
ECE 255 ELECTRONIC ANALYSIS AND DESIGN Fall 2009 
 Homework 2 Solutions 
 
Problem 1 (Text 3.71) 
Find the Q-points for the diodes in the four circuits shown using: 
 

(a) The ideal diode model 
 (a) Both diodes are forward biased 
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 ⇒  QD1: {V D1 = 0, ID1 = 270 µA}   and   QD2: {V D2 = 0, ID2 = 409 µA} 
 
 (b) Diode D1 is forward biased and diode D2 is reverse biased 
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 ⇒  QD1: {V D1 = 0, ID1 = 140 µA}   and   QD2: {V D2 = –9 V, ID2 = 0} 
   
 (c) Diode D1 is reverse biased and diode D2 is forward biased 
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 ⇒  QD1: {V D1 = –3.92 V, ID1 = 0}   and   QD2: {V D2 = 0, ID2 = 231 µA} 
 
 (d) Both diodes are forward biased 
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 ⇒  QD1: {V D1 = 0, ID1 = 270 µA}   and   QD2: {V D2 = 0, ID2 = 140 µA} 
 
(b) The constant voltage drop model with Von = .75 V 
 (a) Both diodes are forward biased 
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 ⇒  QD1: {V D1 = .75 V, ID1 = 184 µA}   and   QD2: {V D2 = .75 V, ID2 = 341 µA} 
 
 (b) Diode D1 is forward biased and diode D2 is reverse biased 
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 ⇒  QD1: {V D1 = .75 V, ID1 = 122 µA}   and   QD2: {V D2 = –9.75 V, ID2 = 0} 
 



 (c) Diode D1 is reverse biased and diode D2 is forward biased 
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 ⇒  QD1: {V D1 = –3.43 V, ID1 = 0}   and   QD2: {V D2 = .75 V, ID2 = 219 µA} 
 
 (d) Both diodes are forward biased 
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 ⇒  QD1: {V D1 = .75 V, ID1 = 235 µA}   and   QD2: {V D2 = .75 V, ID2 = 140 µA} 
 
Problem 2 (Text 3.71 cont.) 
 

(c) A diode model containing an ideal diode, a voltage source, V0 = .65 V, and resistor, 
 R0 = 200 Ω. 
 

 (a) Assume both diodes are forward biased 
  Define the voltage at the junction of the two diodes as VX 
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  The results of the calculations are consistent with our initial 
  assumptions regarding the regions of operation; therefore, 
 

⇒  QD1: {V D1 = .688 V, ID1 = 190 µA}  and  QD2: {V D2 = .719 V, ID2 = 345 µA} 
 
 (b) Assume diode D1 is forward biased and diode D2 is reverse biased 
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 ⇒  QD1: {V D1 = .675 V, ID1 = 124 µA}   and   QD2: {V D2 = –9.68 V, ID2 = 0} 
 
 (c) Assume diode D1 is reverse biased and diode D2 is forward biased 
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 ⇒  QD1: {V D1 = –3.46 V, ID1 = 0}   and   QD2: {V D2 = .694 V, ID2 = 220 µA} 
  
 (d) Assume both diodes are forward biased 
  Define the voltage at the junction of the two diodes as VX 

VX 

VX 



1

2
Zener
Diode

R
200 ohm

VCC = 30 Volts

R Load

+

_

V  L o a d

Vz

15 Vdc

Rz

25 ohm

Rth

22.22 ohm

16.67 Vdc

Vth R Load
V  L o a d

_

+

  mV5.697V
200k43

)V6(V65.V

200

V65.V

k22

VV9
X

XXX =⇒
Ω+Ω

−−−+
Ω

−=
Ω

−
 

  µA237
200

V65.V
I X
D1 =

Ω
−=  

  µA140
k2.43

V0475.6

200k43

)V6(V65.V
I X
D2 =

Ω
=

Ω+Ω
−−−=  

  mV678I200V65.V D2D2 =×Ω+=  
 

  The results of the calculations are consistent with our initial 
  assumptions regarding the regions of operation; therefore, 
 

 ⇒  QD1: {V D1 = .698 V, ID1 = 237 µA}  and  QD2: {V D2 = .678 V, ID2 = 140 µA} 
 
 
Problem 3 
Using a Zener diode with |VBR| = VZ = 15 V and RZ = 25 Ω in the simple voltage regulator shown 
below, having VCC = 30 V, calculate the load voltage, VLoad, when 
 

 
 
 
 
 
 
 
 
 
Construct the Thévenin equivalent circuit 
 
(a)  ILoad = 0  VLoad = VOC = VTH = 16.67 V 
 
(b)  ILoad = 1 mA VLoad = 16.67 − 22.22(0.001) = 16.65 V 
 
(c)  ILoad = 10 mA VLoad = 16.67 − 22.22(0.010) = 16.45 V 
 
(d)  ILoad = 70 mA VLoad = 16.67 − 22.22(0.070) = 15.11 V 
 
(e)  What is the maximum possible current that can be drawn by the load before the Zener diode 

stops providing any regulation? 
 
 When the output voltage drops to 15 Volts, no current will be flowing through the Zener diode.  

If more current is drawn the Zener diode will appear to be an open circuit. 
 

VLoad = 16.67 − 22.22(Imax) = 15.00 V  →    Imax = 75 mA 
 
(f)  If the 30 V supply, VCC, has a ripple, 0.1VCCv∆ = , what is the ripple seen at the load when 

 50 mA is being drawn? 
 

Zener Diode Model 



 When ILoad = 50 mA, VLoad = 16.67 − 22.22(0.050) = 15.56 V 
 Therefore RLoad = 15.56/0.05 = 311 Ω 
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Problem 4 (Text 3.91) 
The half-wave rectifier shown below is operating at a frequency of 60 Hz, and the rms value of the 
transformer voltage is 6.3 V. 
 

(a) What is the value of the dc output voltage, VO, 
 if the diode voltage drop is 1 V and assuming that R = ∞? 

 ( ) ( ) V91.7V0.123.6VVV 0Pdc −=−−=−−=  
 

(b) What is the minimum value of C required to ensure that 
 the ripple voltage is less than 0.25 V if R = 50 Ω? 
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(c) What is the minimum PIV rating of the diode in this circuit? 

 V82.16123.62VV2PIV DP =−×=−×≥  
 

(d) What is the surge current when the power is first applied? 

 A3.3523.60105.π2VCωI P =××=××=surge  
 

(e) What is the peak amplitude of the repetitive current in the diode? 
 During the time interval ∆T the output voltage rises from (Vmax – Vr) to (Vmax) 
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Problem 5 (Text 3.95) 
For the Zener regulated power supply shown below the rms value of vs is 15 V, the operating 
frequency is 60 Hz, R = 100 Ω, C = 1000 µF, the on-voltage of diodes D1 and D2 is .75 V, and the 
Zener voltage of diode D3 is 15 V. 
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(a) What is the type of rectifier used in this power supply circuit? 
 Full-wave rectifier. 
 
(b) What is the dc voltage V1? 
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(c) What is the dc output voltage VO? 15 V 
 
(d) What is the magnitude of the ripple voltage at V1?  
 V455.0VVV (min)1(max)1r =−=  

 
(e) What is the minimum PIV rating for the rectifier diodes? 

 V7.4175.2152VV2PIV DP =−×=−×≥  
 
(f) Draw a new version of the circuit that will produce an output voltage of –15 V. 
 
 
 
 
 
 
 
 
 

 
Problem 6 
A diode is represented by a dc model with 0V = 0.60Vand 0R = 10Ω , and an ac model having 

r = 2Ω .  If the diode is in parallel with a 50 Ω resistor and this combination is in series with a 1 Ω 

resistor and a voltage source, S 8 0.1cos(1000 ) voltsv t= + , find the total voltage across the diode 

as a function of time.  Assume that the source is connected such that it provides forward bias to the 
diode. 
 
Consider the D.C. bias first 
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D.C. Analysis of the operating point using the given model 
 
 
 
 
 
 
 
Next consider the A.C. Analysis 
 
 A.C. Equivalent circuit 
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Combining the D.C. solution (Operating Point, Q) and the A.C. solution yields the total solution 
 

( )D D dV 7.20 0.0658cos 1000v v t= + = +  

 
 
 
Problem 7 
For each of the following statements, determine whether it applies to (normal) active-region operation, 
of an npn transistor, a pnp transistor, both, or neither. 
 

(a)  EBV 0.6V=  PNP 

(b)  C EI I>  NPN  (Since CI 0<  for PNP) 

(c)  C EI I>  Neither (Since E C BI I I= + ) 

(d)  E BI I>  PNP (Since EI 0<  for NPN) 

(e)  CE CBV V>  NPN 

(f)  CE CBV V>  Both 
 



Problem 8 
The active region model for an npn transistor contains0V 0.55V= , dc 125β = , and CE0I 2 A= µ . 

Find CI  when 
 

(a) BI 200 A= µ  
 

 ( )C B CE0I I I 125 0.2 0.002m A 25.002m A= β + = + =  

(b) EI 3m A=  
 

 B C E EI I I I 3m A+ = − = =  

 ( )C B CE0 CI I I 125 3 I 0.002= β + = − +  ⇒  CI 2.976m A=  
 

(c) Find BEV  when CI 2m A=  
 

 BE 0V V 0.55V= =   (given) 

 
Problem 9 (Text 5.82) 
 

(a) Find the Q-point for the circuit shown below. Assume that βF = 50 and VBE = 0.7 V. 
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   ∴  IC = βF IB = 80.9 µA 

and      CE CC C C E EV  = V I R I R = 3.80 V− −  
 

(b) Repeat the calculation if all of the resistor values are decreased by a factor of 5. 
 

VTH is unchanged and RTH(new) = 0.2 x RTH(old) = 4.708 kΩ   ⇒   IB(new) = 5 x IB(old) = 8.09 µA 
IC(new) = 5 x IC(old) = 405 µA   and VCE is unchanged, VCE = 3.80 V 

 
Problem 10 (Text 5.82) 
 

(c) Repeat (a) of text problem 5.82 for the second circuit shown. 
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   ∴  IC = –80.9 µA   and   VCE = –3.80 V 

 

(d) Repeat (b) of text problem 5.83 for the second circuit shown. 
 

VTH is unchanged and RTH(new) = 0.2 x RTH(old) = 4.708 kΩ   ⇒   IB(new) = 5 x IB(old) = – 8.09 µA 
IC(new) = 5 x IC(old) = – 405 µA   and VCE is unchanged, VCE = –3.80 V 


