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1. Consider a pn junction in thermal equilibrium at 300 K for which the doping concentrations of n and p are
Np = 10% em™ and Na= 10'® em™, respectively. The area for the pn junction is 107 em® What is the built-in
voltage and depletion width of pn junction? What is the junction capacitance of pn junction at zero bias and
reverse bias of -3.15 V? What is cutoff wavelength for this pn junction photodiode if semiconductor of this
pn junction has band gap of 1.24 eV? (20%) (g0 = 8.854 x 10° "4 £/em, relative dielectric constant of
semlconductor = 11.7, and intrinsic carrier concentration of semlr.onductor 2x 10 em™).

2. Sketch and label the voltage transfer characteristic vo versus v, of the circuit shown in Fig. 1 over a +- 10-V

range of input signals. All diodes with n = 1.have 0.7-V drop at current of . 1mA. What are the slopes of
characteristics at the extreme +- 10-V levels? (20%)
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Fig. 1

3. For the circuit shown in Fig. 2, the transistor parameters are f§ = 100, Va = ©9, Vgjon) = 0.7V, and kT/g =
25 mV. Performing the DC analysis, please find lsy, les, len le2 le2, Veew and Vep. Plot the small signal
equivalent circuit of the amplifier. Find out the parameters gmi, Bmz x1, and rgz of transistor Qu and Qa,
respectively. Find the voltage gain vo/vs, the input resistance Ri, and the output resistance R, of the
amplifier. Determine the maximum undistorted swing in the output voltage. (20%)
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4. Consider the differential amplifier showing in Fig. 3. Let (W/L)ms : (W/Lwe= 1 : 4. Assume all the devices
are operated in saturation region, and Ry is much greater than ro. (1) If M1 and Ma, Ms, and M, are perfectly
matched, o1 = fo2 = Fo3 = Mo = 100K, Em1 = 8mz = Bm3 = 8ms =1 mA/V. Please find the small signal differential
mode voltage gain Aam, the common mode voltage gain A.m and common mode rejection ratio (CMRR). (2} If
(W/Unz ¢ (W/L)wz= 100 : 99, (W/L)ws : (W/L)ma = 99 1 200, prCox(W/U)wa = 0.1 mA/VE, and paCod W/LInz =
0.099 mA/V2 Neglecting channel length modulation effect (ro), find the input offset voltage. (20%)
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5. for a circuit in the figure 4 please find the expression of input impedance Zp. (20%) (Both OP-AMP A; and
A, are ideal Op-AMP.)




A 46 BISTERIIARE 107 BRI IREEASE

% FT OLERSHETERR |

Z5ME BT FHEHE ¢ 02060 8K ¢ 1
BIEH#3IE |

Fig. 4




