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EECS 320 Spring 2012 Midterm 2: Take-home Part 


Issued: Monday 6/11/12 11 am 


Due:  Friday 6/15/12 in class. 


This part of the exam is under the College of Engineering Honor Code. You may use any research 


resources you wish (books, internet documents, computer codes, etc.) but you are not allowed to 


consult with any other humans in any form (direct interaction, e-mail, internet chat lines, billboards, 


etc.) 


Problem 1 
For the case of problem 1on the in-class exam  


a) Quantitatively plot the electric field vs. x, electrostatic potential vs. x, and the band diagram vs. 


x. Indicate electron and hole quasi-Fermi levels on the band diagram. 


b) What is the applied bias for this situation. 


c) If this device is at equilibrium (Va=0), we will get 0.5nx m . Show that in equilibrium, in the 


region 0.5nx x m  we will have a electric field of approximately 
kT


F
qx


  


d) In equilibrium (Va=0), How would we find nx  and Vbi? (challenging question). 


Problem 2 


We have a Ge diode exactly like the case of problem 3 on the in-class exam except now min 5ns   


throughout the device. 


a) Find and plot the excess minority carrier distributions in the neutral regions when the device is 


forward biased with va=0.4V. 


b) Find the capacitance per unit area of the device when it is forward biased with va=0.4V. 


c) Find and plot the total current density for the device for va=-10 to 0.4V include G-R current in 


the depletion region. 


  







Problem 3 
We have a uniform doping, abrupt Si diode at 300K which is doped on the p side with Boron (B, 


EA=EV+45meV) to NA=8x1018cm-3 and Arsenic (As, ED=EC-54meV) on the n-side to ND=3x1019 cm-3. 


 


Region Doping Conc (cm
-3


) Dopant Energy 


p-side NA=8x10
18


cm
-3


 EA=EV+45meV 


n-side ND=3x10
19


 cm
-3


 ED=EC-54meV 


 


 


a) Find the built-in potential Vbi for this diode. 


b) Find the depletion width when the peak junction field is 300KV/cm. Would you expect the 


breakdown mechanism to be avalanche multiplication or tunneling and why? 
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Problem 1 Miller Indices (5 points) 
Determine the miller indices for the crystalline plane in a cubic lattice in the sketch 
below. Show your work. 
 


 
 
Miller Indices of Plane:       
 


  







3 


Problem 2: Basic Conductivity (a 3pts ,b 4 pts) 
a) Suppose we have a sample of pure Si at 300K doped only with shallow donors 


ND=1x1013cm-3. Estimate the resistivity of this sample using the data from Pierret 
figure 3.5a reproduced below. 


 
Pierret figure 3.5 a 
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b) Now we have a sample of pure Si at 300K doped with shallow donors and 
shallow acceptors ND=5x1016cm-3 and NA=4.999x1016cm-3. Estimate the 
resistivity of this sample and compare your result in part b. 
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Problem 3: Doping (7 pts) 
Suppose we have Si at 300K doped with Phosphorus (ED=EC-44meV) and Boron 
(EA=Ev+44meV). If NA=1x1017cm-3, what ND is needed so that n=1x1018 cm-3? 
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Problem 4: Band structure and statistics (a 3pts, b 3pts, c 15 pts) 
A semiconductor has band structure show below. We have 


* * *


0 0 00.1 0.3 0.75n lh hhm m m m m m   at 300K 


 
a) Is it a potential candidate for building light emitting diodes or lasers? Briefly justify 


your answer. 
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b) At what wavelength would expect to begin seeing significant optical absorption? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


c) Find the effective densities of states Nc and Nv, the intrinsic carrier concentration 
ni, and  Ei relative to Ev. 


 


 
Nc=        
 
Nv=        
 
ni=        
 
Ei=Ev+        
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 Additional workspace for 4c 
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Problem 5: Density of States and Bands (15 pts) 
Suppose we have the following density of states gc(E) for a conduction band. Find the 
electron concentration in the band if EF=EC-3kT 
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Additional workspace for problem 5 
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Problem 6: Drift Diffusion Transport (20 pts) 


We have a semiconductor with 10 2 1 11 10 1 1000v c i g nN N n x E eV cm v s       at 300K. 


A sample of this semiconductor has the band picture shown below. Find 


, , ,, ,and n total n drift n diffusionJ J J  at x=0.5m. 


 
 
Jn,total=         
 
Jn,drift=         
 
Jn,diffusion=        
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Additional workspace for problem 6 
  







13 


Problem 7 Generation-Recombination (a 5pts, b 20 pts) 
A sample of Si is uniformly illuminated as illustrated below. The left side is a perfect free 


surface (x=0), the right side has a perfect ohmic contact at x=W=12m. The sample is 
uniformly p-type doped with shallow acceptors NA=1x1017cm-3, Dn=18cm2/s, and 


n=20ns. Also, GL=6.8x1023pairs/cm3/s. 


0 W


GL


Perfect


Free


Surface


17 3 2 1 23 31 10 18 20 6.8 10 12A n n LN x cm D cm s ns G x pairs cm s W m      
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a) Sketch the expected excess minority carrier lifetime n(x) vs. x 


 
  


0 2 4 6 8 10 12
x (m)
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b) Find n(x) assuming LLI conditions apply. Are the assumptions of LLI statisfied? 
17 3 2 1 23 31 10 18 20 6.8 10 12A n n LN x cm D cm s ns G x pairs cm s W m        
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 Additional space for 9b
17 3 2 1 23 31 10 18 20 6.8 10 12A n n LN x cm D cm s ns G x pairs cm s W m        
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Table of properties of selected semiconductors (at 300K) 


 
Property Si Ge GaAs 


NC (cm
-3


) 2.86x10
19 


1.04x10
19


 4.45x10
17


 


NV (cm
-3


) 3.10x10
19


 6.0x10
18


 7.72x10
18


 


ni (cm
-3


) 1.07x10
10 


2.3x10
13


 1.8x10
6
 


EG (eV) 1.1242 0.66 1.42 


mn
*
/m0 1.18 0.55 0.067 


mp
*
/m0 0.81 0.36 0.52 


r 11.8 16 13.1 


 (eV) 4.05 4.0 4.07 


 
 


E f -Ei = kT ln
n


ni


æ


è
ç


ö


ø
÷


Ei -E f = kT ln
p


ni


æ


è
ç


ö


ø
÷








1 


EECS 320 Exam 2 Spring 2012 
 


 
 
Print Name:          
 
 
 
Uniquename:         


 


 
This exam is closed book. A list of equations and useful constants is provided. More 
equations and constants are provided than you may need. You are permitted two 
8.5x11” pages of notes and handheld calculators. Tablets or smartphones with 
calculator apps are NOT permitted. Notes and/or equations programmed into handheld 
calculators are forbidden. Please turn off your cellular phone and store them in your bag 
during the exam.  Using or placing cellular on the table during the exam is strictly 
forbidden. 
 
Show all work and state all assumptions to receive full credit. Use the space 
provided to answer questions. Use material parameters in the equation sheet 
provided.  
 
 
To receive credit for this examination, write the Honor Pledge “I have neither given nor 
received aid on this examination” and sign below. 
 


Honor pledge: 
 
 
 
 
 
 
Signature:______________________________ 


 
Parts (# pts) 


Depletion Approx. 1 (25)  


Electrostatics 2 (25)  


Abrupt Diode 3a (5) 3b (5) 


 3c (10) 3d (10) 


 3e (5)  


Schottky Diode 4a (5) 4b (5) 


 4c (5)  







2 


Problem 1: PN Junctions and Depletion Approximation (1 part, 25 pts) 
We have a Si pn junction at 300K with the doping profile shown below. 


 
When the depletion width on the n-side xn=0.55m, find the depletion width on the 


p-side xp, the value of the electric field at x=0, the electric field at x=0.5m, and 
sketch the electric field vs. x. 
 


 
 xp=      nm 
 
 E(0)=       V/cm 


 


 E(0.5m)=       V/cm 
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Workspace for problem 1
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Additional workspace for problem 1 
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Problem 2: Electrostatics (1 part, 25 pts) 
We have a Si pn diode at 300K with the doping situation shown below. 


 
16 3 15 3 16 3


1 1 2 21 10 10 2 10 1 1 10 10A p A p D nN x cm W m N x cm W m N x cm W m           


 
We are biased so that the electric field profile is as shown below. Find the applied 
voltage that yields this field profile. 
 


 
va=     V 
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Workspace for problem 2 
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Additional workspace for problem 2 
  







8 


 
Problem 3: Abrupt PN Junction (a-e) 
We have a uniform, abrupt Ge diode at 300K. Assume 100% dopant ionization and 
perfect ohmic contacts. 
 


0 Wn


NA
ND


-Wp
 


 


 Doping 
(cm-3) 


p (cm2/v-s) n (cm2/v-s) Width minority 


p-side 2.7x1017 500 2500 Wp=2m 20ns 


n-side 5x1017 360 2100 Wn=30m 20ns 


 
a) The built-in potential Vbi. (5pts) 


 


 
Vbi=      V 
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b) The forward bias potential at which the low level injection (LLI) assumption would 
begin to fail. (5pts) 


 
 


 
va=      V 
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c) Sketch the excess minority carrier concentrations vs. x under forward bias 
conditions. (10 pts) 
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d) Find an expression for the current density for this diode assuming LLI applies 
and that we can ignore G-R in the depletion region. (10 pts) 


0 Wn


NA
ND


-Wp
 


 


 Doping 
(cm-3) 


p (cm2/v-s) n (cm2/v-s) Width minority 


p-side 2.7x1017 500 2500 Wp=2m 20ns 


n-side 5x1017 360 2100 Wn=30m 20ns 


 
 


 
J=           A/cm2 
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Additional workspace for 3 d 
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e) Find the capacitance per unit area for a reverse bias of 5V. (5pts) 


 


 
C=      F/cm2 
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Problem 4: Schottky Diode (a-c) 


We have a metal with a work function of m=4.6V. We use it to make a metal 


semiconductor diode on ND=1x1017cm-3 Si (=4.05V) at 300K. 
 


a) Sketch the equilibrium band picture. (5 pts) 
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b) Find the built-in potential and the equilibrium depletion width. (5pts) 
 


 
Vbi=     V 


 
W=     nm 
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c) For a forward bias of 0.3V, find the current density (assuming A**=112A/cm2/K2) 
and the depletion width in the Si. (5pts) 
 


 
 J=      A/cm2 
 
 W=      nm 
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Calculate relative to Ei  
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i exp  


 


 


1
ln
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 
   


 
 


Doping and Charge Neutrality 


0 


ad NpNn
 


2


innp   


2


2


22
i


ADAD n
NNNN


n 








 




  


2


2


22
i


DADA n
NNNN


p 








 







 
 


Drift-Diffusion 


pn pqnq    


*m


q sc
   


q


kTD




 


dx


dn
qDnFqJ nnn    


dx


dp
qDpFqJ ppp   , 


F is electric field 
 
Continuity Equations 
 


 RG
x


J


qt


n n 










 1
 


G
n


x


n
D


t


n


n


pp


n


p




















2


2


 


G
p


x


p
D


t


p


p


nn
n


n 

















2


2


 


nNN DL   


pPP DL   


 
Table of properties of selected semiconductors (at 300K) 


 
Property Si Ge GaAs 


NC (cm
-3


) 2.86x10
19 


1.04x10
19


 4.45x10
17


 


NV (cm
-3


) 3.10x10
19


 6.0x10
18


 7.72x10
18


 


ni (cm
-3


) 1.07x10
10 


2.26x10
13


 2.19x10
6
 


EG (eV) 1.1242 0.66 1.42 


mn
*
/m0 1.18 0.55 0.067 


mp
*
/m0 0.81 0.36 0.52 


r 11.8 16 13.1 


 (eV) 4.05 4.0 4.07 


 
 


E f -Ei = kT ln
n


ni


æ


è
ç


ö


ø
÷


Ei -E f = kT ln
p


ni


æ


è
ç


ö


ø
÷
















1. Fields and Potential 
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1. Bands EFN Green EFP Red 
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2. Forward Bias Minority Carrier Densities 
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2. Forward Bias Current 
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2. Reverse Bias Current 
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