
Applied Electronics (I) Midterm Exam 
Prof. Yuen-Wuu Suen, Department of Physics, NCHU   2017.04.20 

 

Important notes: 

1. Total credits: 150 pts. 

2. The number of pages of the examination (including the cover page): 5.  

3. Please clearly mark the question numbers before your answers accordingly. 

4. You can use scientific calculator. 

5. OPEN BOOK!! 

6. The length of the examination: 110 min (1:10-3:00PM) 

7. Useful information 

 (a)@300K 

Semiconductor Eg(eV) Intrinsic concentration 
ni (cm-3) 

鍺(Ge) 0.66 2.4×1013 
矽(Si) 1.1 1.0×1010 

(b) kT/q=26 mV，q=1.6×10-19 C  

      

(c) For the phasor representation, the time harmonic tje ω  is used. 1−=j . 
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Please write down all the required steps in details 
 
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=10kΩ, ∆R<<R. 

(a) VS=cos(2π⋅1000t) V, ∆R=rcos(2π⋅20t), where   Fig. P1 
r=5Ω. Please find out Vout(t). What are the frequencies of the AC components in 
Vout(t)? (4 pts) 

(b) 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) 

 

 
2. In the circuit, L=0.1µH, C=0.1µF, and R = 50 Ω.   

(a) If the input terminal connects to a voltage source 
Vin=cosωt V, calculate the voltage signal at output at 
following frequencies. Hint: you should find out the 
amplitude and the phase of the transfer function. 
(1) 107/2π Hz (4 pts) 
(2) 109/2π Hz (4 pts) 
(b) Please write down the procedure to simulate the impedance of the circuit 
looking into the input terminal using LTspice for frequencies from 107/2π to 
109/2π Hz with 100pts/dec. (5 pts) 

3. The intrinsic carrier concentration of germanium (Ge) is expressed as  
ni =1.66×1015T3/2exp(−Eg/2kT) cm−3, where Eg = 0.66 eV.  
(a) Calculate ni at 400 K. (4 pts) 
(b) Determine the electron and hole concentrations at 400 K if Ge is doped with 
Ga (IIIA group) atoms at a density of 2 × 1018 cm−3. (4 pts) 

4. (a) One side of an abrupt pn junction is doped with pentavalent impurities which 
gives a net doping of 3 × 1018 cm−3. Find the doping concentration to be added to 
the other side to get a built-in potential of 0.80 V at room temperature. (3 pts) 
(b) Calculate the width of the depletion region. (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) A cellphone incorporates a 2.4-GHz oscillator whose frequency is defined by 
the resonance frequency of an LC tank. If the tank capacitance is realized by a pn 
junction described above, calculate the change in the oscillation frequency while 

R R 

R 
R+∆R 

Vout VS 
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the reverse voltage goes from 0 to 2 V. Assume the circuit operates at 2.4 GHz at a 
reverse voltage of 0 V, and the junction area is 2000 μm2. (7 pts) 

5. If you want to find a material for red 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) 

6. A pn diode has an ideality factor N = 1.5. At a forward bias of 620 mV, the diode 
current is 0.1 mA. What is the voltage across this diode if the diode current is 1 
mA?(6 pts) 

7. While constructing a full-wave rectifier, a student mistakenly has swapped the 
terminals of D3 as depicted in Fig. P7. Please plot Vout for at least two periods of in 
time and explain your plot. Vin is connected to a 60-Hz sinusoidal source with an 
amplitude of 6 V. (6 pts) 

 Fig. P7 

 
 

8. In Fig. P8, VD1,on=0.7V, VB=2V, and R1= R2 = 1kΩ。 
(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)=4cosωt V, plot the corresponding Vout(t) waveform 
for one period of time. (4 pts) 

Fig. P8 
 
9. Beginning with VD,on ≈ 700 mV for each diode, determine the change in Vout if Vin 

changes from +3.0 V to +3.1 V for the circuits shown in Fig. P9. T=300K. 
You should first estimate ID for each diode at Vin=3V, and then calculate the 
corresponding small signal resistance assuming the ideality factor N=1. (4) 
Plot the small-signal equivalent circuit. Calculate the output voltage change if the 
input small signal is 0.1V. (10 pts)  
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Figure P9 

 
10. (a) A full-wave rectifier is driven by a sinusoidal input Vin = V0 cosωt, where V0 = 

5 V and ω = 2π (60 Hz). Assuming VD,on = 0.7V, determine the ripple amplitude 
with a 470-μF smoothing capacitor and a load resistance of 100 Ω. (4 pts) 
(b) Calculate the duration for which the diode turns on in each period. (4 pts) 
(c) Estimate the peak diode current. (neglect the initial transient surge current) (4 
pts) 
 

11. Figure P11 illustrates a distribution of the 
conduction band minimum of a Si pn  
junction along the x axis in equilibrium  
at 300K. At point A, the conduction electron  
density is 5 × 1018 cm−3.  
(a) Find the doping density at point C. (4 pts) 
(b) Find the electron and hole density at point B. (6 pts)  
 

12. Consider the circuit of Fig. P12. Calculate IX and VD1 for VX = 1 V using an 
exponential model with IS = 5 × 10−15 A at 300 K. R1= 2 kΩ。(8 pts) 

Figure P12 
 
13. (a) What is the function of 

the circuit depicted in Fig. 
P13? What is the function 
of V2? (5 pts) 
(b) Plot the waveform of 
the output voltage across 
R3 schematically and 
specify the diodes’ state 
(ON or OFF) in different operation regimes on the curve. (5pts)     Fig. P13 

EC 

x 

0.85 eV 

A 
B 0 eV 

C 

0.3 eV 

Fig. P11 
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(c) Plot the small signal models of this circuit for both V2 = 5 V and 0 V, 
respectively. For 1N4148, N = 1.75, Cjo = 4 pF. (8 pts)  
 

14. Figure 14.1 shows a schematic of LC circuit using the 
reversed biased diode as a voltage controlled capacitor, 
where L = 10 uH and C = 47 uF.  
(a) What is the function of C1? (3 pts) 
(b) Figure P14.2 shows the simulation result for V1 
sweeping from 0 to 20 V with a step of 5 V. Which 
curve is referred to V1 = 20V? Why? (4 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) 
 
 
 
 

 

Fig. P14.1 

Fig. P14.2 
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