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UNIVERSITY OF CALIFORNIA, BERKELEY 
College of Engineering 

Department of Electrical Engineering and Computer Sciences 
 

EE 105: Microelectronic Devices and Circuits 
Spring 2019 Prof. Ming Wu 
 

MIDTERM EXAMINATION #1 
Time allotted:  80 minutes 

 

NAME:  _________________________ _________________________ _________________________ 
(print)  Last    First    Signature 

STUDENT ID#: ____________________ 

 
INSTRUCTIONS: 

1. SHOW YOUR WORK.  (Make your methods clear to the grader!) 
2. Clearly mark (underline or box) your answers.   
3. Specify the units of your answer to receive full credit. 
4. Unless stated in the problem, use the values of physical constants provided below. 
5. You can use approximations within 20% accuracy any time.  
6. Calculator is allowed. (Cell phone is not allowed). 

 
**** If you need more space for your answer, use the blank pages in the back. Clearly label which problem is 
your answer for **** 

 
Commonly used constants and physical parameters: 

Electronic charge q 1.6´10-19 C 
Boltzmann’s constant k 8.62´10-5 eV/K 
Thermal voltage at 300K VT = kT/q 0.026 V 
Relative permittivity of Si !",$% 12 
Relative permittivity of SiO2 !",&'  4 
Vacuum permittivity  !( 8.854x10-14 F/cm 

 
 

 

Points 

Problem 1 25  
Problem 2 25  
Problem 3 25  
Problem 4 25  
Total 100  

  

 

Solution
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1) A simple filter is shown below. Assume the Op Amp is ideal.  

 
 

a) Derive the transfer function )(+,) = /&//1. 
b) Assume 23 = 100	78, 29 = 10	78, :3 = 10	;Ω,:9 = 1	;Ω, draw the magnitude Bode 

plot. Clearly label the graph, including all the breakpoints (in magnitude and frequency). 
c) Draw the phase Bode plot using the same numerical values. Clearly label the graph. 
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2) Consider the amplifier below, where :3 = 1	;Ω and :3 = 99	;Ω. The input waveform is 
shown on the right. 

  
 
a) If the Op amp is ideal, draw the output waveform. 
b) If the Op amp has a finite slew rate of 1V/>?, draw the output waveform. Clearly label 

the key features of the waveform. Justify the values with calculation. 
c) Now consider the Op amp with a non-

zero offset voltage. The open-loop 
transfer curve is shown on the right. 
Draw the output waveform with both 
non-zero offset voltage and finite slew 
rate of 1V/>?. 

d) With the Op amp characteristics 
shown in c), if the open loop 
bandwidth of the Op amp is 1 kHz, what is the bandwidth of the amplifier? 
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3) Consider an ideal diode with the I-V curve shown below. It has a turn on voltage of 0.7V and 
a reverse breakdown voltage of -5V. For all circuits, : = 10	;Ω and 2 = 1	@8. Draw the 
output waveforms corresponding to the input waveform shown below. Clearly label your 
waveform with all critical features. (This question does not require extensive calculation. Just 
label your curve clearly. Mark critical voltages and times on the graph. You can use the space 
below for any calculation/justification needed.) 
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Justifications/comments: 
 
 
 
 
 
b) 

 
 

Justifications/comments: 
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c) 

 
 

Justifications/comments: 
 
 
 
d) 

 
 

Justifications/comments: 
 
 
 
e) 

 
 

Justifications/comments: 
 
 
 
f) 

 
 

Justifications/comments: 
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4) An asymmetric p-n junction has an n-doping of AB = 103C cm-3 and a p-doping of AD =
2.25 × 103I cm-3. The intrinsic carrier concentration is @% = 1.5 × 103( cm-3. 
a) What is the built-in voltage of the p-n junction? 
b) What is the total depletion width? 
c) Is the depletion region mostly in the p-side or the n-side? 
d) What is the peak electric field at zero bias?  
e) When the diode is forward biased, what is the dominant current in the diode? Choose 

among electron diffusion, electron drift, hole diffusion, and hole drift currents. Consider 
their peak values if they are not uniform across the diode. Justify your answers.  

f) If you use the diode as a variable capacitance, what is the capacitance tuning ratio 
(maximum capacitance / minimum capacitance) if the bias voltage is vary between 0 to 
10 V? 
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