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Solution Marks 

 

 Q.2 a. Derive & Explain Maximum Power Transform theorem. (8) 

Answer:  

 
 

 

 
Marking 

Scheme is 

available 

at the 

end. 
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  Q.2      b.  Find io in the circuit in Fig.  using superposition Theorem. 

.                 (8) 

 
    Fig.2 

Answer:  
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 Q.3 a. Explain Zener diode as a voltage regulator. (8) 

Answer: page 23, Chapter 1, Electronic Devices & Circuits By I. J. NAGRATH 

 
 

Q.3 b. A Bridge rectifier uses four identical diodes of forward resistance of 

5 Ω each.  It is supplied from a transformer with output voltage of 20 

volt (rms) and secondary winding resistance of 10 Ω. Calculate 

      (i) Output dc voltage at a dc load current of 100 m Amp. 

      (ii) percentage regulation for a full load dc current of 200 m Amp. 

      (iii) RMS value of output voltage at a dc load current of 200 m Amp. 

                  (iv) RMS value of ac component of voltage in part (iii). (8) 

Answer:  
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 Q.4 a. Explain the need of biasing in Transistor circuit and describe self 

bias technique.  (8) 

Answer:  

SELF BIAS OR EMITTER BIAS CIRCUIT:  

 

 

 
STABILITY FACTOR'S FOR SELF BIAS CIRCUIT:
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Q.4      b. For the Darlington pair circuit of fig. 3, β1= β2=30.   Find the value 

of R1.  If R1 = R2.  (8) 

 
    Fig.3 
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Answer:  

According to figure the base emitter loops of the two transistors 

                                                         

 
 

Q.5   a. For the emitter follower circuit of fig.4 the BJT has the following 

parameters: 

   gm=35ms, β=125,    (10)  

 

 
 

    Fig.4 

 

(i)   Draw the low frequency small signal model of this circuit. 

       (ii)  Determine Ri  & Ro. 

             (iii) Evaluate the transfer function VO/Vi.   
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Answer: 

 

 
 

  Q.5  b.   Draw and explain Common Emitter configuration   (6) 

 

Answer: 

COMMON-EMITTER CONFIGURATION: 

The most frequently encountered transistor configuration appears in Fig. 3.13 for the 

pnp and npn transistors. It is called the common-emitter configuration since the 

emitter is common or reference to both the input and output terminals (in this case 

common to both the base and collector terminals). Two sets of characteristics are 

again necessary to describe fully the behavior of the common-emitter configuration: 

one for the input or base-emitter circuit and one for the output or collector-emitter 

circuit. Both are shown in Fig. 3.14. 
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Figure 3.13 Notation and symbols used with the common-emitter configuration:  

                   (a) npn transistor; (b) pnp transistor. 

 

The emitter, collector, and base currents are shown in their actual conventional 

current direction. Even though the transistor configuration has changed, the current 

relations developed earlier for the common-base configuration are still applicable. 

That is, IE = IC + IB and IC = α IE. For the common-emitter configuration the 

output characteristics are a plot of the output current (IC) versus output voltage 

(VCE) for a range of values of input current (IB). The input characteristics are a plot 

of the input current (IB) versus the input voltage (VBE) for a range of values of 

output voltage (VCE). 

 

 
Figure 3.14 Characteristics of a silicon transistor in the common-emitter 

configuration: (a) collector characteristics; (b) base characteristics. 

 

Note that on the characteristics of Fig. 3.14 the magnitude of IB is in microamperes, 

compared to milliamperes of IC. Consider also that the curves of IB are not as 
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horizontal as those obtained for IE in the common-base configuration, indicating that 

the collector-to-emitter voltage will influence the magnitude of the collector current. 

The active region for the common-emitter configuration is that portion of the upper-

right quadrant that has the greatest linearity, that is, that region in which the curves 

for IB are nearly straight and equally spaced. In Fig. 3.14a this region exists to the 

right of the vertical dashed line at VCEsat and above the curve for IB equal to 

zero. The region to the left of VCEsat is called the saturation region.  

In the active region of a common-emitter amplifier the collector-base junction is 

reverse-biased, while the base-emitter junction is forward-biased. 

You will recall that these were the same conditions that existed in the active region of 

the common-base configuration. The active region of the common-emitter 

configuration can be employed for voltage, current, or power amplification. The 

cutoff region for the common-emitter configuration is not as well defined as 

for the common-base configuration. Note on the collector characteristics of Fig. 3.14 

that IC is not equal to zero when IB is zero. For the common-base configuration, 

when the input current IE was equal to zero, the collector current was equal only to 

the reverse saturation current ICO, so that the curve IE  =0 and the voltage axis were, 

for all practical purposes, one. 

The reason for this difference in collector characteristics can be derived through the 

proper manipulation of Eqs. (3.3) and (3.6). That is, 
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 Q.6 a. Write down the effect of coupling capacitor in low frequency analysis. (8) 

 

Answer: 
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AE53/AC53/AT53/AE103                     ELECTRONIC DEVICES & CIRCUITS JUN 2015 

 

© IETE                                                                                                                                 13 
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  Q.6  b. Explain the frequency response and linear circuit model of single 

stage RC Coupled amplifier.  (8) 

 

Answer: 

Single stage RC Coupled amplifier: 
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 Q.7   a. Derive the expression for the frequency of Wein Bridge 

Oscillators.  

 

Answer: 

WIEN BRIDGE OSCILLATOR 
In this circuit, a balanced bridge is used as the feedback network. The active element 

is an operational amplifier. It employs lead-lag Network. Frequency fo can be varied 
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in the ratio of 10 :1 compared to 3 : 1 in other oscillator circuits. 

External voltage V 0' is applied betweeen 3 and 4, as shown in Fig.8.16. 

 
 

 

EXPRESSION FOR  FREQUENCY: 

                                 

                                    



AE53/AC53/AT53/AE103                     ELECTRONIC DEVICES & CIRCUITS JUN 2015 

 

© IETE                                                                                                                                 19 

 

 
 

  Q.7  b. Deduce the Barkausen Criterion for the generation of sustained 

oscillations. How are the oscillations initiated? 

 

Answer: 

BARKHAUSEN CRITERION: 
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 Q.8   a. Explain the circuit operation & transfer characteristics of Class B 

Amplifier.    (8) 

Answer:  

Class B amplifier:  Figure 14.5 shows a class B output stage. It consists of a 

complementary pair of transistors (an npn and a pnp) connected in such a way that 

both cannot conduct simultaneously.  
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Circuit Operation 

When the input voltage v1 is zero, both transistors are cut off and the output voltage 

v0 is zero. As vt goes positive and exceeds about 0.5 V, QN conducts and operates as 

an emitter follower. In this case v0 follows w7'(i.e., v0= vr~ vBEN) and QN supplies 

the load current. Meanwhile, the emitter-base junction of QP will be reverse-biased 

by the VBE of QN, which is approximately 0.7 V. Thus QP will be cut off. If the 

input goes negative by more than about 0.5 V, QP turns on and acts as an emitter 

follower. Again v0 follows vI (i.e., v0 = v1 + vEBP), but in this case QP supplies the 

load current and QN will b e cut off. We conclude that the transistors in the class B 

stage of Fig. 14.5 are biased at zero current and conduct only when the input signal is 

present. The circuit operates in a push-pull fashion: QN pushes (sources) current into 

the load when v, is positive, and QP pulls (sinks) current from the load when v, is 

negative. 

14.3.2 Transfer Characteristic 

A sketch of the transfer characteristic of the class B stage is shown in Fig. 14.6. Note 

that there exists a range of vj centered around zero where both transistors are cut off 

and v0 is zero. This dead band results in t he crossover distortion illustrated in Fig. 

14.7 for the case of an input sine wave. The effect of crossover distortion will be 

most pronounced when the amplitude of the input signal is small. Crossover 

distortion in audio power amplifiers gives rise to unpleasant sounds. 
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  Q.8 b. Design a class B output stage to deliver an average power of 20 W to 

an 8-Q load. The power supply is to be selected such that Vcc is 

about 5 V greater than the peak output voltage. This avoids 

transistor saturation and the associated nonlinear distortion, and 

allows for including short-circuit protection circuitry. Determine the 

supply voltage required, the peak current drawn from each supply, 

the total supply power, and the power-conversion efficiency. Also 

determine the maximum power that each transistor must be able to 

dissipate safely.  (8) 

Answer: 
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Design a class B output stage to deliver an average power of 20 W to an 8-Q load. 

The power supply is to be selected such that Vcc is about 5 V greater than the peak 

output voltage. This avoids transistor saturation and the associated nonlinear 

distortion, and allows for including short-circuit protection circuitry. Determine the 

supply voltage required, the peak current drawn from each supply, the total supply 

power, and the power-conversion efficiency. Also determine the maximum power 

that each transistor must be able to dissipate safely. 

                   
Therefore we select Vcc = 23 V. The peak current drawn from each supply is 

 
The average power drawn from each supply is 

 
for a total supply power of 32.8 W. The power-conversion efficiency is 

 
The maximum power dissipated in each transistor is given by  

 
 

 Q.9   a. Briefly explain various steps of IC fabrication.  (8) 

 

Answer:  

The basic IC fabrication steps are as follows. Some of these steps may be carried out 

many times, in different combinations and under different processing conditions 

during a complete fabrication run. 

 

Wafer Preparation 

The starting material for modern integrated circuits is very-high-purity silicon. The 

material is grown as a single-crystal ingot. It takes the form of a steel gray solid 

cylinder 10 cm to 30 cm in diameter (Fig. A . l ) and can be 1 m to 2 m in length. 

This crystal is then sawed (like a loaf of bread) to produce circular wafers that are 
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400 tan to 600 pm thick (a micrometer or micron is a millionth of a meter). The 

surface of the wafer is then polished to a mirror finish using chemical and mechanical 

polishing (CMP) techniques. Semiconductor manufacturers usually purchase ready-

made silicon wafers from a supplier and rarely start their process at the ingot stage. 

The basic electrical and mechanical properties of the wafer depend on the orientation 

of the crystaline planes, as well as the concentration and type of impurities present. 

These variables are strictly controlled during crystal growth. Controlled amounts of 

impurities can be added to the pure silicon in a process known as doping. This allows 

the alteration of the electrical properties of the silicon, in particular its resistivity. It is 

also possible to control the conduction-carrier type, either holes (in p-type silicon) or 

electrons (in n-type silicon), that is responsible for electrical conduction. If a large 

number of impurity atoms is added, then the silicon is said to be heavily doped (e.g., 

concentration > 1 0 1 8 atoms/cm3). When designating the relative doping 

concentrations in semiconductor device structures, it is common to use + and - 

symbols. A heavily doped (low-resistivity) w-type silicon wafer would be referred to 

as n+ material, while a lightly doped region may be referred to as n- The ability to 

control the type of impurity and the doping concentration in the silicon permits the 

formation of diodes, transistors, and resistors in flexible integrated-circuit form. 

Oxidation: 

Oxidation refers to the chemical process of silicon reacting with oxygen to form 

silicon dioxide ( S i 0 2 ) . To speed up the reaction, it is necessary to use special 

high-temperature (e.g., 1000-1200°C) ultraclean furnaces. To avoid the introduction 

of even small quantities of contaminants (which could significantly alter the electrical 

properties of the silicon), it is necessary to maintain a clean environment. This is true 

for all processing steps involved in the fabrication of an integrated circuit. Specially 

filtered air is circulated in the processing area, and all personnel must wear special 

lint-free clothing. The oxygen used in the reaction can be introduced either as a high-

purity gas (in a process referred to as a "dry oxidation") or as steam (for "wet 

oxidation"). In general, wet oxidation has a faster growth rate, but dry oxidation gives 

better electrical characteristics. In either case, the thermally grown oxide layer has 

excellent electrical insulation properties. The dielectric strength for S i 0 2 is 

approximately 107 V/cm. It has a dielectric constant of about 3.9 and can be used to 

form excellent capacitors. As noted, silicon dioxide serves as an effective mask 

against many impurities, allowing the introduction of dopants into the silicon only in 

regions that are not covered with oxide. This masking property is one of the essential 

enablers of mass fabrication of VLSI devices. Silicon dioxide is a thin transparent 

film, and the silicon surface is highly reflective. If white light is shone on an oxidized 

wafer, constructive and destructive interference will cause certain colors to be 

reflected. The wavelengths of the reflected light depend on the thickness of the oxide 

layer. In fact, by categorizing the color of the wafer surface, one can deduce the 

thickness of the oxide layer. The same principle is used by sophisticated optical 

inferometers to measure film thickness. On a processed wafer, there will be regions 

with different oxide thicknesses. The corresponding colors can be quite vivid, and 

thickness variations are immediately obvious when a finished wafer is viewed with 

the naked eye  
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Diffusion 

Diffusion is the process by which atoms move from a high-concentration region to a 

low-concentration region through the semiconductor crystal. The diffusion process is 

very much like a drop of ink dispersing through a glass of water except that it occurs 

much more slowly in solids. In fabrication, diffusion is a method by which to 

introduce impurity atoms (dopants) into silicon to change its resistivity. The rate at 

which dopants diffuse in silicon is a strong function of temperature. Thus, for speed, 

diffusion of impurities is usually carried out at high temperatures (1000-1200°C) to 

obtain the desired doping profile. When the wafer is cooled to room temperature, the 

impurities are essentially "frozen" in position. The diffusion process is performed in 

furnaces similar to those used for oxidation. The depth to which the impurities 

diffuse depends on both the temperature and the time allocated. The most common 

impurities used as dopants are boron, phosphorus, and arsenic. Boron is a p-type 

dopant, while phosphorus and arsenic are n-type dopants. These dopants can be 

effectively masked by thin silicon dioxide layers. By diffusing boron into an n-type 

substrate,  a pn junction (diode) is formed. If the doping concentration is heavy 

enough, the diffused layer can also be used as a conductor. 

Ion Implantation: 

Ion implantation is another method used to introduce impurity atoms into the 

semiconductor crystal. An ion implanter produces ions of the desired dopant, 

accelerates them by an electric field, and allows them to strike the semiconductor 

surface. The ions become embedded in the crystal lattice. The depth of penetration is 

related to the energy of the ion beam, which can be controlled by the accelerating-

field voltage. The quantity of ions implanted can be controlled by varying the beam 

current (flow of ions). Since both voltage and current can be accurately measured and 

controlled, ion implantation results in much more accurate and reproducible impurity 

profiles than can be obtained by diffusion. In addition, ion implantation can be 

performed at room temperature. Ion implantation normally is used when accurate 

control of the doping profile is essential for device operation. 

Chemical-Vapor Deposition 

Chemical-vapor deposition (CVD) is a process by which gases or vapors are 

chemically reacted, leading to the formation of solids on a substrate. CVD can be 

used to deposit various materials on a silicon substrate including S i 0 2 , Si3N4 , and 

polysilicon. For instance, if silane gas and oxygen are allowed to react above a 

silicon substrate, the end product, silicon dioxide, will be deposited as a solid film on 

the silicon wafer surface. The properties of the CVD oxide layer are not as good as 

those of a thermally grown oxide, but such a layer is sufficient to act as an electrical 

insulator. 'The advantage of a CVD layer is that the oxide deposits at a fast rate and a 

low temperature (below 500°C). If silane gas alone is used, then a silicon layer will 

be deposited on the wafer. If the reaction temperature is high enough (above 

1000°C), the layer deposited will be a crystalline layer (assuming that there is an 

exposed crystalline silicon substrate). Such a layer is called an epitaxial layer, and 

the deposition process is referred to as epitaxy, rather than CVD. At lower 

temperatures, or if the substrate surface is not single-crystal silicon, the atoms will 

not be able to align in the same crystalline direction. Such a layer is called 

polycrystalline silicon (poly Si), since it consists of many small crystals of silicon 
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whose crystalline axes are oriented in random directions. These layers are normally 

doped very heavily to form highly conductive regions that can be used for electrical 

interconnections.  

Metallization 

The purpose of metallization is to interconnect the various components (transistors, 

capacitors, etc.) to form the desired integrated circuit. Metallization involves the 

initial deposition of a metal over the entire surface of the silicon. The required 

interconnection pattern is then selectively etched. The metal layer is normally 

deposited via a sputtering process. A pure metal disk (e.g., 99.99% aluminum) is 

placed under an argon (Ar) ion gun inside a vacuum chamber. The wafers are also 

mounted inside the chamber above the target. The Ar ions will not react with the 

metal, since Ar is a noble gas. However, their ions are made to physically bombard 

the target and literally knock metal atoms out of it. These metal atoms will then coat 

all the surface inside the chamber, including the wafers. The thickness of the metal 

film can be controlled by the length of time for sputtering, which is normally in the 

range of 1 to 2 minutes. 

Photolithography 

The surface geometry of the various integrated-circuit components is defined 

photographically. First, the wafer surface is coated with a photosensitive layer (called 

photoresist) using a spin-on technique. After this, a photographic plate with drawn 

patterns (e.g., a quartz plate with a chromium pattern) will be used to selectively 

expose the photoresist under ultraviolet (UV) illumination. The exposed areas will 

become softened (for positive photoresist). The exposed layer can then be removed 

using a chemical developer, causing the mask pattern to appear on the wafer. Very 

fine surface geometries can be reproduced accurately by this technique. 

Photolithography requires some of the most expensive equipment in VLSI 

fabrication. Currently, we are already approaching the physical limits of the 

photolithographic process. Deep UV light or electron beam can be used to define 

patterns with resolution as fine as 50 ran. However, another technological 

breakthrough will be needed to achieve further geometry downscaiing. 

The patterned photoresist layer can be used as an effective masking layer to protect 

materials below from wet chemical etching or reactive ion etching. Correspondingly, 

silicon dioxide, silicon nitride, polysilicon, and metal layers can be selectively 

removed using the appropriate etching methods. After the etching step(s), the 

photoresist is stripped away, leaving behind a permanent pattern, an image of the 

photomask, on the wafer surface. To make this process even more challenging, 

multiple masking layers (there can be more than 20 layers in advanced VLSI 

fabrication processes) must be aligned precisely on top of previous layers. This must 

be done with even greater precision than is associated with the minimum dimensions 

of the masking patterns. This requirement imposes very critical mechanical and 

optical constraints on the photolithography equipment.  

Packaging 

A finished silicon wafer may contain several hundred or more finished circuits or 

chips. Each chip may contain from 10 to 108 or more transistors in a rectangular 

shape, typically between 1 mm and 10 mm on a side. The circuits are first tested 

electrically (while still in wafer form) using an automatic probing station. Bad 
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circuits are marked for later identification. The circuits are then separated from each 

other (by dicing), and the good circuits (called dies) are mounted in packages (or 

headers). Examples of such IC packages are given in Fig. A.2. Fine gold wires are 

normally used to connect the pins of the package to the metallization pattern on the 

die. Finally, the package is sealed using plastic or epoxy under vacuum or in an inert 

atmosphere. 

 

  Q.9  b. Write short note on Integrated Resistors and Integrated 

Capacitors.  

 

Answer:  

Integrated Resistors: 

Resistors in integrated form are not very precise. They can be made from various 

diffusion regions as shown in Fig. Different diffusion regions have different 

resistivity. The n well is usually used for medium-value resistors, while the n+ and 

p+ diffusions are useful for low-value resistors. The actual resistance value can be 

defined by changing the length and width of diffused regions. The tolerance of the 

resistor value is very poor (20-50%), but the matching of two similar resistor values 

is quite good (5%). Thus circuit designers should design circuits that exploit resistor 

matching and avoid designs that require a specific resistor value. 

All diffused resistors are self-isolated by the reversed-biased pn junctions. However, 

a serious drawback for these resistors is that they are accompanied by a substantial 

parasitic junction capacitance, making them not very useful for high-frequency 

applications. The reversed-biased pn junctions also exhibit a JFET effect, leading to a 

variation in the resistance value as the applied voltage is changed (a large voltage 

coefficient is undesirable). Since the mobilities of carriers vary with temperature, 

diffused resistors also exhibit a significant temperature coefficient. A more useful 

resistor can be fabricated using the polysilicon layer that is placed on top of the thick-

field oxide. The thin polysilicon layer provides better surface area matching and 

hence more accurate resistor ratios.  Furthermore, the poly resistor is physically 

separated from the substrate, resulting in much lower parasitic capacitance and 

voltage coefficient. 

 

 
FIGURE:  Cross sections of resistors of various types available from a typical n-well 
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CMOS process. 

 

Integrated Capacitors: 

Two types of capacitor structure are available in CMOS processes, MOS and 

interpoly capacitors (also MIM—metal-insulator-metal). The cross sections of these 

structures are as shown in Fig. A.6. The MOS gate capacitance, depicted in the center 

structure, is basically the gate-to-source capacitance of a MOSFET. The capacitance 

value is dependent on the gate area. The oxide thickness is the same as the gate oxide 

thickness in the MOSFETs. This capacitor exhibits a large voltage dependence. To 

eliminate this problem, an additional n+ implant is required to form the bottom plate 

of the capacitors, as shown in the structure on the right. Both these MOS capacitors 

are physically in contact with the substrate, resulting in a large parasitic pn junction 

capacitance at the bottom plate. The interpoly capacitor exhibits near ideal 

characteristics but at the expense of the inclusion of a second polysilicon layer to the 

CMOS process. Since this capacitor is placed on top of the thick-field oxide, parasitic  

effects are kept to a minimum. A third and less often used capacitor is the junction 

capacitor. Any pn junction under reversed bias produces a depletion region that acts 

as a dielectric between the p and the n regions. The capacitance is determined by 

geometry and doping levels and has a large voltage coefficient. This type of capacitor 

is often used as a variactor (variable capacitor) for tuning circuits. However, this 

capacitor works only with reversed-bias voltages. For interpoly and MOS capacitors, 

the capacitance values can be controlled to within 1%. Practical capacitance values 

range from 0.5 p F to a few 10s of picofarads. The matching between similar-size 

capacitors can be within 0.1%. This property is extremely useful for designing 

precision analog CMOS circuits. 

 
              FIGURE  Interpoly and MOS capacitors in an n-well CMOS process. 
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