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(1) 

(a) [5 points] For intrinsic semiconductors at equilibrium, the electron concentration (number of
electrons per unit volume) at room temperature is ???   Circle the one correct choice.

Equal to 1.0 x 1022 cm-3   
Equal to the hole concentration 
Equal to 4 electron per atom times the number of atoms per cm3 
None of the above are true  

Answer: Equal to the hole concentration 

(b) [5 points] Because the energy-gap EG of crystalline silicon is bigger than that of crystalline
germanium, the electron concentration of intrinsic silicon has what relationship to the electron
concentration of intrinsic germanium at room temperature?  Circle the one correct choice.

no,Si > no,Ge      no,Si < no,Ge    Undetermined for given information 

Answer:    no,Si < no,Ge    

(c) [5 points] In a pn step junction diode, the electric field inside the depletion region points in
which direction (i.e. is positive for which direction)?

From the n region to the p region 
From the p region to the n region 
Direction depends on bias voltage 

Answer: From the n region to the p region 

(d) [10 points] Sketch the energy band diagram for a step pn junction for forward bias conditions.
Label the edge of the conduction band and the valence band, the Fermi level in both n and p
regions, the difference qVA.
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(2)  
 An abrupt silicon p-n junction has an acceptor concentration 1016 cm-3 (no donors) in the p-side 

and a donor concentration 1016 cm-3 (no acceptors) in the n-side, respectively.  The intrinsic 
carrier concentration of silicon is 1.50 x 1010 cm-3 at room temperature (300 K).  Answer the 
following questions assuming all dopants are ionized at room temperature.   

 
(a)  [7 points] Calculate the potential difference across the junction at equilibrium (i.e. contact 

potential Vo). 
 
 Vo = (kT/q) ln [NAP,Effective NDN,Effective / ni

2) = (0.0259 V) ln[(1016 x 1016/ (1.5 x 1010)2 ]  
 Vo = 0.695 V 
 
 
 
 
 V0  =      
 
(b)  [6 points] Calculate the ratio of p-side depletion width xpo versus n-side depletion width xno at 

equilibrium, i.e. xpo/xno. 
 
 NAP,Effective xpo =NDN,Effective xno  
 
 xpo / xno =  NDN,Effective / NAP,Effective  = 1        
 
 
 
 
 xpo/xno  =       
 
(c) [6 points] Calculate the total potential difference in eV across the junction when a forward bias 

voltage of VA =  + 0.30 V is applied, i.e. determine the difference between the band edge energy 
on the p-side of the junction with respect to the n-side. 

 
 qVo – qVA =  0.695 – 0.30 = 0.395 V 
 
 
 
 
 
 
(d) [6 points] Calculate the ratio of total depletion width at equilibrium versus total depletion width 

with a forward bias of VA =  + 0.20 V, i.e. Wo/W. 
 
 Wo / W = √[Vo/ (Vo – VA )] = √ (0.695)/(0.395)] = 1.326   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Wo/W  =        
 
 

Problem Score 

                     /25 



(3) 
Consider an idealized diode with a reverse 
saturation current 0.01 mA and an abrupt turn-on 
voltage of 0.70 V (assume no breakdown and 
operation away from the knee of the diode curve). 
For the circuit shown, both resistors are 100 W, the 
constant source is VP = 5.0 V, and the time-
dependent source is VS = 20 sin(wt) V.    

(a) [12 Points] State the bias condition of the diode. Calculate the peak positive voltage V and the
associated current Id through the diode.  Calculate the answers to at least four significant digits
(x.xxxx).

KVL gives   V = - VP - Vd = - 5 - Vd .
For VS = + 20 V, the diode is reverse biased.  Hence,

Id = - 0.01 mA.
KCL at the node gives

[V – (+20)] / (100 W) - (- .00001 A) + (V) / (100 W) = 0 
V =  (1/2) [+ 20 + (- 0.001)]  
V = + 9.9995 V 

V = Id = 

(b) [13 Points] State the bias condition of the diode. Calculate the peak negative voltage V and the
associated current Id through the diode.

KVL gives   V = - VP - Vd = - 7 - Vd .
For VS = - 20 V, the diode is forward biased. Hence, Vd =  0.7 V.
Hence, the resistor voltage is at the limit with

V = - 5 – 0.7 = - 5.7 V.
KCL at the node gives

[(-5.7 V) - (-20 V)] / (100 W) - Id + (- 5.7 V) / (100 W) = 0 
Id =  [2(- 5.7) - (- 20 V)] / (100 W)  
Id = + 0.0860 A 

Sketch (not required in solution) +9.9995 V 

-5.7 V

V = Id = 
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(4)  
 Consider the npn-transistor Darlington 

amplifier circuit shown with three npn BJTs.  
The transistors are identical with a nominal 
beta  b = b1 = b2 = b3 = 10, a turn-on voltage 
Vto = 0.70 V, and a saturation emitter-
collector voltage VEC(SAT) = 0.20 V.  The 
circuit values are VCC = 100 V, VBB = 7.1 V, 
RB1 = 10.0 kW, and RC = 10 W. 

 
 (a)  [18 points] Calculate the currents iC1, iC2, and iC3. 
 
 
 KVL Base Side:  - VBB + 3Vto + iB1 RB1 = 0  
 iB1 = (1/RB1) (VBB - 3Vto) = (1/10000) (7.1 – 2.1) = 0.50 mA 
 
 iC1 = b iB1 = (10) (0.50 mA) = 5.0 mA 
 
 iC2 = b iB2 = b iE1 = b (b +1) iB1 = (10)(11) (0.50 mA) = 55.0 mA 
 
 iC3 = b iB3 = b iE2 = b (b +1) iB2 = b (b +1) iE1 = b (b +1) (b +1) iB1     
 iC3 = (10)(11)(11) (0.50 mA) = 605.0 mA 
 
 
 
 
 
 
 
 
 
 
 
 iC1 =     iC2 =     iC3 =      
 
(b)  [7 points] Calculate the total current through the resistor RC and the voltage across RC,  
  i.e. iCTotal and Vo.  
 
 
 iCTotal = iC1 + iC2 + iC3 = 5 mA + 55 mA + 605 mA = 665 mA 
 
 By Ohm’s Law: Vo = iCTotal RCToal = (665mA) (0.010 kW) = 6.65 V 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 iCTotal =       Vo =       
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(5) 
Consider the pnp BJT circuit shown with 

b = 99, Vto = 0.7 V,  
VBB = 5.0 V, VCC = 12.0 V,  
RB = 12.00 kW, RE = 100 W, 
and RC = 100 W.   

The operating transistor voltage vCE = 12.0 V.  
Assume that the circuit is operating in the 
active region.  

(a) [12 points] Calculate the transistor currents iB and iE.

Answers:  
KVL Base Side: 
- VBB + Vto + IB RB + IE RE = 0
- VBB + Vto + IB RB + IB (1 + b) RE = 0

iB = (VBB - 3Vto) / [(1 + b) RE + RB] = (5.0 – 0.7) / [(1 + 99) 100 + 12000]  = 0.1955 mA 

iE = b iB = (1 + 99) (0.1955 mA) = 19.55 mA 

KVL LL gives 
- VCC + vce + iE Re = 0
iE = (1/Re)(VCC – vce ) = (1/1000)(21 - 12)
iE = 9 mA

iB = [1/(b + 1)] iE = (1/200)(0.009) = 0.000045 A = 0.045 mA 

iC = [b/(b + 1)] iE = (199/200)(0.009) = 0.008955 A = 8.955 mA 

iB = iE = 

(b) [13 points] Calculate the operating point   iC and vEC.

Answer:  
iC = b iB = (99) (0.1955 mA) = 19.35 mA 

Load-Line Collector-side KVL 
- VCC + iE RE + iC RC + vEC = 0
vEC = + VCC - iE RE - iC RC =  + VCC – iC [(b + 1)/b] RE - iC RC +
vEC = (12) - (19.55 mA)[(100/99) (100) + 100] = 8.11 V

iC = vEC = 
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(6) 

(a) [5 points] For the inverter MOSFET circuit shown, the
enhancement-mode p-channel MOSFET has parameters Von

and K and the depletion-mode p-channel MOSFET has
parameters Vpo and ISDS. For the upper or load MOSFET,
sketch the IV characteristic iSD2 vs. vSD2.  State the control
voltage vSG2 value and label the axes and any key voltage or
current values.

(b) [5 points] For the inverter MOSFET circuit shown in part a, the enhancement-mode p-channel
MOSFET has parameters Von and K and the depletion-mode p-channel MOSFET has parameters
Vpo and ISDS. Sketch the load line for the lower or driver transistor iSD1 vs. vSD1.  Label the axes
and important intercept values.

(c) [9 points] Consider an n-channel MOSFET circuit
with Von = 3.00 V, K = 1.00 mA/V2, Rd = 1.00 kW,
VDD = 20.0 V, and Vi = 5.0 V.    Calculate the
operating point or Q-point, i.e. iDS and vDS.

Note that vGS = Vi. 
Assume saturation. 
iDS = KVon

2[(vGS/Von) - 1]2  =  (1.0 mA/V2) (3)2 [(5/3) – 1]2 = 4.0 mA 

The KVL load line gives vDS = VDD – iDS Rd = 20 – (0.004) (1000) = 16 V 
Check: vDS - vGS > - Von or 16 - 5 = 11 >  - 3.  Saturation confirmed  

Answers: vDS = 16 V and iDS = 4.0 mA 

vDS = iDS = 

(d) [6 points] For the MOSFET circuit in part b with Von = 3.00 V, K = 1.00 mA/V2, VDD = 20.0 V,
and Vi = 5.0 V, calculate the range of Rd for which the transistor operation stays in saturation.

Saturation must satisfy vDS - vGS > - Von or vDS > + vGS - Von

The threshold of saturation occurs for vDS = vGS - Von or vDS = 5 - 3 = + 2V
The saturation current for Vi = 5.0 V is

iDS = KVon
2[(vGS/Von) - 1]2  =  (1.0 mA/V2) (3)2 [(5/3) – 1]2 = 4.0 mA

By KVL, the threshold value for resistance is
- VDD + vDS + iDS Rd = 0  or Rd = (+ VDD - vDS ) / iDS = (20 - 2) / (0.004) = 4.50 kW.

The range is then
Rd <  4.50 kW  

Range of Rd: 
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(7) 

(a) [5 points] Consider a p-channel JFET with specifications Vpo and ISDS.   Sketch the saturation
curve iSD vs. vSG i.e. the curve for saturation conditions.   Label all intercepts.

(b) [20 points] Consider the p-channel JFET circuit
shown.  The transistor parameters/specifications are
Vpo = 4.00 V and ISDS = 10.0 mA.  The circuit values
are Rd = 1.70 kW and VDD = 20.0 V.  Calculate the
input voltage vSG; the operating point or Q-point, i.e.
iSD and vSD; and the load-line intercepts for current
and voltage.  Sketch the current-voltage characteristic
and the load-line on the same graph.  Label the
operating point (Q-point) and the load-line intercepts.

Note that vSG = 0 
Assume saturation. 
iSD = ISDS[1 + (vSG/Von)]2  =  (10.0 mA)[1 + 0]2 = 10.0 mA    
The KVL load line gives vSD = VDD – iSD Rd = 20 – (0.010) (1700) = 3 V 
Check: Is vSD - vSG > Vpo ?  3 - 0 = 3 <  4.  Unsaturated Conditions 

Simultaneous solution needed for LL and iSD unsaturated equation 
iSD = ISDS{2[1 + (vSG/Vpo)]2 (vSD/Vpo) – (vSD/Vpo)2} =  = (VDD - vSD)/Rd     
0.01[2(1 + 0)(vSD/4) – (vSD/4)2] = (20 - vSD)/1700   
   1.0625(vSD

2) – 9.5(vSD) + 20 = 0   gives vSD = 9.5488 V, 3.3923 V 
    vSD = 3.3923 V 3.3923  is in the correct range  
Then, iSD = (VDD - vSD)/Rd = (20 – 3.3923)/1700 = 9.769 mA 

Answers: vSD = 3.3923 V and iSD = 9.769 mA 

vSG = vSD = iSD = 

Voltage-axis intercept = (   , 0 A)  Current-axis intercept = (0 V,    ) 
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(8)  
 
(a) [8 points]  The OpAmp shown has ideal 

resistances Rin and Rout and has a finite open-
loop gain A = 20,000.  For the circuit shown, 
calculate VO/VS.  Express the answer to at 
least 5 significant digits (x.xxxxx). 

 
 
  KVL: - VS + Dv + VO = 0   and    A Dv  = VO    
 - VS + VO/A + VO = 0    
 VO/VS  = 1/ [(1/A) + 1] = 1 / [(1/20000) + 1] = 0.99995 
 
 
 
 VO/VS =               
 
               
 
(b) [7 points]  For the OpAmp circuit shown, 

sketch the equivalent circuit in which the 
OpAmp is replaced with appropriate circuit 
elements.  Assume non-ideal OpAmp 
parameters.   

 
 
 
 
 
 
 
 
 
 
(c) [3 points]  What type of OpAmp circuit is shown in part b?  (Circle the best choice.)    
 
 Inverting (VO / VTH neg.)  Non-Inverting (VO / VTH pos.)  Answer: Invert. 
 
(d) [7 points]   Use the OpAmp circuit shown in part b and assume ideal parameters.  Consider the 

OpAmp circuit shown.  The OpAmp is ideal.  The Thevenin circuit values are 
  VTH = 5.00 V and RTH = 1.00 kW.   
 The feedback resistor R2 = 20.00 kW. Calculate the value of resistor R1 such that 
 the magnitude of the output voltage to the Thevenin voltage is |VO/VTH| = 5. 
 
 KCL for the (-) terminal:  
 (OpAmp input current is zero and feedback drives Dv to zero) 
  (0 – vTH)/(R1 + RTH) + (0 – vo)/R2 = 0    
 Hence,  
  VO/VTH = [- R2/(R1 + RTH)]  
  |VO/VTH| = 5 = [R2/(R1 + RTH)] = [20000/(R1 + 1000)] 
  R1 = 3000 Ohms  
 
 
 
 
 
 
 
 R1 =             
 
 
 

Problem Score 

                     /25 



  
(9)   
 
(a) [8 points] Identify the two OpAmp circuits shown.  (Select the best answers.) 
 
 Circuit A:    Circuit B: 
 
 
 
 
 Differentiating B   and Integrating A 
 
  Circuit _______ is a Differentiating circuit (VO = - RC d(VS)/dt)  
   Circuit _______ is a Integrating (VO = (-1/RC) ∫(VS)dt    
 
               
 
(b) [8 points]  Consider the OpAmp circuit shown.  

Assume an ideal OpAmp.  The resistance values 
are 

    R1 = 1.00 kW, R2 = 5.00 kW,  
   R3 = 2.00 kW, and  R4 = 2.00 kW. 
 Operation is in the linear range. 
 
 Calculate the output VO as a function of v1 when 

v2 = 0.  Hint: Use superposition. 
 
 No current in R3 and R4 so V+ = 0.  Dv = 0 due to negative feedback. 
 KCL at (-) terminal with V- = 0 gives (0 – v1)/(R1) + (0 – Vo)/R2 = 0 
 Vo  = (R2/R1)v1   (inverting case) 
 
 
 
 
 
 
 VO |v2=0 =  VO1 =  (      ) v1    
 
(c) [9 points]  Consider the same OpAmp circuit.  

Assume an ideal OpAmp.  The resistance values 
are the same as in (b) and are 

    R1 = 1.00 kW, R2 = 5.00 kW,  
   R3 = 2.00 kW, and  R4 = 2.00 kW. 
 Operation is in the linear range. 
 
 Calculate the output VO as a function of v2 when 

v1 = 0.  Hint: Use superposition. 
 
 By voltage division (no current into ideal OpAmp) V+ = [(R4)/(R3 + R4)]v2    
 V+ = V- since Dv = 0 (negative feedback). 
 By voltage division (no current into ideal OpAmp) V- = [(R1)/(R1 + R2)]Vo    
 Vo = [(R1 + R2)/R1)]V- = [(R1 + R2)/R1)] [(R4)/(R3 + R4)]v2      
 
 
 
 
 
 
 VO |v1=0 =  VO2 =  (      ) v2    
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(10) 
Consider the Si pin photodiode circuit shown with 
source voltage VS and resistance R = 6000 Ohms. The 
bandgap energy for Si is EG = 1.12 eV.  The reverse 
saturation current (for “dark” conditions) is 0.10 mA. 
Light of wavelength l = 0.900 µm is incident; the 
efficiency is 0.90. Assume the photodiode voltage 
|V|>> kT/q and room temperature.   

(a) [5 points] For photoconductive operation as described
in the lecture notes, what is the correct bias condition for the photodiode?  Choose (circle) the
correct choice.

Forward bias  No Bias Reverse Bias 
Answer: Reverse Bias. 

(b) [5 points] Calculate the photon energy EP for this wavelength.  Express the photon energy in eV.

Answer:
EP  = hc/l  =  (4.136 x 10-15 eV-s) (2.998 x 1010 cm/s )/(0.9 x 10-4 cm) = 1.851 x 10-4 eV
EP  =  1.378 eV

EP = 

(c) [10 points] For an absorbed optical power P at this wavelength l = 0.900 µm, the photo-induced
current is Ilight = 1.0 mA.  Calculate the absorbed optical power in W.

Answer:
Ilight = h q P l /hc  =
P = =  Ilight (hc) / (h q l )
P = [(0.001 C/s) (6.626 x 10-34 J-s)(2.998 x 1010 cm/s)]/[(0.9)(1.602 x 10-19 C)(0.00009 cm)]
P = 1.53 mW

P= 

(d) [5 points] For the photo-induced current of Ilight = 1.0 mA, the operating voltage is V = - 7.50 V.
Calculate the needed source voltage VS.

Answer:
I = - Io - Ilight = -(o.1 mA) - 1.0 mA = - 1.1 mA
KVL LL gives   - VS + V + I R = 0
VS = V + I R = (- 7.5 V) + (- 1.1 mA) (6000 Ohms) = - 14.1 V

VS = 
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