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Design Factor

Gap Pressure C,F, Flow Power

A B Cc D
Level (cm) (mTorr) (SCCM) (W)
Low (=) 0.80 450 125 275
‘High (+) 1.20 550 200 325
¢ DESION and  RESPONGES
A B C D Etch Rate
Run (Gap) (Pressure) (C,F¢ Flow) (Power) (A /min)
1 -1 -1 -1 -1 550
2 1 -1 -1 -1 669
3 -1 1 -1 -1 604
4 1 ] -1 -1 650
5 -1 -1 1 -1 : 633
6 1 -1 1 -1 642
7 -1 1 1 -1 601
8 1 1 1 -1 635

9 =1 -1 -1 1 1037
) 1 749

1 1052

1 868

13 -1 -1 1 1 1075
1 -860

I 1063

1 729
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¢ Table of Can"‘V'QS\—s:

Run A_B AB C AC_BC ABC D AD BD ABD CD ACD BCD ABCD
1 (D) - - 4+ = 4+ 4+ - = + o+ - + - - +
2 a. + - - - - % + - - + + + + - -
3 b -+ = =+ =+ = =+ =4 -
4 ab + + + = = = - - - = - + + + +
5 ¢ - - + + - - + - + 4+ - - + + -
6 ac + = = 4+ + - = -~ = 4 + - - + +
7 b -+ = + - o+ e + - + - +
B abc + + + + + + 4+ - - - - - - - -
9 d - - + - 4+ 4+ - + - - + - + + -
0 ad + - - = - 4+ + 4+ + = =~ = = + +
11 s - + - = + = 4+ + =~ + - = o+ - +
12 abd + + + - = - 4+ + + + - - - -
B3 ed - - + + - - + + - - 4 + - - +
4 ad + - - + + - - + + - - + 4+ - -
15 bed - + =~ + - + = + = + -~ + - + -
16 abed + + + + + 4+ + o+ 4+ + + + + +
o Caleladoan of Elfede
| A= —101.625 AD = - 153,625
A= {la+ab+ ac + abc + ad + abd + acd + abed — (1) — b B= —1625 BD = —0.625
¢~ d~bc—bd~cd - bed] AB= -7875  ABD= 4125
= (669 + 650 + 642 + 635 + 749 + 868 + 860 + 729 — 550 T - '
— 604 ~ 633 — 601 — 1037 — 1052 — 1075 — 1063] = 7375 (D= ~-2.125
= —101.625 AC = —24875 ACD = 5.625
BC = ~43875 BCD = ~25375
ABC = —15625 ABCD = -40.125
D= 306125
o Which offects ave omuifrcant 7
Source of Sum of Degrees of
Varistion ~ Squares Freedom Mean Square Fy
Ao ‘ 41,310.563 1 ‘41,310,563 22y
B 10.563 1 10.563 <l
c 217.563 1 217.563 <]
Na:») 374,850,063 | 374,850.063
" AR 248,063 1 248,063 <1
AC 2,475.063 1 2,475.063 121
94,402,563 t 99,402,563
BC 7,700.063 1 7,700.063 3.78
BD 1.563 1 1,563 <l
cD 18.063 1 18.063 <]
Error 10,186,815 5 2,037.363
5

Total 331,420,938
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A B c D Etch Rate
Run (Gap) (Pressure) (C,F, Flow) (Power) (A/min)
17 0 0 0 0 706
18 0 0 0 0 764
19 0 0 0 0 - 780
20 0 0 0 0 761
o= 1
SQ = lo (W) (76 .0625 - 152::5) = 11390 W \.def
|o+Y
\ 20 .
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c.s. LA
2 - l - = v = 2
So S = 0% [t = LTl Fiia € 5
ste 3112,7/ 3
[,28% = -{;N 5 = o2 0.20
)

A .. Not Q\‘Snﬁﬁmm;\-,
v ki Q\&euMl-.\/e ofen yced

D vl—.\\%c Q) vee\clua \«%vmajﬂ\a/\ Cslﬂ vot
usA— +ire Fuwz ewvas" Boam  Center pomt, M
euq\uaj(ﬁ/\ﬁ gngwi ifrcauce
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ANOVA for Selecied‘ﬁsd;l'“

SUM OF MEAN
SOURCE SQUARES bF SQUARE F VALUE PROB > F
MODEL 521234 .1 10 52123.4 31.33 0.001
CURVATURE 1739.1 1 1739.1 1.045 °~  0.3365
RESIDUAL 13309.6 8 1663.7
LACK OF FIT 10186.8 5 2037.4 1.957 0.3079
PURE ERROR 3122.7 3 1040.9
COR TOTAL 536282.8 19
ROOT MSE 40.7884 R-SQUARED 0.9751
DEP MEAN 771.4000 ADJ R-SQUARED 0.9440
c.v. 5.29%
COEFFICIENT STANDARD t FOR HO
VARIABLE ESTIMATE DF ERROR COEFFICIENT=0 PROB > |t|
INTERCEPT 776.0625 1 10.1971
A -50.8125 1 10.1971 -4.983 0.0011
B -0.8125 1 10.1971 -7.97E-02 0.9384
c 3.6875 1 10.1971 0.3616 0.7270
- D 153.0625 1 10.1971 15.01 0.0001
AB -3.9375 1 10.1971% —-0.3861 0.7095
AC -12.4375 1 10.1971 -1.220 0.2573
AD -76.8125 1 10.1971 -7.533 0.0001
BC ~21.9375 1 10.1971 -2.151 0.0636
BD -0.3125 1 10.1971 -3.06E-02 0.9763
. co -1.0625 1 10.1971 -0.1042 0.9196
CENTER POINT -23.3125 1 22.8014 -1.022 0.3365
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AR-T = MR ABCD  and Gmfkav(‘j- pC= BD
A% = Cd _ AD = BC
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. The 2*7! Design with Defining Relation I = ABCD

Run A B C D = ABC Etch Rate
1 (€)) - - - - 550
2 ad + - - + 749
3 bd - + - + 1052
4 ab + + - - 650
5 cd - - + + 1075
6 ac + - + - 642
7 be - + + - 601
8 abed + + + + 729 -
M EFRCT Qe==-MD  «— 6K
Lw = 4.0
0y = 2605 = VoWl

ToTERACIONS! Qpny, = —1OD
Lpe= -26.5 | |
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Gap Power = Coded Variables Etch Rate Uniformity

Observation {cm) (W) x X y, (A/m) y(A)
1 1.000 350.0 = 1.000 - 1000 1054.0 96.9
2 §.400 350.0 1.000 - 1.000 936.0 117.8
3 1.000 400.0 - L.OOG 1.000 1179.0 1144
4 1.400 400.0 1.00C . 1.000 1417.0 1183
5 0.917 375.0 —1.414 0.000 1049.0 102.6
6 1.483 375.0 1414 0.000 1282.0 1139
7 1.200 3396 ¢.000 —1.414 927.0 95.9
8 1.200 4104 0.000 1.414 1345.0 1254
9 1.200 3750 0.000 0.000 1151.0 102.5
10 1.200 37590 0.000 0.000 1150.0 104.5
11 1.200 3750 0.000 0.000 1177.0 113.5

12 1.200 3750 0.000 0.000 i196.0 - 108.4
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'I?ngessmn B awple

- 9“\'3 le Vartable | x; chosew at vandoun
observation estimated
number age dispersion dispersion residual
u Xy Ya p- - 0‘50098x, Yo — .p-
l 8 6.16 40079 21521
2 22 2.88 110216 =1.1416
3 35 14,35 17.5344 —3.1844
4 40 24.06 20,0393 4.0207
5 57 30.34 28.5560 1.7840
6 73 3217 36.5718 -44018
7 78 42.18 39.0767 31033
‘8 87 43.23 41.5855 —-0.3555
9 98 48.76 49.0963 —0.3363
Tyl = 890130 T §=883664 Y (v, — 9 = 64.669
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model Sh = 8836.64 1 B8I664) oo b
residual Sp= 6467 8 8.08( "1 €.0W)
1o1al Sy = 8901.31 9 = \04"(
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Analysis of varfance for growth rate data: straight line model
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Analysls of varisnce for growth rate data: quadratic model
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