
/ 
~ INDIAN INSTITUTE OF TECHNOLOGY 

Date:_ April2013, FN/AN, Time: 3 Hrs., Full Marks: 120, No. of Students: 690 (Non-ECE branches); End Spring Semester, 
Sub. No.: EC21101, Sub. Name: Basic Electronics 

Instructions----------------------~-----~--------~-----
• 
• 

All waveform sketches I diagrams must be neatly drawn and clearly labeled. Answers must be brief and to the point. 

The final answers (numerical values with unit) should be underlined or enclosed within~ with unit. 

• For every Question No., start your answer from a new page . 

• Avoid writing answers of the various parts of a single question at different locations in your answer-script. 

• Given parameters which you might require: mass of electron: 9.llx10-31 kg, Boltzmann constant: 1.38xl0"' J/K, charge of 
electron : 1.6xl o-19 c 

• For any value related to any device parameter or circuit parameter, which you may find not given with a problem, assume 
suitable value for such parameter. All symbols have their usual meaning. 

• Answer any SIX questions (out of NINE) 

lA. (I) A silicon semiconductor material is to be designed such that the majority carrier electron concentration is 
no= 7 x 1015 cm-3

• Should donor or acceptor impurity atoms be added to intrinsic silicon to achieve this electron 
concentration? What concentration of dopant impurity atoms is required? 

(II) In this silicon material, the minority carrier hole concentration is to be no larger than po = 106 cm-3
• 

Determine the maximum allowable temperature. Given the value of B for silicon is 5.23 x 101\cm-3K-312
). 

Bandgap of silicon is 1.1 e V. Boltzman constant 8.6173 x w-s e V K 1 
• 

lB. The reverse-saturation current of each diode in the 
circuit shown in Fig. (1 B) is Is = 2 X w- 13 A. 
Resistance (R) = 1k!l Determine the input voltage V1 

required to produce an output voltage V0 = 0.60 V. 

(10 marks) 

2A. Let ~ = 25 for the circuit shown in the Fig. (2A). 
Determine the range of V 1 such that -1 :S V cE :S 4.5. 
Sketch the load line and show the range of Q-point 
values. 

(10 marks) 

2B. (I) The transistor shown in Fig. (2B) has~= 100. 
Determine Vo for (i) Is= 0.1 rnA, (ii) Is= 0.5 rnA, and 
(iii) Is= 2 rnA. 

(II) Determine the percentage change in V0 for the 
conditions in part I ifthe current gain increases to~= 
150. 

(10 marks) 
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3A. The nominal quiescent collected current of a transistor is I .2 rnA. If the range of p for this transistor is 80 -::; 
~ 'S 120 and if the quiescent collector current changes by ± l 0%, determine the rarige in values for gm and rx 

3B. Assume that P= 100, VA is infinity, R1 = I 0 KQ, 
and R2== 50 KQ for the circuit in Fig. (38). (I) Plot the 
Q point on the de load line. (II) Determine the small
signal voltage gain. 

(15 marks) 

4. As shown in Fig. ( 4), a current source is connected 
to op-amp I. Draw the input current i;n, output voltage 
waveforms vo1 and vo2 on a single time axis. Clearly 
label all peak values of the signals on the plots. 
Consider that the op-amps are ideal and their ·biasing 
voltages are ±12 V. 

(10+10 marks) 

5. Calculate the oscillation frequency of the feedback 
circuit shown in Fig. 5(a) using a MAX471 op-amp (a 
high frequency op-amp) with biasing voltages ±10 V. 
Identify the feedback and the amplifier networks and 
check whether Barkhausen criteria are satisfied by 
them. 

In the second case, the previous feedback network is 
replaced by the network of Fig. 5(b ). Check whether 
Barkhausen criteria are satisfied, if satisfied calculate 
the new oscillation frequency. 

(12+8 marks) 

6. For the circuit shown in Fig. (6), all the diode cut in 
voltage is Vy=0.67V, V5=10sin2n50t volt 
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{i) draw the output waveform ( V out) with respect to vs 
time (clearly show all voltage levels) for 

(a) the switch is ON 
(b) the switch is OFF 

(ii) Find out the ripple voltage when the switch is 
OFF. 

Given: R=IOOk.Q, C=lJ.!F and the switch is ideal. 
(10+10 marks) 

(5 marks) 
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7. For the circuit shown in Fig. (7), MOSFET is in 
saturation. 
Given: Threshold voltage Vth=lV, l!nCox=l00l!AN2, 
W/L=50, gm=5mAN, early voltage VA is infinite, 
R2=6 kD, Ro=lkO, Voo=5V, Rs=50Q, RL=5kQ, all 
the capacitors can be taken as sufficiently large so that 
they appears short for ac signal. 

(i) Find R1• 

(ii) Find Yo and los. 
(iii) Draw the small signal circuit and find out the 

small signal gain expression and value of gain. 

(5+5+10 Marks) 

8. (i) Convert into hexadecimal. 

(1245)9' (1010)3 

(ii) What is the 8 bit 2's complement representation of 
the following decimal numbers? 

78,-97 

(iii) Add the following base-5 numbers. Don't convert 
it into any other base for addition. 

(22134)s+(l4114)s 

(iv) Realize the following logic using CMOS. 

Y = AB'+B(C+A') 

(v) Realize the following K-map (Fig. 8) in Sum of 
Product form. 

(vi) Design a 3 bit decrement counter using D
Flipflops and basic gates (AND, OR, NOT). 

( 2+2+2+4+4+6 Marks) 

9. 

(i) For the circuit of Fig. (9) find out the values of R~, 
R2, R3, ~ which realize the following function 

. v2 v3 v4 v =-v --+-+-
o I 2 3 4 

Assume open loop gain (A) of the op-amp = oo 

(ii) For A = oo and Ro = oo Q and R" R2, R3, ~ from 
the solution of9(i), find out the expression ofv0 • 

(iii) Assuming A= 100 and Ro, R1, R2, R3, ~from the 
solution of9(i), find out the expression ofvo. 

( 8+6+6 Marks) 
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