
 1

IEOR 130 Midterm Examination 
Spring, 2010 

Prof. Leachman 
Open books and notes. Work all problems. 20 points each problem, 60 points total. 

 
1.  A fabrication plant includes a sophisticated etching machine purchased almost a year ago. The purchase 
agreement for the machine included a service contract lasting one year whereby technicians working for the 
machine vendor perform preventative maintenance and repairs on the machine. At present, a machine 
vendor’s technician performs a weekly PM. The PM takes the machine down for 4 hours. When the 
machine breaks down, the down time averages 8 hours (including time for the technician to drive to the 
plant). Data on machine failures indicates that the time until failure from performance of PM is distributed 
as follows:  
 
Days since PM, t  Fraction of breakdowns occurring on day t 
1   0.04 
2   0.04 
3   0.05 
4   0.05 
5   0.06 
6   0.06 
7   0.07 
8   0.07 
9   0.08 
10   0.08 
11   0.09 
12   0.09 
13   0.10 
14   0.12 
 
 
The service contract is about to expire. The machine vendor offers to renew the service contract for one 
year at a fixed cost of $150,000.  Alternatively, the plant could hire a local, on-call independent contractor 
charging $250 per hour to perform PMs or repairs. This contractor used to work for the vendor and is very 
knowledgeable about the machine. It is believed that the contractor could perform high-quality 
maintenance work just as quickly as the vendor’s staff. 
 

(a) (5 points) The machine vendor is currently performing weekly PMs. Estimate the availability of 
the machine. 
 

(b) (5 points) What frequency of PMs would you recommend to maximize machine availability? 
 

(c) (5 points) Estimate the availability if the frequency of PM was changed to follow your 
recommendation in (b).  
 

(d) (5 points) Estimate the annual costs for maintenance of the machine if the plant terminates the 
service contract and instead utilizes the local independent contractor following the PM frequency 
you calculated in (b). Would you recommend renewing the service contract? Or hiring the local 
contractor? 
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2. Two factories A and B make the same product in three manufacturing steps. Each step has an upper 
specification limit but no lower specification limit. Data on the process performance index (Cpk) for each of 
the steps at each factory is as follows: 
 
 
Step   Fab A   Fab B  
1   0.75   0.70  
2   0.75   0.65  
3   0.65   0.80  
 
Suppose the only yield loss mechanisms are from exceeding the upper spec limits. Further, suppose yield 
losses at each step are independent. Assume there is 100%  inspection after each step, and bad units are 
discarded before processing by the next step. 
 

(a) (5 points) Explain why, for any of the steps above, the yield of the step may be well-estimated as 
Prob{Z < 3*Cpk} where Z is ~ N(0,1). 
 

(b) (5 points) Estimate the overall yield at each factory. Which factory is doing better? 
 

(c) (5 points) Suppose the first step involves a countable parameter of quality, and suppose USL for 
this step is 100. What is the upper control limit of an SPC chart for the first step in Fab A? 
 

(d) (5 points) Suppose we could utilize the best step from each fab to make the product. How much 
better would the yield be? 
 

3. The management of a factory is trying to sort out how much yield loss is coming from a stationary 
baseline distribution of defects vs. how much is coming from defect excursions and other systematic 
mechanisms of yield loss. A stacked wafer map is analyzed including only wafers believed to not be 
involved in any defect excursions. The best-yielding die site on the wafer map has a 65% yield. The 
number of 0.5 sq-cm dice printed on the wafer is 450. The average die yield over all wafers (including 
those involved in excursions) is 35%. 
 

(a) (7 points) Calculate the baseline defect-limited yield and the underlying baseline defect density. 
 

(b) (7 points) Management is considering an upgrade of the air flow system costing $1.5 million. 
Engineering tests have been performed that indicate that this upgrade can be expected to cut 
baseline particle contamination on the wafers  by 20%. However, particle excursions do not seem 
to be abated by the improved air flow. Estimate the improvement in baseline defect-limited yield 
and in the overall die yield if this upgrade is undertaken. 
 

(c) (6 points) Management also is considering investment in a $1.5 million inspection system 
enabling increased process monitoring so that excursions can be detected earlier and thereby 
reduce yield losses. Engineering analysis and experiments indicate that total systematic and 
excursion yield losses could be cut 20% by this investment. Assuming the air flow system is NOT 
upgraded, what overall die yield would result from implementation of this inspection system? If 
only $1.5 million is available to spend, which is a better expenditure for improving yield – the air 
flow system upgrade, or the new inspection system? 
 
 


