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Name:_____KEY_________ 

 
CHEMICAL ENGINEERING 179 

Exam 1 
Friday, March 2, 2012 

Closed Book with 3x5 Card 
 

kB = 1.381 x 10-23 J K-1; R = 8.314 J (mole K)-1 = 1.987 cal (mole K)-1 ; NA = 6.022 x 1023 (mole)-1; e = 1.602 
x 10-19 C; mp = 1.673 x 10-27 kg ; 1 liter = 1000 cm3 ; STP = 273 K, 760 torr (1 atm); 1 atm = 1.013 x 105 Pa; 1 
Pa = 1 J/m3. 
 
 
Short Answer. 5 pts. each.  
 
1. In current generation field effect transistor devices, what factor in device operation limits 
further reduction in size (or ‘scaling’)? 
 
Power dissipation heats devices, limiting scaling. 
 
 
2. Briefly describe how dopants affect semiconductor conductivity. 
 
N-type dopants donate electrons to conduction band; P-type dopants accept electrons, creating 
free holes. In both cases, mobile charge carrier concentration increases, leading to higher 
conductivity. 
 
 
3. Sketch the profile of electron and hole density for p-type silicon next to an insulator with a 
positively biased electrode on the other side. Identify the region of inversion. 

 
 
 
4. Why are IC device manufacturers trying to find good gate dielectric materials with a HIGH 
value of dielectric constant? 
 
So they can increase gate dielectric film thickness (d) without decreasing capacitance. 
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5. Describe in a few sentences how a phase shift mask works and why it is needed in lithography. 
 
PSM work by altering the phase of light electric fields in adjacent features so as to create 
interference effects that reduce diffraction limitations. This is needed to print features much 
smaller than the wavelength of the light. 
 
 
6. What is the typical dependence of solid-state diffusion coefficient in temperature and why? 
 
D varies as exp (-E/kT); Arrhenius form for an activated process; activation energy needed to 
overcome diffusion barriers in lattice. 
 
 
 
7. List 2 current problems with EUV lithography. 
 
Masks; source intensity; photoresists; defect. 
 
 
 
8. A reaction at an interface is first order and irreversible. In what units do we express the rate 
and what are the units of the rate coefficient? 
 
Rate is expressed as number (or moles) per area per time; rate coefficient units of velocity – 
distance/time. 
 
 
 
9. What is the key dimensionless group in silicon oxidation? Define the terms. 
  
kX/D – rate coefficient for reaction at interface tomes film thickness divided by oxidant 
diffusivity. 
 
 
10. In silicon oxidation in the linear regime (following the Deal-Grove model), is the interfacial 
reaction faster or slower than the rate of diffusion to the interface? Explain your answer. 
 
 
Rates of reaction and diffusion are always equal in this model – oxidant cannot build up at the 
interface. 
 
 
 
 






