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NOTE: 1. All waveform sketches I diagrams must be neatly drawn and clearly labeled. 

2. The final answers (numerical values with unit) should be underlined or enclosed within I box 1. 

3. Answers must be brief and to the point. Partial cr~dit will be awarded for correct attempt. 

4. For every problem, 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. 

5. Assume the following parameter values, unless a parameter value is specifically given with the problem: 

Dielectric constants: t:o = 8.854 x 10- [Fim], 
t:r ofSi02 =3.9 
Boltzmann Constant, k = 1.38 x 10-23 (J I K] 
= 8.617 x 10-5 [eVI K] 
Chargeofanelectron,q = -1.602 x 10-19 (C] 
At room temperature or 300K: 
Intrinsic carrier concentration, ni = 1010 (cm-3] 

Thermal voltage, VrH = 25.9 X w-3 (V] 
Mobility of the electrons, P.n ='= 1400(cm2 IV.s] 

Mobility of the holes P.v = 500(cm IV.s] 
P-N junction reverse saturation current, Is = 10-15 (A] 
P-N junction forward cut-in voltage, V-y = 0. 7(V] 
P-N junction forward-bias ON-voltage, VDoN = 0. 7[V] 
Diode large-signal forward resistance, Rt = O(D] 
Diode break-down voltage, VBR = oo(V] 
Early voltage of BIT, VA = oo(V] 
Gate-oxidecapacitance,Cox = 3 x 10-8 (Ficm2] 
Channel-length modulation parameter,..\ = o(V-1] 

6. 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. 

1. Select the correct answer and give proper justification: 

(a) The built-in potential (Vbi) of a p-n junction depends largely on temperature (T) as: 
(i) 0( JT. 
(ii) ocT. 
(iii) oc T 2• 

(iv) independent ofT. 
(v) None of the others. 

(5 x 1.5 marks) 

(b) A voltage v. = 10sin(l001rt + 1r I 4)V is given to the input of a half-wave rectifier circuit with a resistive load 
(R) = 1KD and a capacitative load (C) = 20p,F. What will be the peak-to-peak ripple voltage of the output 
waveform? 
(i) 9.3 v 
(ii) 4.65 v 
(iii) 5.88 v 
(iv) 3.65 V 
(v) None of the others. 

(c) Which circuit out of Fig. l(i) through Fig. l(iv) corresponds to the input voltage and output voltage waveforms 
ofFig. 1(c)? 

(d) The npn transistor of Fig. 1(d) is operating in forward active mode, where VeE= 1 V. Assume f3 = 100. What 
is the value of R? 
(i) 2000 n 
(ii) 1900 n 
(iii) 2100 n 
(iv) 100 n 
(v) None of the others. 

(e) The circuit in Fig. l(e) has one silicon diode (Dl, V-y = 0.7 V) and one germanium diode (D2, V-y = 0.2 V). 
Find Vout· 

(i) 3.14mVpp 
(ii) 0.203 v pp 
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(iii) 795 j.L v pp 
(iv) 3I4 p.V pp 
(v) None of the others. 
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2. Consider a sawtooth waveform with period T, which is given by v(t) = 2t V for 0 ~ t < T and v(t + nT) = v(t) for 
t;::::: T, n E {1, 2, 3, ... }. Find the ripple factor, which can be defined as Vr(rms)/Vdc· (3 marks) 

3. Prove that f3 = gmr1r for the hybrid-1r BJT small signal model. Where f3 =common emitter BIT current gain, 9m 
= common emitter BIT transconductance, r,. = small signal equivalent resistance between emitter and base termi
nals. (3 marks) 

4. Find the currents (I) for the following two configurations, where lengths (L1 = 1 em, L 2 = 2 em), cross-section areas 
(A1 = 1 mm2 , A 2 = 0.25 mm2) and doping densities (Nn = 1017 fcm3, NA = 1016 fcm3 ) are given. The reverse 
saturation current of a p-njunction is given by Is = qAni2 ( LDNP + LDNn ). Lp = I 0 em, Ln = I em. (2,2 marks) 

p A n D ' 

5. In the circuit diagram ofFig. 5 find (a) the conduction angle ofD5, (b) the PIV (peak inverse voltage) ofD5. (c) Draw 
the voltage waveform across the capacitor for two cycles of the input waveform. (2,2,I marks) 

6. Draw the voltage transfer characteristics (vouT vs. VJN) of the circuit given in Fig.6 for the input voltage range of 
(0 V-12 V). Identify the different ranges of VJN and vour for which the transistor is in cutoff, forward active and 
saturation respectively. f3 = 100. (5 marks) 

7. Calculate the small-signal input resistance (~n) and small-signal output resistance (Rout) of the circuit given in Fig. 
7. f3n = 100, f3v = 50, VAnpn = 100 V, VApnp = 80 V. (2.5,2.5 marks) 

8. Prove that in= ~(p.nCox)('[)[(vos-Vt)vDs-~vns2 ] for an NMOS transistorin the triode region. (2.5marks) 
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