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EE 100/42, Spring 2007 
Final Exam  

Prof. Chang-Hasnain 
 

May 17, 2007 
Total Time Allotted: 180 minutes 

Total Points: 200 
 

1. This is a closed book exam.  However, you are allowed to bring three pages (8.5” x 11”), 
single-sided notes.  

2. No electronic devices, i.e. calculators, cell phones, computers, etc. 
3. SHOW all the steps on the exam.   
4. Remember to put down units.  Points will be taken off for answers without units. 

Last (Family) Name:_______Perfect___________________________ 

First Name: _____________Peter_______________________________________________ 

Student ID: _________31415927________________ Signature: ________ PP ____________ 

STOP IF YOU ARE IN EE 40!! 

Circle the class you are in: 

 
EE 42 
 

 
EE 100 

   

Problem 1 (16 pts)  

Problem 2 (16 pts)  

Problem 3 (20 pts)  

Problem 4 (26 pts)  

Problem 5 (50 pts):    

Problem 6 (14 pts)  

Problem 7 (58 pts)  

Total 200 
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1. (16 pts) Load-Line Analysi s 
The transistor is an NMOS with  
K = 1mA/V2 and Vto = 1V.  Let VDD= 10V, R1 = 700k, 
R2 = 300k, R = 70k, RS = 1k, RL = 4k.  Assume the 
capacitors and inductors are large.  

 
(a) (10 pts) Use DC analysis.  Draw a load-line on 
the following IDS-VDS characteristic. (Hint: How do 
capacitors behave at DC? What about inductors?).  
 
At DC: Capacitor ! open 
 Inductor ! short 
 
The load-line only considers Rs: 

 
 
 
 
 
 
(load-line equation)  
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (b) (6 pts) What are the values of VGSQ, VDSQ, and IDSQ? 
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From the picture: VGSQ = 3V. We thus solve for the other two values: mAIDSQ 4= , VVDSQ 6= . 
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2. (16 pts) CMOS Logic 
(a) (8 pts) Fill in the truth table and express the function of this logic gate in sum-of-

products form. 
(b) (8 pts) Fill in the PMOS pull-up network to complete this CMOS logic gate.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
HI input: NMOS on, PMOS off 
LO input: NMOS off, PMOS on 
 
Out = (A+BC)’ = A’(B’+C’) = A’B’ + A’C’ 
Truth-table:  
 

A B C Out 

0 0 0 1 

0 0 1 1 

0 1 0 1 

0 1 1 0 

1 0 0 0 

1 0 1 0 

1 1 0 0 

1 1 1 0 
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3. (20 pts) Diode ci rcuit:  Use ideal piece-wise diode model with a threshold voltage of 0.6 
volts . 

 
a) (5 pts) Determine all the Vin range(s) for which there is current through the circuit. 

 
 
Vin > .6 *3 =1.8V. 
 
 
 
 
 

b) (5 pts) What is the value of Vout when Vin= 5 V? 
 

Vout = (Vin-1.8)/2 = 1.6V 
 
 
 
 
 
 
 
 

c) (5 pts) What is the value of Vout when Vin= -5 V? 
 
 

Vout = 0 
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d) (5 pts) Draw the Vout on the same graph for Vin= 5cos(2*π*t) 

 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

  

V out 
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4. (26 pts) Op-amp ci rcuits (Hint: this is a negative feedback case.) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) (10 pts) Derive one equation relating Va and Vc  to Vin1 (Hint: analyze the circuit around op-
amp 1).  
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(b) (10 pts) Derive two equati ons relating Va, Vb  and Vc  to Vin2  (Hint: analyze the circuit around 
op-amp 2).  
 

R

V

R

VV

R

VV
binbbc +

!
=

!

2

2  

 

R

VV

R

VV
abinb

!
=

!

2

2  

 
 
(c) (6 pts) Solve Va, Vb  and Vc  when Vin1 = Vin2 =3V.  

ca
VV +=! 3 (1pt) 
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Va = 1V  
Vb = -1V 
Vc = -4V
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5. (50 pts) Bode Plot Problem 

a) (i) (10 pts) Show that the transfer function of this circuit H1 is of the form 01 1
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(ii) (10 pts) Express 

1
!  and 

B
!  in terms of R1, L and RL 
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(iii) (10 pts) Given that R1=10Ω, L=10mH, RL= 10kΩ.  Sketch the Bode magnitude (in dB) plot. 
Label the axes, all important points and indicate the sl opes. 
(Hint: Make necessary approxi mation!) 
break frequency at: 1000rad/s. slope = -20dB/s 
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(b) (20 pts) Consider the circuit below.  R2=10kΩ, C=10nF. 
 
(i) (5 pts) What is the transfer function H2=V02/Vin2? 
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(ii) (10 pts) Sketch the Bode magnitude plot.  Label the axes, all important points and 
indicate the sl opes. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
(iii) (5 pts) What is the input resistance of this circuit? 
 
 Input resistance is R2 
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6. (14 pts) Equival ent Circuit.  Consider the following circuit.  

            

12_

30V

4_

12_

24_

2A
a b

 
 
 

(a) (6 pts) Draw the Thévenin equivalent circuit for terminals a-b.  What are the 
Thévenin voltage and resistance? 

 
Rth = 11Ohms  
Assume bottom node is ground, 
Vth = Va-Vb = 20V-7.5V = 12.5V 

 
 
 

(b) (4 pts) Draw the Norton equivalent circuit for terminals a-b.  What are the Norton 
current source and resistance? 

Rth is still 11Ohms  
Ith = 12.5/11 A 

 



UC BERKELEY EE 100/42, Spring 2007 
 

 Page 10 of 12 
 

 (4 pts) if we insert an additional resistor RL=2 Ω between terminals a and b, calculate the 
current through RL? 

12_

30V

4_

12_

24_

2A
a b

RL=2_

iL

 
 
 
Using the Thevenin equivalent, current through RL would be 12.5/(11+2) = 12.5/13 A
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7. (58 pts) Second-Order Transient Analysis. 
VS, R1, R2, L, and C are constants.  All other symbols are variables, to be solved for in the 
course of the problem. The switch was in that position for a long time before t = 0. 

 
 

a) (7 pts) Find IL(0-)?  IL(0+)?  
 

IL(0-) = Vs/R1 = IL(0+) 
 
 
 
 
 

b) (7 pts) Find VO(0-)?  VO(0+)? 
 

VO(0-) = 0 = VO(0+) 
 
 
 
 

c) (8 pts) What are VO and Ic for t ! " ? 
 
Vo = 0V 
Ic = 0A 
 
 
 
 
d) (8 pts) For t > 0, express IC as a function of VO and/or its derivatives. 

 

dt

dV
CI o

C =  
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e) (10 pts) For t > 0, express VL as a function VO and/or its derivatives. (Hint:  It may be 

helpful to first express VL as a function of IC)  
 

dt
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f) (8 pts) For t > 0, express VR as a function of VO and/or its derivatives. 
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g) (10 pts) Write a KVL differential equation for t>0, in terms of only the constants (VS, R1, 
R2, L, and C) as well as VO and/or its derivatives. 
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