
Homework #3 Solutions, EE/MSE 486. Spring 2017 

Problem 1 

The transition from linear to parabolic growth is a gradual one and therefore there is no specific 

thickness at which an abrupt transition takes place. We can “define” the transition, as occurring 

when 
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Taking the values for dry O2 as an example, from notes, we have 
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This equation is plotted below along with the H2O result also using values from notes. The values in 

notes apply to (111) silicon as does the graph below. (100) curves are easily generated by dividing 

the respective B/A values by 1.68. 

 

 

Problem 2 
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We can use these figures to estimate the oxide thickness as follows. First, we use figure in 

page 10 of the notes for the first dry oxidation cycle 
 

  

 

 

A two hour oxidation at 1100˚C produces an oxide thickness of about 0.16 µm. We next use figure 

in page 11 for the wet oxidation as shown below. Then oxidation is 2 hrs in H2O at 900 ˚C. We start 

by finding the point on the 900˚C curve that corresponds to 0.16 µm since this is the starting oxide 

thickness. This is point A. We then move along the 900˚C curve by two hours to point B. This 

corresponds to a thickness of about 0.36 µm which is the thickness at the end of the wet oxidation. 

 

We now go back to the figure of page 10 of the note for the final dry O2 cycle. This process is 0.5 

hrs at 1200˚C. We start by finding the point on the 1200˚C curve that corresponds to a starting 



oxide thickness of 0.36 µm. This is point A below. We then increment the time by 0.5 hrs along the 

1200˚C curve, to arrive at a final oxide thickness of about 0.4 µm. 

 

 

 

 

Problem 3. 

(a) At 1000C, and 1 atm 𝐵 = 7.72 ∗ 102 𝜇𝑚2

ℎ
exp (−

1.23𝑒𝑉

𝑘𝑇
) = 1.05 ∗ 10−2 𝜇𝑚2

ℎ
 

𝐵

𝐴
=

6.23

1.68
∗ 106

𝜇𝑚

ℎ
exp (−

2.0𝑒𝑉

𝑘𝑇
) = 4.5 ∗ 10−2

𝜇𝑚

ℎ
 

Note that the factor 1.68 is used in the <100> case. 

Since 𝐵 ∝ 𝑃𝑂2 𝑎𝑛𝑑
𝐵

𝐴
∝ 𝑃𝑂2

0.75,  at 0.2 atm we can get  

𝐵 = 2.1 ∗ 10−3
𝜇𝑚2

ℎ
 𝑎𝑛𝑑

𝐵

𝐴
= 1.3 ∗ 10−2

𝜇𝑚

ℎ
 

To get the oxide thickness, we use the following equation: 

𝑥𝑜
2 + 𝐴𝑥𝑜 + 𝐵(𝑡 + 𝜏) = 0 

Assume 𝜏~0 𝑖. 𝑒.  𝑥𝑖~0, we can get  

𝑥𝑜 =
−𝐴 + √𝐴2 + 4𝐵𝑡

2
= {

0.0064 𝜇𝑚 𝑓𝑜𝑟 𝑡 = 0.5ℎ𝑟
0.0233𝜇𝑚 𝑓𝑜𝑟 𝑡 = 2ℎ𝑟

 

 

(b) The Sentaurus input file is listed below: 

 

line x location=0 spacing= 0.001 tag=SiDevTop 

line x location=1 spacing=0.01  

line x location=5 spacing=0.1  tag=SiDevBot 

region silicon xlo=SiDevTop xhi=SiDevBot 

init concentration=5e16<cm-3> field=Phosphorus wafer.orient=100 

 



diffuse pO2=0.2 temperature=1000<C> time=0.5<hr> 

grid remesh 

 

struct tdr=d4 

 

layers 

 

The output of “layers” command is shown in the following figure: 

 
 

The oxide layer thickness after 0.5-hour oxidation is 8.3nm+5.3nm=13.6nm. 

Similarly, we can get the oxide layer thickness for 2-hour oxidation from Sprocess, which is 

31.6nm.  

The simulated thickness is larger than the hand calculation due to: 

1) Initial thickness about 2 nm is assumed; 

2) Thin oxides grow faster than the linear-parabolic model initially as observed experimentally.  

 

Problem 4 

We will perform the calculation for <111> silicon wafers. For <100> wafers, the linear rate constant 

should be divided by 1.68. 

At 1000˚C, in H2O 

 

 



 

 

 

 

 

The time to grow  is then 

 

 

 

The time to grow the initial  was 

 

 

 

The extra time to grow  in the bare areas will grow some extra oxide where the initial 

 oxide existed 

 

 

 

The growth of the extra  will consume  of silicon under the 

thick oxide.  

 

The growth of  of oxide will consume  of silicon. 

 

Thus, a sketch of the old and new oxide-silicon interface is shown below: 



 


