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Two - WAY Factomiar DERIGN

¢ N.\'H'\ e blocke‘l -"V‘ta-hmem{» cjeéb\f]u) we make o
couple of  gegumptions: | |
O ity of eflede — mpack of block caun st
added o wmpack of  freatwent |
@ e geaal of Hhhe decrm & 4p wolake & 70@4_

mjaw\sjr Lnwandel ' vatodian M e block ke

Whwile vetamw o M Prouivy o

(vaméom%al—w\% vewds ggaimet “]::C kot e cost
aq

of neveased ewo- vartunce and pvecsian b)),

> The »A&/F Sk % 'ﬂo eage vp o Ahece aéeuump)rms
_(‘3 e>PRc?}i{

Check for wmbevactiong (s otler &AAZ\L\\/W—S
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| rrp, N(o &%)
Meover ' / ) |
‘;ug O e T By
2 reckwent fuder \
L= "Bk o ceamd  fucter an e@ed— Hat AEPevAS oA
3= veplrcant both L4 { Aedus sw«.aﬂ—ameouelv
o .
Sy = Pt Te Pl Wy
e DR €T SRR CryPE YR Py
S IR T S S
Ty L M EFEROS
B
—{::()7_;. e > a4t levele o6 PY Lokt
L:lﬂj VL = wzgt lewl HP 2 C“C("'V
b5 L2 e WM 2w
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MAovs  for TWO-WAY DESIGEN with  INTERACTIONS

Sowee of Somok  D.0.F, | Mean Z (wean gcluawh Redia of
NaAotmn Foare Scvave Heaw S¢
B 2 L4
Beoeen bevels Xy <, o4 mn 20 Ty (). "l
of Tudar 401
Retween tf\ﬁElS , SB = 315 5?_4- mk -Z-_.‘ /3‘:1/(“-\> S?B( 'S'ZE
of Fack, 2 ®)
_ _ 2
Takevadtion St (e-Xur) sk 6 s mIT T Wit /DD “z(g,
W | |
Govps (Bvev) Se  vilelwm-) sl
Total s "lem - |
 (towectedy T

Wheve e\gmﬂfmwcg of vavratim SHUVCE TS FJJCL%QA_ \m.j T Hegt .
QPQVD?V\C‘\J«‘: d. o‘f

(Effect Tost )
Source Nparm DF Sum of SquaresF Ratio Prob>F
Block 1 1 150.0000 . *
Treatmemn 2 2 1200.0000 - .
Block *Treatmen 2 2 28.0000 . .

\, —_—

( ; I - E ][ .

Source DF  Sum of Squares Mean Square F Ratio
Model 5 1378.0000 275.600 *
Error 0 0.0000 » Prob>F
C Total 5 1378.0000 .

\

Poblem o \*&0 evior queeg of .\C.eec(owu ', = No VEP\I\CQ"\M
" Tn blockd desu  Gseowed addrhiviby & osed
Mevadiom  feowms i help echwiale vavtance |
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Mo-ww CQ_ FACTOR) TpACToRIAL  DESIE N

Emmp\e -
-—
Two way factorial experiment for DLeff, Freror (1 Efeh Reeipe
=2 [evels
Etch Rec Bake DLeff Etch Rec Bake DLeff
11 031 12 040
2 1 o082 2 2 049
3 1 043 3 2 031
4 1 045 a2 07
1 1 045 1 2 023 et 20
2 1 110 2 2 1724 : FAcT . Bale ac*.i €
3 1 045 3 2 040 -
4 1 on a 2 038 L (evels
1 1 046 13 022
2 1 088 2 3 030
3 1 063 3 3 023
4 1 066 4 3 030
1 1 043 13 02 .
2 1 072 2 3 037 259‘(’0\«%6‘ Ellechve  Linewn 34
3 1 076 3 3 025 :
4 1 062 4 3 036
1 2 036 1 3 018
2 2 082 2 3 038
3. 2 044 3 3 024
4 2 056 s 3 031
1 2 029 1 3 023
2 2 061 2 3 029
3 2 035 3 3 022
4 2 102 a 3 093

Anova Table for 2-way DLeff Factorial

[ Effect Test

Source

Etch Recipe

Bake Proc

Etch Rec*Bake Pro

\,

Nparm DF Sum of Squares F Ratio Prob>F

3
2
6

3 0.9212063 13.8056 0.0000
2 1.0330125 23.2217 0.0000
6 0.2501375 1.8743 0.1128

A

[ Analysis of Variance

Source DF  Sum of Squares Mean Square F Ratio
Model 11 2.2043563 0.200396 9.0097
Error 36 0.8007250 0.022242 Prob>F
C Total 47 3.0050813 0.0000

o




idual istics

Leff

] L{)Wj‘:" -}m(
‘H.MN\ Nauml

Bake cloice
allects

vgidval .‘

Di tics for DLeff
H o0.r - H 0. -
e e
|s o& lS 0.8
d - d H
u 0.4 U 0.4
FE 0.2 Lot E 0.24 ¥
0__ T - s 0- : a
) | B . : ' "
r A f : : |
0.2 O 0.2] | ‘
4T T T T T T T 1 -0.4
0.25 0.35 0.45 0.55 0.65 0.75 A B c
Predicted DLeff Bake Proc
aTa r 2-way In(DL actorial
Ef S
Source Nparm DF Sum of Squares F Ratio Prob>F
Etch Recipe 3 3 3.5571735 21.9295 0.0000
Bake Proc 2 @ 5.2374726 48.4324 0.0000
Etch Rec*Bake Pro 6 6 0.3957467 1.2199 0.3189
'\ v
r I = t" r. 3
Source DF  Sum of Squares Mean Square F Ratio
Model 11 9.190393 0.835490 15.4520
Error 36 1.946516 0.054070 Prob>F
C Total 47 11.136909 0.0000

-— IV\NTMM“'l

v

s fn

He

w



16

A@mﬁcﬂés Toz. DEPEODENT  RE2iDOMS

. T Amﬂmoehc. exawndton  of vesiduals, offen see
vaviance et depends on Mo |

\laviunee 6y y =¢C .’.L“ Dade
dependeney : | Translom
‘03 G‘j = bﬁ c '+ o (oﬂ r& | \{ _ 8)\
by g, = C' + olbgy PR

= M rplo-(— ot 109 sd, Vs, \oj g Can Sugaﬂsl— Po ey

dependencies, and  dute Franglor madsms fo ewove

« - Cuvvi lineas Relatimdips. . residoale  ave ofden an
marcet of V‘O\AQAM-\-NI-‘%J, Suppose, yay Qs-aw\p\-e) Haat

‘j-{:t: = {u+ té;gt'. +é&l s acha) Q\EPNAGV\C«_;},

Teen o H+ 4o [Q-L- ﬂ+}§t Cant e epected 4o Lo well,
,A\,\‘allcemaw\e s :

log Cyy; - = log T4 4 \nglL assoming @t Nl 6™
wil\ be a wmwch Jw_lc\(u a\ppro\q\m&k‘ow |
. Tesks £ vonaddidvib,  eeit N | |
-?>O$~Cox ’\’Yaw%Aco/m'lﬂ;BV\Q )Tm‘w‘v\/’e resulth aml TMewnse

?VQCL":W 90\061’5‘\1\‘\7&“3 (GWA Gwn Ve M OVe Q-P-Pam-(— M‘kvo(;{-\w

oHecte)
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QeversL TFACTORIAL  DESIGNS

o Mulkple Fackvs 2 Le\/e:(S Yy
. : b &
| \Z— >
2 % 2x 3 : "
« Yocus: Two - LeveL TAcToRIAL
: : €
¥ . ONT  FRCTOR
- ; ‘ AT A
Q“T,g [ VS ¢ TIME
(ezt oo e
,Cad‘r—vés 7 . | =
N z

= Can detect wlevackn  fptuween fudors X1, ¥Xg
(weed ‘vep\ﬁccc\-mn‘ 4o distinguish wievactiong,  Aoun ewors)

That T+ 26y we kudw Ahe velevance of facko x,
Acvoss o lavgev  gpace in Goctaral” Jec,\‘gh) - wWhle
we only kvow  w's ekleck ok a4 specthir  value
ok Y2 m the cwg(e Lucko 6 ¢ 4Hwie ver]?evfo’WL

Gt whek T e process weally T cddThve (o Mievackn)?

= W g wml The fodotal recolds wm owove prectsim
T Cose of GAc(:NJﬂg) we. (‘j-e-(- add spnal e Llective
vep\teaton (v prayectimn onbo  euchn Qc—(—w}) thos
Incveachg uv  abildy discevn [datngomh e,

e _
(Tn gevevel| veqoive V-l o e - fd owbe
D—C VUNS M"Q{'"&. ‘(“W &WV‘OGC’?C\ _QV\QGW*C ?WGZW)



Fow TacoriaC  Destens —~  MAuawesis

* T oddihmn fo e moOUR  appoackes whith  help
deakify auwd et Sreaclivawe  of -Fad—wc,‘, ur
also desve ways b eploe fhe  wode|  comppunds
— MmN EFFETS | ¢, T, ) fe |
= INTERACTIONS ..
L way  dov oo Facke
v 3 way foo twee  facker  design
u?'("o . k¥u40-5 -CQ/ k‘-GlC{ZV c(ﬁéfgv\

. CDNUGN'H_ON.S v :Lefcl‘mtv\g and ccm(‘jwﬁ pkdﬁcw\a‘ clestsus
(apﬂ\‘ea‘olc b both Wwwval amd  ouwoos  Sacdors)

Wil

Data from a 2* factorial design, pilot plant example

test temperature concentration catalyst yie]d“.‘*':,’
condition °C) (%) (A or B) (grams)
number T C K y

a. Original units of variables

1 160 20 A 60
2 180 20 A 72
3 160 40 A 54
4 180 40 A 68
5 160 20 B 52
6 180 20 B 83.
7 160 40 B 45 .
8 180 40 B 80
b. Coded units of variables )
| - - - 60 -
2 + _ _ 7
3 - + - 54 .
4 + + - 68 v
5 - - + 52 -
-6 + - + 83
7 - + + 45
8 + + + 80
temperature (°C) concentration (%) catalyst
- + - + -+

160 180 20 40 A B




(1) ChguLnmion of MMMV EFFECTS

— Typraally whevested 1a tw  effect o€ each fachor:
EFFECT A C(/\aije_ M regpousC

Som = o+ level of Guchos
e.q, I |
Y messues of deopeatuve  effet n espeimedt
condition at which = QUeTge
comparison is made . e%(_. oL
individual measure of the effect of concentration catalyst T acvoss.
changing temperature from 160 to 180°C C K a\l  other
y2 =y =72-60=12 20 A Phvawe s
Ya = y3=68—54=14 40 A
Yo = ys = 83 = 52 = 31 20 B
Vg =y, =80 —45=35 40 B
main effect
of temperature T = 23
!
Min EFFECT = Y, -~ 4o wheve 4§l are aevuge

vesporses  foy one specifre fud-

_ 72+ 68 +83+80 60+ 54 + 52 + 45
- 4 - 4

=17575—-5275=23

temperature effect T

_ 544+ 684+45+80 60+ 72+ 52+ 83
B 4 B 4

= 6175 — 66.75 = =5

concentration effect C

524+ 834+45+80 604 72+ 54 + 68
K = 2 - 2

=650-635 =15

catalyst effect

Note: o AL dbsewakiamg  vged ) S’o‘p‘.plﬁ wbo
on each wunm  eflet

v Badn ea’tc-(— deteomved  Litta Puecis im
o & pow/golé, pepli*cc&d Acqﬁ('eveuc::,
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(2) Two - FACTOE INTER AeTIONS

e Gee Ahat fue effeck of ome Lack, on tle vespouse
Ao depewds ow  the level of awotbee facte :
T leg, T oeffect lager o cakalyst 8) = bvactim |

average temperature average

catalyst . terhpe;ature effect ) °C) catalyst effect —93 Cbuvevv‘-\‘om) Mk‘m(‘(‘\?v\
(+)B 33 (+)180 1.5 deon & Y diflevewce
(-)4 3 - (=)1e0 -85 W levels tcvoss wmbwachy
diffi 20. diffe 20.0
ifference ifference —Cac o
T x K interaction = %) =10 T x K interaction = ? =10 '
o AMevashve Prctwe: CONTRASTS
' T € =10
" catalyst _ average temperature effect T C = 1.5
(+)B 33=3‘;35=%(yo—ys+ys—y7) ¥ =0
12.+ 14
(—)A 3= =3y = V1 + Ya = ¥3) , .
’ 13 Tokevackion s Avq;;vevxces
T x K interaction = } difference = 7 = 10 e Fueen GLUQV‘MGCS
=*(.Vl';'.Vz+.V3—.V4"‘Y5+.Vo".V7+}'a) /
= diagowal Loce
iyt Vet ye Vit ystysty 74«0.9 s
B 4 4 '
(3> TwrEE - FACTOR INTEZ ACTIONS
' T x C interaction with catalyst B (+): ' - How , does
ey = (e—ys) _(80-45)-@83-52) 35-31 wdalyst
2 2 \2 - whbeck e
"~ .T x C interacti ith catalyst 4 TC
T % C interaction w -):
racti ith catalyst 4 (—) ] T\/\l‘cmchm?
Ya=y) = Q2 —y) _(68-54)~(72-60) 14-12

2 2 2 t
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GeomeTric  Ticture of (onTRASTS - Mpv Trrears € (wTERACTIONS

SoMmARY OF RESOLTS  — TExpAmmE

Calculated effects and standard errors for = 9?6 n ‘(:? ca V\‘\' e“:cecés
the 2* factorial design, pilot plant example 4 M W“\WS
~ effect estimate + standard error :
average 64.25 + 0.7
main efizcts ey L\O leulade e
temperature T 230+14 w C_CL,} (((
concentration C S’(’A ewovr
catalyst K 1.5+ 14 (\
two-factor interactions o ANoU A &PPVOQC es
TxC 1.5+ 14
T x K
C xK 00+ 14

three-factor interaction =
TxCxK 05+ 14
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Signs for calculating effects from the 2* factorial
design, pilot plant example

mean T C K TC TK CK TCK yield
averages

+ - - - + + + - 60
+ + - - - - + + 72
+ - + - - + - + 54
+ + + - + - - - 68
+ - - + + - - + 52
+ + - + - + - - 83
+ - + + - - + - 45
+ + + + + + + + 80

H
o
H
H
H
H

o

divisor 8

€., T wmain é€'€tc+ b% aug. ot ¥ - a.ug dg - rews
=3 sm'\\av(j G ntevachims

TC= 004 (8452480 — T2+6Y +53.45
I S
= Ls - L3, s = .S
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@M Es—k—{w\a{w«g_ std  ewovs 'Q?ww REPUCATED @ous

v A we caw -Pvewouslxj L we have wo vee(rcc&cs aund
vee all Wlenchaws,  NO way fo eshwafe  vndevlymmg
PVDC\QGQ[MC(AVC’W\N"— CJaviance =5 Replraatson uc(jg\

E.9. me v‘fp\x‘C&W\‘Q ot 'L_HA' seb o condibons
| = g with V= my-|

Con PooL Hie veplicants adosss ql vons

= gt = rO',g.Z + '{)1&11— vgsc} @ Jro-(nl

T
o Minwal caset L replicauts
Estimation of the variance, pilot plant example
average response
value (previously estimated variance at
used in the results from difference of each set of conditions
analysis) T C€ K individual runs* duplicate s? = (difference)?/2
60 - - - 59(0) 61(13) — 2 2 ]
72 + - = 74 70'9 4 8
54 - + = 50 s8tte) -8 32
68 + + - 695 67110 2 2
52 — —_ + 50(8) 54“2) _4 8
83 + - + 81 g5t -4 8
45 -+ + 464 441 2 2
80 + + + 79 814 -2 2
total 64
s? = pooled estimate of 0? = average of estimated variances _
= § = 8 with v = 8 degrees of freedom S =8  v=¢
* Supc?scripts give the order in which the runs were made. L= '2 ‘%

. Opce we  lgve eckiwoded varianee aun dedrvmie  SAMPLING
viranes vsed W caleulatvg e@Ced—s

Viebfeeh - voj+ ) @t =@ e
- - 1\% vwsweac(\ R R al

Nok e avemtyt & cu(cu(afee(. M’(’L ol (6 s So se.= S:0

AN .l . L [ Ao P‘ .. l\ 1 0 A i NA 1 N:‘b

H

i

\'_\
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+ Bdenhifying Srcwifrcant  Effecfs | Tatenddion  (Lage ‘DesTyws)

— One we kwy +he <l evor. fo e;d«
efleck [mbaackm, we v do a £-{st
1o evaluate S freawe of ellct

- A Quphaal approach

g‘fﬂ’é%é' Y.ea((,j e V\U“\V\é_ bt vandom  yavtatizn
A dakn T = then e will e novmally
Al's\'vﬂwk.l lrelaked 4o 2amplvg from process o, U\AAP(/(tjlvg
vautatiomy,

o Reloded approadn o }v\cwease ?W‘-’CEWM W ewor  eghwades

- Count iv\s\‘ﬁu('@caw(— oflect< [inkevacttoms  as repltcants =
pool acwes  Hwest  when  calelafng  e% i
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ADDITIONAL  182UES  w  Factoriakl DESIENS

O BLOKING
— May  exill have  oddibeval ondibavs  that way
afbect ou erpetment  hoam  possible (sowefrweg)
o avawge  esperivent -civauA agm\f\s{" Fhty
4o _a degrec

— Can b\od! Lo f'?‘awp\f" aﬂmw:,.\' éAvan varta\de a“&.{-h»é
"ﬂ/‘i' WG €£C€C('S 'O\A(j} but ?-C (e on‘\_)_ waa ke
thi, o Hll (—’ac-‘-ﬂv’ wre” il CONFOOND Tosgibl@
wlevocthms LT e \o(ockw& FavaW‘é’Hv withh  othew
wmodel mbtvackan  Levms

@) TRNCTIOMAL  FACTOR AL

— Somedtwex e do wok need Yhe OUW vesolutiomn
ok a destgn.  tie, we do wob weel " (ov
beliewe  Hoe ~ Llelilood t5 vew low) +o  shdy
] ~way M tcvactous

= o Avede off # vons ot Qbilhy b
cl,\‘s_JrW\ﬁuts‘v\ between, Jiffevent  comlomatoms
ot &&C‘(&/S

— CGeod velcvences C‘-g. B Ha) ok descnbe wmellods
+o awe'(:vﬂj tordval et 3e(~<.. oufomded with
whak- M dihbevent Lractioval desgus | e,
“chwd'v/s“
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WMObELING | GoAL  of ExPeriMenTAL DESIGN: HAP' A SPAE

o wWe  dagrve quawﬁ{-&‘h\/ﬁ' wodels 04-’ *ééﬁ vellc(-ww\'\l\\? \oo truen,
ONe. v wWove ’VMQS ’ ehd  some wum leec of —QLOLO/'S,

e \(VsualT2attan (Uwc\eusjmmclmg

¢ Ophmigaton

FreroRS  way be

« Nowwa( Cloreedd a5 done
o0 - so huw
¢ Cowtmuous

Vet lssot @ Wow ¢ hoose €>«‘p~en\v‘0w|n\ 75&-& ‘o
+he - wost  valuwe | Wlovwakon foun
dike? | .

.o GS?QQZQ“:I 't\N\?oz'g'av\‘\‘ for  coubinvous

| ?d_vamews‘.






