ChE 469A (Graduate-level only)






 
Homework 4.5

20 pts
1.
Predicting Etching Rates:  HCl/Si


On occasion, chlorinated species are used to thermally etch silicon for microelectronics fabrication.  Etching of silicon by HCl occurs through the following overall heterogeneous reaction:

Si(s) + 2HCl(g) 
[image: image1.wmf]®

 SiCl2(g) + H2(g)


The following rate expressions have been measured in the EGS laboratory and elsewhere for the individual steps:




(1)
Adsorption of HCl
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Incident flux (molec/cm2s) = k1P = 3.37x1020P (torr)






So let rl (monolayers/s) = 
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where no = 6.8x1014 molec/cm2.




(2)
Desorption of SiCl2





r2 (monolayers/s)
=
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where
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E2 = 72000 cal/mol.




(3)
Desorption of H2





r3 (monolayers/s)
=
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E3 = 51000 cal/mol.






The object here is to develop a predictive model for the Si etch rate as a function of the controllable system variables PHCl and T.



(3 pts)
(a)
Write steady-state mass balances for each atomic species in terms of r1, r2, r3, and the Si etch rate rE.



(5 pts)
(b)
Use these equations together with the individual rate expressions given above to find 
[image: image8.wmf]Cl
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 in terms of KA, k2, and k3.  Be sure to pick the appropriate root of the quadratic equation you encounter.



(3 pts)
(c)
Derive an expression for rE in terms of the quantities k2, (k2/KA) and (KA/k3) only.



(4 pts)
(d)
Use this expression to show that rE becomes independent of PHCl as this pressure becomes very large.  At 500oC (a typical processing temperature), how large does PHCl have to be to reach this limit?



(3 pts)
(e)
Use the expression from (c) to show that rE is linear in PHCl as 
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  Notice that your final expression is independent of k2 and k3, and therefore of T as well.  In this regime, the rate-limiting step is adsorption, which is temperature-independent in this situation.



(2 pts)
(f)
At 500oC, calculate the effective activation energy of the reaction as a function of E2 and/or E3, making suitable approximations and doing Taylor expansions as necessary.
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