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HW#2 – Addendum
From grading the homework, I noticed that many of you seemed to have a problem with understanding the τ in the
Deal-Grove model. It is somewhat confusing so I hope this note will provide clarity on how to use equation 4.11 of
Campbell.
xox2 , f + Axox , f = B (t + τ )

Eq.1

The subscript f denotes FINAL and x corresponds to oxide thickness to avoid confusion with times.
In the event of xox,i = 0, no initial oxide, τ takes on the value of zero for wet oxidation and the values given in Table 4.1
for dry oxidation. For the special case of no initial oxide, τ is used as a correction factor to take into account the fast
initial oxidation of the silicon wafer for thin oxide growths. Notice in thick oxide layers formed by dry oxidation, this
correction factor will introduce a negligible effect on the growth time calculation. This correction factor is not needed
for wet oxidation since wet oxidation is much faster than dry oxidation, making the correction factor insignificant. It is
important to keep in mind that the fast initial oxidation regime in dry oxidation is not well understood so there is no real
correct way to calculate τ. The values provided in the text are empirical values.
In the event of xox,i ≠ 0, then τ is representative of the theoretical time it would have taken to grow the initial oxide
utilizing the new process, independent of what the previous oxide growth method was. In this case, τ is given by:

τ=

xox2 ,i + Axox ,i

Eq.2

B

If we wanted to calculate the EXACT time it would have taken to grow the initial oxide from a bare wafer using the
new process, then the correct equation should be:

τ '=

xox2 ,i + Axox ,i
B

− τ book

Eq.3

Where τ’ is used to avoid confusion and τbook corresponds to the values given in Table 4.1 of Campbell (keeping in
mind that τbook = 0 for wet oxidation). To find the time t needed to grow the oxide to the final thickness xox,f, we need to
solve the following equation:
xox2 , f + Axox , f = B ((t + τ ' ) + τ book )

Eq.4

This simplifies to Eq.1 shown above with τ given by Eq.2 above. I hope this helps.
Additionally, I have seen many different approaches to answering question 4.4 of Campbell and I just wanted to make a
few notes.
Linearly interpolating the data provide in Table 4.1 is an incorrect approach for two reasons. The first being that the
values in the table correspond to a wet process conducted at 640torr when we are looking for constants at 1atm =
760torr. More importantly, the linear and parabolic coefficients have an Arrhenius dependence so a linear interpolation
without considering this dependence is wrong. In the event that A and B have been interpolated factoring in the
Arrhenius dependence, only B is a function of pressure so there is no correct way to find a correct value for A at 1atm.

The easiest way to answer this question was to extract values from the charts provided in the text, assume that A is
unchanged, and applying the knowledge that B scales with pressure. Another simplification to notice is that 1um of
oxide is quite thick and you can be quite certain that the growth is in the parabolic regime, eliminating the need to
determine a value for A.
I noticed that many of you had used Figure 4.2 and Figure 4.3 to pick values for B and B/A. This isn’t a problem but I
just wanted to comment on the accuracy of these charts. Figure’s 4.2 and 4.3 were constructed after the formulation of
the Deal-Grove model and correspond to values in Table 4.1. Back in the days, wet oxidation was done by running a
bubbler through water which then feeds the vapor into the tube furnace. Recent wet oxidation processes are called
pyrogenic steam oxidation, where the water vapor is created from the combustion of hydrogen and oxidation within the
tube furnace. Figure 4.5 has the “most accurate” information and was used in my solutions for Problem 4.4. You will
notice variations in the values for B and B/A between the two wet oxidation charts -- the differences stemming from the
different steam formation methods.

