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Epitaxial Layer Growth Experiment 23,7

Sactorial design (B3 :2 It) < multi-way layout E— "‘{"fz 5
often used in exp'ts with a larger # of Sackorsct: esigns in CH3

o An AT&T experiment based on 2* design; _in industrial era (M—expléf)we

four treatment factors each at two levels. % response: thickness | Y=X8+€&

There are 6 replicates for each of % treatment factors: A.B.C.D

the 16 (=2%) level combinations; Q;wgtﬁ:”—’_‘o‘ﬂ 2 levels — -1,+1

i i} oSten used in || *gualitative or guontitative” (s
data given on hfiS 2 Sachrial expis?| | mot an, important {SSue in
ments 2-level case [why? both

alitative or

titad Table 1: Factors and Levels, Adapted

- Q 7 2 p .

guantitative Epitaxial Layer Growth Experiment Can use (0.1)or(-1,1) COJI_IBS]
Treatment Factor =] Level ({] *Exp‘hl unit: a group of 6 wafers

susceptor-rotation method |continuous oscillating

B: nozzle position % 6 """”93"”"54 °e°*°

C.| deposition temperature (°C)| 1210 1220 r (A.B.C.D)F
D] deposition time low high 2 16 whole plots, 96 subplots

the objectives in the comparative exp'ts _ = all4 fuctors are WP Fuctors
c5. Objective : Reduce variation of y  distribution L distribution of x,

B - - of Yx3 —= distribution of Yx
(=layer thickness) around its target ¥ 1

14.5 um by changing factor level ~distribution of Yx, distribution of Yx,

%5 »

combinations.

e

Data from Epitaxial 5obs.§_/:§50bs mE(ga1=Bov EQ-_"A -

Layer Growth Experiment 7ow rgh ©* =248
ayer Growt periment o s B B Vo=’

¥
2“ Sull Table 2: Design Matrix and Thickness Data, unrepli % co E I’m del'
—5 dﬁ - .
'-FaCtPr‘a' Adapted Epitaxial Layer Growth Experiment | cabed
design = — Y ,i.,ﬁ &"'BO*'A"'B*C*D
actor = XX . g %
Run AAMB B C D ee o Thickness lcabe y 32 lns2 +AB+AC*AD
T (gl © 1|77 +BC+BD+CD
. ABCD check LNp #-65+2 +
1 — e+ 14.506 14.153 14.134 14339 14.953 15.455|14.59|0.270 —1.309 ABC+ABD+ACD
2 ST 12,886 12.963 13.669 13.869 14.145 14.007| 1359|0201 —1234| +BCD+*ABCD
3 )+ + 13.926 14.052 14392 14.428 13568 15.074|14.24]0268 —1317| <+ E
The & of 4 BT I 13.758 13.992 14.808 13.554 14.283 13.904 | 14.05|0.197 —1.625
di 5 — -t -+ 14629 13.940 14.466 14.538 15281 15.046 | 14.65[0.221 —1.510 Sor G/
level 6 —=F = 14059 13.989 13.666 14706 13.863 13.357|13.94|0205 —1.585 | \TIeCkness)l $3/gn(s®
¢ llS 7 — -l o+ o+ 13.800 13.896 14.887 14.902 14.461 14.454|14.40|0.222 —1.505 @m;-mickmss
mﬁee\'pt 8 -+ - 13.707 13.623 14210 14.042 14.881 14378 |14.14|0215 —1.537 3 05 all obs =1bx6=94
> can be 9 T = N 15050 14361 13.916 14431 14.968 15.294|14.67|0.269 —1.313 = =
used to 10 R 14249 13.900 13.065 13.143 13.708 14.255| 1372|0272 —1302
stud, 11 T =l o+ 13.327 13.457 14.368 14.405 13.932 13.552|13.84[0220 —1.514 1o —» for effects
14 '.b ‘ ‘ ‘ : ‘ ‘ Bl e ‘ 80 - SorVar(P)
pammm 12 WU R 13.605 13.190 13.695 14.259 14.428 14.223]|13.90[0.220 —1.474 @resPonse' /S%0S?
(1 3"'2“20])" 13 NI PR 14274 13.904 14317 14.754 15.188 14.923|14.56|0.227 —1.483 4
Eeﬁect; 14 +a [+ - — 13.775 14.586 14379 13.775 13.382 13.382(13.88]0.253 —1.374 a" ObS.='|6
= 15 +Al+ + + 13723 13914 14.913 14.808 14.469 13.973|14.30[0.250 —1.386
T+ - 4031 14467 14675 14252 13658 13.578] 14.11 0192 ~1.650 |6¢;°Y2%
X S O = Jor Var(3)
. - D
model matrix—  contain what information”
% Reading: textbook, 4.1 E(¥x) and Var(Yx) < pure error information »

jointly made by Jeff Wu (GT, USA) and S.-W. Cheng (NTHU, Taiwan)
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$t of distinct level combinations P53
Designs: A General discussion

#of |— Actually, 2% Sull Sactorial design
levels| > Full factorial design (2B3-:%:t) =2 an OA of s{-reng-l:h k

® 2 x2x...x2=2"design. (orthogonal; oS-desisz fl'ix)
+ mode ~
cF[Des;gnmmx > Al effecks cn model matrix
e“Planning matrix vs model matrix-»>7= X@+g| are gg_om&rical [¥ OL{MOIIQI
(see Tables 4.3, 4.5, textbook, p.158 & 161). | _(under sum codings)

e Run order and restricted randomizationef1 * factorC isa "“’d'*"‘d'aﬂge factor

" o
ﬁee Table 4.4, textbook, p.160). ? ?ﬂc;l oF "f'sns‘?' o':c"g's 1210.1 zi’? C
randomization performs once whole

sub
e Balance: each factor level appears the

same number of times in the design matrix.‘l—

e Orthogonality : for any pair of factors, OA of s*b'engi'h 1
defined | each possible level combination appears % In model matrix, ME L 1 e

o1 DM| the same number of times in the design matrixe—= QA oY streng{-h 2 [sum CDdI'_LﬂS!
: : : = Inmodel matrix, ME LME
e Replicated vs unreplicated experiment.€=_ ——

T Thickmess & 9 /ca/g < Replicates can bring in injormation
% Reading: textbon:k, 4.2 g/s /an about 'Var(Z;Q«-) ->$

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



