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FINAL EXAM

Closed book/notes, 3 crib sheets.  HAND IN THIS EXAM WITH YOUR ANSWER SHEET.

(30 pts)    1.
Qualitative questions:


(2)
a.
In one of the homeworks, you saw how the apparent rate of titanium silicide CVD decreased as the exposed area of Si on the wafer increased.  Give a brief qualitative explanation for why this happened.


(4)
b.
List two advantages of plasma etching over wet etching.


(4)
c.
Name the two major mechanisms for dopant diffusion in a semiconductor.  Illustrate how each one works with a simple sketch.


(3)
d.
What are the three main chemical species a well-designed IC package should exclude?


(2)
e.
What are the two principal phenomena that cause a package to fail?


(4)
f.
What percentage of time does a typical factory tool spend in useful production (
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10%)?  Name three principal causes for tool downtime.


(2)
g.
Roughly how much does a new IC fab currently cost?  Roughly how many wafer starts per month does it have?


(2)
h.
What is the major difference in dopant profile that one gets when using ion implantation as opposed to thermal diffusion?


(2)
i.
What are the two principal ways to define “thermal budget”?


(1)
j.
What is the chemical almost universally used to wet-etch SiO2?


(2)
k.
What two basic effects help remove surface material in reactive ion etching?


(2)
l.
Cooling of the free liquid interface by radiation is a problem in Czocralski growth of Si.  How can this be avoided?  What problem does this solution cause?

(35 pts)
2.
In solidification of Si, the concentration of impurity in the solid and in the liquid, Cs  and 

, can be represented as shown in the schematic phase diagram shown below


(5)
a.
The relation between Cs and 

 is well-represented in the Bridgeman technique by







For most types of impurities, should K be greater or less than unity?  Why?


(25)
b.
Define the following properties:




N
=
amount (moles) of impurity remaining in melt




No
=
initial amount of melt impurity




Vc
=
volume of Si crystallized




Vtot
=
total volume of Si (melt and solid, neglecting seed)







=
initial concentration of impurity in melt



(5)
(i)
Write a differential mass balance relating N, Cs, and Vc at any time during crystallization.



(5)
(ii)

Write an overall mass balance relating N, 

, Vtot, and Vc at any time.



(15)
(iii)
Combine these expressions as needed, and integrate as needed, to  obtain an expression for Cs as a function of Vc.  Eliminate N and No from your expression.


(5)
c.
What values of K (large, small, near unity,…) would we give greatest uniformity through the solid crystal?  What K gives the purest possible material?

(35 pts)
3.
Thermal etching of TiSi2 by gaseous Cl2 has patented applications in Si processing.  When a silicide surface is exposed to Cl2 in ultrahigh vacuum, two main products desorb:  SiCl4 and TiCl4.  The chlorine responsible for yielding these two products adsorbs as two independent chemical species described by (S and (T for SiCl4 and TiCl4, respectively.  The following table shows corresponding kinetic parameters:

	Desorption

state
	Adsorption kinetics
	Desorption kinetics

	
	nsat

(atom/cm2)
	S
	Cl

order
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n

 or

nsat
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n

(s-1)
	Ed
(kcal/mol)

	SiCl4
	7x1015
	0.3
	1
	1x106
	14

	TiCl4
	8x1014
	0.5 
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)

T

1

q

-


	2
	1x108
	19




Recall that nsat is the saturation density.  The following data may prove useful:

	M(SiCl4)   =
170
	R = 1.987 cal/mol(K

	M(TiCl4)
=
190
	

	M(Cl2​)
     =
71
	f(molec/cm2 s) = 3.8(1020 
[image: image5.wmf]2

1

28

300

/

g

M

T

ú

ú

û

ù

ê

ê

ë

é

÷

ø

ö

ç

è

æ

÷

÷

ø

ö

ç

ç

è

æ

 P(torr)




(6)
  a.
Set up a steady-state mass balance on the etching silicide surface for chlorine in the S and T adsorption states in terms of an adsorption rate ra and a desorption rate rd.



(15)  b.
Convert each balance from (a) into a form suitable for calculation by substituting explicit expressions for the rates in terms of 
[image: image6.wmf]2

Cl

P

, Ed,s, (T, So,T, and so on.  Then substitute numerical values to compute (S and (T.  Assume the surface temperature is 280(C, the gas temperature is 27(C, and the gaseous chlorine pressure is 5(10–4 torr.



(10)
c.
Use your results from (b) to compute nominal values for the removal rates of Ti and Si in atoms/cm2-s.  




(4)
d.
Your two results in (c) will be inconsistent with each other in the sense that Si will be predicted to desorb at a rate different from Ti.  Which (if either) of the numbers should be used to calculate the actual silicide etch rate.  Why?

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




For Czochralski crystal growth, we saw in class that the differential energy balance in one dimension becomes:







where V denotes pull rate, ks the thermal conductivity of the solid, R the boule radius, and h a heat transfer coefficient.  Let’s derive a closed-form expression for the maximum pull rate under the following assumptions:




(
the boule is infinitely long




(
energy flow by conduction is much faster than that by convective motion of the crystal




(
the crystal and melt are under vacuum




(
radiative energy flow occurs into a medium at absolute zero, so that

qr = 



 EMBED Equation.2  
T4




(
the zero of x is at the solid-liquid interface, with the positive x axis pointing into the solid



(6 pts)
a.
Neglect appropriate terms and rewrite the differential equation for T that should be solved.



(6 pts)
b.
Write appropriate boundary conditions at x=0 and x=

.  At x=

, show two different possibilities.



(18 pts)
c.
To simplify notation, define a quantity









Rewrite your expression in (a) using this notation.  This differential equation for T is nonlinear, but can be solved using the following “trick”:






(1)
Multiply both sides by dT/dx.






(2)
Use the general relation 

.






(3)
Use the general relation 

.






(4)
Multiply both sides of your revised equation (a) by dx, do the indefinite integral, and apply both possible BC’s at x=

 to determine the constant of integration.  Be careful to pick the correct root for dT/dx.






(5)
Solve the remaining equation in 

 using standard calculus.





Possibly helpful relation:  




(10 pts)
d.
Use the relation:











to calculate 

 for a current-generation 20cm diameter boule using:







Tm
=
1685K










=
1











=
5.73 x 10-12 W/cm2(K4






ks
=
0.216 W/cm(K










=
2.29 g/cm3









=
1800 J/g






Your result will actually be about a factor of 2 too high compared to actual practice because of the assumptions we made to get an answer in (a).
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