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" A
Analysis of Variance (ANOVA)

m What 15 ANOVA
A test of the stafishical smignificance of the differences among the mean scores of
two of more groups on one or more design factors
Partition the total vanabihity in the resg‘nnse vanable nte components that are
conzistent with a statistical model for the expenment
m One-Way (5Single-Factor) ANOVA
There 1z one design factor
m One-Way ANOVA Versus Two-5Sample T-test
When two populafion means are compared
» Both one-way ANOVA and t-test can be used
» Unpaired two-zampls t-test cormesponds to one-way ANOVA with tao levels
» Pared two-sample t-test corresponds to one-way ANOVA for repeated mezsures
with fwo levels
When more than two population means are compared
w If 1z poszible to do pairvisze compansons wath t-test, but conducting mulhple t-tests
can lead to severs mflation of the type I emror rate
n ANOWVA can be used wathout mereasing the type I emror rate -
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Random Vs. Fixed Effects

m Fixed Effects Model

O The levels of each design factor are fixed in advance of the experiment and we
are interested in differences m responses among those specific levels
Hardness Example The two levels of the quenching mednm design factor — oil
and saltwater — are fixed
m Random Effects Model

O The factor levels are meant to be representative of a general population of
poszble levels

O We are imterested m drawing conclusions about the enfire population of levels,
not just thoze used mn the experiment dezign

Supposze the expenmenter 1z mterested m mvestigating the vanability m the

thickness of test specimens due to the different batches where they are produced, o

he chooses a random sample of batches as being representative of the total

population of batches. The “batch™ factor iz a random effect

m Mixed Effects Model
O Both fixed and random effects are present

"

Plazma Etching Experiment. An enpinesr 1s interested m mvestigating the
relationship between the RF power setting and the etch rate for thas toel. The
objective of an expenment like this 15 to model the relationship between etch rate and
EF power, and to specify the power sething that wall give a desired farget etch rate.
The response vanable 15 etch rate.

she 15 mterested in a particular gas (C2F6) and gap (080 cm), and wants to test four
levels of BF power: 160W, 180W, 200, and 220W. She decided to test five wafers at
each level of RF power.

Design Factor and its levels?

FF Power with 4 levels: 160°W, 180W, 200W), and 220WW

Sample size (the number of replicates)?

5 replicates for each level
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) grapﬁlc gummar}* of Data

m Histogram
m Boxplots (Box Plots or Box-and-Whisker Diagram)
O Graphically depict mportant information of groups of numernical data throush
five statishics: the smallest non-outhier point, lower quartile (Q1, 25th
percentile), median (Q2), upper quartile (Q3, T5t% percentle), and larpest non-

puther pomt
Smalest non-outier oloe2 Q3 Largest nor-cuier
RTINS - ¢ me ad s w0 Wi e sl e

Interquartile ranze (IQF): The middle half the data, from Q1 to Q3 (from 300 to 600 in the
figure)

Outhars: At leact 1.5 times of the IQE. below ()] or at least 1.5 times of the IQE. aborre Q3
Skenness: the non-svmmetry of the data distribuhion (right skewed 1n the fizurs; more data
poimnts on the lower end of the distnbution) .

F
e ] -

T 4 8 4 0 17 14 18 T & & B i 1F 14 1# T 4 B & 10 1% 14 18
Lkewed right Swrnmatric Skavead |eft
LT i
2T 8
o
L 7.8 k5
-j:. E\_
E: 17 5 =
i E L]
o Lizg
i LL
= Lo
T &
-z
-2 6 .
AF 47 4B 43 =) £ 3 ' . . B
l-S-IE i &5 200 REEI?I:- 40 S0 B
Mean  Median Median Mean

10/12/2010



