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UNIT I 

SMALL SIGNAL AMPLIFIERS 

Introduction 

An electronic amplifier circuit is one, which modifies the characteristics of the input signal, when delivered the 

output side. The modification in the characteristics of the input signal can be with respect to voltage, current, power 

or phase. Anyone or all these characteristics power, or phase may be changed by the amplifier circuit. 

 

Classification of Amplifiers 
 

There are many forms of electronic circuits classed as amplifiers, from Operational Amplifiers and Small Signal 

Amplifiers up to Large Signal and Power Amplifiers. The classification of an amplifier depends upon the size of the 

signal, large or small, its physical configuration and how it processes the input signal that is the relationship between 

input signal and current flowing in the load. 

 

The type or classification of an amplifier is given in the following table. 

 
 

Type of 

Signal 

Type of 

Configuration 

 

Classification 
Frequency of 

Operation 

Type of 

coupling 

Based on 

the output 

Number of 

stages 

Small 

Signal 

 

Common Emitter 
Class A 

Amplifier 

 

Direct Current (DC) 

a. RC coupled 

amplifiers 

a. Voltage 

amplifiers 

a. Single 

stage 

amplifiers 

Large 

Signal 

 
Common Base 

Class B 

Amplifier 

Audio Frequencies 

(AF) 

b. Inductive 

coupled 

amplifiers 

b. Power 
amplifiers 

b. Two stage 
amplifiers 

  
 

Common Collector 
Class AB 

Amplifier 

Radio Frequencies 

(RF) 

c. Transformer 

coupled 

amplifiers and 

 c. 

Multistage 

amplifiers. 

  
Class C 

Amplifier 

VHF, UHF and SHF 

Frequencies 

d. Direct coupled 
amplifiers. 

 the number 
of stages, 

 

 
Characteristics of amplifiers: 

 

Amplifiers can be thought of as a simple box or block containing the amplifying device, such as a Transistor, Field 

Effect Transistor or Op-amp, which has two input terminals and two output terminals (ground being common) 

with the output signal being much greater than that of the input signal as it has been―Amplified‖. 

Generally, an ideal  signal  amplifier  has  three  main  properties,  Input  Resistance  or  (Rin),  Output Resistance  

or ( Rout ) and of course amplification known commonly as Gain or (A). No matter how complicated an amplifier 

circuit is, a general amplifier model can still be used to show the relationship of these three properties. 

http://www.electronics-tutorials.ws/transistor/tran_1.html
http://www.electronics-tutorials.ws/transistor/tran_1.html
http://www.electronics-tutorials.ws/transistor/tran_5.html
http://www.electronics-tutorials.ws/opamp/opamp_1.html


To choose a right kind of amplifier for a purpose it is necessary to know the general characteristics of amplifiers. 

They are: Current gain, Voltage gain, Power gain, Input impedance, Output impedance, Bandwidth. 

 

1. Voltagegain: 

Voltage gain of an amplifier is the ratio of the change in output voltage to the corresponding change in the input 

voltage. 

 

AV= ΔV0 / ΔVI 

 

2. Current gain: Current gain of an amplifier is the ratio of the change in output current to the corresponding 

change in the inputcurrent 

AI= ΔI0 / ΔII 

 

 

3. Power gain: Power gain of an amplifier is the ratio of the change in output power to the corresponding change in 

the input power. wherepo and pi are the output power and input power respectively. Since power p = v × i, The 

power gain 

AP= PO / PI 

 

AP= AV x AI 

 

(Power amplification of the input signal takes place at the expense of the d.c. energy.) 

 
 

4. Input impedance (Zi): Input impedance of an amplifier is the impedance offered by the amplifier circuit as seen 
through the input terminals and is given by the ratio of the input voltage to the inputcurrent 

ZI = ΔVI / ΔII 

 

5. Output impedance (Z0): Output impedance of an amplifier is the impedance offered by the amplifier circuit as 
seen through the output terminals and is given by the ratio of theoutput 

ZO = ΔVO / ΔIO (At Vs=0) 

 

6. Band width (BW):The range of frequencies over which the gain (voltage gain or current gain) of an amplifier is 

equal to and greater than 0.707 times the maximum gain is called thebandwidth. 

 

In figure shown, fL and fH are the lower and upper cutoff frequencies where the voltage or the current gain falls to 
70.7% of the maximum gain. 

 

Bandwidth BW=(fH- fL). 

 

Bandwidth is also defined as the range of frequencies over which the power gain of amplifier is equal to and greater 

than 50% of the maximum power gain. 

The cutoff frequencies are also defined as the frequencies where the power gain falls to 50% of the maximum gain. 

Therefore, the cutoff frequencies are also called as Half power frequencies. 
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Comparison of CB, CE and CC amplifiers: 

 

 
 

 

Classification of amplifiers, Methods of coupling, Cascade transistor amplifier and its analysis, 

Cascode amplifier, Darlington pair and its analysis, Boot-strap emitter follower, Effect of 

cascading on Bandwidth. 
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Multistage Amplifiers: 

 



3 
 

 
 

 



4 
 

 

 

 



5 
 

 
 



6 
 

 
 



7 
 

 

 

 



8 
 

 
 

 



9 
 

 
 



10 
 

 
 

 

Cascode Amplifier: 
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UNIT II 

HIGH FREQUENCY RESPONSE OF A TRANSISTOR 

 
Transistor at High frequencies: 

 

The low frequency small signal model of bipolar junction transistor crudely holds for frequencies below 1 

MHz. For frequencies greater than 1 MHz the response of the transistor will be limited by internal and 

parasitic capacitance’s of the bipolar junction transistor. Hence at high frequencies the low frequency small 

signal model of transistor has to be modified to include the effects of internal and parasitic capacitance’s 

of bipolar junction transistor. These capacitance’s limit the usage of BJT at higher frequencies. Thus in 

order to estimate the gain and switching on and off times of BJT at higher frequencies the high frequency 

model of BJT has to be used to get reasonably accurate estimates. The high frequency hybrid pi model is 

also called as Giacoletto model named after L.J.Giacoletto who introduced it in 1969. 

High frequency effects on BJT: 

  The gain decreases at high frequencies due to internal feedback capacitance’s. The highest 

frequency of operation of BJT will be limited by internal capacitance’s of BJT. 

  The on and off switching times of BJT will be high and speed will be limited due to internal charge 

storage effects. 

High frequency model of BJT: 

The high frequency parameters of BJT may vary with operating point but the variation is negligible for 

small signal variations around the operating point. Following is the high frequency model of a transistor. 

 

 
 

Fig: High Frequency Model of BJT 

Where 

B’ = internal node in base 

Rbb’ = Base spreading resistance 

Rb’e = Internal base node to emitter resistance 

Rce = collector to emitter resistance 

Ce = Diffusion capacitance of emitter base junction 

Rb’c = Feedback resistance from internal base node to collector node 

gm = Transconductance 

CC= transition or space charge capacitance of base collector junction. 

 
Transistors at High Frequencies 

 
At low frequencies it is assumed that transistor responds instantaneously to changes in the input 

voltage or current i.e., if you give AC signal between the base and emitter of a Transistor amplifier in 

Common Emitter configuraii6n and if the input signal frequency is low, the output at the collector will 
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exactly follow the change in the input (amplitude etc.,). If '1' of the input is high (MHz) and the amplitude of 

the input signal is changing the Transistor amplifier will not be able to respond. 

It is because; the carriers from the emitter side will have to be injected into the collector side. These 

take definite amount of time to travel from Emitter to Base, however small it may be. But if the input signal 

is varying at much higher speed than the actual time taken by the carries to respond, then the Transistor 

amplifier will not respond instantaneously. Thus, the junction capacitances of the transistor, puts a limit to 

the highest frequency signal which the transistor can handle. Thus depending upon doping area of the 

junction etc, we have transistors which can respond in AF range and also RF range. 

To study and analyze the behavior of the transistor to high frequency signals an equivalent model 

based upon transmission line equations will be accurate. But this model will be very complicated to analyze. 

So some approximations are made and the equivalent circuit is simplified. If the circuit is simplified to a 

great extent, it will be easy to analyze, but the results will not be accurate. If no approximations are made, 

the results will be accurate, but it will be difficult to analyze. The desirable features of an equivalent circuit 

for analysis are simplicity and accuracy. Such a circuit which is fairly simple and reasonably accurate is the 

Hybrid-pi or Hybrid-π model, so called because the circuit is in the form of π. 

 
Hybrid - π Common Emitter Transconductance Model 

 
For Transconductance amplifier circuits Common Emitter configuration is preferred. Why? Because 

for Common Collector (hrc< 1). For Common Collector Configuration, voltage gain Av < 1. So even by 

cascading you can't increase voltage gain. For Common Base, current gain is hib< 1. Overall voltage gain is 

less than 1. For Common Emitter, hre>>1. Therefore Voltage gain can be increased by cascading Common 

Emitter stage. So Common Emitter configuration is widely used. The Hybrid-x or Giacoletto Model for the 

Common Emitter amplifier circuit (single stage) is as shown below 

 
Analysis of this circuit gives satisfactory results at all frequencies not only at high frequencies but 

also at low frequencies. All the parameters are assumed to be independent of frequency. 

 
Where B’ = internal node in base 

rbb’ = Base spreading resistance 

rb’e = Internal base node to emitter resistance 

rce = collector to emitter resistance 

Ce = Diffusion capacitance of emitter base junction 

rb’c = Feedback resistance from internal base node to collector node 
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gm = Transconductance 

CC= transition or space charge capacitance of base collector junction 

 
Circuit Components 

 
B' is the internal node of base of the Transconductance amplifier. It is not physically accessible. The 

base spreading resistance rbb is represented as a lumped parameter between base B and internal node B'. 

gmVb'e is a current generator. Vb'e is the input voltage across the emitter junction. If Vb'e increases, more 

carriers are injected into the base of the transistor. So the increase in the number of carriers is proportional to 

Vb'e. This results in small signal current since we are taking into account changes in Vb'e. This effect is 

represented by the current generator gmVb'e. This represents the current that results because of the changes 

in Vb'e' when C is shorted to E. 

When the number of carriers injected into the base increase, base recombination also increases. So 

this effect is taken care of by gb'e. As recombination increases, base current increases. Minority carrier 

storage in the base is represented by Ce the diffusion capacitance. 

According to Early Effect, the change in voltage between Collector and Emitter changes the base 

width. Base width will be modulated according to the voltage variations between Collector and Emitter. 

When base width changes, the minority carrier concentration in base changes. Hence the current which is 

proportional to carrier concentration also changes. IE changes and IC changes. This feedback effect [IE on 

input side, IC on output side] is taken into account by connecting gb'e between B', and C. The conductance 

between Collector and Base is gce.Cc represents the collector junction barrier capacitance. 

 
Hybrid - n Parameter Values 

Typical values of the hybrid-n parameter at IC = 1.3 rnA are as follows: 

gm= 50 mA/v 

rbb' = 100 Ω 

rb'e = 1 kΩ 

ree = 80 kΩ 

Cc = 3 pf 

Ce = 100 pf 

rb'c = 4 MΩ 

 
These values depend upon: 

1. Temperature 2. Value of IC 

 
Determination of Hybrid-x Conductances 

 
1. Transconductance or Mutual Conductance (gm) 
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The above figure shows PNP transistor amplifier in Common Emitter configuration for AC purpose, 

Collector is shorted to Emitter. 

 
 

 

ICO opposes IE. IE is negative. Hence IC = ICO – α0IE α0 is the normal value of α at roomtemperature. 

In the hybrid - π equivalent circuit, the short circuit current = gmVb' e 

Here only transistor is considered, and other circuit elements like resistors, capacitors etc,are not 

considered. 

 

 

Differentiate (l) with respect to Vb'e partially. ICO is constant 

 

 
For a PNP transistor, Vb'e = -VESince, for PNP transistor, base is n-type. So negative voltage is given 

 

 

 

 

If the emitter diode resistance is re then 
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Neglect IC0 

gm is directly proportiortal to IC is also inversely proportiortal to T. For PNP transistor, IC is negative 
 

At room temperature i.e. T=3000K 
 
 

 

Input Conductance (gb'e): 

At low frequencies, capacitive reactance will be very large and can be considered as Open circuit. Soin the 

hybrid-π equivalent circuit which is valid at low frequencies, all the capacitances can be neglected. 

 
The equivalent circuit is as shown in Fig. 

 

 
 

 

The value of rb'c» rb'e (Since Collector Base junction is Reverse Biased)So Ib flows into rb'e only. 

[This is lb' (IE - Ib)will go to collector junction] 
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The short circuit collector current, 

 
Feedback Conductance (gb' c) 

hre = reverse voltage gain, with input open or Ib = 0 

hre =Vb'e/Vce = Input voltage/Output voltage 

 

 

 

Base Spreading Resistance (r bb') 
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The input resistance with the output shorted is hie. If output is shorted, i.e., Collector and Emitter 

arejoined; rb'e is in parallel with rb’c. 

 
 

 

 

 

Output Conductance (gce) 

This is the conductance with input open circuited. In h-parameters it is represented as hoe. For Ib= 0, 

we have, 
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Hybrid - π Capacitances 

In the hybrid - π equivalent circuit, there are two capacitances, the capacitance between the 

Collector Base junction is the Cc or Cb'e'. This is measured with input open i.e., IE = 0, and is specified by the 

manufacturers as COb. 0 indicates that input is open. Collector junction is reverse biased. 
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Validity of hybrid-π model 

The high frequency hybrid Pi or Giacoletto model of BJT is valid for frequencies less than the 

unit gain frequency. 

 
High frequency model parameters of a BJT in terms of low frequency hybrid parameters 

The main advantage of high frequency model is that this model can be simplified to obtain low 

frequency model of BJT. This is done by eliminating capacitance’s from the high frequency model so that 

the BJT responds without any significant delay (instantaneously) to the input signal. In practice there will be 

some delay between the input signal and output signal of BJT which will be very small compared to signal 

period (1/frequency of input signal) and hence can be neglected. The high frequency model of BJT is 

simplified at low frequencies and redrawn as shown in the figure below along with the small signal low 

frequency hybrid model of BJT. 

 
 

Fig. high frequency model of BJT at low frequencies 
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Fig hybrid model of BJT at low frequencies 

 
The High frequency model parameters of a BJT in terms of low frequency hybrid parameters are 

given below: 

Transconductance gm = Ic/Vt 

Internal Base node to emitter resistance rb’e = hfe/ gm = (hfe* Vt )/ Ic 

Internal Base node to collector resistance rb’e = (hre* rb’c) / (1- hre) assuming hre <<  1 it  reduces  to rb’e =  

(hre* rb’c) 

Base spreading resistance rbb’ = hie – rb’e = hie – (hfe* Vt )/ Ic 

Collector to emitter resistance rce = 1 / ( hoe – (1+ hfe)/rb’c) 

 

 
Collector Emitter Short Circuit Current Gain 

 
Consider a single stage Common Emitter transistor amplifier circuit. The hybrid-1t equivalent 

circuit is as shown: 

 
 

 

If the output is shorted i.e. RL = 0, what will be the flow response of this circuit? WhenRL = 0, Vo = 0. 

Hence Av = 0. So the gain that we consider here is the current gain IL/Ic. The simplified equivalent circuit 

with output shorted is, 



36 
 

 
 

 

A current source gives sinusoidal current Ic. Output current or load current is IL· gb'c isneglected since gb'c « 

gb'e, gce is in shunt with short circuit R = 0. Therefore gce disappears. The current is delivered to the output 

directly through Ce and gb'c is also neglected since this will be very small. 
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Current Gain with Resistance Load: 
 

 

Considering the load resistance RL 

V b'e is the input voltage and is equal to V1 

Vce is the output voltage and is equal to V 2 
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This circuit is still complicated for analysis. Because, there are two time constants associated with the input 

and the other associated with the output. The output time constant will be much smaller than the input time 

 

 

 

 

 

constant. So it can be neglected. 
 

So gb'c can be neglected in the equivalent circuit. In a wide band amplifier RL will not exceed 2KΩ. If RL is 

small fH is large. 

Thereforegce can be neglected compared with RL. Therefore the output circuit consists of current generator 

gm V b'e feeding the load RL so the Circuit simplifies as shown in Fig. 

 

 

 

 

Miller's Theorem 

It states that if an impedance Z is connected between the input and output terminals, of a network, between 

which there is voltage gain, K, the same effect can be had by removing Z and connecting an impedance Zi at 

the input =Z/(1-K) and Zo across the output = ZK/(K-1) 

Fig. High frequency equivalent circuit with resistive load RL 

Therefore high frequency equivalent circuit using Miller's theorem reduces to 
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Fig. Circuit after applying Millers' Theorem 
 

Vce = - Ic . RL 

 
 

The Parameters fT 

fTis the frequency at which the short circuit Common Emitter current gain becomes unity. 

The Parameters fβ 
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Gain - Bandwidth (B.W) Product 

This is a measure to denote the performance of an amplifier circuit. Gain - B. W product is also referred as 

Figure of Merit of an amplifier. Any amplifier circuit must have large gain and large bandwidth. For certain 

amplifier circuits, the midband gain Am maybe large, but not Band width or Vice - Versa. Different 

amplifier circuits can be compared with thus parameter. 

 
FET: Analysis of common Source and common drain Amplifier circuits at high frequencies. 

Just like for the BJT, we could use the original small signal model for low frequency analysis–the only 

difference was that external capacitances had to be kept in the circuit. Also just like the BJT, for high 

frequency operation, the internal capacitances between each of the device’s terminals can no longer be 

ignored and the small signal model must be modified. Recall that for high frequency operation, we’re stating 

that external capacitances are so large (in relation to the internal capacitances) that they may be considered 

short circuits. 

 
High frequency response of Common source amplifier 

The JFET implementation of the common-source amplifier is given to the left below, and the small signal 

circuit in corporating the high frequency FET model is given to the right below. As stated above, the 

external coupling and bypass capacitors are large enough that we can model them as short circuits for high 

frequencies. 
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We may simplify the small signal circuit by making the following approximations and observations: 
 

1. Rds is usually larger than RD||RL, so that the parallel combination is dominated by RD||RLand rds 

may be neglected. If this is not the case, a single equivalent resistance, rds||RD||RLmay be defined. 

2. The Miller effect transforms Cgd into separate capacitances seen in the input and output circuits as 

 
 

3. Cds is very small, so the impedance contribution of this capacitance may be considered to be an 

open circuit and may be ignored. 

4. The parallel capacitances in the input circuit, Cgsand CM1, may be combined to a single equivalent 

capacitance of value 

5. Similarly, the parallel capacitances in the output circuit, Cds and CM2,may be combined to a single 

equivalent capacitance of value 
 

Where Av=-gm(RD||RL)for a common-source amplifier. 

Setting the input source, vS, equal to zero allows us to define the equivalent resistances seen by Cin and 

Cout(the Method of Open Circuit Time Constants).Note that, with vS=0, the dependent current source also 

goes to zero (opens) and the input and output circuits are separated. 
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Generally, the input is going to provide the dominant pole, so the high frequency cut off is given 
 

by 
 

High frequency response of Common source amplifier 

 

Characteristics ofCDAmplifier: 
 

 Voltagegain ≈1 

 Highinputresistance 

 Lowoutputresistance 

 Goodvoltage buffer 
 

High frequency small signal model 
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If RSis not too high, bandwidth can be rather high and approach ωT 
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UNIT III 

FEEDBACK AMPLIFIERS AND OSCILLATORS 

FEEDBACK AMPLIFIERS: 
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Oscillators: 
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RC Phase Shift Oscillator: 



85 
 

 

 

 



86 
 

 



87 
 

 
 



88 
 

 



89 
 

 



90 
 

 
 
 



91 
 

 
 



92 
 

 
 

 

 



93 
 

 
 

Wien Bridge Oscillator: 
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Oscillators: 
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UNIT V 

POWER AMPLIFIERS 
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Heeisok 

Heat 

T•-T . 

 
 
 
 
 
 

 

Now tu develop the thermal-electyiC analogy let ur define some parameters .as, 
 

T - )uncGcm Temperalune 

Th = Case Temperahire 

T = 
 

= 

Ambient Temperature 

Total thermal resistance 

  

 
= 

(junction to ambient) 

Transistor thetmaT his(ance 

  
(juncEon to case) 

 
= Irtsu\ator thermal zesisfance 

  
(case to heat .sink) 

 
= bleat sink thermal resistance 

(heat sink tu ambient) 

The Fig. 7.49 shows e heat flow from a power transistor to ambient air x'ia a heat sink. 

 
 

 
 

YVbere Pd is the heat dLwip«trd nr heal How, due tri the power dissipation. 

T re m t he above relation we cen write, 
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Class AB Power Amplifier: 
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In class AB power amplifiers, the biasing circuit is so adjusted that the operating point Q 

lies near the cut-off voltage. During a small portion of negative half cycle and for complete 

positive half cycle of the signal, the input circuit remains forward biased–and hence collector 

current flows. But during a small portion (less than half cycle) of the negative cycle”‘ the input 

circuit is reverse biased and, therefore, no collector current flows during this period. Class AB 

operation needs a push-pull connection to achieve a full output cycle. 

One way to produce an amplifier with the high efficiency output of the Class B configuration 

along with the low distortion of the Class A configuration is to create an amplifier circuit which is 

a combination of the previous two classes resulting in a new type of amplifier circuit called a 

Class AB Amplifier. Then the Class AB amplifier output stage combines the advantages of the 

Class A amplifier and the Class B amplifier while minimising the problems problems of low 

efficiency and distortion associated with them. 

As we said above, the Class AB Amplifier is a combination of Classes A and B in that for small 

power outputs the amplifier operates as a class A amplifier but changes to a class B amplifier for 

larger current outputs. This action is achieved by pre-biasing the two transistors in the amplifiers 

output stage. Then each transistor will conduct between 180oand 360o of the time depending on 

the amount of current output and pre-biasing. Thus the amplifier output stage operates as a Class 

AB amplifier. 

While the use of biasing resistors may not solve the temperature problem, one way to compensate 

for any temperature related variation in the base-emitter voltage, (VBE) is to use a pair of normal 

forward biased diodes within the amplifiers biasing arrangement as shown. 
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UNIT V 

TUNED AMPLIFIERS 

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. 
Coil Losses: 

As shown in the Fig. 3.1, the tuned circuit consists of a coil. Practically, coil is not purely 
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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 

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. 
 

 

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 
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coupled in load. 
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For this circuit we can write, 

 
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. 
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. 

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 
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These amplifiers are further classified according to coupling used to cascade the stages of 

multistage amplifier. They are, 
 

1. Capacitive Coupled 

2. Inductive Coupled 
3. Transformer Coupled 

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. 
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We define the Q of the tuned circuit at the resonant frequency w0 to be 

 
 

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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Single Tuned FET Amplifier: 
The Fig.3.11 shows the single tuned FET amplifier. 

 
 

The equivalent circuit for the given amplifier is as shown in the Fig. 3.12. 
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Single Tuned Capacitive Coupled Amplifier: 

 

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. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

Fig. 3.15 Simplified equivalent circuit for single tuned amplifier 

Here Ci 
and Cq represent inpvit and output circuit capacitance, respectively. They can 

be given as, 

C, = C ,, + C„, (1 — A) where  A  is  the voltage  gain  of the  amplifier. ,. .(1I 

A — I 

A 
C where  C 1s  the   tuned circuit capacitance. (2) 

The gp  is represented  as  the output resistance of   current generator ,. 
 

 
(3} 
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Fig. 3.14 Equivalent circuit of single tuned amplifier 

The Fig. 3.14 shows the equivalent circuit for single tuned amplifier using hybrid z 

paraotetcrs. 

As  shown  in  the  Fig,  3,I4,    is  the  input  Eesistarice  of   the   next  stage   and     is  the  

output resistance of  the  current  generator  gp<b,,.  TI-ie  reactarices  of  the  bypass  capacitor  CE 

and the couphn a  •• Pacitors  Lp  are  negiiginiy  »mau  at  tne  operanng  rrequency  anci  rtcnc.< 

these elements are neglected in the equivalent circuit shown in the Pig. 3.14. 
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Double Tuned Amplifier: 

 
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, 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 
 

 

 

here 

 

 

The simplified :cQuivalenf circuit for double tuned amplifier: is similar to. the circuit 

shorn in Fig. 3,20 with 
 

 

 
 

 

The equations Ior Zp and Z.3 + cm be furthur simp1i‘fied as shown be1or. 
 

 

where, k is the coeffioent of coupling.. 
To calculate Vq/V, it is necessary to represent 12 interns of  V;.  For  tRis  we  have  to 

find the transfer admikance YT. Let xis consider  the  circuit  shown  in  Fig.  3W.  For  this 

circuit, the transfer admittance can be given as. 
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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. 

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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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 
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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. 

 
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. 
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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. 

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. 
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Analysis: 

Form equation (14), the gain of the single stage tuned amplifier can be written as, 

 
5.9 Large Signal Tuned Amplifiers: 

The output efficiency of an amplifier increases as the operation shifts from class A to 

class C through class AB and class B. As the output power of a radio transmitter is high and the 

efficiency is of prime concern, class B and class C amplifiers are used at the output stages in 

transmitters. 

The operation of class B and class C amplifiers are non-linear since the amplifying 

elements remain cut-off during a part of the input signal cycle. The non-linearity generates 

harmonics of the signal frequency at the output of the amplifier. In the push-pull arrangement 
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where the bandwidth requirement is no limited, these harmonics can be eliminated or reduced. 

When a narrow bandwidth is desired, a resonant circuit is employed in class B and class C tuned 

RF power amplifiers to eliminate the harmonics. 

 

Class B Tuned Amplifier: 

The Fig 3.25 shows the class B tuned amplifier. It works with a single transistor by 

sending half sinusoidal current pulses to the load. The transistor is biased at the edge of the 

conduction. Even though the input is half sinusoidal, the load voltage is sinusoidal because a 

high Q RLC tank shunts harmonics to ground. The negative half is delivered by the RLC tank. 

The Q factor of the tank needs to be large enough to do this. This is analogous to pushing 

someone in swing. We only need to push in one direction, and the reactive energy stored will 

swing the person back in the reverse direction. 
Class C Tuned Amplifier: 

The amplifier is said to be class C amplifier, if the Q point and the input signal are 

selected such the output signal is obtained for less than a half cycle, for a full cycle. 

Due to such a selection of the Q point, transistor remains active, for less than a half cycle. 

Hence only that part is reproduced at the output. For remaining cycle of the input cycle, the 

transistor remains cut-off and no signal is produced at the output. 

The current and voltage waveforms for a class C operation are shown in the Fig. 3.26. 

Looking at Fig 3.26, it is apparent that the total angle during which current flows is less than 

1800. This angle is called the conduction angle, θc. 
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Fig 3.27 shows the class C tuned amplifier. Here a parallel resonant circuit as load impedance. 

As collector current flows for less than half a cycle, the collector current consists of a series of 

pulses with the harmonics of the input signal. A parallel tuned circuit acting as load impedance is 

tuned to the input frequency. Therefore, it filters the harmonic frequencies and produces a sine 

wave output voltage consisting of fundamental component of the input signal. 
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TUTORIAL QUESTION BANK 

ELECTRONIC CIRCUIT ANALYSIS 

UNIT-I: SINGLE STAGE AND MULTISTAGE AMPLIFIERS 

2 MARKS QUESTIONS: 

1. List the classification of amplifiers 

2. List the classification of amplifiers based on frequency of operation 

3. What is the effect of bypass capacitor? 

4. What is the phase shift between input and output of a CE Amplifier? 

5. What is the effect of coupling capacitor? 

6. Draw the frequency response of BJT amplifier. 

7. What is a multistage amplifier? 

8. Identify different types of couplings used in amplifiers. 

9. Write the advantages of multistage amplifiers? 

10. Draw the circuit of Transformer coupled amplifier? 

11. What is cascade amplifier? Write its advantages? 

12. Write the advantages of transformer coupling? 

13. List out the applications of cascade amplifier? 
 

10 MARKS QUESTIONS: 

1. Explain the effect of coupling and bypass capacitors on amplifier at low frequencies. 

2. Explain the different types of couplings. When two identical stages are cascaded obtain the voltage 

gain, current gain and power gain. 

3. Draw the circuit of common collector amplifier and explain its characteristics. 

4. Draw and explain the circuit of cascade amplifier and mention its advantages. 

5. Explain RC Coupled CE transistor stages and derive the expression for gain. 

6. With a neat diagram analyze Darlington pair amplifier. 

7. Explain the operation of direct and transformer coupled amplifiers. 

8. Draw the circuit diagram of two stage RC coupled amplifier. Explain the operation and calculate the 

mid frequency range and low frequency range. 

9. Design a single stage emitter follower having Ri=500KΩ and Ro=20Ω. Assume hfe=50, hie=1KΩ, 

hoe=25µA/V. 

10. Discuss the classification of amplifiers based on frequency range and type of coupling, power 

delivered and signals handled. 

UNIT-II: HIGH FREQUENCY RESPONSE OF TRANSISTOR 

2 MARKS QUESTIONS: 

1. State Miller’s theorem. 

2. What is the relationship between fT and fβ? Discuss the significance of fT. 

3. Draw simplified high frequency model of CE amplifier. 

4. Write the hybrid-π conductance equations of common emitter transistor. 

5. How does gm and Ce vary with |IC|, VCE and T. 

6. Define the gain bandwidth product of common emitter amplifier in terms 

of high frequency parameters. 
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7. Show that in Hybrid – π model, the diffusion capacitance is proportional to the emitter bias 

current. 

8. Define fβ, fT and fα. 

9. Write the expression for upper 3-dB frequency of a single stage CE amplifier. 

10. Define hybrid –π parameters. 

11. Write the expression for current gain for a CE amplifier with resistive load. 

12. Write the expression for hybrid π model parameters gm, gce and rce. 

10 MARKS QUESTIONS: 

1. Explain about hybrid π capacitances and briefly discuss miller’s theorem. 

2. Derive the expressions for hybrid π model parameters gm, gce and rce. 

3. Explain why the 3-dB frequency for current gain is not the same as fH for voltage gain. 

4. Derive the expression for the CE short-circuits current gain Ai with resistive load. 

5.  Draw the hybrid-π equivalent of a CE transistor valid for high frequency and explain the 

significance of each parameter. 

6. Prove that (i) hfe=gm* rb’e for a Hybrid -π model of CE amplifier. 

7. How does a Ce and Cc vary with | Ic | and | VCE |. 

8. How does gm vary with | Ic | and | VCE |, T. 

 

UNIT-III: FEEDBACK AMPLIFIERS AND OSCILLATORS 

2 MARKS QUESTIONS: 

1. What is feedback and what are feedback amplifiers. 

2. What is the condition of generating oscillations? 

3. What is meant by positive and negative feedback. 

4. What are the advantages and disadvantages of negative feedback. 

5. Mention different types of negative feedback amplifiers. 

6. What is Barkhausen criterion 

7. What is Oscillator circuit and classify different types. 

8. Define Piezo-electric effect. 

9. Draw the equivalent circuit of crystal oscillator. 

10. State the frequency for RC phase shift oscillator 

11. What is the minimum value of hfe for the oscillations in transistorized RC Phase shift oscillator. 

12. What is the frequency of LC oscillator and classify LC oscillators. 

10 MARKS QUESTIONS: 

1. Draw the circuit diagram of voltage series feedback amplifier and derive the expressions for Av, 

Ri and Ro. 

2. Draw the circuit diagram of voltage shunt feedback amplifier and derive the expressions for Av, 

Ri and Ro. 

3. Draw the circuit diagram of current series feedback amplifier and derive the expressions for Av, 

Ri and Ro. 

4. Draw the circuit diagram of current shunt feedback amplifier and derive the expressions for Av, Ri 

and Ro. 

5. Write the advantages of positive and negative feedback amplifiers. 

6. Explain the basic principle of generation of oscillations in LC tank circuits. What are the 
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considerations to be made in the case of practical L.C. Oscillator Circuits? 

7. Draw the circuit and explain the principle of operation of RC phase-shift oscillator circuit. What 

is the frequency range of generation of oscillations? Derive the expression for the frequency of 

oscillations. 

8. Draw the basic circuit of LC oscillator and derive the expression for condition of oscillations. 

9. Discuss about the amplitude and frequency stability of oscillator. 

10. Explain about crystal oscillator with a neat sketch. 

11. Derive the expression for the frequency of Hartely oscillators. 

12. Derive the expression for the frequency of Colpitts oscillators. 

13. Derive the expression for the frequency of wien bridge oscillators. 

UNIT-IV: POWER AMPLIFIERS 

2 MARKS QUESTIONS: 

1. Mention the efficiency of Class B Power amplifier. 

2. Draw the circuit of Transformer coupled Class A Power amplifier. 

3. Classify large signal amplifiers based on its operating point. Distinguish these amplifiers in terms 

of the conversion efficiency. 

4. Derive the expression for the output current in push -pull amplifier with base current as ib = Ibm 

coswt. 

5. What are the drawbacks of transformer coupled power amplifiers? 

6. Define the conversion efficiency of class A Power amplifier. 

7. State the advantages of push pull class B power amplifier over class B Power amplifier. 

8. Compare various power amplifiers with respect to conduction angle, efficiency and distortion. 

9. List the advantages of complementary-symmetry configuration over push pull configuration. 

10. What is a harmonic distortion? How even harmonics is eliminated using push pull circuit. 

11. Explain the different types of heat sinks. 

12. Compare Class C and Class D power amplifiers. 

10 MARKS QUESTIONS: 

1. Compare various types of Power amplifiers. 

2. Derive the expression for maximum collector power dissipation Pc (max) of class B power 

amplifier. 

3. What are the advantages and disadvantages of push pull power amplifier. Prove class B has 

maximum conversion efficiency of 78.5%. 

4. Distinguish between small signal and large signal amplifiers. How are the power amplifiers 

classified? Describe their characteristics. 

5. Derive the general expression for the output power in the case of a class A power amplifier. Draw 

the circuit and explain the movement of operating point on the load line for a given input signal. 

6. Discuss the concept of Power transistor heat sinking. 

7. Derive the expressions for maximum. Theoretical efficiency 'for 

(a) Transformer coupled and (b) Series fed amplifier. What are their advantages and 

disadvantages? 
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UNIT-V: TUNED AMPLIFIERS 

2 MARKS QUESTIONS: 

1. If 5-stages of single tuned amplifier are cascaded with each circuit resonant frequency of 25KHz. 

Find the overall band width. 

2. Mention the salient features of tuned amplifiers. 

3. Give the reasons why parallel resonance circuits are used in tuned amplifiers? 

4. Write the expression for voltage gain for a capacitive coupled single tuned amplifier and also gain 

at resonance? 

5. Classify tuned amplifier based on the input signal applied? 

6. Define a tuned amplifier. State how its frequency response is different from an un tuned amplifier? 

7. List out the applications of Tuned amplifiers. 

8. Draw the capacitive coupled tuned amplifier. 

9. What is staggered tuning. 

10. What are the advantages of double tuning? 

10 MARKS QUESTIONS: 

1. What is a Tuned amplifier and explain the various methods of classification of tuned amplifiers. 

2. Draw the circuit diagram of single tuned capacitive coupled amplifier and explain its operation 

and derive the expression for gain. 

3. Derive the expression for 3db bandwidth of single tuned capacitive coupled amplifier 

4. Derive the expression for Q factor of single tuned inductively coupled amplifier 

5. Define Q factor and explain in detail the cascading of single tuned amplifiers on bandwidth. 

6. Explain the operation and applications of Staggered Tuned amplifiers. 

7. Derive the expression for 3db bandwidth in terms of Q factor and resonant frequency of double 

tuned capacitive coupled amplifier 
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