
 EECS170A Fall 2007  Final Exam  Name:      

 12/11/2007  4 to 6 pm    ID no.:       

  Professor Peter Burke 

 Page 1 of 8.  Printed on 12/12/2007 2:48 PM 

 

1 2 3 4 Total 

/25 /25 /25 /25 /100 

  

THREE PROBLEMS TOTAL. 

DO NOT BEGIN THE EXAM 
UNTIL YOU ARE TOLD TO 
DO SO. 
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PROBLEM ONE: 
Short answer. 

A) An average hole drift velocity of 103 cm/sec results when 2 V is applied across a 
1-cm-long semiconductor bar. What is the hole mobility inside the bar? 

 
E = electric field = 2V / 1cm = 2 V/cm  (3pts) 

Vd = µpE  =>  µp = Vd  / E = 10
3
 / 2 = 5 x 10

2
 cm

2
/V.sec (3pts) 

 
 

B) Name the two dominant carrier scattering mechanisms in nondegenerately 
doped semiconductors of device quality. 

 
(1) Lattice scattering: collisions with thermally agitated lattice atoms. (3pts) 

 (2) Ionized impurity scattering. (3pts) 

 
 

C) For a given semiconductor the carrier mobilities in intrinsic material are (choose 
one: higher than, lower than, the same as) those in heavily doped material. 
Briefly explain why the mobilities in intrinsic material are (chosen answer) those 
in heavily doped material. 

 
The carrier motilities in intrinsic material are higher than those in heavily doped 
material, because there are high numbers of ionized impurities in the heavily 
doped materials causing more ionized impurity scattering, hence results in 
systematical decrease in the carrier motilities.  
 
(2pts for stating lower; 5pts for correct explanation)) 

 
 

D) The electron mobility in a silicon sample is determined to be 1300 cm2/V-sec at 
room temperature. What is the electron diffusion coefficient? 

 

 µn = 1300 cm2/V-sec 
  
 Using Einstein relationship: 

 

 Dn = µn..(KT/q) = 1300 x 0.026 =33.8 cm2/sec 
  
 (3pts for correct equation, 

  5pts for correct equation and correct substitution 

  6pts for correct equation, correct substitution, and correct answer)



 EECS170A Fall 2007  Final Exam  Name:      

 12/11/2007  4 to 6 pm    ID no.:       

  Professor Peter Burke 

 Page 3 of 8.  Printed on 12/12/2007 2:48 PM 

 
PROBLEM TWO: 

A) For the diode below, note that Ev(-∞) = EC(+∞). What is the magnitude of the reverse 

bias voltage VA applied to the diode? Explain how you arrived at your answer. 
 

Explanation: 

 

EFp - EFn = qVA  (2pts) 

 

 EFp - EFn = (EFp – Ei) – (EFn - Ei) = (-EG/4) – (EG/4) = -EG / 2 = qVA (2pts) 

 

 ∴ VA = -EG / 2q      (V)     (1pts) 

 

 
B) Determine Vbi, the built-in voltage. 

 

  
 

s 

 

 

 

 

 

 

 

 

 

Since Ev(-∞) = EC(+∞), q(Vbi-VA) = EG (2pts) 

 

∴ Vbi = (EG /q) + VA = EG / 2q     (V)  (1pt for EG/2 , i.e.. without the “q”; 

2pts for correct answer) 

 

C) Complete the tables below by indicating the polarity (+ or -) of the input and output 

voltages associated with each of the four biasing modes. 

 
(1pts for each correct polarity)

+ -

+ + 

- + 

- -

+ -

+ + 

- + 

- -

q(Vbi-VA) 
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PROBLEM THREE: 

 
 

(a)  VB = VT / 2 = VG – VD    => VG = (VT / 2) + VD 

 For 0 ≤ VG < VT, i.e., (-VT / 20) ≤ VD < (VT / 2),  

=> The nmos is in the cutoff region, ID =0. 

 For VD ≥ (VT / 2), VGD = (VT / 2) < VT  

=> The nmos is in the saturation region. 

  => ID ∝ (VGS – VT)2 = [(VT / 2) + VD – VT]2 = [VD – (VT / 2)]2 

 

 
 
 
 
 
 
 
 
 
 
 
(-5pts for graph showing current saturation 

-2pts for not showing current =0 when VD < VT, 

-10pts for other incorrect plots) 
 

ID 

VD VT /2 0 
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(b)  VB = 2VT = VG – VD    => VG = 2VT + VD 

 For 0 ≤ VG < VT, i.e., VD < (-VT), the nmos is in the cutoff region, ID =0. 

 For VD ≥ (-VT / 2), VGD = (2VT) > VT , the nmos is in the triode region. 

  ID ∝ [(VGS – VT)VDS –VDS
2/2]  

= [(2VT + VD – VT) VD - VD
2/2] 

= [VT VD + VD
2 - VD

2/2] 

= [VT VD + VD
2/2] 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
(-5pts for graph showing current saturation 

-2pts for not showing current =0 when VD =0, 

-10pts for other incorrect plots) 
 
 
 

ID 

VD 
0 
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PROBLEM FOUR: 
 

Ci

50 Ω

RB

R2

R1 RC

CO

RL

VCC = 10V

i

CO

O

 
The figure above is the amplifier built for the EECS170LA. 

 

A) Assume the transistor is a MOSFET. Using the square-law theory, find the small signal gain 

in terms of R1, R2, RB, RC, and the transistor properties: Z (width), µ (effective mobility), VG, VT, 

Co. (Assume RL is very large). Ignore CGS. Do this by putting in the hybrid π model for the 

MOSFET and the transconductance gm from the square law theory in terms of the transistor gate 

width Z, mobility µ, Co, VG, and VT. 

 

Small signal model: 

 

 

 

 

 

 

 

 

 

 

 

 

Vgs = [(R1 || R2) / ((R1 || R2) + RB)].Vin 

(5 pts for correct Vgs expression) 

Vout = -gmVgs (RL || RC) 

(5 pts for correct Vout expression) 

+ 

- 

Vin 

+ 

- 

Vout 

RB 

R1 R2 RC RL gmVgs 

+ 

- 

Vgs 
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Gain = Vout / Vin = - gm (RL || RC) [(R1 || R2) / ((R1 || R2) + RB)] 

gm = µnCox(Z/L)(VGS – VT) = µnCox(Z/L)(VG – VT) 

(2 pts for correct gm expression) 

Assume RL is very large: 

∴ gain = -[µnCox(Z/L)(VG – VT)] (RC) [(R1 || R2) / ((R1 || R2) + RB)] 

 

(2 pts for correct magnitude of the gain, but without the negative sign; 

3 pts for correct gain) 

 
PROBLEM FOUR(CONTINUED): 
 

B) Using the results from part A, assuming: 

R1=R2=1 kΩ 

RB=RC=100 Ω 

µ=1000 cm
2
/V-sec  

L= 1 µm 

Cp = 10
-2

 F/m
2
 

 

Find the value of the transistor width Z that is required to give a voltage gain of 10 for this circuit. 

 

 

µ=1000 cm
2
/V-sec = 0.1 m

2
/V-sec 

Vgs = [R2 / (R1 + R2)] VCC = 5V 

|gain| = [µnCox(Z/L)(VG – VT)] (RC) [(R1 || R2) / ((R1 || R2) + RB)] 

10 = [0.1 x 10
-2

 (Z/10
-6

)(5-VT)](100)[(1 kΩ || 1 kΩ) / ((1 kΩ || 1 kΩ) +100)] 

10 = [10
3
 Z (5-VT)] (100) [500 / ((500 +100)] 

1.2 x 10
-4

 = Z (5 - VT)  

∴ Z = (1.2 x 10
-4

)
 
/ (5 - VT)  
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(Use the gain expression from part a): 

 

3pts for finding Vgs 

8pts for finding Vgs and correct substitution, but wrong answer 

10pts for correct answer 

 

If no expression was found in part a), but show the steps for how to solve this question, 3 pts) 


