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%INTRODUCTioN S

m One-factor-at-a-time (OFAT) experiments,
which vary only one factor or variable
at a time while keeping others fixed.

m Statistically designed experiments that
vary several factors simultaneously are
more efficient when studying two or
more factors.
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ADVANTAGES OF DOE OVER OFAT EXPERIMENTS

m [t requires less resources

m The estimates of the effects of each
factor are more precise.

m The i1nteraction between factors can
be estimated systematically.

m There 1s experimental 1nformation 1n
a larger region of the factor space.
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m Two Factors 1n Three Runs

m An engineer planned an experiment to
compare pressure and temperature for a
standard gas anneal process and a new
gas anneal process using three
experimental runs:

1. Standard pressure and standard temperature;

2. standard pressure and new temperature; and
3. new pressure and new temperature.
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One factor at a time

Table 1. OFAT expenment in two factors in three runs, with
16 of the 48 wafers at each run

Temperature
FPressure Standard New
Standard 16 wafers 16 wafers
New 16 wafers
A
Re W ssUre °
POme © NewPr [t is clear that there
\ o Fereace 1s no information at
; : - the new pressure with
Senda New  Temperamre  Standard temperature.

Figure 1. The interaction graph for temperature and pressure cannot
be drawn for the OFAT expearimeant
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22 full factorlal

A
| _ _ | Response ’\' New Pressure
Table 2. Full factonal designed experiment in two factors af two levels

eécn in four runs, with 12 of the 48 wafers at each run .\.
Temperature Standard Pressure

Pressure Standard New i : -
T |
Standard 12 wafers 12 wafers Standard New
MNew 12 wafers 12 wafers Tenq:-eran.n'e

Fagure 2. The interaction graph for temperature and pressure can be
drawn for the designed experiment.

All 48 wafers are used to study the effect of
temperature, and to estimate the interaction
between temperature and pressure.
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EXAMPLES 2

m Two Factors 1n Six Runs

m They wanted to study the sensitivity
of the response sheet resistance to
two factors

time and temperature
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m Two Factors 1n Six Runs

Table 3. OFAT experiment in two factors in six runs

1020
: Temperature
Time (sec) Temperature ( “C) F.E
10 980 1000
10 1000
10 1020
D80
9 1000
10 1000
1 1000

The 1nteraction between time and
temperature cannot be estimated.

O 2 Z A F a1 Faqed g amar
YA % ¥ £ B 9 % % System Reliability Lab.

F

®
— 9 o
®
9 10 11
Time (sec)



Table 4. Full factorial designed experiment in ftwo factors at $ .

two levels each in four runs

Time (sec) Temperature {“C) O
9 Q80
g 1020 & ®
11 Q80 >
11 1020

b) Designed experiment

All four runs are used to estimate the effect
of time, the effect of temperature, and the
interaction between time and temperature.



2° full factorlal V. S OFAT

m [t requires less resources (four < six).

m The estimates of the effects of each
factor are more precise.

m The interaction between the factors can
be estimated.

m There 1s experimental information 1n a
larger region of the factor space.
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"5 full-factorial v.s OFAT

m Time=10 seconds (along the vertical
line of circles).

m Temperature= 1000°C (along the
horizontal line of circles.

m The center point 1s replicated twice,
and can be used to estimate natural
variability.
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EXAMPLES 3

m Three Factors in 15 Runs
m Three factors:
exhaust on time
resist temperature
environmental temperature.
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One factor atma time

m Three Factors in 15 Runs

Table 5. OFAT experiment in three factors in 15 runs

; . 16@
Exhaust Aesist Environmental
time (sec) temperature (°C) temperature (“C) Exhaust Time
SeC

2 23 21 1@ (sec)
4 23 L
8 23 21

12 23 Pl |

16 23 21 3@ Environmental

T
i il - Eﬂpﬂﬂl“d[l.ll'ﬂ
2 22 21 4’ 7 *Q)
2 23 Ly . 7
2 24 21 4
21 24 75

2 23 19 —
2 23 20 19 Resist
2 23 21 Temperature
2 23 22
2 23 23 fiﬂ

Sgure 5. OFAT experiment in three factors in 15 different runs.
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m Three Factors in 15 Runs

Table & Box—Behnken designed experiment in three factors

&
’ 23
» ® i Environmental
] ’
25 Tanf%r:ture
Resist Temperature
(*C)

Figure 6. Box—Behnken design in three factors in 13 different runs:
12 runs at edge midpoints, and 1 run at center point.

in 15 runs
Exhaust Resist Environmental
time (sec) temperature {°C) temperature {°C)

2 21 21
2 25 21

16 21 21

16 25 21
o 23 19 Exhaust Time
2 23 23 (sec)

16 23 19

16 23 23
9 21 19
9 21 23
4 25 15
9 25 23
9 23 29
9 23 21
9 23 21
N " ";6 3 ) 14 h "'\' -I I d
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Boxis better than%theOFAT

m The interaction between the factors
can be estimated.

m The experimental runs are more evenly
spread out 1n the factor space.
(better prediction)
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Fgure 7. Invented contour plot of the response for the central com-
posite designed experiment. Real response values are shown inside the
circles. The response is not minimized along the two strings of circles
of the OFAT experimeant, but is minimized using the confour ines for the
designed experiment.
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m OF

CSUMARY

m The advantages of designed experiments over
OFAT experiments.

"AT 1s 1mportant because many scientists and

engineers continue to perform.

m The examples can be used 1n academic and
industrial design of experiments classes.

m THE END THANKS
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