ChE 393 – 469A

 
Homework 5

(35 pts)
1.
Titanium silicide is a material used for contacts between interconnects and transistor source/drains.  It can be deposited by CVD using the gases TiCl4 and SiH4.  In the very earliest stages of growth, it is not the chemistry on silicide that matters so much as the chemistry on the underlying Si.  If TiCl4 cannot adsorb continuously, incipient film growth stops dead in its tracks.

On Si(100), TiCl4 adsorbs with the following kinetics [M. A. Mendicino and E.G. Seebauer, Surface Science, 277 (1992) 89]:
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Adsorbed Cl desorbs as SiCl2 according to:
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, Ed = 72 kcal/mol, and the saturation density 

nsat = 6.8 (1014 cm-2.

(5 pts)
(a)
Using the definition:  
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 write a steady state mass balance for Cl atoms adsorbed on the surface.  Remember that each TiCl4 molecule adds four Cl atoms, while each SiCl2 removes only two.

(20 pts)
(b)
Use this balance to plot (Cl as a function of T (surface) for typical growth conditions of
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(5 pts)
(c)
What does this curve say about how growth should progress?  That is, are there regimes in which growth should be inhibited?  Where?

(5 pts)
(d)
Strictly speaking, there is a problem with using a steady-state mass balance for Cl with TiCl4 as a source gas.  What is it?

(10pts)
2.
In many applications, TiSi2 must be deposited on Si that is highly doped.  Particularly for As, various processing steps prior to silicide CVD can bring some of this dopant to the surface.

As desorbs from Si(100) according to the following kinetics:  [A. K. Ott et al., Surface Science, 405 (1998) 228].
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For reasons of controllability and reproducibility in manufacturing, growth needs to begin within a second or so after growth temperature is reached.  If we want to rely on thermal desorption of As to unpoison the Si surface, approximately what temperature must we use for growth? 

 (50pts)
3.
In real wafer reactors, the grown thickness of a film cannot usually be measured in real time.  Instead, wafers must be removed from the reactor after growth and subjected to ex situ measurements (by stylus profilometry, for example).  Early experiments for TiSi2 on 4 in. diameter wafers showed a thickness that depended on exposed Si area as shown in the attached figure.  The “chip number” on the horizontal axis represents the number of 0.8(0.8 cm square chips the wafer supports.  Each chip has 50% of its area covered with SiO2  onto which TiSi2 does not deposit.
(10 pts)  (a)
Qualitatively, what is happening to give the trend shown in the figure?


(40 pts)  (b)
The data were taken under the following conditions:



Reactor vol = 15(




Total P before growth = 130mtorr.




Flow rates:
TiCl4 - 0.5 sccm 




10% SiH4 in He - 375 sccm

Kinetics:  Mass-transfer limited, r =160 nm/min at 
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Tg = 52(C

See if you can quantitatively reproduce the data.  Assume a silicide density of 4.0 g/cm3.

Helpful relations:


Ideal gas approximation:
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Steady-state CSTR approximation:
0= (Co – C) vo– Ar


with
 vo
=
flow rate



C 
= 
concentration



A 
=
growth area



r

 =
 growth rate/area
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