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PROBLEM 1 (5+5 POINTS)
Refer to the plot of intrinsic carrier concentration (ni) vs. absolute temperature (T) below for three semiconductors. 
a) Explain qualitatively the differences in intrinsic carrier concentrations for Ge, Si and GaAs.  (Why is ni highest for Ge?  Why is it lowest for GaAs?) You may want to refer to the Cheat Sheet.
b) Explain qualitatively why ni increases with increasing temperature. You may want to use the equation on the Cheat Sheet. 
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PROBLEM 2 (1+5+2+5 POINTS)
The figure below shows a MOS Capacitor in one of its biasing conditions.
[image: Macintosh HD:Users:abburikumar:Desktop:ECE 2017-2018:SPRING 2018:ECE GENERAL:PRELIM EXAM 2018:MOS-C.png]

(a) Identify, on the figure, the gate, oxide and the semiconductor elements of the device.

(b) Is the semiconductor a p-type or an n-type? Explain.



(c) Which biasing condition does the device seems to be in? Circle the appropriate answer.

Depletion	Inversion	Accumulation	Strong Inversion


(d) Briefly explain your answer in part (c). 



PROBLEM 3 (15 POINTS)
A Si p-n junction (ni = 1010 cm-3, Na = 1016 cm-3 and Nd = 4 x 1016 cm-3) is biased with an applied voltage Va = -3 V. Calculate the built-in potential, the depletion layer width and the depletion capacitance. Take the temperature as 300 K. Consult the Cheat Sheet for any needed constants.




PROBLEM 4 (12 Points) 
Look at the picture below. Calculate the maximum wavelength of radiation that silicon can absorb. Which part of the electromagnetic spectrum does this wavelength fall in? See the electromagnetic spectrum on the Cheat Sheet. 


[image: Macintosh HD:private:var:folders:zx:s_9wmn6d7z18vmr9l3_zmdgm0000gn:T:TemporaryItems:absorbing_band_gaps.jpg]




Problem 5 [18 points]
Consider a zener shunt regulator circuit depicted in Figure 1. The parameters of the zener diode are VZ = 4.7 V at test current IZT = 53 mA, zener resistance RZ = 8 , knee voltage resistance RZK = 500  at IZK = 1.0mA. The supply voltage is VS = 12 ± 2 V and resistance RS = 220 . 
[image: ]
Figure 1. Zener shunt regulator.

(a) Find the nominal value of the output voltage VO under no-load condition (i.e., RL = ∞). [5]









(b) Find the maximum and minimum values of the output voltage VO for a load resistance of RL = 470 . [5] 










(c) Find the nominal value of the output voltage VO for a load resistance of RL = 100 . [4]












(d) Find the minimum value of load resistance RL for which the zener diode operates in the breakdown region. [4]





Problem 6 [10 points]
If vi(t) = -3sin(25t + 60o) + 2cos(100t + 30o) + 5cos(150t) V is the input to the active filter (operational amplifier circuit) shown in Figure 2, determine the output voltage vo(t) and subsequently sketch its line spectrum (i.e., both the magnitude spectrum and the phase spectrum). What type of filter it is? Explain your answer.  
[image: ]
Figure 2. A simple operational amplifier based active filter circuit.




























Problem 7 [22 points]
A common-emitter bipolar junction transistor (BJT) amplifier circuit illustrated in Figure 3 is biased by symmetrical positive and negative 5 V power supplies. The BJT parameters are F = 65, VA = 50 V and VBE = 0.7 V (for active region operation). You are interested in determining the input resistance Rin, output resistance Rout, and the overall voltage gain Av for the common-emitter amplifier.
[image: ]
Figure 3

(a) Explain why the use of the second power supply is very common in both discrete and integrated circuit designs. [2] 






(b) Sketch the direct-current (dc) equivalent circuit for the common-emitter BJT amplifier and find the Q-point (IC, VCE). For the dc analysis, you may use a simplified form of the transport model in which VA = ∞. [7]

















(c) Compute the small-signal model parameters, and subsequently compute the input resistance Rin, output resistance Rout, and the overall voltage gain Av. Sketch the small-signal equivalent circuits for calculating Rin  and Rout. [13]



CHEAT SHEET
	h = 6.63x10-34 J.s.

q = 1.602x10-19 C

c = 3x108 m/s

kB = 1.38x10-23 J/K

mn = mp = 9.1x10-31 kg
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List of band gaps of semiconductor materials.
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