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1. A random sample of 10 die is tested from each wafer lot. Calculate the probability that we will find 
less than 3 defective die in this sample, given that the yield of the process is 99%.

Seen as a binomial random variable, the probability of a failure in a given die is 0.01. The probability 
of finding D defective die is tabulated below:
P{D=0) = (10

0) 0.010(1-0.01)10 = 0.9044
P{D=1) = (10

1) 0.011(1-0.01)9  = 0.0914
P{D=2) = (10

2) 0.012(1-0.01)8  = 0.0042
So, the total probability of finding less than 3 defectives is >0.999. The most important underlying 
assumption needed for this calculation is that the die fail independently of each other.

2. A process that produces high-density memory devices is subject to catastrophic defects that obey 
a Poison distribution with a mean of 4 defects/die. 

a) Calculate the functional yield of the process (assume that it takes just one defect to destroy 
one die).

Yield is equivalent to probability of no defect: 
P(0) = (e-4 40)/0! = 0.0183, or a mere 1.8%.

b) If redundant columns are introduced, how many columns are needed to ensure a yield of 
50%? (assume that one redundant column is needed to repair exactly one defect).

This is equivalent to finding the minimum number of defects n, so that:
P(0) + P(1) +...+ P(n) > 0.50
This is done next:
n P Cummulative
0 0.0183 0.0183
1 0.0733 0.0916
2 0.1465 0.2381
3 0.1954 0.4335
4 0.1954 0.6289
So, we need at least 4 redundant columns to achieve 50% yield.

3. We are interested in calibrating a low-pressure chemical vapor deposition (LPCVD) furnace. The 
furnace will be shut down for repairs if significant difference is found between the thermocouples 
that are controlling the deposition temperature at the two ends of the tube. The following temper-



atures have been measured during a test run:

a) Do these temperatures have the same mean on both ends of the tube? (α = 0.05)

In order to answer this we will use the unpaired t test. First, however, we need to establish if the two
groups have identical variances or not. The two sigmas are estimated to be 1.34 and 1.11, respectively.
These two estimates are close enough so that the actual moments can be assumed identical. (This
assumption will be tested at part (b) with the application of the F-distribution test.)
The result of the unpaired t-test is:

So, the conclusion is that the two means are the same at the 5% level of significance.

b) Find the 90% confidence interval of the ratio of the two variances (L/R).

The estimated ratio of variances is 1.457, and this is a random number from the F distribution with 9 
and 9 degrees of freedom. From the statistical tables we can find the 5% and 95% points of the F9,9 
distribution, and they are 0.315 and 3.18, respetively. (Only the 95% point is given by the table, while 
the 5% point is found by the relationship: Fα = 1/F1-α). Using these values, the 90% confidence interval 
is found to be [0.453, 4.63]. 
(By the way, since this interval includes 1.0, the hypothesis of variance equality cannot be rejected at 
the 10% level of significance)

c) Find the sample size needed to confirm a 1oC deviation with a β of 10% when the σ is known to be 
1oC.

What we want to do here is find the sample size that with α=5% will give us a β of 10%, when the
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variances are asusmed identical and the means are assumed to be different by 1oC. The two dis-
tributions that will be compared then will be:

The statistic that will be used to test this hypothesis will be:

This means that if I set 5% limits on H0, the upper 2.5% limit of H0 should correspond to the
lower 10% limit of H1. This leads to the following equation that can be solved to find n.
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