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UNIT III 

POWER AMPLIFIERS AND TUNED AMPLIFIERS 

POWER AMPLIFIERS: Types, Class A large signal Amplifiers, Transformer Coupled Audio 

power amplifier- Efficiency, Class B Amplifiers, Efficiency, Complementary Symmetry push 

pull amplifier, Crossover Distortion. 

TUNED AMPLIFIERS 

Introduction, Single Tuned Amplifier, Double Tuned Amplifiers, Effect of Cascading Single 

tuned amplifiers on Band width, Staggered tuned amplifiers, Stability of tuned amplifiers. 

 

POWER AMPLIFIERS: 
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TUNED AMPLIFIERS 
3.1 Introduction: 
 To amplify the selective range of frequencies, the resistive load RC is replaced by a 
tuned circuit. The tuned circuit is capable of amplifying a signal over a narrow band of 
frequencies centered at fr. The amplifiers with such a tuned circuit as a load are known as tuned 
amplifier. 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  The 

Fig. 3.1 shows the tuned parallel LC circuit which resonates at a particular frequency. The 
resonance frequency and impedance of tuned circuit is given as, 

 
  The response of tuned amplifiers is maximum at resonant frequency and it falls sharply 
for frequencies below and above the resonant frequency, as shown in the Fig. 3.2. In the Fig. 
3.2, 3 dB bandwidth is denoted as and 30dB bandwidth is denoted as S. The ratio of the 30dB 
bandwidth (S) to the 3 dB bandwidth (B) is known as Skirt selectivity. 
  At resonance, inductive and capacitive effects of tuned circuit cancel each other. As a 
result, circuit is like resistive and cos φ = 1 i.e. voltage and current are in phase. For frequencies 
above resonance, circuit is capacitive and for frequencies below resonance, circuit is inductive. 
Since tuned circuit is purely resistive at resonance it can be used as a load for amplifier. 
3.1.1 Coil Losses: 
  As shown in the Fig. 3.1, the tuned circuit consists of a coil. Practically, coil is not purely 
inductive. It consists of few losses and they are represented in the form of leakage resistance in 
with the inductor. The total loss of the coil is comprised of copper loss, eddy current loss and 
hysteresis loss. The copper loss at low frequencies is equivalent to the d.c. resistance of the 
coil.  Copper loss is inversely proportional to frequency. Therefore, as frequency increases, the 
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copper loss decreases. Eddy current loss in iron and copper coil are due to currents flowing 
within the copper or core based by induction. The result of eddy currents is a loss due to heating 
within the inductors copper or core. Eddy current losses are directly proportional to frequency. 
Hysteresis loss is proportional to the area enclosed by the hysteresis loop and to the rate at 
which this loop is transversed. It is a function of signal level and increase with frequency. 
Hysteresis loss is however independent of frequency. 
As mentioned earlier, the total losses in the coil or inductor is represented by inductance in 
series with leakage resistance of the coil. It is shown in the Fig.3.3 
3.1.2 Q Factor: 
  Quality Factor (Q) is important characteristics of inductor. The Q is the ratio of reactance 
to resistance and therefore it is unitless. It is the measure of how ‘pure’ or ‘real’ an inductor is 
(i.e. the inductor consists only reactance). The higher the Q of an inductor, the fewer losses 
there are in the inductor. The Q factor also can be defined as the measure of efficiency with 
which inductor can store the energy. The dissipation factor (D) that can be referred to as the 
total loss within a component is defined as 1/Q. The fig. 3.4 shows the quality factor equations 
for series and parallel circuits and its relation with dissipation factor. 

 

 
3.1.3 Unloaded and Loaded Q: 
  Unloaded Q is the ratio of stored energy to dissipated energy in a reactor or resonator. 
The unloaded Q or QU, of an inductor or capacitor is X/RS, where X represents the reactance 
and RS represents the series resistance. The loaded Q or QL, of a resonator is determined by 
how tightly the resonator is coupled to its terminations. 

 
Let us consider the tuned load circuit as shown in the Fig. 3.5. Here, L and C represent tank 
circuit. The internal circuit losses of inductor are represented by Ro and RC represents the 
coupled in load.  
For this circuit we can write, 
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where QU is unloaded Q and QL is loaded Q. 
The circuit efficiency for the above tank circuit is given as, 

 
From above equation, it can be easily realized that for high overall power efficiency, the 
coupled-in load RC should be large in comparison to the internal circuit losses represented by 
Ro of the inductor. 
The quality factor QL determines the 3 dB bandwidth for the resonant circuit. The 3 dB 
bandwidth for the resonant circuit is given as, 

 
Where fr represents the centre frequency of a resonator and BW represents the bandwidth. 
If Q is large, bandwidth is small and circuit will be highly selective. For small Q values, 
bandwidth is high and selectivity of the circuit is lost, as shown in the Fig. 3.6. 

 
Thus in tuned amplifier Q is kept as high as possible to get the better selectivity. Such tuned 
amplifiers are used in communication or broadcast receivers where it is necessary to amplify 
only selected band of frequencies. 
3.1.4 Requirements of Tuned Amplifier: 
The basic requirements of Tuned Amplifiers are: 
1. The amplifier should provide selectivity of resonant frequency over a very narrow band. 
2. The signal should be amplified equally well at all frequencies in the selected narrow band. 
3. The tuned circuit should be so mounted that it can be easily tuned. If there is more than 

one circuit to be tuned, there should be an arrangement to tune all circuit simultaneously. 
4. The amplifier must provide the simplicity in tuning of the amplifier components to the 

desired frequency over a considerable range of band of frequencies. 
3.1.5 Classification of Tuned Amplifier: 
 We know that, multistage amplifiers are used to obtain large overall gain. The cascaded 
stages of multistage tuned amplifiers can be categorized as given below: 
1. Single Tuned Amplifiers 
2. Double Tuned Amplifiers 
3. Stagger Tuned Amplifiers 

These amplifiers are further classified according to coupling used to cascade the stages of 
multistage amplifier. They are, 
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1. Capacitive Coupled 
2. Inductive Coupled 
3. Transformer Coupled 

3.2 Small Signal Tuned Amplifier: 
 A common emitter amplifier can be converted into a single tuned amplifier by including a 
parallel tuned circuit as shown in the Fig. 3.7. The biasing components are not shown for 
simplicity. 

 
 Before going to study the analysis of this amplifier, the practical assumptions to simplify 
the analysis are: 
Assumptions: 

1. RL << RC 
2. rbb’  = 0 

With these assumptions, the simplified equivalent circuit for  a single tuned amplifier is shown in 
Fig 3.8. 

 
Where Ceq = C’ + Cb’e + (1 + gm RL ) Cb’c and C’  is the external capacitance used to tune the 
circuit, (1 + gm RL ) Cb’c is the Miller Capacitance. rs represents the losses in the coil. The series 
RL circuit in Fig. 3.7 is replaced by the equivalent RL circuit in Fig 3.8 assuming coil losses are 
low over the frequency band of interest, i.e. the coil Q is high. 
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The conditions for equivalence are most easily established by equating the admittances of the 
two circuits shown in the Fig. 3.9. 

 

 
 

 
We define the Q of the tuned circuit at the resonant frequency w0 to be 
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The Fig. 3.10 shows the gain versus frequency plot for the single tuned amplifier. It shows the 
variation of the magnitude of the gain as a function of frequency. 

 

 
This equation is quadratic in w2 and has two positive solutions, wH and wL. After solving equation 
(8), 3 dB bandwidth is given below: 
BW = fH – fL = w0 / 2πQi = 1 / 2πRC  (since Qi = w0RC)        ….. (9) 
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3.3 Single Tuned Capacitive Coupled Amplifier: 
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 Single Tuned multistage amplifier circuit uses one parallel tuned circuit as a load in 
each stage with tuned circuits in all stages tuned to same frequency. Fig 3.13 shows a typical 
single tuned amplifier in CE configuration. As shown in Fig.3.13, tuned circuit formed by L and C 
acts as collector load and resonates at frequency of operation. Resistors R1, R2 and RE along 
with capacitor CE provides self bias for the circuit. 
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3.4 Double Tuned Amplifier: 
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 Fig 3.18 shows double tuned RF amplifier in CE configuration. Here, voltage developed 
across tuned circuit is coupled inductively to another tuned circuit. Both tuned circuits are tuned 
to the same frequency. The double tuned circuit can provide a bandwidth of several percent of 
the resonant frequency and gives steep sides to the response curve. Let us analyze the double 
tuned circuit. 
 
Analysis: 
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The Fig. 3.19 (a) shows the coupling section of a transformer coupled double tuned amplifier. 
The Fig. 3.19 (b) shows the equivalent circuit for it, in which transistor is replaced by the current 
source with its output resistance (Ro). The C1 and L1 are the tank circuit components of the 
primary side. The resistance R1 is the series resistance of the inductance L1. Similarly on the 
second side L2 and C2 represent the tank circuit components of the secondary side and R2 
represents resistance of the inductance L2. The resistance Ri represents the input resistance of 
the next stage. 
The Fig. 3.19 (c) shows the simplified equivalent circuit for the Fig. 3.19 (b). In simplified 
equivalent circuit the series and parallel resistances are combined into series elements. 
Referring equation (9) we have, 
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We know that, the 3 dB bandwidth for single tuned amplifier is 2fr / Q. Therefore, the 3 dB 
bandwidth provided by double tuned amplifier (3.1ff / Q) is substantially greater than the 3 dB 
bandwidth of single tuned amplifier. 
Compared with a single tuned amplifier, the double tuned amplifier 

1. Possesses a flatter response having steeper sides. 
2. Provides larger 3 dB bandwidth. 
3. Provides large gain-bandwidth product. 

 
3.6 Effect of cascading Single Tuned Amplifier on Bandwidth: 
 In order to obtain a high overall gain, several identical stages of amplifiers can be used 
in cascade. The overall gain is the product of the voltage gains of the individual stages. Let us 
see the effect of cascading of stages on bandwidth. 
 Consider n stages of single tuned direct coupled amplifiers connected in cascade. We 
know that the relative gain of a single tuned amplifier w.r.t. the gain at resonant frequency fr is 
given from equation (14). 
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3.7 Effect of cascading Double Tuned Amplifiers on Bandwidth: 

 When a number of identical double tuned amplifier stages are connected in cascade, the 
overall bandwidth, of the system is thereby narrowed and the steepness of the sides of the 
response is increased, just as when single tuned stages are cascaded. The quantitative relation 
between the 3 dB bandwidth of n identical double tuned critically coupled stages compared with 
the bandwidth Δ2 of such a system can be shown to be 3 dB bandwidth for n identical stages 
double tuned amplifiers is, 

 
where Δ2 is the 3 dB bandwidth of single stage double tuned amplifier. 
The above equation assumes that the bandwidth Δ2 is small compared with the resonant 
frequency. 
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3.8 Staggered Tuned Amplifier: 

 Double tuned amplifiers give greater 3 dB bandwidth having steeper sides and flat top. 
But alignment of double tuned amplifier is difficult. To overcome this problem, two single tuned 
cascaded amplifiers having certain bandwidth are taken and their resonant frequencies are so 
that they are separated by an amount equal to the bandwidth of each stage. Since the resonant 
frequencies are displaced or staggered, they are known as stagger tuned amplifiers. The 
advantage of stagger tuned amplifier is to have better flat, wideband characteristics in contrast 
with a very sharp, narrow band characteristic of synchronously tuned circuits (tuned to same 
resonant frequencies). Fig 3.23 shows the relation of amplification characteristics of individual 
stages in a staggered pair to the overall amplification of the two stages. 

 
 The overall response of the two stage stagger tuned pair is compared in the Fig. 3.24 
with the corresponding individual single tuned stages having same resonant circuits. Looking at 
Fig 3.24, it can be seen that staggering reduces the total amplification of the centre frequency to 
0.5 of the peak amplification of the individual stage and at the centre frequency each stage has 
amplification that is 0.707 of the peak amplification of the individual stage. Thus the equivalent 
voltage amplification per stage of the staggered pair is 0.707 times as great as when the same 
two stages are used without staggering. However, the half power (3 dB) bandwidth of the 
staggered pair is √2 times as great as the half power (3 dB) bandwidth of on individual single 
tuned stage. Hence the equivalent gain bandwidth product per stage of a stagger tuned pair is 
0.707 x √2 = 1.00 times that of the individual single tuned stages. 
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 The stagger tuned idea can be easily extended to more stages. In case of three stages 
staggering, the first tuning circuit is tuned to a frequency lower than centre frequency while the 
third circuit is tuned to higher frequency than centre frequency. The middle tuned circuit is tuned 
at exact centre frequency.  
 
 

 
Analysis: 
 Form equation (14), the gain of the single stage tuned amplifier can be written as, 
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TRANSISTOR AS A SWITCH 

UNIT IV 
MULTIVIBRATORS 

A transistor can be used as a switch. It has three regions of operation. When both Emitter- 

to-base and collector-base junctions are reverse biased, the transistor operates in the cut-off 

region and it acts as an open switch. When the emitter base junction is forward biased and the 

Collector base junction is reverse biased, it operates in the active region and acts as auf amplifier. 

When both the emitter-base and collector-base junctions are forward biased, it Operates in the 

saturation region and acts as a closed switch. When the transistor is switched! from cut-off to 

saturation and from saturation to cut-off with negligible active region, the transistor is operated 

as a switch. When the transistor is in saturation, junction voltages are'i very small but the 

operating currents are large. When the transistor is in cut-off, the currents* are zero (except small 

leakage current) but the junction voltages are large. 

In Below Figure the transistor Q can be used to connect and disconnect the load RL from 

the source Vcc When Q is saturated it is like a closed switch from collector to emitter and when Q 

is cutoff it is like an open switch from collector to emitter. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Referring to the output characteristics shown in Figure (b), the region below the IB = 0 

curve is the cut-off region. The intersection of the load line with IB = 0 curve is the cut-off point. 

At this point, the base current is zero and the collector current is negligible. The emitter diode 

comes out of forward bias and the normal transistor action is lost, i.e, VCE(cut-off) = Vcc. The 

transistor appears like an open switch. 
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The intersection of the load line with the IB = IB(sat) curve is called the saturation point. At 

this point, the base current is IB(sat) and the collector current is maximum. 'At saturation, the 

collector diode comes out of cut-off and again the normal transistor action is lost, i.e. Ic(sat) = Vcc 

/ RL . IB(sat) represents the minimum base current required to bring the transistor into saturation. 

For 0 < IB < IB(sat), the transistor operates in the active region. If the base current is greater than 

IB(sat), the collector current approximately equals Vcc / RL and the transistor appears like a closed 

switch. 

 
TRANSISTOR SWITCHING TIMES 

When the transistor acts as a switch, it is either in cut-off or in saturation. To consider the 

behaviour of the transistor as it makes transition from one state to the other, consider the circuit 

shown in below figure (a) driven by the pulse waveform shown in Figure (b). The pulse waveform 

makes transitions between the voltage levels V2 and V1. At V2 the transistor is at cutoff and at V 

the transistor is in saturation. The input waveform v; is applied between the base 

and the emitter through a resistor RB. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure a) Transistor as a Switch b) input waveform c) the response of collector current versus 

time 

The response of the collector current ic to the input waveform, together with its time 

relationship to the waveform is shown in Figure (c), The collector current does not immediately 

respond to the input signal. Instead there is a delay, and the time that elapses during this delay, 

together with the time required for the current to rise to 10% of its maximum (saturation) value 

(Ics = Vcc / RL)) is called the delay time td. The current waveform has a nonzero rise time t r, which 
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is the rise time required for the current to rise from 10% to 90% of Ics- The total turn-on time TON 

is the sum of the delay time and the rise time, i.e. TON = td + tr. 

When the input signal returns to its initial state, the collector current again fails to 

respond immediately. The interval which elapses between the transition of the input waveform 

and the time when Ic has dropped to 90% of Ics is called the storage time ts. The storage interval 

is followed by the fall time ly, which is the time required for 7C to fall from 90% to 10% of Ics- The 

turn-off time tOFF is defined as the sum of the storage and fall times, i.e. TOFF = tr + tf We shall 

now consider the physical reasons for the existence of each of these times. 

The delay time 

There are three factors that contribute to the delay time. First there is a delay which 

results from the fact that, when the driving signal is applied to the transistor input, a non-zero 

time is required to charge up the junction capacitance so that the transistor may be brought, from 

cut-off to the active region. Second, even when the transistor has been brought to the point 

where minority carriers have begun to cross the emitter junction into the base, a nonzero time is 

required before these carriers can cross the base region to the collector junction and be recorded 

as collector current. Finally, a nonzero time is required before the collector current can rise to 

10% of its maximum value. Rise time and fall time. The rise time and fall time are due to the fact 

that, if a base current step is used to saturate the transistor or to return it from saturation into 

cutoff, the collector current must traverse the active region. The collector current increases or 

decreases along an exponential curve. Storage time The failure of the transistor to respond to the 

trailing edge of the driving pulse for the time interval ts, results from the fact that a transistor in 

saturation has a saturation charge of excess minority carriers stored in the base. The transistor 

cannot respond until the saturation excess charge has been removed. 

 
MULTIVIBRATORS 
 

Multi means many; vibrator means oscillator. A circuit which can oscillate at a number of 

frequencies is called a multivibrator. Basically there are three types of multivibrators: 

1. Bistable multivibrator 

2. Monostable multivibrator 

3. Astable multivibrator 

Each of these multivibrators has two states. As the names indicate, a bistable 

multivibrator has got two stable states, a monostable multivibrator has got only one stable state 

(the other state being quasi stable) and the astable multivibrator has got no stable state (both the 
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states being quasi stable). The stable state of a multivibrator is the state in which the device can 

stay permanently. Only when a proper external triggering signal is applied, it will change its state. 

Quasi stable state means temporarily stable state. The device cannot stay permanently in this 

state. After a predetermined time, the device will automatically come out of the quasi stable 

state. 

Multivibrators find applications in a variety of systems where square waves or timed 

intervals are required. For example, before the advent of low-cost integrated circuits, chains of 

multivibrators found use as frequency dividers. A free-running multivibrator with a frequency of 

one-half to one-tenth of the reference frequency would accurately lock to the reference 

frequency. This technique was used in early electronic organs, to keep notes of different octaves 

accurately in tune. Other applications included early television systems, where the various line 

and frame frequencies were kept synchronized by pulses included in the video signal. 

 
BISTABLE MULTIVIBRATOR 

A bistable multivibrator is a multivibrator which can exist indefinitely in either of its two 

stable states and which can be induced to make an abrupt transition from one state to the other 

by means of external excitation. In a bistable multivibrator both the coupling elements are 

resistors (dc coupling). The bistable multivibrator is also called a multi, Eccles-Jordan circuit (after 

its inventors), trigger circuit, scale-of-two toggle circuit, flip-flop, and binary. There are two types 

of bistable multivibrators: 

1. Collector coupled bistable multivibrator 

2. Emitter coupled bistable multivibrator 

There are two types of collector-coupled bistable multivibrators: 

1. Fixed-bias bistable multivibrator 

2. Self-bias bistable multivibrator 

A FIXED-BIAS BISTABLE MULTIVIBRATOR 

The Figure below shows the circuit diagram of a fixed-bias bistable multivibrator using 

transistors (inverters). Note, that the output of each amplifier is direct coupled to the input of the 

other amplifier. 
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In one of the stable states, transistor Q[ is ON (i.e. in saturation) and Q2 is OFF (i.e. in cut- 

off), and in the other stable state Qj is OFF and Q2 is ON. Even though the circuit is symmetrical, it 

is not possible for the circuit to remain in a stable state with both the transistors conducting (i.e. 

both operating in the active region) simultaneously and carrying equal currents. The reason is that 

if we assume that both the transistors are biased equally and are carrying equal currents /[ and 72 

and suppose there is a minute fluctuation in the current 1\~—let us say it increases by a small 

amount—then the voltage at the collector of Qi decreases. This will result in a decrease in voltage 

at the base of Q2. So Q2 conducts less and /2 decreases and hence the potential at the collector 

of Q2 increases. This results in an increase in the base potential of Qi. So, Qi conducts still more 

and /[ is further increased and the potential at the collector of Qt is further reduced, and so on. 

So, the current I\ keeps on increasing and the current /2 keeps on decreasing till Q( goes into 

saturation and Q2 goes into cut-off. This action takes place because of the regenerative feedback 

incorporated into the circuit and will occur only if the loop gain is greater than one. A stable state 

of a binary is one in which the voltages and currents satisfy the Kirchhoff's laws and are consistent 

with the device characteristics and in which, in addition, the condition of the loop gain being less 

than unity is satisfied. 

The condition with respect to loop gain will certainly be satisfied, if either of the two 

devices is below cut-off or if either device is in saturation. But normally the circuit is designed 

such that in a stable state one transistor is in saturation and the other one is ir cut-off, because if 

one transistor is biased to be in cut-off and the other one to be in active region, as the 

temperature changes or the devices age and the device parameters vary, the quiescent point 

changes and the quiescent output voltage may also change appreciably Sometimes the drift may 
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be so much that the device operating in the active region may gc into cut-off, and with both the 

devices in cut-off the circuit will be useless. 

Selection of components in the fixed-bias bistable multivibrator 

In the fixed-bias binary shown in Figure 4.1., nearly the full supply voltage Vcc will appear 

across the transistor that is OFF. Since this supply voltage Vcc is to be reasonably smaller than the 

collector breakdown voltage SVce. Vcc restricted to a maximum of a few tens of volts. Under 

saturation conditions the collector current Ic is maximum. Hence RC must be chosen so that this 

value of C (= VCC/^G) does not exceed the maximum permissible limit. The values of R1, R2 and 

VBB must be selected such that in one stat>le state the base current is large enough to drive the 

transistor into saturation whereas in the second stable state the emitter junction must be below 

cut-off. The signal at a collector called the output swing Vw is the change in collector voltage 

resulting from a transistor going from one state to the other, i.e. Vw = VCi - IC2- If the loading 

caused by RI can be neglected, then the collector voltage of the OFF transistor is Vcc. Since the 

collector saturation voltage is few tenths of a volt, then the swing Vw = Vcc, independently of RQ- 

The component values, the supply voltages and the values of /CBO, h^, VBE(sat), and VCE(sat) are 

sufficient for the analysis of transistor binary circuits. 

Loading 
 

The bistable multivibrator may be used to drive other circuits and hence at one or both 

the collectors there are shunting loads, which are not shown in Figure 4.1. These loads reduce the 

magnitude of the collector voltage VC1 of the OFF transistor. This will result in reduction of the 

output voltage swing. A reduced VC[ will decrease VB2 and it is possible that Q2 may not be 

driven into saturation- Hence the flip-flop circuit components must be chosen such that under the 

heaviest load, which the binary drives, one- transistor remains in saturation while the other is in 

cut-off. Since the resistor Rl also loads the OFF transistor, to reduce loading, the value of R] 

should be as large as possible compared to the value of Rc. But to ensure a loop gain in excess of 

unity during the transition between the states, R^ should be selected such that For some 

applications, the loading varies with the operation being performed. In such cases, the extent to 

which a transistor is driven into saturation is variable. A constant output swing V\v = V, arid a 

constant base saturation current IB2 can be obtained by clamping the collectors to an auxiliary 

voltage V < Vcc through the diodes DI and D2 as indicated in Figure 4.2. As Qi cuts OFF, its 

collector voltage rises and when it reaches V, the "collector catching diode" D| conducts and 

clamps the output to V. 
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MONOSTABLE MULTIVIBRATOR 

Monostable Multivibrators have only one stable state (hence their name: "Mono"), and 

produce a single output pulse when it is triggered externally. Monostable multivibrators only 

return back to their first original and stable state after a period of time determined by the time 

constant of the RC coupled circuit. 

Monostable multivibrators or "One-Shot Multivibrators" as they are also called, are used 

to generate a single output pulse of a specified width, either "HIGH" or "LOW" when a suitable 

external trigger signal or pulse T is applied. This trigger signal initiates a timing cycle which causes 

the output of the monostable to change its state at the start of the timing cycle and will remain in 

this second state, which is determined by the time constant of the timing capacitor, CT and the 

resistor, RT until it resets or returns itself back to its original (stable) state. It will then remain in 

this original stable state indefinitely until another input pulse or trigger signal is received. Then, 

Monostable Multivibrators have only ONE stable state and go through a full cycle in response to 

a single triggering input pulse. 

 
THE COLLECTOR COUPLED MONOSTABLE MULTIVIBRATOR 
 
The below Figure shows the circuit diagram of a collector-to-base coupled (simply called 

collectorcoupled) monostable multivibrator using n-p-n transistors. The collector of Q2 is coupled 

to the base of Qi by a resistor R} (dc coupling) and the collector of Qt is coupled to the base of Q2 

by a capacitor C (ac coupling). Ci is the commutating capacitor introduced to increase the speed 

of operation. The base of Qi is connected to -VBB through a resistor R2, to ensure that Q! is cut 

off under quiescent conditions. The base of Q2 is connected to VCc through R to ensure that Q2 is 

ON under quiescent conditions. In fact, R may be returned to even a small positive voltage but 

connecting it to Vcc is advantageous. The circuit parameters are selected such that under 

quiescent conditions, the monostable multivibrator finds itself in its permanent stable state with 

Q2ON (i.e. in saturation) and Q! OFF (i.e. in cut-off)- The multivibrator may be induced to make a 

transition out of its stable state by the application of a negative trigger at the base of Q2 or at the 

collector of Q|. Since the triggering signal is applied to only one device and not to both the 

devices simultaneously, unsymmetrical triggering is employed. When a negative signal is applied 

at the base of Q2 at t ~ 0, due to regenerative action Q2 goes to OFF state and Qi goes to ON 

state. When Q, is ON, a current /i flows through its Rc and hence its collector voltage drops 

suddenly by I\RC This drop will be instantaneously 
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transmitted through the coupling capacitor C to the base of Q2. So at t = 0+ , the base voltage of 

Q2 is 

 

 
The circuit cannot remain in this state for a long time (it stays in this state only for a finite time T) 

because when Qt conducts, the coupling capacitor C charges from Vcc through the conducting 

transistor Qi and hence the potential at the base of Q2 rises exponentially with a time constant 

 
where R0 is the conducting transistor output impedance 

including the resistance Rc. When it passes the cut-in voltage Vy of Q2 (at a time t = T), a 

regenerative action takes place turning Q| OFF and eventually returning the multivibrator to its 

initial stable state. The transition from the stable state to the quasi-stable state takes place at t = 

0, and the reverse transition from the quasi-stable state to the stable state takes place at t = T. 

The time T for which the circuit is in its quasi-stable state is also referred to as the delay time, and 

also as the gate width, pulse width, or pulse duration. The delay time may be varied by varying 

the time constant t(= RC). 

 
Expression for the gate width T of a monostable multivibrator neglecting the reverse 

saturation current /CBO 

The below Figure (a) shows the waveform at the base of transistor Q2 of the monostable 

multivibrator 
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For t < 0, Q2 is ON and so vB2 = VBE(sat). At t = 0, a negative signal applied brings Q2 to OFF state 

and Q[ into saturation. A current I flows through Rc of Qt and hence vci drops abruptly by I c volts 

and so vB2 also drops by I\RC instantaneously. So at t - 0, vB2 = VBE(sat) - I}RC. For t > 0, the 

capacitor charges with a time constant RC, and hence the base voltage of Q2 rises exponentially 

towards VCc with the same time constant. At t = T, when this base voltage rises to the cut-in 

voltage level Vy of the transistor, Q2 goes to ON state, and Qj to OFF state and the pulse ends. In 

the interval 0 < t < 7", the base voltage of Q2, i.e. vB2 is given by 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig a) Voltage variation at the base of Q2 during the quasi-stable state 
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Normally for a transistor, at room temperature, the cut-in voltage is the average of the saturation 

junction 

 
 

 
voltages for either Ge or Si transistors, i.e. 

Neglecting the second term in the expression for T 

 
 
 
 
but for a transistor in saturation Ra « R. 

Gate width, T = 0.693RC 

The larger the Vcc is, compared to the saturation junction voltages, the more accura the 

result is. The gate width can be made very stable (almost independent of transistor characteristic 

supply voltages, and resistance values) if Q1 is driven into saturation during the quasi-stab state. 

 
Waveforms of the collector-coupled monostable multivibrator 

The waveforms at the collectors and bases of both the transistors Q1 and Q2 are shown 

below 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
(a) at the base of Q2, (b) at the collector of Q1, (c) at the collector of Q2, and (d) at the base of 

Q1 
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ASTABLE MULTIVIBRATOR 
 

As the name indicates an astable multivibrator is a multivibrator with no permanent stable 

state. Both of its states are quasi stable only. It cannot remain in any one of its states indefinitely 

and keeps on oscillating between its two quasi stable states the moment it is connected to the 

supply. It remains in each of its two quasi stable states for only a short designed interval of time 

and then goes to the other quasi stable state. No triggering signal is required. Both the coupling 

elements are capacitors (ac coupling) and hence both the states are quasi stable. It is a free 

running multivibrator. It generates square waves. It is used as a master oscillator. 

There are two types of astable multivibrators: 

1. Collector-coupled astable multivibrator 

2. Emitter-coupled astable multivibrator 

THE COLLECTOR-COUPLED ASTABLE MULTIVIBRATOR 

The below Figure shows the circuit diagram of a collector-coupled astable multivibrator using n-p- 

n transistors. The collectors of both the transistors Qj and Q2 are connected to the bases 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
of the other transistors through the coupling capacitors Cs and C2. Since both are ac couplings, 

neither transistor can remain permanently at cut-off. Instead, the circuit has two quasi-stable 

states, and it makes periodic transitions between these states. Hence it is used as a master 

oscillator. No triggering signal is required for this multivibrator. The component values are 

selected such that, the moment it is connected to the supply, due to supply transients one 
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transistor will go into saturation and the other into cut-off, and also due to capacitive couplings it 

keeps on-oscillating between its two quasi stable states. 

The waveforms at the bases and collectors for the astable multivibrator, are shown in 

below Figure. Let us say at t = 0, Q2 goes to ON state and Q] to OFF state. So, for t < 0, Q2 was 

OFF and Q1 was ON 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig: waveforms at the bases and collectors of a collector-coupled astable multivibrator 

 
Hence for t < 0, vB2 is negative, vC2 = Vcc, VB! = VBE(sat) and vcj = VCE(sat). The capacitor 

C2 charges from Vcc through R2 and vB2 rises exponentially towards V cc. At t = 0, vB2 reaches 

the cut-in voltage Vy and Q2 conducts. As Q2 conducts, its collector voltage Vc2 drops by /2/?c - 

^cc ~ VcE( sa O- This drop in vc2 is transmitted to the base of Qj through the coupling capacitor C2 
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and hence vB1 also falls by /2/?c- Qi goes to OFF state. So, VB] = VBE(sat) - /2tfc, and its collector 

voltage vcl rises towards VCc- This rise in vc] is coupled through the coupling capacitor C2 to the 

base of Q2, causing an overshoot § in vB2 and the abrupt rise by the same amount 8 in VCL as 

shown in Figure 4.51(c). Now since Q2 is ON, C\ charges from Vcc through Rlt and hence VB] rises 

exponentially. At t = 7"], when VB! rises to VY, Qi conducts and due to regenerative action Qi goes 

into saturation and Q2 to cut-off. Now, for t > T\, the coupling capacitor C2 charges from Vcc 

through R2 and at / = 7", + 7"2, when vB2 rises to the cut-in voltage Vr, Q2 conducts and due to 

regenerative feedback Q2 goes to ON state and Q| to OFF state. The cycle of events repeats and 

the circuit keeps on oscillating between its two quasi-stable states. Hence the output is a square 

wave. It is called a square wave generator or square wave oscillator or relaxation oscillator. It is a 

free running oscillator. 

 
Expression for the frequency of oscillation of an astable multivibrator 
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On similar lines considering the waveform of above Figure , we can show that the time T2 

for which Q2 is OFF and Q1 is ON is given by The period of the waveform, The frequency of 

oscillation, If R{ = R2 = R, and Cs = C2 = C, then TI = T2 = T. 

 
 

 
The frequency of oscillation may be varied over the range from cycles to mega cycles by 

varying RC. It is also possible to vary the frequency electrically by connecting R1 and R2 to an 

auxiliary voltage source V (the collector supply remains +VCC) and then varying this voltage V. 

 
THE EMITTER-COUPLED ASTABLE MULTIVIBRATOR 
 

An emitter-coupled astable multivibrator may be obtained by using three power supplies 

or a single power supply. The below Figure (a) shows the circuit diagram of a free-running emitter 

coupled multivibrator using n-p-n transistors. Figure 4.64 shows its waveforms. Three power 

supplies are indicated for the sake of simplifying the analysis. A more practical circuit using a 

single supply is indicated in below Figure (b). Let us assume that the circuit operates in such a 

manner that Q1 switches between cut-off and saturation and Q2 switches between cut-off and its 

active region. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig a) Astable Emitter-Coupled Multivibrator 
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Fig b) Emitter Coupled multivibrator 

The waveforms at the base and collector are as shown below: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig waveforms of the emitter-coupled astable multivibrator 
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Advantages 

1. It is inherently self-starting. 

2. The collector of Q2 where the output is taken may be loaded heavily even capacitively. 

3. The output is free of recovery transients. 

4. Because it has an isolated input at the base of Q1, synchronization is convenient. 

5. Frequency adjustment is convenient because only one capacitor is used. 
 
 
Disadvantages 

1. This circuit is more difficult to adjust for proper operating conditions. 

2. This circuit cannot be operated with T1 and T2 widely different. 

3. This circuit uses more components than does the collector-coupled circuit. 

 
Schmitt trigger 

In electronics, Schmitt trigger is a circuit with positive feedback and a loop gain >1. The 

circuit is named "trigger" because the output retains its value until the input changes sufficiently 

to trigger a change: in the non-inverting configuration, when the input is higher than a certain 

chosen threshold, the output is high; when the input is below a different (lower) chosen 

threshold, the output is low; when the input is between the two, the output retains its value. This 

dual threshold action is called hysteresis and implies that the Schmitt trigger possesses memory 

and can act as a bi-stable circuit (latch). There is a close relation between the two kinds of circuits: 

a Schmitt trigger can be converted into a latch and a latch can be converted into a Schmitt trigger. 

Schmitt trigger devices are typically used in open-loop controller configurations for noise 

immunity and closed loop negative feedback configurations to implement bi-stable regulators, 

triangle/square wave generators, etc. 

The original Schmitt trigger is based on the dynamic threshold idea that is implemented by 

a voltage divider with a switchable upper leg (the collector resistors Rc1 and Rc2) and a steady 

lower leg (RE). T1 acts as a comparator with a differential input (T1 base-emitter junction) 

consisting of an inverting (T1 base) and a non-inverting (T1 emitter) inputs. The input voltage is 

applied to the inverting input; the output voltage of the voltage divider is applied to the non- 

inverting input thus determining its threshold. The comparator output drives the second common 

collector stage T2 (an emitter follower) through the voltage follower R1-R2. The emitter-coupled 

transistors T1 and T2 actually compose an electronic double throw switch that switches over the 
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upper legs of the voltage divider and changes the threshold in a different (to the input voltage) 

direction. 

This configuration can be considered as a differential amplifier with series positive 

feedback between its non-inverting input (T2 base) and output (T1 collector) that forces the 

transition process. There is also a smaller negative feedback introduced by the emitter resistor 

RE. To make the positive feedback dominate over the negative one and to obtain a hysteresis, the 

proportion between the two collector resistors is chosen Rc1 > Rc2. Thus less current flows 

through and less voltage drop is across RE when T1 is switched on than in the case when T2 is 

switched on. As a result, the circuit has two different thresholds in regard to ground. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Operation: 

 
Initial state. For NPN transistors as shown, imagine the input voltage is below the shared 

emitter voltage (high threshold for concreteness) so that T1 base-emitter junction is backward- 

biased and T1 does not conduct. T2 base voltage is determined by the mentioned divider so that 

T2 is conducting and the trigger output is in the low state. The two resistors Rc2 and RE form 
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another voltage divider that determines the high threshold. Neglecting VBE, the high threshold 

value is approximately 

 
 
 

 
The output voltage is low but well above the ground. It is approximately equal to the high 

threshold and may not be low enough to be a logical zero for next digital circuits. This may require 

additional shifting circuit following the trigger circuit. 

 
Crossing up the high threshold: 

When the input voltage (T1 base voltage) rises slightly above the voltage across the 

emitter resistor RE (the high threshold), T1 begins conducting. Its collector voltage goes down and 

T2 begins going cut-off, because the voltage divider now provides lower T2 base voltage. The 

common emitter voltage follows this change and goes down thus making T1 conduct more. The 

current begins steering from the right leg of the circuit to the left one. Although T1 is more 

conducting, it passes less current through RE (since Rc1 > Rc2); the emitter voltage continues 

dropping and the effective T1 base-emitter voltage continuously increases. This avalanche-like 

process continues until T1 becomes completely turned on (saturated) and T2 turned off. The 

trigger is transitioned to the high state and the output (T2 collector) voltage is close to V+. Now, 

the two resistors Rc1 and RE form a voltage divider that determines the low threshold. Its value is 

approximately 

 
 
 
 
Crossing down the low threshold: 

With the trigger now in the high state, if the input voltage lowers enough (below the low 

threshold), T1 begins cutting-off. Its collector current reduces; as a result, the shared emitter 

voltage lowers slightly and T1 collector voltage rises significantly. R1-R2 voltage divider conveys 

this change to T2 base voltage and it begins conducting. The voltage across RE rises, further 

reducing the T1 base-emitter potential in the same avalanche-like manner, and T1 ceases to 

conduct. T2 becomes completely turned-on (saturated) and the output voltage becomes low 

again. 



 
ELECTRONIC CIRCUITS ANALYSIS (HM23)  

DEPT. OF ELECTRONICS & COMMUNICATION ENGINEERING 
IMPORTANT QUESTIONS 

 
PART-A               2marks  

1) What is the coupling schemes used in multistage amplifiers?      
2) What are the advantages of differential amplifier?        
3) What are the types Frequency ranges?         
4) What are the components of feedback amplifier?        
5) Sketch ac load line in case of class a power amplifier.      
6) Mention the efficiency of class B amplifier         
7) Define cross over distortion.           
8) What are the different types of tuned Amplifiers?        
9) Define the Astable multivibrator.  
10) Mention the application of bistable multivibrator.  
11) Define the Barkhausen criterion. 
12) What is feedback Amplifier? 
13) Define Bandwidth. 
14) Define cascode Amplifier. 
15) Define bandwidth in terms of frequency response. 
16) What are the three frequency regions in an amplifier's response? 
17) What are the components of feedback amplifier? 
18) Sketch ac load line in case of class a power amplifier 
19) Mention the efficiency of class B amplifier 
20) Define cross over distortion 
21) What are the different types of tuned Amplifiers? 
22) Define the Astable multivibrator 

 

PART-B            10 Marks  
 
1. What is Darlington pair Amplifier and derive the analysis of Voltage gain, input Impedance and   
     Output impedance. 
2. Draw the circuit diagram of TWO stage RC Coupled amplifier using BJT and explain it’s     
    Working operation with frequency response. 
3. With Neat diagram explain the BJT Differential Pair Amplifiers. 
4. What is Differential Pair Amplifiers with Neat diagram explain the BJT Differential Pair Amplifiers  
    And derive the expression for gain Ad &Acm. 
5. Derive the expression for Ad and CMRR by using small signal operation of the MOS differential pair  
    Amplifier. 
6. What is frequency response? Explain with neat diagram low frequency response of CE Amplifier. 
7. Write the comparison among the characterizes of feedback amplifier   
8.  Show that the bandwidth increases in negative feedback amplifiers 
9. Briefly explain about the high-frequency response of the CS amplifiers. 
10. What is effect of negative feedback on output resistance and derive the expression for voltage Series        
      & Current series. 



11 What are the different types of feedback amplifiers? Give their equivalent circuits. 
12. Derive an expression for frequency oscillation of Hartley oscillator using transistor. 
13. What is oscillator? Derive the expression for general equation of LC tuned oscillator. 
14. Derive the expression for frequency of oscillation of Colpitts oscillator and explain its operation. 
15. Explain Barkhausen criterion for oscillation in feedback oscillator. 
16. Explain about collector coupled astable multivibrator. 
17. With neat diagram explain the Class B Push pull amplifier. 
18. Explain about Transformer coupled Class-A power amplifier and derive the Expression for   
    Efficiency 
19. What is power amplifier? With neat sketch explain about MOS power transistors.   
20. What is tuned amplifier? Explain in detail Double tuned Amplifier. 
21. Explain the operation of single stage amplifier with neat diagram. 
22. With neat diagram, explain and derive expression of the class a power amplifier. 
23. Define multivibrator & explain about analysis, design of monostable multivibrator. 
 
 


