
1. In Fig. P1 you can find a bridge circuit that has been used a lot in senor and transducer readout circuits. In this 
circuit,
R = 1 k, R<<R

(a) VS = 10cos(21000t) V, R = rcos(27t), where r is in the range of 0 ~ 1 Please plot the Thevenin equivalent 
circuit. Specify the equivalent voltage source and the output resistance. (5 pts)

(b) R is due to a periodic change of temperature (T) in the environment and follows: 
T = KR, where K = 1 °C/. Now a precision oscillator at 1007 Hz and a multiplier are given. The magnitude of
the temperature variation is asked to be read on a slow voltmeter (with a frequency response slower than 100 Hz) 
in a range of 0 to 1 V. Please design the measurement system to fulfill the requirement. You may need a voltage 
amplifier. Please use a block diagram for each component (for example, amplifier, multiplier, etc). (6 pts)

(c) If you are asked to use LTSPICE to simulate this circuit, what method are you going to use to describe the 
behavior of R? (4pts)
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sol.
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2. (a) Explain what “up conversion” is. (3 pts)
    (b) Give two advantages of “up conversion” technique. (6 

t )
sol. (a)  Up-conversion is multiplying a low-frequency signal by a local oscillator which is usually at radio 

frequency and obtaining a high-frequency signal that contain the signal information and can be transimitted 
effectively by an antenna. 
(b) i. the signal can be transmitted to the air by antenna; ii. more bandwidth; iii. less noisy. (2 advantages)

3. (a) One side of an abrupt pn junction is doped with pentavalent impurities which gives a net doping of 5 × 1018 cm
3.   Find the doping concentration to be added to the other side to get a built-in potential of 0.85 V at room 
temperature. (3 pts)
(b) Calculate the width of the depletion region at zero bias. (3 pts)
(c) Calculate the maximum electric field in the depletion region at zero bias. (3 pts)
(d) Calculate the junction capacitance per unit area at zero bias. (4 pts)
(e) Calculate the maximum electric field in the depletion region at a reverse bias of 5 V. (5 pts)

sol.

4. If you want to find a material for blue LEDs, what kind of material you need to find? What is the most important 
property or physical quantity of the material? What is the value of this physical quantity? (9 pts)

sol.  InGaN: a semiconductor with a bandgap that is equivalent to the 
energy of  a blue-light photon. The bandgap is about 2.6 eV.

5. A pn diode has an ideality factor N = 2. What is the difference of the forward bias voltages for diode current of 0.1 
mA and 0.001 mA? (6 pts)

sol.

6. A Si semiconductor cube with side equal to 1 μm is doped with 2×1017cm 3 phosphorous impurities. Calculate the 
drift current when a voltage of 3 V is applied across it. The mobility: n = 1350 cm2/Vs , p = 480 cm2/Vs.(6 pts)
sol.



7. In Fig. P7, VD1,on=0.7V, VB=1V, and R1= R2 = 1k。
(a) Plot transfer characteristic curve (i.e. Vout vs Vin). Please mark the input and output voltages of the turning point 
and the slopes of different line segments. (5 pts)
(b) Given a input signal Vin(t)=4cost V, plot the corresponding Vout(t) waveform for one period of time. (4 pts)

sol.

8. Beginning with VD,on 800 mV for each diode, determine the change in Vout if Vin changes from +4.0 V to +4.1 V 
for the circuits shown in Fig. P8. T=300K. You should first estimate ID for each diode at Vin=4V, and then calculate 
the corresponding small signal resistance assuming the ideality factor N=1. Plot the small-signal equivalent circuit. 
Calculate the output voltage change if the input small signal is 0.1V. (8 pts)

sol.



9. (a) Figure 9 is a half-wave rectifier circuit with a load consisting of a capacitor C1 and a resistor R1. Plot the 
waveforms of V1, V(out), and I(D1) for first three periods. V(C1) = 0 at t = 0. VD,ON = 0.7 V. Calculate the ripple 
voltage VR (6 pts)
(b) Calculate the duration for which the diode turns on in the second period. (4 pts)
(c) Calculate the peak diode current in the second period. (4 pts)
(d) If you are asked to compare the results of R1 = 100, 500, and 1k in a single run of LTspice simulation, what 
should you do? White down the setup and command you need.(5 pts)

sol.

10. Figure P10 illustrates a distribution of the conduction band minimum EC of a Si structure with three regions of 
different doping along the x axis in thermal equilibrium at 300K. At point A, the conduction electron density is 5×
1018 cm 3. 
(a) Consider A and C regions. Which region has a higher doping density? Which region has a higher hole density? (4
pts)
(b) Find the doping density at point C. (4 pts)
(c) Find the electron and hole densities at point B. (6 pts)
(d) Find the ratio of the width of depletion region between A and B to that between B and C. (4 pts)

sol.



11. Consider the circuit of Fig. P11. Calculate IX and VD1 for VX = 2 V using an exponential model with IS = 1 × 10 15

A at 300 K. R1= 1 k。(8 pts)

sol.

12. Figure 14.1 shows a schematic of an LC circuit using the reversed biased diode as a voltage controlled capacitor, 
where L = 10 uH and C = 47 uF. 
(a) Plot the small signal model of this circuit for signals around 30 MHz? (3 pts)
(b) Figure P14.2 shows the simulation result for V1 sweeping from 0 to 20 V with a step of 5 V. The resonant 
frequency for each curve is listed below.
A: 25.2 MHz
B: 36.0 MHz
C: 40.6 MHz
D: 43.8 MHz
E: 46.2 MHz
Estimate the capacitance of the diode at V1 = 0 V and 20 V respectively.(6 pts)
(c) To obtain this simulation result, what kind of commands should be used? Please write down the SPICE commands 
and also describe the parameter you need to change in the schematic. (6 pts)

sol.



13. (a) Plot the Bode plot for V(OUT)/V(IN), including the amplitude and the phase. Mark the 3dB point of the circuit
and also the roll-off slope. (6 pts)
(b) What are the input impedance and output impedance of this circuit at the 3dB point? (4 pts)

sol.


