
Design and Analysis of Experiments, HW 5

Due Friday, February 6, beginning of class

Instructions: The instructions for this hw are the same as those for HW 1 which is posted
on the course website. Your are free to work on this hw with others but the final work must
be your own.

1: (Real Data) CD’s and, more recently, DVD’s look like they’re going the way of VHS, cas-
sette tapes and LP’s. This is very bad news for Sony DADC in Terre Haute, Sony’s flagship
facility for producing CD’s and DVD, including blueray DVD’s. Nonetheless, consider the
following experiment to minimize a CD/DVD electronic response called “jitter,” a measure
of how well the CD can be read by a CD-ROM device. A 23 design with two replicates was
used. The three factors are

Factor Low level High level

Laser power 90% 110%

Developing time 20 sec. 30 sec.

Linear velocity 1.20 1.30

Note that “linear velocity” is a measure of the speed with which the laser travels while it
etches pits in the photosensitive material. Here are the runs and jitter values in standard
order:

Run A B C rep1 rep2

1 - - - 34 40

2 + - - 26 29

3 - + - 33 35

4 + + - 21 22

5 - - + 24 23

6 + - + 23 22

7 - + + 19 18

8 + + + 18 18

Analyze the data using Minitab’s DOE routines as follows. Be sure to include all relevant
output in your hw.

i. Fit the full model containing all terms.

ii. Assuming all assumptions are adequately met (you will NOT check them in this problem),
refine your full model by refitting a reduced model with insignificant terms dropped.
Use α = 0.10 for your t-tests. Write out your reduced model in terms of the coded
variables using your coefficient estimates.
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iii. To increase the speed with which discs are manufactured, the company wants use to use
the high value (1.3) for linear velocity and the low value (20 sec.) for developing time.
Given these settings, what value of laser power minimizes “jitter?” What is the mean
value of jitter predicted by your model for these values of laser power, linear velocity,
and development time?

iv. Convert your model in part ii from coded variables x1, x2, and x3, to one expressed in
the “natural” variables laser power, linear velocity, and development time.

2. (Real Data) An experiment was performed to model the relationship between the etch
rate of a nitride etch process and several parameters: gap (A), pressure (B), flow rate (C),
and power (D). A 24 design was run and the following data acquired:

StdOrder RunOrder A B C D etch rate

1 3 -1 -1 -1 -1 550

2 2 1 -1 -1 -1 669

3 11 -1 1 -1 -1 604

4 8 1 1 -1 -1 650

5 15 -1 -1 1 -1 633

6 13 1 -1 1 -1 642

7 16 -1 1 1 -1 601

8 7 1 1 1 -1 635

9 1 -1 -1 -1 1 1037

10 9 1 -1 -1 1 749

11 14 -1 1 -1 1 1052

12 4 1 1 -1 1 868

13 6 -1 -1 1 1 1075

14 10 1 -1 1 1 860

15 12 -1 1 1 1 1063

16 5 1 1 1 1 729

Analyze the data above as follows:

i. Determine which effects are significant at level α = 0.01 and then fit a reduced model
containing only the significant effects.

ii. Assuming your reduced model is adequate, at what levels of the significant factors (among
the range of values explored by the above experiment) would you run the process in
order to maximize etch rate?

iii. Are the regression assumptions met by your reduced model? Check the assumptions to
the fullest extent permitted by the data. Note that the run order is provided so, for
example, you can check the independence assumption.

2



3: In this problem you will duplicate the author’s analysis in example 6.3, pages 269-271.

i. Create your unreplicated 24 design and then enter the data given in figure 6.19 in the
bottom left corner of page 269.

ii. Determine significant effects by creating and analyzing a normal probability plot of the
factor effects. Your plot should resemble figure 6.20.

iii. Fit the reduced model consisting of the significant effects from part ii as determined by
the “fat pencil” test. Plot the residuals vs. the fitted/predicted values. Your figure
should resemble figure 6.22.

iv. Figure 6.22 indicates the variance of the random errors ǫi is an increasing function of
the response variable, drill rate. Often in cases like this, log-transforming the reponse
variable will yield constant error variance. Create a new reponse variable y′ which is the
natural log of the original response variable y, i.e., y′ = ln y, and then redo your analysis
by repeating steps i-iii. You can create y′ using Minitab’s Calc -> Calculator routine.
Your residual vs. fitted values plot should resemble figure 6.25.

v. What is the effect, if any, on the analysis results of detecting and correcting random error
heteroscedasticity (non-constant variance)?
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