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 Q.2 a. With the help of neat diagrams, explain briefly the basic planar process used 
to fabricate ICs.  (12) 

Answer: 
BASIC PLANAR PROCESS 

1.Silicon wafer (Substrate) preparation 

2.Epitaxial Growth 

3.Oxidation 

4.photolithiography 

5.Diffusion 

6.Ion Implementation 

7.Isolation Technique 

8.Metallization 

9.Assembly Processing and packaging 

1.Silicon wafer (Substrate) preparation 

The following steps are used in the preparation of Si-wafers 

1.crystal growth and doping 

2.Ingot trimming and grinding 

3.Ingot slicing 

4.Wafer polishing and etching 

5.Wafer cleaning 

The starting material for crystal growth is highly purified (99.9999) polycrystalline silicon. The 
czochralski crystal growth process is the most oftenused for producing single crystal silicon 
ingots. The polycrystalline silicon together with an appropriate amount of dopant is put in a 
quartz 

Crucible and is then placed in a furnace.the material is then heated to a temperature in excess of 
the silicon melting point of 1420 degree celsius. A small single crystal rod of silicon called a 
seed crystal is then dipped into the silicon melt slowly pulled as shown. 

As the seed crystal is pulled out of the melt it brings with it a solidified mass of silicon with 
name crystalline structure as that of seed crystal. During the crystal pulling process the seed 
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crystal and the crucible are rotated in opposite directions in order to produce ingots of circular 
cross section the diameter of about 10 to 15 cm and ingot length order of 100 cm 

 

The top an dbottom portions of the ingot are cut off and ingot surface is ground to produce an 
exact diameter the ingot is also ground flat slightly along the lenth to get referne plane. The ingot 
is then sliced using a  stainless steel saw blade with industrial diamonds embedded into the inner 
diameter cutting edge. This produces circulars wafers or slices. 

EPITAXIAL GROWTH 

The word epitaxy is derived from greek word epi meaning upon and the past tense of the word 
teinon meaning arranged . arranging atoms in single crystal fashion upon a sigle crystal substrate 
so resulting layer is an extenxion of the substate crystal structure. 
SiCl4+2H2                         Si +4Hcl       

OXIDATION 
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SiO2 has the property of preventing diffusion of almost all impurities through it. It serves 
very important purposes. 

SiO2 is an extremely hard protective coating and is unaffected by almost all reagents 
except hydrofluoric acid . Thus it stands against any contamination  

By selective etching of SiO2 difussion of impurities through carefully defined Windows 
in the SiO2  can be accomplished to fabricate various components. 

 Si + 2H2O                               SiO2 + 2H2 

Photolithography 

 

It has become possible to produce microscopically small circuit and device patterns on Si 
wafers. As many as 10000 transistors can be fabricated on a 1cm * 1cm chip .the conventional  
photolithographic process uses ultraviolet light exposure and device dimension or line width as 
small as 2 micrometer can be obtained . With the advent of latest technology using X rays or 
electron beam lithographic techniques it has become possible to produce device dimension down 
to submission range <1 micro meter 

It involves two process 

Making of a photographic mask 

Photo etching 

First the preparation of initial artwork and secondly its reduction 

  b. Write a short note on thick film technology. (4) 
Answer: 
The basic thick film process are 

1.Screen Printing 

2.Ceramic Firing 

 Q.3 a. Draw the ac equivalent circuit for common-emitter transistor amplifier with 
coupling and bypass capacitors and explain the elements used in it. (8) 

Answer: 
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  b. Compare the characteristics for CC, CE & CB circuit with diagram.  (8) 
Answer: 
A transistor can be connected in a circuit in the following three configurations. 

1. Common base configuration 
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2. Common emitter configuration 

 
3. Common collector configuration 

 
The reasons for wide use of CE configuration are 
(i) High current gain: In CE configuration IC is output current and IB is the input current. 
Collector current is given by IC = ß IB. As the value of ß is very large output current IC is 
much more than the input current IB. The value of ß is ordinarily high and ranges from 10 to 
500. 
(ii) High voltage and power gain: Due to high current gain the CE configuration has the highest 
voltage and power gain of the three transistor configurations. 
(iii) Moderate output to input impedance ratio: In the CE configuration the ratio of output 
impedance to input impedance is small. Therefore this configuration is ideal for coupling 
between various transistor stages. CE configuration is used for small signal and power amplifier 
applications. 
 Q.4 a. Draw typical drain and transfer characteristics for a P-channel JFET and 

explain.   (8) 
Answer: 
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  b. Draw a neat sketch to illustrate the structure of a N-channel E-MOSFET and 

explain its operation.  (8) 
Answer: 
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 N-Channel E-MOSFET Structure 

 
Operation of N-Channel E-MOSFET 

Operation: 
It does not conduct when VGS = 0. In enhancement mosfet drain (ID) current flows only 
when VGS exceeds gate-to-source threshold voltage.When the gate is made positive with respect 
to the source and the substrate, negative change carriers within the substrate are attracted to the 
+ve gate and accumulate close to the surface of the substrate. As the gate voltage increased, more 
and more electrons accumulate under 
the gate, these accumulated electrons i.e., minority charge carriers make N-type channel 
stretching from drain to source. 
Now a drain current starts flowing. The strength of the drain current depends upon the 
channel resistance which, in turn, depends on the number of charge carriers attracted to the 
positive gate. Thus drain current is controlled by the gate potential. 
 
 Q.5  a. Explain the working of transformer coupled class-A power amplifier and 

derive an expression for its collector efficiency. (9) 
Answer:  
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  b. Explain the working of opto-coupler with the help of a diagram and give its 

applications.  (7) 
Answer: 
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 Q.6 a. Explain the differential amplifier with the help of suitable diagram. (8) 
Answer: 
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  b. Discuss the characteristics of an ideal operational amplifier. (8) 
Answer: 
The Fig. shows the schematic of an ideal op-amp. The following are the important 
properties of an ideal op-amp. 
i) The input impedance of an ideal op-amp is infinite. Hence it draws no current at both theinput 
terminals. 
ii)The gain of an ideal op-amp is infinite (¥), hence the differential input Vd =V1-V2 is zero 
for the finite output voltage V0 

 

iii) The output voltage V0 is independent of the current drawn from the output terminal. Thus its 
output impedance is zero. 
This results in the following Characteristic of an ideal op-amp. 
a) Infinite Voltage gain: It is denoted as AOL. It is the differential open loop gain. 
b) Infinite input impedance: It is denoted as Rin and ensures that no current flows into an 
ideal op-amp. 
c) Zero output impedance: It is denoted as Ro and ensures that the output voltage of the opamp 
remains the same, irrespective of the load. 
d) Zero offset voltage: This ensures zero output for zero input signal voltage in an ideal opamp. 
e) Infinite bandwidth: This ensures that the gain of the op-amp will be constant over the 
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frequency range from d.c to infinite. 

f) Infinite CMRR: This ensures zero common mode gain for an ideal op-amp. Due to this 
common mode noise output voltage is zero. 
g) Infinite slew rate: This ensures that the changes in the o/p voltage occur simultaneously with 
the changes in the input voltage. 
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 Q.7   a. What is the input impedance of a non-inverting operational amplifier? (4) 
Answer: 

 
  b. Explain why CMRR approaches infinity for an emitter coupled differential 

amplifier when RE approaches to infinity. (4) 
Answer:  
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  c. Draw the circuit of Integrator using Op-Amp and derive an expression for its 

output voltage.  (8) 
Answer: 
A circuit in which the output voltage is directly proportional to the integral of the input 
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voltage is called an integrator. Integrators can be passive integrator or active integrator. Fig 
shows an active integrator using op-amp. 

 
Expression for output voltage: 
Since node B is grounded, node A is also at ground potential. Hence VA=VB=0. As the input 
current of op- amp is zero, the current through CF is the current through R1. From input side 
I = Vin/R1 
From output side I = CF d(VA-VO)/dt = - CF(dVO/dt ) 
Therefore Vin/R1 = - CF (dVO/dt ) 
Integrating 
∫ (Vin/R1) dt = - CF ∫dVo / dt = - CF VO 
 
Vo = -(1/R1 CF) ∫Vin dt 
 
 Q.8   a. Draw the circuit diagram of Triangular Wave Generator & derive an 

expression for frequency of oscillation. (8) 
Answer: 
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  b. Explain how the timer IC 555 can be operated as an astable multivibrator, 

using timing diagrams.  (8) 
Answer: 

 

An astable multivibrator, often called a free-running multivibrator, is a rectangular-wave 
generating circuit. The timing during which the output is either high or low is determined 
by the externally connected two resistors and a capacitor. 
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Internal Circuitary With External Connections 

When Q is low, or output Vout is high, the discharging transistor is cut-off and capacitor C 
begins charging towards Vcc through resistances RA and RB. Because of this, the charging time 
constant is (RA + RB)C. Eventually, the threshold voltage exceeds + 2/3 Vcc, comparator 1 has a 
high output and triggers the flip-flop so that its Q is high and the timer output is low. With Q 
high, the discharge transistor saturates and pin-7 grounds so that the capacitor C discharges 
through resistance RB, trigger voltage at inverting input of comparator-2 decreases. When it 
drops below 1/3 Vcc. The output of comparator 2 goes high and this reset the flip-flop so that Q 
is low and the timer output is high. 
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 Q.9   (For Current Scheme students i.e. DE56) 
 
  a. Write the limitations of three terminal voltage regulators & explain the 723 

general purpose voltage regulators with diagram.  (8) 
Answer: 
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  b. Write a short note on complementary emitter follower circuit. (4)  
Answer: 
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  c. Explain monolithic power amplifiers. (4) 
Answer:  
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 Q.9   (For New Scheme students i.e. DE106) 
 
  a. Explain the concept of FET switching.  (4) 
Answer: 
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  b. Write a short note on photo-diodes with applications. (4)  
Answer: 
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  c. Draw the functional diagram of Counter Type ADC & explain its operation.

  (8) 
Answer:    
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