DOE v softveri Minitab _Faktorovy

experiment

UvaZujme o experimente typu 23 s dvoma replikaciami v kazdom bode (priklad
z prednasky_nitridové leptanie plazmovych dosticiek). V Minitabe nasledujucim spésobom
vytvorime plan experiment, doplnime namerané hodnoty a spustime analyzu dat.

1. Vyberom v hlavnhom menu z ponuky Stat_DOE si zvolime faktorovy experiment, t.j.

zvolime Factorial s moZnostou Create Factorial Design...

11l Minitab - Untitled

File Edit Data Calc Graph View Help Assistant Predictive Analytics Module  Additional Tools

= d Basic Statistics 3
Regression 3

Navigator ANCVA N

I DOE Ib Screening »

Control Charts >I Factorial Ib II:I Create Factorial Design... l
Cuality Tools 3 Response Surface 3
Reliability/Survival Mixture 3
Predictive Analytics Taguchi 3
Multivariate
Time Series
Tables

Monparametrics
Equivalence Tests

Power and Sample Size

V dialégovom okne volime typ experimentu, t.j. 2 Uroviiovy s troma faktormi.

Create Factorial Design X

Type of Design

{+ 2-evel factorial (default generators) (2 to 15 factors)
" 2devel factorial (specify generators) (2 to 15 factors)
(™ 2-evel split-plot (hard-to-change factors) (2 to 7 factors)
" Plackett-Burman design (2 to 47 factors)
(™ General full factorial design (2 to 15 factors)

'-* - Display Available Designs..” '
Deslgns

Number of factors:

Help Cancel

Volime pocet faktorov.

V polozke Designs volime:

Open Ctrl+O

New Project  Ctrl+Shift+N
New Worksheet Ctri+N
Create Factorial Design: Display Available Designs X

Available Factorial Designs (with Resolution)

[F ]
8 [Full] 1v |

Minitab ponuka prehlad
vhodnych a nevhodnych | ... .. ot

27 12202428,..,48 2013

Factors
Run| 2 | 3[4 |5[6|7[8]9[10|11[12]|13]14]15

16 (Rl v v v v | SO
32 RN v v v vV IV VIV IV IV
64 AW v v v vV VIV IV
128 (R v v v

Available Resolution ITI Plackett-Burman Designs

Runs Factors  Runs
24,28,32,36,...,98 3639  40,4,%8

typOV experimentu pOd la 811  12,20,24,28,..,%8 2427 28,3236,40,4,% W08 4B
1215 y /I 32,36,40,44,%8 4447 49
poctu faktorov a uvadza | *®° FEEes @ swdnk
korespondujuce rozlisenie. [
Create Factorial Design: Designs X
Designs Runs Resolution 2°k-p)
1/2 fraction 4 111 2"(3-1

Full factorial

typ experimentu Uplny alebo Ciastocny;
pocet centralnych bodov, resp. pocet
replikacii v centralnom bode;

pocet replikacii vo faktorovych bodoch;
pocet blokov.

MNumber of center points per block:

0 -
Number of replicates for corner points: E o
1 -

=]

Number of blocks:

Help

Cancel




V dalsom kroku je potrebné v polozke Create Factorial design definovat faktory, ich Urovne,
zadat typy faktorov (kvantitativnych premennych — Numeric alebo kalitativhych premennych
— Text). V polozke Create Factorial Design ur¢ime ¢i pridavame body pldanu experimentu

k predchadzajucemu planu (napr. budujeme zlozitejsi model) alebo zac¢iname novym
experimentom, ¢i volime ndhodné poradie experimentdlnych bodov (randomizaciu) alebo
chceme zobrazit plan experimentu v pévodnom poradi. V polozke Results volime typ
zobrazenia vysledkov...

Create Factorial Design X Create Factorial Design: Factors *
Type of Design — - - ; High
actor me ow
{« 2devel factorial (default generators) (2 to 15 factors) \rr..le 9
" 2devel factorial (specify generators) (2 to 15 factors) A medzera Mumeric ﬂ 0,8 1,2
" 2devel split-plot (hard-to-change factors) (2 to 7 factors) B prietok plynu | Numeric ﬂ 125 200
" Plackett-Burman desian (2 to 47 factors) ﬂ C wykon na kat | Numeric ﬂ 275 3249
" General full factorial design (2 to 15 factors) /
Mumber of factors: E - Display Available Designs. ..
Designs... | Factars... 1
Options... | Results... ‘L
NG Help OK | Cancel
Help 2 QK | Cancel | \\
Create Factorial Design: Results d

Printed Results

Create Factorial Designs: Options X " None

" Summary table

+ Summary table, alias table

" Summary table, alias table, design table

Fold Design
{* Do not fold lﬁ

i i
Fold on all factors " Summary table, alias table, design table, defining relation
" Fold just on factor:
Content of Alias Table
¥ Randomize runs {+ Default interactions
Base for random data generator: {” Interactions up through order:

V¥ Store design in worksheet

Help OK | Cancel | Help OK | Cancel

Minitab ponuka vystup v nasledujicom tvare:

Full Factorial Design ~ X
B WORKSHEET 1

Full Factorial Design

Design Summary

Factors: 3 Base Design: 38
Runs: 16 Replicates: 2
Blocks: 1 Center pts (total): o

All terms are free from aliasing.

Okrem zhrnutia zadanych udajov (pocet faktorov, pocet urovni, pocet replikacii) vypis
obsahuje pocet bodov planu experimentu a pocet merani zohladnujuci pocet replikacii



v kazdom bode. V nasom pripade pracovny list obsahuje vSetky kombindcie 2 Urovni pre 3
faktory v nahodnom poradi s 2 replikaciami. K tomuto planu experimentu je potrebné
doplnit stipec (C8) s nameranymi hodnotami odoziev Y.

* C1 c2 c3 c4 C5 Ca o) ca
StdOrder RunOrder CenterPt Blocks —medzera prietok plynu  wykon na katode ¥
1 14 1 1 1 1,2 125 325 864
2 4 2 1 1 1,2 200 275 642
3 & 3 1 1 1,2 1253 325 745
4 2 4 1 1 1,2 1253 275 630
5 1 3 1 1 0,8 200 275 601
b 5 B 1 1 0,8 125 325 1037
7 1 7 1 1 0,8 125 275 B0
8 7 8 1 1 0,8 200 325 1063
9 13 9 1 1 0,8 125 325 1052
10 16 10 1 1 1,2 200 325 260
n 10 11 1 1 1,2 1253 275 66
12 15 12 1 1 0,8 200 3 1073
13 12 13 1 1 1,2 200 75 633
14 3 14 1 1 0,8 200 275 633
15 8 15 1 1 1,2 200 325 720
16 9 16 1 1 0,8 125 275 550

K vygenerovanym hodnotam urovni zadanych faktorov , t.j. k jednotlivym bodom planu experimentu,
doplfiame zodpovedajtice hodnoty nameranych rychlosti nitridového leptania.

2. Na grafické zobrazenie priemeru nameranych hodno6t alebo predikovanych hodnot
pouzivame ponuku Cube Plot.

T Minitab - Minitab_nitridove leptanie.mpx

File Edit Data Calc Stat Graph View Help Assistant Predictive Analytics Module Additional Tools
=== ® Basic Statistics
Regression
Navigator ANOVA v x
Full Factorial Design DOE Screenin q >
et e e V] Control Charts Factorial » 1] Create Factorial Design... katode
Quality Tools Response Surface  » [T Define Custom Factorial Design
Reliability/Survival Mixture »
Predictive Analytics Taguchi v B

Pre-Process Responses for Analyze Variability...
Multivariate

L, Modify Design
Display Design...

Time Series
Tables

Nenparametrics

Equivalence Tests
Power and Sample Size
meuzers priewx plynu
medzera*vykon na katode
prietok plynu*vykon na katade

medzera*prietok plynu=wykon na katode

] Analyze Factorial Design
Toh Analyze Binary Response...
T3 Analyze Variability...

LY Predict.

“ 'l Contourf

>% Factorial Plots...

(E) CubePlopy

Cube Plot
Surface P
by Overlaid ¢ ©°

Response W

Okno Cube Plot vyZaduje zadanie hodnoty, ktoru chce zobrazit, t.j. vyberame priemer
nameranych odoziev (Data means) alebo predikované hodnoty (Fitted means). Pri zadavani
premennej do odozvy vyberame z ponuku v lavom okne vyberom oznacenej premennej

a potvrdenim cez Select alebo dvojklikom lavého tlacidla mysi. V €asti Variables to Include in
Plots zadavame, ktoré faktory chceme v grafe zobrazit (vyber z ponukanych ma vyznam



najma pri velkom pocte faktorov). V nasom pripade nechavame vsetky 3 faktory. Options
ponuka doplnit nazov CPLOT-u.

Cube Plot *

[N Type of means to use in plots:

+' Data means

" Fitted means
Response: | {optional)
Variables to Indude in Plots

Available: Selected:

; A:medzera
B:prietok plynu
C:vykon na katode

<

Options... | |
Help oK | Can

A

~

Cube Plot: Options X

Title: ||

Help OK Cancel

Vysledny CPLOT s priemerom nameranych hodnot vo faktorovych bodoch:

Cube Plot (data means) for Y

5]
e

d

E

VA =

~&lE
t

wykon na katode

3. Po zadani nameranych hodnot odozvy je mozné spustit analyzu faktorového experimentu.

1M Minitab - Minitab_nitridove leptanie.mpx
File Edit Data Calc 5tat Graph View Help Assistant Predictive Analytics Module Additional Tools

- = '_EE % |_— Basic Statistics 3 ﬂ[ ul:l:lu? 4
Regression | J—
Navigator ANOVA Nk
I Full Factorial Design I DOE I L Screening 4
Control Charts 4 I Factorial I » [ Create Factorial Design...
Cuality Tools 3 Response Surface » 17 Define Custom Factorial Design...
Reliability/Survival b Mixture 3
Predictive Analytics » Taguchi » E:'-; Pre-Process Responses for Analyze Variability...
- ,
Multivariate %i Modify Design... II:I Analyze FKtoriaI Design...
i 2
Time Series Display Design... m Analyze BT~ - me e
Tabl 2 - .
ables . er pts (tota) o [l AnalyzeV Analyze Factorial Design
Monparametrics 4 Fit a model to a factorial design,

Eauivalence Tests 3



Definovanie odozvy, t.j. zavislej premennej. V pripade viacerych sledovanych zavislych
premennych sa spracovanie vysledkov robi pre kazdu osobitne.

Analyze Factorial Design

cs v

X

Responses:

-

Stepwise... |

Smr%.. |

Terms... |Covar|abes...| Options... |

Graphs... | Results...

Kovariat je kvantitativna premennd, ktoru pocas
experimentu cielene nemenime, ale je mozné ju merat
(teplota okolia, vlhkost, tlak, sietové napatie.....) .
Model umoznuje kovariaty zahrnut a upravit ako
vstupné premenné, ktoré boli merané, ale neboli
randomizované alebo kontrolované v experimente.
Pridanie kovariatov méze vyrazne zlepsit presnost
modelu a ovplyvnit konec¢né vysledky analyzy. Ich
zahrnutie do modelu méze znizit chybu v modeli a

= I corcal zvysit tak silu faktorovych testov.
|
Terms: Volime &eny V polozke Stepwise volime metddu, ktorou
v regresnom modeli, t.j. zadame vyluc¢ime z modelu nevyznamné ¢leny (vid'
, ).
. < . hierarchicky model).
faktory a uvaZované interakcie. y )
Analyze Factorial Design: Terms > Analyze Factorial Design: Stepwise
Indude terms in the model up through order: = Method: hd
Selected Terms:
Aimedzera
B:prietok plynu 3 A
C:vykon na katode Civykon na katode B
AB c
< AC AB
BC AC
&= ABC BC
ABC
Default
-
-
Help oK | Cancel
0,15
0,15
Analyze Factorial Design: Graphs * 4
C1 StdOrder Effects Plots .
€2 RunCrder ¥ Pareto [+ Mormal I Half Normal i sbout the method =
C3 CenterPt
C4 Blocks |Display only model terms ﬂ U Ok | Cancel
C5  medzera
Cé  prietok plynu Residuals for Plots:
C7  wykon na katode " Regular % Standardized " Deleted
ca v
Residual Plots
™ Individual plots
-
r . . .
— V ponuke Graphs zaddvame poZadované
~

Help

{* Four in one

| Residuals versus variables:

grafické vystupy (Pareto graf, normalny
pravdepodobnostny graf, graf rezidui).

Cancel




Vystup vieme zobrazit v jednoduchej alebo rozsirenej tabulke. Zaddvame poZadované
Statistiky, ktoré chceme dalej spracovavat.

Analyze Factorial Design: Results

Display of Results

[ Method
v analysis of variance

v Model summary

I Coeffidents: |Default coefficients ;I
v Regression equation
v alias structure:

¥ Display default interactions

" Display interactions up through order: I vl

|v Fits and diagnostics: IDnIy for unusual observations

[T Means

o | o ]

Cancel I

Analyze Factorial Design: Storage

[~ Fits

™ Residuals

[ standardized residuals
[ Deleted residuals

r Leverages

[ Cook's distance

™ DFITS

Help |

[ Effects

[ coeffidents
r Design matrix
[~ Means

o]

Cancel




Vystup Minitabu je v nasledujucom tvare:

Factorial Regression: ¥ vers... ~ X
B WORKSHEET 1

Factorial Regression: Y versus medzera; prietok plynu; vykon na katode

Coded Coefficients

Term Effect Coef SE Coef T-Value P-Value VIF
Constant 776, 119 65,41 0,000

medzera -1016 -50,8 119 -4 28 0003 1,00
prietok plynu 7.4 37 11,9 0,31 0764 1,00
vykon na katode 3061 1531 119 12,80 0000 1,00
medzerz*prietok plynu -249 -124 119 -1,05 0,325 1,00
medzerz*vykon na katode -1536 -76,8 11,8 -5,47 0,000 1,00
prietok plynu*vykon na katode =21 -1.1 119 -0,09 0831 1,00
medzerz*prietok plynu®vykon na katode 5.6 2.8 11,8 0,24 0819 1,00

Model Summary

5 R-sq R-sqladj) R-sqipred)
474512 9661% 93,64% 86,44%

Analysis of Variance

Source DF AdjS5 AdjMS F-Value P-Value
Madel 7 513400 73243 3256 0,000
Linzar 3 416378 1387932 61,62 0,000
medzera 1 41211 41211 18,34 0,003
prietok plynu 1 218 218 0,10 0,764
vykon na katode 1 374830 374830 166,41 0,000
2-Way Interactions 3 Se898 32289 14,34 0,001
medzera*prietok plynu 1 2475 2475 1,10 0,325
medzera*vykon na katode 1 04403 04403 4191 0,000
prietok plynu*vykon na katode 1 18 18 0,01 0,931
3-Way Interactions 1 127 127 0,08 0,819
medzera*prietok plynu*vykon na katode 1 127 127 0,08 08189
Errar 8 18020 2233
Total 15 531421
Regression Equation in Uncoded Units
¥ = -5487 + 5355 medzera + 6,6 prietok plynu + 24,1 vykon na katode

- 6,2 medzera®prietok plynu - 17 8 medzera®vykon na katode
- 0,0161 prietok plynu*vykon na katode + 0,0150 medzera*prietok plynu*vykon na katode

Vystup obsahuje vypocitané hodnoty efektov, bodové odhady koeficientov regresného
modelu, ich Statistiky, index determinacie, upraveny index determinacie. ANOVA umoziuje
posudit Statisticki vyznamnost regresného modelu, prispevok linearnych ¢lenov, interakecii 2.
i 3. radu.

Rovnica regresného modelu je uvedena v nekédovanych (pévodnych) jednotkach.



V Pareto grafe su efekty usporiadané podla velkosti zostupne.

Pareto Chart of the Standardized Effects
{response is ¥; o = 0,05)

Factor  MName

A medzera
B prietok plynu
C wykon na katode

Standardized Effect

Normalny pravdepodobnostny graf zobrazuje signifikantné efekty faktorov a ich interakcii.
Tie ktoré st nevyznamné lezia pozdiz priamky.

Normal Plot of the Standardized Effects
(response is ¥: o = 0,05)

a9
Effect Type
® Not Significant
95 - B Significant
207 mC Factor Mame
A medzera
&0 > B priatok plynu
70 C vykon na katode
T &0
@
E 50
o 407 Y
304
|
20
10+ B AC
5_
l T T T T T
-5 0 5 10 15

Standardized Effect




V grafe rezidui vizualne kontrolujeme normalitu rezidui N(0;62) a ich nezavislost.

Mormal Probability Plot
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Histogram
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Standardized Residual

Residual Plots for Y
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Fitted Value

Wersus Order

1 2 3 4 % 6 7T & 2 101 1213 14 1% 16

Observation Order

4. Model obsahuje aj ¢leny, ktorych vplyv na odozvu nie je signifikantny. Opatovnym
vyberom ponuky Analyze factorial design volime metédu Backward elimination a hladinu

vyznamnosti pri volbe hierarchického modelu.

Analyze Factorial Design: Stepwise

Method:

=

Backward elimination

Potential terms:

I A

I B

I C

I AB

I AC
I BC

I ABC

E = Include term in every model |

I = Include term in the initial model

Alpha ko enter:

Alpha to remove: I 0,05

Hierarchy... |

|¥ Display the table of model selection details

IDeiBiIs about the method

Help |

=

o]

Cancel




Vystup Minitabu je v tvare:

Factorial Regression: Y versus medzera; prietok plynu; vykon na katode

Backward Elimination of Terms

cto remowve = 0,05

Coded Coefficients

Term Effect Coef SECoef T-Value P-Value VIF
Constant 7761 104 7446 0,000

medzera -1016  -508 104 -4.88 0000 1,00
vykon na katode 3061 1531 104 14,69 0,000 1,00
medzera®vykon na katode -1536 -76.8 104 =737 0000 100

Model Summary

S R-sq R-sgladj) R-sq(pred)
416911 9608% 95,00% 93,02%

Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value
Model 3 510363 170188 a7.91 0,000
Linear 2 418161 208080 119,71 0,000
medzera 1 431 41311 2377 0,000
wykon na katode 1 3748350 74850 215,66 0,000
2-Way Interactions 1 Q4403 Q4403 54,31 0,000
medzera®vykon na katode 1 Q4403 Q4403 54,31 0,000
Errar 12 20858 1738
Lack-of-Fit 4 2837 708 021 0,860
Pure Error a 18021 2253
Total 15 531421

Regression Equation in Uncoded Units

Y = -5415 + 4355 medzera + 21,48 wykon na katode - 15,36 medzera*vykon na katode

5. Po vyluceni prietoku plynu a vSetkych interakcii s tymto faktorom, je mozné zobrazenie 3D
grafu, t.j. odozvovej plochy a vrstevnicového grafu (Contour Plot) .

File Edit Data Calc Stat Graph View Help Assistant Predictive Analytics Module Additional Tools

"~ H|l&| %k Basic Statistics 3 f\' ET= T 14 o
Regression 3
Navigator ANOVA p vers.. ¥ X
Full Factorial Design DOE » Screening »
Factorial Regression: ¥ v Centrol Charts 4 Factarial » 1 CreateFactorial Design...
; jod . —

Cube Plot (data means) Quality Tools 4 Response Surface » Define Custom Factorial Design

Reliability/Survival 3 Mixture 3
Factorial Regression: ¥ v - X X o

emmremeeemeeoeeerrene, Predictive Analytics »  Taguchi » B Pre-Process Responses for Analyze Variability...
Contour Plot of ¥ vs vk Multivariate )
Medify Design... Analyze Factorial D
Surface Plot of ¥ vs vyke Time Serics . % odify Design I1 Analyze Factorial Design
Display Design... Il Analyze Binary Response...
Factorial Regression: ¥ v Tables » .
8 I3 Analyze Variability...

Prediction for ¥ MNenparametrics 3

Equivalence Tests » “Y Predict..

Power and Sample Size r Factorial Plots...

~ Cube Plot...

Contour Plot...

Surface Plot

Overlaid Cor



Surface Plot

Response:  |Y

Variables:

(* Select a pair of variables for a single plot

=
=

" Generate plots for all pairs of continuous variables

X Axis: Imedzera

¥ Axis: I'vykon na katode'

¥ In separate panels of the same araph

 on separate graphs

Surface Plot of Y vs vykon na katode; medzera

Settings... Options... }|  view Model... |
Help | oK Cancel |
1050
900
Y
750
320
600
vykon na katode
10 T 280
medzera 12
Contour Plot *
Response: | - |
Variables:
¥ Select a pair of variables for a single plot
¥ Axis: Imedzera j
¥ Axis: I'uyknn na katode' ﬂ
" Generate plots for all pairs of continuous variables
{¥ In separate panels of the same graph
 on separate graphs
Contours... | Settings... |
Options... | View Model. .. |
Help | QK | Cancel | Contour Plot of Y vs vykon na katode; medzera

wykon na katode

0.3 03 12

10 11

medzera

200

800
200

500
700
B00
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1000

= 1000



6. Model je mozné pouZit na predikciu rychlosti nitridového leptania pre zvolené Urovne

faktorov medzera a vykon na katéde.

A Minitab - Minitab_nitridove leptanie.mpx

File Edit Data Calc Stat Graph View Help Assistant Predictive Analytics Module Additional Tools

-
=]
Navigator
Full Factorial Design
Factorial Regression: ¥ v
Cube Plot (data means)

Factorial Regression: Y v

Basic Statistics
Regression

ANOVA

DOE

Centrol Charts
Quality Tools
Reliability/Survival
Predictive Analytics
Multivariate

Time Series

Tables
MNonparametrics
Equivalence Tests
Power and Sample Size

Constant
medzera

b

b

v X
b Vers...

3 Screening 3

3 Factorial v I'1 Create Factorial Design... B
3 Response Surface » I7. Define Custom Factorial Design...

3 Mixture 3

3 Taguchi 3 E’é Pre-Process Responses for Analyze Variability...

' 5, Modify Design... 11 Analyze Factorial Design...

' Display Design... Il Analyze Binary Response...

3

3

3

] Analyze Variability...

) 2nts ILY Predict.fy l

Effect Coef SE o5 fectoral | ..
776.1 ] CubePle

Predict response values based on a fitted model.
016 -508 [ Contour ?

Predict

Response: IY

¥ Indude covariates in prediction

IEntEr individual values

x|

medzera

‘wykon na katod| A

0,9

280

]
=l Predict: Options
Confidence level: I
=l

Type of interval: ITwo—sided "l
Help | QK

Cancel

Results. .. Storage... | \jeandE\...l

oK | Cancel |

Vystup Minitabu je v nasledujucom tvare:

Prediction for Y

Regression Equation in Uncoded Units

¥ = -5415 + 4355 medzera + 21,48 vwkon na katode - 15,36 medzera*vykon na katode
Settings
Variable Setting
medzera 09
vykon na katode 280
Prediction
Fit ~ SEFit 95% Cl 95% PI

548294 14,9231

(615,779 620,208)

(551,813: 744,775)




7. Regresny model mozno pouZit na vypocet optimalneho riesSenia. Pri poZadovanej hodnote
odozvy vieme najst zodpovedajlce Urovne sledovanych faktorov.

Uf Minitab - Minitab_nitridove leptanie.mpx
File Edit Data Calc Stat Graph View Help Assistant Predictive Analytics Module  Additional Tools

= d Basic Statistics 3
Regression S
Mavigator ANOVA ) vers.. v X
Full Factorial Design DOE J Screening »
Factorial Regression: ¥ v Control Charts 3 Factorial » [ 1 Create Factorial Design.. katode
" e . ian.
Cube Plot (data means) Quality Tools 3 Response Surface » Define Custom Factorial Design,
5 _— - Reliability/Survival 3 Mixture 4
actorial Regression: ¥ v
2 Predictive Analytics 3 Taguchi 3 E’é Pre-Process Responses for Analyze Varizbility...
Contour Plot of ¥ vs wvyk Multivariate R
Medify Design... [T Analyze Factorial Design...
Surface Plot of ¥ vs vyke Time Series » . . .
Display Design... [} Analyze Binary Response...
Factorial Regression: ¥ v Tahles »
E:r, Analyze Variability...
Prediction for ¥ Nonparametrics 3
i LY Predict..,
I Factorial Regression: ¥ v Equivalence Tests 4 ‘ients Y .
Power and S5ample Size 3 [>¢ Factorial Plots...

1ernm Effect Coef (7] CubePlot..

Constant 7761 [l ContourPlot...

medzera -1016  -50,8 & SurfacePlot..

vyken na katode 3061 1531 b Overlaid Contour Plot...

medzera*vykaon na katode -1536 -768
I Respanse Opgjmizer... I
"y

Response Optimizer
MOde' summary Identify the combination of predictor values that jointly

5 R—sq R—sq(adj) R—sq(pred) optimize one or more fitted responses,

V dialégovom okne volime poZadované rieSenie, v nasom pripade volime rychlost
nitridového leptania 720.101° m/min.

Response Optimizer x Response Optimizer X

Optimize up to 25 responses: Optimize up to 25 responses:

Goal Iarget

¥ ITar et |70
) | 27 El

Response

| | Graphs... | Graphs... |

Results.... | | ﬂewModel--‘| Results... | Storage... | !’lEWMudEI.H|

QHEID oK Cancel oK Cancel
Response Optimizer: Setup / x

Response ‘Goal Lower Target Upper Weight Importance ‘

v Target |00 720 70| 1 1

Desirability functions for different goals - how weights affect their shapes

Minimize the response Hit a target value Maximize the response

Weight




V ponuke Options je mozné volit obmedzenia. Podla vrstevnicového grafu sa pozadované
hodnoty odozvy nenachadzaju iba na okraji experimentalneho priestoru, preto nechame
podmienky hladania rieSenia bez obmedzeni.

Ak by sme urovne faktorov zaddvali v kddovanych hodnotdch, volili by sme obmedzenia
faktorov-1a 1.

Je mozné hladat optimalne riesenie aj v pripade viacerych zavislych premennych. V tom
pripade volime pre kazdu odozvu konkrétne poziadavky, t.j. minimdlnu, maximalnu alebo
pozadovanu konkrétnu hodnotu.

Response Optimizer: Options X
Constraints
Variable Constraint Hold Value Lower Upper
medzera Mo constraints -
‘wykon na katode' No constraints -

Starting Values b

Variable Starting Value
medzera

"wykon na katode'

Confidence level for all intervals: 95
Type of confidence level: Two-sided i

Help oK Cancel

Zadavame pocet rieseni, ktoré chceme zobrazit:

Response Optimizer: Results .

[v Parameters
[v Solutions

Mumber of solutions to display: | 10]

[v Prediction

Help oK Cancel




Minitab naSiel 5 r6znych rieSeni. Prvé z nich je velmi podobné rieseniu, ktoré sme vypocitali
v Exceli.

Response Optimization: Y

Parameters
Response Goal Lower Target Upper Weight Importance
Y Target 700 720 740 1 1
Solutions
vykon na Y Composite
Solution medzera katode Fit Desirability
1 1,01487 281122 720 1
2 1,19617 287993 720 1
2 1,20000 288272 720 1
4 0,81020 288462 720 1
5 0,92991 289,739 720 1

Multiple Response Prediction

Variable Setting
medzera 1,01487
vykon na katode 291,129

Response Fit SE Fit 95% CI 95% PI
¥ 7200 11,1 (6958:7442) (626,0 514.0)




