ChE 393/469A
 
HOUR EXAM 2

Closed book and notes, 1 crib sheet.

(25 pts)
1. Qualitative questions



(4 pts)
a.
Give an advantage of rapid thermal processing over conventional furnace processing for use in process development.



(4 pts)
b.
Sketch what the size distribution looks like for silicon particles emerging from a fluidized bed CVD reactor, assuming the inlet particles all have the same radius rin.



(4 pts)
c.
List two varieties of gases held in the gas storage bunker in the basement of the UIUC Microelectronics Laboratory.



(4 pts)
d.
List two broad areas of research pursued in the Microelectronics Laboratory besides Si CMOS device processing.



(4 pts)
e.
Why does desorption from a surface typically have a much stronger temperature dependence than adsorption?



(5 pts)
f.
Sketch the physical setup for Czochralski growth of semiconductors.
(45 pts)
2.
Reactor loading



Suppose we have an LPCVD reactor for depositing selective epitaxial Ge operating under the following conditions:



gas in source line  = 
GeH4 at 2 x 10-3 torr in 1 x 10-1 torr helium



deposition rate  = 5 x 1016 atom/cm2
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min in a water batch of 25



flowrate vo   = 2 x 106 cm3/s

wafer diameter  = 30 cm



exposed wafer area for selective deposition  =  15% of front-side area



Tg = 325 K


     R = 6.26 x 104 
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1 mol = 6x1023 molecules



Suppose also that the reaction is limited by mass transport from the gas.  



(Hint:  reactant is consumed, so the partial pressure of GeH4 deceases.)



(20)

a.
What is the percent reactant conversion with 25 wafers?



(20)

b.
What would be the percent conversion if we had to change the batch size to 50 wafers, changing nothing else?



(5)

c.
What would be the corresponding growth rate?

(30 pts)
3.
In one of the steps needed to nucleate TiSi2 selectively on Si vs SiO2 before doing CVD, an etching step with a chlorinated species is needed to take TiSi2 nuclei off the oxide.  The kinetics of this etching are controlled by the removal of Ti as TiCl4.



Kinetic parameters appear below:

	Adsorption of Cl2
	Desorption of TiCl4

	S=So 
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=1x108s-1

	So=0.5
	Ed=0.83 eV=19.2 kcal/mol

	no=8x1014 molec/cm2
	N(order) in nCl=2

	M (molecular weight)=70
	


Note:

gas flux at surface:  
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R
=
1.987 cal/mol 
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Assuming the gas temperature Tg is 27oC and 
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5 x 10-3 torr, calculate the 

chlorine coverage 
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 at a surface temperature T of 450oC.

(30 pt Grad)
4. 
This problem is for students taking ChBE 469A only.  Do not answer if you are taking ChBE 393.






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: image10.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) = 
[image: image12.wmf](

)

(

)

H

Cl

A

H

Cl

o

1

o

o

1

1

K

1

n

P

k

S

P/n

Sk

q

-

q

-

º

q

-

q

-

=







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)
=

[image: image15.wmf](

)

H

3

3

H

3

/RT

E

exp

k

q

-

n

=

q








where



[image: image16.wmf]1

13

3

s

10

x

6

-

=

n











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.



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



(8 pts)
(b)
Use these equations together with the individual rate expressions given above to find 
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 in terms of KA, k2, and k3.  Be sure to pick the appropriate root of the quadratic equation you encounter.



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


(7 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?

1

_970315636.unknown

_1010298069.unknown

_1100608911.unknown

_1100609310.unknown

_1010298088.unknown

_1010301623.unknown

_1010298097.unknown

_1010298082.unknown

_1002708741.unknown

_1002718846.unknown

_1010296532.unknown

_987859402.unknown

_987920953.unknown

_970395005.unknown

_970315394.unknown

_970315498.unknown

_970315065.unknown

