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Homework Assignment #2  ELEC 5820/6820  Due: Fri.  9/11/15 
 
Email your homework to me as a .pdf file with your name in the file name, by class 
time Friday, 9/11/15: deanron@auburn.edu  
 
 

1) What are the three primary crystal planes in single crystal Si? 
 
Front Face Plane, Diagonal Face Plane and Incline Face Plane 

 
2) What are the Miller Indices, i.e. (?,?,?), for the three primary planes in (1)? 
 
Front Face Plane: (100) 
Diagonal Face Plane: (110) 
Incline Face Plane: (111)  

 
3) If a sphere with a diameter of 10mm is reduced in size so that its diameter is then 

10µm in size, what happens to the ratio of the sphere’s surface area to its volume? 
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If the diameter (and the radius) shrink by a factor of 1000, the surface area to 
volume ratio increases by a factor of 1000 

 
4) Which energy domain do each of the following micro devices fall into: 

a. Accelerometer - Mechanical 
b. Antenna - Radiative 
c. Thermocouple - Thermal 
d. Humidity sensor - Chemical 
e. Magnetometer - Magnetic 
f. Op amp - Electrical 

 
5) What is the maximum number of 0.5µm particles per ft3 in a class 250 

cleanroom? 
 

Class 250 cleanroom: less than 250 0.5µm particles pf ft3, so the answer is 249 
 

6) Briefly describe the differences between growing a Si boule with the CZ method 
and with the FZ method. 

 
With the CZ method, a single crystal Si boule is grown by slowly pulling an 
appropriately oriented single crystal Si seed out of a rotating crucible of molten 
Si, where the molten Si then crystallizes into a single crystal boule matching the 
orientation of the seed crystal.  With the FZ method, an appropriately oriented 
single crystal Si seed is attached to the end of a polysilicon rod, and an RF heater 
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is used to create a local melted zone in the rod, which crystallizes into a single 
crystal boule matching the orientation of the attached seed crystal. 
 
7) Briefly describe the photolithography process. 
 
Photolithography is the process of transferring an image from a 
photolithography mask to a photosensitive layer called photoresist.  First the 
substrate is cleaned and prepared for photoresist deposition.  The substrate is 
then uniformly coated with liquid photoresist, usually by spin coating.  A soft 
bake is then performed to solidify the photoresist.  The image is then transferred 
from the mask to the photoresist layer using a mask aligner, where the opaque 
features on the mask block UV light from striking those regions of the 
photoresist.  The substrate is then developed to remove either the UV affected 
photoresist (positive photoresist) of the unexposed photoresist (negative 
photoresist).  This is followed by a hard bake to sufficiently harden the 
patterned photoresist for use in the next microfabrication step.  
 
8) Briefly compare bulk micromachining with surface micromachining 
 
Bulk micromachining involves the selective removal of “bulk” portions of the Si 
substrate to realize the MEMS structure or device.  Surface micromachining 
utilizes the Si substrate as a holder for the MEMS device, which is fabricated 
using thin layers on the substrate surface through additive (deposition) and 
subtractive (removal or etching) microfabrication processes, and the use of 
sacrificial layers. 
 


