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A simple method for evaluating the geometrical parameters yielding maximum uniformity of film 
thickness on rotating substrates is described. The algorithm is based on numerical integration of 
the function for relative thickness. I t  is shown that  maximum uniformity is obtained for a nor- 
malized source-to-substrate distance ratio of h/6 = 1.37. 

Introduction 
Most applications of thin films require uniformity of 
thickness over the substrate area. The film thickness is 
predicted by equations based on the Knudsen's cosine 
law. These theoretical predictions in one form or another 
have been made use of by many worker~l -~  for obtain- 
ing uniform films for different purposes. Uniformity is 
influenced by the geometrical parameters, that is, the 
position of the source with respect to the substrate, 
geometry of substrate and source, etc. Behrndt2 has 
verified the geometry for a particular case where thick- 
ness variations as small as 0.35% over a 4 x 4  in. sub- 
strate can be obtained. The objective of this investiga- 
tion is to  arrive a t  a solution for optimization of the 
parameters to yield maximum uniformity. The paper 
describes a method using numerical integration by 
generalized Simpson's rule of the relative film thickness 
with respect to  normalized substrate radius. By mini- 
mizing the difference between the area under this func- 
tion and that for constant thickness, the condition 
for optimum uniformity is determined. This method 
can be used for similar optimization problems. For a 
rotating substrate i t  is shown, theoretically, that 
maximum uniformity is achieved for a normalized 
source-to-substrate distance ratio of h/6 = 1.37. 

Method of Optimization 
The relative thickness distribution on a rotating 

planar substrate for a small area surface source is 
given by 

t / to  = (1 +az)>" (1 +a2 + bZ)/  [ (1 +a2 + b2)' - 4b2] f ,  (1) 
where t o  = thickness on the substrate when the source 
is on the axis of rotation; t=thickness at the point 
under consideration ; a = h/6 ,  normalized source to sub- 
strate distance ; b = s/& normalized radius of the 
substrate ; h =distance between source and substrate ; 
and &=distance between the source and the axis of 
rotation. 

Relative thickness has been computed for various 
values of a and b on the electronic computer and the 

results have been already reported.6 Figure 1 shows the 
profile for three values of a. I t  can be seen that  the 
profile nearest t / to= 1 is the optimum solution for a 
chosen range of b. b determines the maximum substrate 
diameter over which the predicted uniformity is pos- 
sible. Restating the problem, the condition for maximum 
uniformity is that area enclosed between the straight 
line t / to= 1, and the function should be minimum. 

I t  can be seen from Fig. 2 that this condition is 
achieved when the shaded area becomes minimum. 

The area under the function f ( a , b ) ,  

bounded by b=O-bl, is found by application of the 
generalized Simpson's rule, using the digital computer. 
The difference between area under t / t o = l  and the 
computed area for f ( a , b )  is found. The optimum solu- 
tion is given by the one nearest to zero. 

The integration has been carried out for b = 0-0.5 for 
10 intervals for different values of a ranging from a = 1.2 
to 1.5 in steps of 0.005. The result has been obtained 
up to the sixth decimal place. Figure 1 shows that  the 
optimum solution exists for an a value between 1.3 and 
1.4. The area under t / t o = l  and b bounded by 0-0.5 
is 0.5. Hence the difference is 

0 . 5  

0.5 -l f (a,b)db. (3) 

This has been calculated. 
Table I gives a few of the selected values from the 

computer output. Further the same programme was 

TABLE I. Difference in area for some values of a. 

a 0 . 5 - ~ o ~ 6  f (a ,b )db  

1.300 
1.365 
1.370 
1.375 

-0.002079 
- 0.00012 7 

0.000007 
0.000139 
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FIGURE 1. Relative thickness versus normalized substrate radius. 
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Condition for optimization. Shaded area ABC to be FIGURE 2. 
minimized. 

run for a ranging from a=1.365 to 1.370 in steps of 
.0005. I t  is observed that for a value of 1.3695, the 
difference is -0.000006. I t  is noted here that the ex- 
perimental value of 1.367 quoted by Behrndt2 for 
maximum uniformity of film thickness is very near the 
calculated value. 
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