Amplifier Classes
Class
A AB B « D
Operating cycle 360° 180° 10 360° 180° Less than 180° Pulse operation
Power efficiency 25% 10 50% Between 25% 785% Typically over 90%
(50%) and 78.5%

9Class C s usually not used for delivering large amounts of power, and thus the efficiency is not given here.
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12.2  SERIES-FED CLASS A AMPLIFIER

The simple fixed-bias circuit connection shown in Fig. 12.2 can be used to discuss the
‘main features of a class A series-fed amplifier. The only differences between this circuit
and the small-signal version considered previously s that the signals handled by the large-
signal circuit are in the range of volts, and the transistor used is a power transistor that is
capable of operating in the range of a few to tens of waits. As will be shown in this section,
this circuit is not the best to use as a large-signal amplifier because of its poor power ffi-
ciency. The beta of a power transistor is generally less than 100, the overall amplifier cir-
cuit using power transistors that are capable of handling large power or current while not
providing much voltage gain.

DC Bias Operation
The de bias set by Ve and Ry fixes the e base-bias current at
T 12y
with the collector current then being
Ic =By (12.2)
with the collector-emitter voltage then
Vee = Vee — IcRe (12.3)

To appreciate the importance of the de bias on the operation of the power amplificr, con-
sider the collector characteristic shown in Fig. 12.3. A dc load line is drawn using the
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FIG. 12.2

Series-fed class A large-signal

amplifier.
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FIG. 12.3

Transistor characteristic showing load line and
Q-point.




image9.png
Power Considerations

‘The power into an amplifier is provided by the supply voltage. With no input signal, the de
current drawn is the collector bias current I¢,,. The power then drawn from the supply is

Pilde) = Vecle,

(12.4)

Even with an ac signal applied, the average current drawn from the supply remains equal
to the quiescent current I, so that Eq. (12.4) represents the input power supplied to the

class A series-fed amplifier.
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Output Power The output voltage and current varying around the bias point provide ac
power tothe load. This ac power s delivered to the load Re-in the crcuit of Fig. 12.2, The
ac signal V; causes the base current (o vary around the de bias current and the collector
current around ts quiescent level .. As shown in Fig. 124, the ac input signa results in
ac current and ac voltage signals. The larger the input signal, the larger is the output
Swing, up to the maximum set by the circuit. The ac power delivered to the load (Re) can
be expressed in a number of ways.

Using RMS signals. The ac power delivered to the load (Rc) may be expressed using

P,(ac) = Veg(rms)lc(rms) (12.5)
Pac) = RtemoRe (126
Pfac) = "%f;c"" (127

Efficiency

The efficiency of an amplifier represents the amount of ac power delivered (transferred)
from the de source. The efficiency of the amplifier is calculated using

_ Poac)

=0 < 100% (12.8)

%n
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Maximum Efficiency For the class A series-fed amplifier, the maximum efficiency can
be determined using the maximum voltage and current swings. For the voltage swing it is
‘maximum Vg(p-p) = Ve

For the current swing it is
maximum I(p-p) = -5
Re

Using the maximum voltage swing in Eq. (12.7) yields
VeeWVee/Re)
maximum Py(ac) = %c/c

_ Ve

i
The maximum power input can be calculated using the dc bias current set to one-half the
‘maximum value:

Vee/Re
2

maximum P{de) = Vee(maximum Ie) = Ve

_ Vee
TR
We can then use Eq. (12.8) to calculate the maximurm efficiency:
maximum o = XM Po@0) e
maximum P,(dc)
_ Ve/SRe
Vec/2Re
—25%

x 100%

‘The maximum efficiency of a class A series-fed amplifier is thus seen to be 25%. Since
this maximum efficiency will occur only for ideal conditions of both voliage swing and
current swing, most series-fed circuits will provide efficiencies of much less than 25%.
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EXAMPLE 12.1_Caleulate the input power, output power, and efficiency of the amplifier
circuit in Fig. 12.5 for an input voltage that results in a base current of 10 mA peak.
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FIG. 125
Operation of a series:fed circuit for Example 12.1.
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Solution:  Using Eqs. (12.1) through (12.3), we can determine the Q-point to be
Voc =01V _ 20V - 07V
Ry e

p = 25(193mA) = 4825 mA = 048 A
Ve, = Vee = IcRe = 20V = (043 2)20 Q) = 104V

‘This bias point is marked on the transistor collector characteristic of Fig. 12.5b. The ac
variation of the output signal can be obtained graphically using the dc load line drawn on
Fig. 12.5b by connecting Ve = Vec = 20 V with Ic = Voc/Re = 1000 mA = 1A, as
shown. When the input ac base current increases from its de bias level, the collector cur-
rent rises by

=193mA

1p) = Blgp) = 25(10 mA peak) = 250 mA peak
Using Eq. (12.6) yields
2 342

Pyfac) = rms)Rc = %’”Rc = MN Q) = 0.623W

Using Eq. (12.4) results in
Pilde) = Veele, = Q0V)O048A) = 9.6 W
‘The amplifier’s power efficiency can then be calculated using Eq. (12.8):
Pfac) 0625W

= Pido < 100% = TEW

X 100% = 6.5%
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TRANSFORMER-COUPLED CLASS A AMPLIFIER

.
A form of class A amplifier having maximum efficiency of 50% uses a

transformer to couple the output signal to the load as shown in F ig. 1 2.6. This is

a simple circuit form to use in presenting a few basic concepts. More practical
circuit versions are covered later.

oo
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Since the circuit uses a transformer to step voltage or current, a review of voltage and cur-
rent step-up and step-down is presented next.

Transformer A

A transformer can increase or decrease voltage or current levels according to the turns
ratio, as explained below. In addition, the impedance connected to one side of a trans-
former can be made to appear cither larger or smaller (step up or step down) a the other
side of the transformer, depending on the square of the transformer winding turns ratio.
‘The following discussion assumes ideal (100%) power transfer from primary to secondary,
that is, no power losses are considered.
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Voltage Transformation  As shown in Fig. 12.7a, the transformer can step up or step
down a voltage applied to one side dircetly as the ratio of the turns (or number of wind-
ings) on cach side. The voltage transformation is given by

B

7 (12.9)

Equation (12.9) shows that if the number of turns of wire on the secondary side is larger
than the number on the primary, the voliage at the secondary side is larger than the voltage
at the primary side.

Current Transformation The current in the secondary winding is inversely proportional
to the number of turns in the windings. The current transformation is given by

Hfh

Tm (12.10)

‘This relationship is shown in Fig. 12.7b. If the number of turns of wire on the second-
ary is greater than that on the primary, the secondary current will be less than the current
in the primary.

Impedance Transformation Since the voltage and current can be changed by a trans-
former, an impedance “seen” from either side (primary or secondary) can also be changed.
As shown in Fig. 12.7c, an impedance Ry is conneeted across the transformer secondary.
‘This impedance is changed by the transformer when viewed at the primary side (RY). This
can be shown as follows:
R _R_Vo/bh_Wali _Vali Nl (&)z
Ry R W/ LV Vi NN AN,
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FIG. 127
Transformer operation: (a) voltage transformation; (b) current transformation;
(c) impedance transformation.
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If we define a = Ny /N, where a is the turns ratio of the transformer, the above equa-
tion becomes

BB (R
R R (Nz) - (121

‘We can express the load resistance reflected to the primary side as

Ry =aR,| or | R =R, (12.12)

where Ry is the reflected impedance. As shown in Eq. (12.12), the reflected impedance is
related directly to the square of the tuns ratio. If the number of turns of the secondary is
smaller than that of the primary, the impedance seen looking into the primary is larger than
that of the secondary by the square of the tuns rati
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EXAMPLE 1.2 Calculate the cffective resistance scen looking into the primary of a 15:1
transformer connected to an 802 load.
Solution: Eq. (12.22):

R, = @Ry = (1578 ) = 1800 O = 18kQ

I

EXAMPLE 1.3 What transformer turns ratio is required to match a 16-£2 speaker load so

that the effective load resistance seen at the primary is 10 kQ2?

Solution: Eq. (12.11):

10kQ
60

N,
L= Ve =251
Ny

625
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Maximum Theoretical Efficiency For a class A transformer-coupled amplifier, the maxi-
‘mum theoretical efficiency goes up to 50%. Based on the signals obiained using the ampli-
fier, the efficiency can be expressed as

Vet — ch_)z
G =50 —=——= % 12.16)
" (VCE.. + Veg (1210

‘The larger the value of Vi, and the smaller the value of Ve, the closer the efficiency
approaches the theoretical limit of 50%.
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EXAMPLE 12.6 Calculate the cfficiency of a transformer-coupled class A amplifier for a
supply of 12 V and outpus of:

a Vip) = 12V.
b V(p) = 6V.
o Vip) =2V.
Solution:

a. Since Vg, = Vee = 12V, the maximum and minimum of the voltage swing are,
respectively,

Vek,,, = Ve, + V0) = 12V + 12V = 24V
Ve, = Veg, — Vo) = 12V = 12V = 0V
resulting in
2
b,
Ve, = Verg + V®) = 12V + 6V = 18V
Vet = Vg, = V) = 12V =6V =6V
resulting in
18V - 6V)?
%n:50(m)%:12.5%
e
Ve, = Ver, + VO) = 12V + 2V = 14V
Ve, = Ver, — V) = 12V =2V = 10V
resulting in

14V — 10V
o= (o) % =1

Notice how dramatically the amplifier cfficiency drops from a maximum of 50% for
Vip) = Vec to slightly over 1% for Vip) = 2 V.
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