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e From Figure 4, select D,(I) H{)as the most significan

adjustmedll Bclor F can he waed o reduce

e How to deal with the ngxflcluster of effects in Figure 4?7 Use step-dow

@ Ls causes /M?M/ variation r‘e:/ud&oq.

e After removing 5 I pAhree points in Figure 4, make a half-normal plot
> re/naining points. The cluster of next four effects

) appear to be significant.
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Half-normal Plot of Factorial Effects
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Figure 4: Half-Normal Plot of Response Model Effects, Layer Growth Experi-

ment

jointly made by Jeff Wu (GT, USA) and S.-W. Cheng (NTHU, Taiwan)
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p. 2-22

Second Half-normal Plot of Factorial Effects
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Figure 5: Second Half-Normal Plot of Response Model Effects, Layer Growth
Experiment

p. 2-23

Control-by-noise Interaction Plots
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Figure 6: H x L and C x M Interaction Plots, Layer Growth Experiment

jointly made by Jeff Wu (GT, USA) and S.-W. Cheng (NTHU, Taiwan)
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Figure 7: A x H x M Interaction Plot, Layer Growth Experiment

p. 2-25

Response Modeling, Layer Growth Experiment

e The following model is obtained: adj%-/— ey /5

4
—F = 14.35240.400)+0.087xy +0.330f)— 0.0905

E@ [s.N) —0.239%czrx) 0.08340 — 0.08 25Xk 4)

e Recommendations: s fom CAN. mw,., P/a‘f‘.
H: — (position 2) to|+ |(position 6)

A: + (oscillating) t (continuous)
C: 4+ (1210) to(—=(1220)

resulting in 37% reduction of thickness standard variation.

jointly made by Jeff Wu (GT, USA) and S.-W. Cheng (NTHU, Taiwan)



NTHU STAT 5550, 2013 Lecture Notes

Predicted Variancred Model P22

1 :
e Assume L, M; and M, are random Var'gb‘]e/s,t—;%\—l and +1 with equal

probabilities. This leads to @ ?C @"' 1, Me Mg Mc
- t T

x,%—szwl—x[zw =x3 =xt=xp =1, ::; 1 :;
E(XL)—E(XMZ)—E(qu)—O, >4 - 4 - )

Cov(xr,xpm,) = Cov(xp,xy,) = Cov(xu,,xm,) = 0.

UndXe) = Uanl Xte) —V'M(XM&)z |-o0=1.
e From (4) and (5), we have

Eé(at,c.w@(@ = (330~ 239x)2Var(xy) + (~090 — 083xc) Var(xy,)
N

+(.082xAxH)2Var(qu) —
( B4l <. ) —  constant + (.330 — .239x)> + (—.090 — .083x¢) (008X &
= \b352+0ho2 X constant — 2(.330)(.239)xx +2(.090)(.083 )xc

+0-o81"xH. = constant — . 158x; + .015x¢.

° Choose@and@ But factor A is not present here. (Why? Se

explanation on p. 532).
Vv Reading: textbook, 11.5

AEstlmatlon égacigfmtybf%m rra alTon) enly ° =

3nR)-2 requlon n
words formed anly by noise fadors 28 all C-typewords x Netype word (-Forsmpl‘a y
e Example 1. Control arrdy is a 2?111 désign with T= ABC and the noise array

6—2
2]]]

abc. The fesulting cross array 1s a 16-run
\ Easy to show that all 9
control-by- nmse,&nteractlons are clear, (but not the 6 main effects). This is

indeed a general result stated next. ﬁ:ﬁ ;5;&
~ i)~ poyrem: Suppose a i’}p design dc is chosen for the control array, a . Tall
2 1ign dy is chosen for the noise array, and a cross array, denoted by

de ®@dy, 18 Constructed from d¢ and d
K_, c®dn et e dcyand dy.

M If{ocl, , 04 are the estimable factorial effects (among the control
factors) in d¢ and{Bl, ngare thg’ estlmablg f ctorla! effBgBS (among
the noise factors) in dy, then{ocl, Bj,oup Jifor i=1,...,A, j=1,....Bare

estimable in dc Q@ dy.

i) All the@:ontrol—by—noise interactions (i.e., two-factor interactions
between a control factor main cffect and a noise factor main cffect) are

(clear lin de®dy.
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p. 2-34

ﬂ’ %W\Aze) C'WPC wrc(S ul,"'/ Z(;)_P—[ 'Er dC -~ ZK.PJ resolaion >/3
N-type words U, .., Uas., fordy < 276, = =3

e defog witrast subgip For dex dl 475 ——— 20~ (P12
o S 0= | v- Pa. e
C{ I, ub , o-a R u‘b'.E l vl 20— )a"; "’:2-2 S L*)
# o, words = | 4 (2P0 + (8- Q-1)(23-1) = P*F rodhrtck Fhan

for Thm(WNp.2-2F) (f)‘/ﬂ ,
C moded 1 : 3~ (5)4-@.&(5)-&-~+P“Afﬁ*(£)=anmmblﬂ.mod¢€'§ dc
nadel 2: 4~ T Got¥) 1O W)+ by Froa () : + . |dw,

hen, g~ 35243‘1 _ o@g@u{s)-gém)j vs an attmable modef
o= & eplecks for dexdn

'\5 ang dafmed by cordrtonal, mam, @

¥ poos of, Thmn Cp.2-23) (). {0, By, 00853 s edimable.

o @ (:»\ O Al 3 dioi! & ()
;{;BE)J b @ i > By 3 koPy & (¥)

N4

X proo§ dly T (LNp 2-29) (1), P nisiads ‘“?'*f'fr}? = )
—if a Cs«N 2§C oppear T Uy (¢g. Aa appean m ABCasc)
> C*N afe alinsed with 4-f< or highat.
—for Gtype words, say T=PBC
Aa= (ABC) A= BCa
—for N-type wordts, =7 F=abc j—»mL most aliosed with, 3 £,
Aa= (#bo) ‘Ad =Abe
X Thm(Wp. 2-2%) can be lerzﬁd to 5P é«’lan.) 7 prime # .
A Thm (LNp.2-29) (i) T3 validf for de, dn ot rea“/m desians

SHl
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(orstruck design wag all "

oty for/Cross Arrays or Single Arraysyidug. ey
control facters & norse fodtors )z Sactoss 4o wnstd

SZM W, @ o}:'x dy gd&?gnmﬂ%y
“ ]

b: 23 x 2% design, allowing
be clearly estimated.

g7

in effects and two-factor interactions td

Cvotelliq . 4 m st MEvatlt 25

e Use a single array with for all five factors: a resolution@ 251
design with I = ABCab or I = —ABCab, all main effects and two-factor
interactions are clear. (See Table 7)

e Single arrays can have smaller runs, but cross arrays are easier to use and
interpret.

p. 2-29

AS GO: W“ﬁ'

ol novs 2 24 —
w237 | 25hg | -

wiih

T=ABDA, 29{32 -

o: I1=ABCab,o:1=—ABCab,
v Reading: textbook, 11.6, 11.7
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p. 2-30

&
Comparison of Cross Arrays gingle Arrays
Croséawg : I=ABC=abc=ABCabc , L.
( eligible efceC clean = —
\
A,B.C,a, 6,(_, AﬁpA’b;At/Ba:BQ:B‘)Q»CbICQ. o

A.B.C,a,b,c
a.b,c,Aa,Ba,Ca 1{\/ A.B, C, Ab. &6, Ch,Ac,BoCe

e Example 1 (contiffedAR%lternative 1s to choose a single array 2 design
with I = ABCa = ABbc = abcC. This is not advisable becausea 2fi’s are
clear and only main gffects are clear. (Why? We need to have some clear
control—by—noisd%te?actions for robust optimization.) A better one is to use
a 2?1}2 design with I = ABCa = abc = ABCbec. It has 9 clear effects:

A,B,C,Ab,Ac,Bb,Bc,Cb,Cc (3 control main effects and 6 control-by-noise
interactions).

# tnodsguncy 1), vesdifion 3 winimum aberalion ( smglz,wwag) & they

do not dre\'w&utsk/ “tha o bifpes &, Sadtors . Pe-?r?;&: m f@?ﬁ“

% wodificaoon et dC aﬂb\:\ﬂ ?ﬁv\d?\tz Saddprs
‘C-::N =CxN } > l?/%czzuo«:]) >>l N}N’

Vv Reading: textbook, 11.8
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