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LY CE Matrix

NO TOTAL
PROCESS STEP |PROCESS INPUT 10 8 5
1 Gl LOT 4L )2 9 3 3 129
2 G2 LOT 4L i 9 3 3 129
3 K 3 3 3 69
4 i SR A 9 3 3 129
5 SRR AT P Iy i 1 1 1 23
6 JER R AT PE B 3 3 3 69
7 EA G1G2 i) e i 3 3 3 69
8 IEAY G1G2 4% LOT 9 3 3 129
9 EA G1G2SPACERJ Ji 9 3 3 129
10 IES JZRIHLE Wit 9 3 3 129
11 S LI UE RSP 3 3 3 69
12 L AEHELENS 22 57 3 3 3 69
13 Vi 4] b 9 3 1 119
14 R E 9 3 3 129
15 LA S 9 3 3 129
16 LENSIj /& 9 3 3 129
17 Jnhnt 1] 3 1 1 43
18 GIG2Hp A it 9 1 1 103
19 VI ) 3 1 1 43
20 Ji R IS 9 3 3 129
21 e SR A Ji B SRR 3 3 3 69
22 i+ SR S S TAPE (1) 9 3 3 129
23 e S PR A Gl TAPE3K Sy 3 3 1 59
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PROCESS STEP |PROCESS INPUT 10 8 5
24 v S iz h s g 3 3 1 59
25 APLKy T APL i 3 3 1 59
26 APLAG Y RS 3 3 3 69
27 APLE 1 LENSHifl Jrid 9 3 1 119
28 LENSyE BT 3 3 1 59
29 LENSPE#S oz 7 ik 3 3 3 69
30 LENSYE ek 3 3 3 69
31 LENSE§ T ) 1 1 1 23
32 iR itk @, S 9 1 1 103
33 o5 A LENS APL 3 1 1 43
34 LR Fi LRI S 3 3 1 59
35 iR JRBRIE S 3 3 1 59
36 L R T 3 9 1 107
37 i i Lo 75 3 3 1 59
38 g AR ek 5 3 3 1 59
39 G1G2Jz451 FEHELA A 3 3 1 59
40 G1G2/2: 5 sEHL LR 3 3 1 59
41 G1G2J2 51 ASHE I 3 3 1 59
42 G162/ 51 | RS HPITCH 3 3 1 59
43 G1G2)245 JE Jy 05 bRAE 3 3 1 59
14 G162/ 51 S LIV e 3 3 1 59
45 G1G2)24 5] R T B 3 3 1 59
46 G1G2/2 51 ek 3 3 3 69
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M5 2 FWMEA

CIMIAHE

e | R
WA |RESEEETRS [OMATE |58 224 |waEs QcHrk | mEE 8 | 2 | 3 | 48
K/ Gap T R |%E 200 [fRSHEVE| payy [[RRRERE | 4 4 5 80
sus Gap NG TR |3m 200 |LESPRRE| oy [THSREEE | 4 | 4 | 5 | g0
P p— SENTRRE SENFRRE
D e o 106 |REwmil LME| HENK |REWALHE | 5 3 5 75
xRN 1 1
g OET=Y
APLULNSI | pamiamrn  |fonas|® 180 |# QaEk |#E 10| 3| 3 | 9
e
]
Gt Lot s o [0 | 180 |mummmem] ook |sewEmem | 6 | 5 | 4 | 120
Lot R X wssen 570 | 180 [memmmnn] X [apmmgnm | 6 | 5 [ 4 | 120
Gior eRERERTR |OnEh [ | 150 |swnmnns] ook [semmssn | 6 | 4 | 3 72
Lot REEREARTR  |OnEls [BRme | 150 |semameE| o (semEmeE | 6 | 4 | 3 72
, . . GAGE fz &3l
EAMEII [0 o w5, S| oo [ SERK
itk LRSS moxan[EAEE | 144 lgppge | O lrnrge 9 | 8 8 81
o RIS, BRI DRER TENBARE| gapp |FRHERRE
e o eal® 126 [2% QIR fige 6 | 2 |5 60
e IEGTHEEER |, - TOCHTR | oo
g |[WECABEEE gy ram (5 100 |mwams | S0 |lemevms | 5 | 3 | 2 | 30
RETE & EoRE " T EEELRT BRI
Towan |ZPK BRERE|CERR [TREEG | go [SEWRANE| ooy [FEVRRE | 4 | 5 | 5 | 60
o 1T, TITHRER (VREA |1 SENBRRE| gorp |SENHRRE
woin [T e 60 [7% cuie |7% 4 | 2 | 5 | 40
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W6 Analysis Action Plan
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X3, zapery .

| X4. G1G2 Spacer’Fi/% o

| X5. EEEE -

25 T A S = AP XS [ H05TH7 o




Multi=vari Study

ABYEERITR: MBS TR ETRIRUXER e
X1 GURFPRITHR R - X2. /BRI~ X3. FHES -
X4, ZE(Rl .
25 1 ABYEE ST FTRLS © XPU LA T RO Y YT -

X5. Spacer’H

o

Main Effects Plot - Data Means for G1G2 GAP

Spacer

i e

G

e

® G1G2 GAP

800.

799.6

798.4

797.2

796.0

WSA FOR X1

BN GURFHRITHR

FEA3E: 10EA
IR AR
WEE : 28,

PB4 0 B~ TEA G2

Gage R&R (ANOVA,) for data1

Components of Variation

150 g —
= sty Vi
5w = wrom
"] @ @
o - _
Gage RER  Repeal  Repod _Pariopar
R Chart by operator no
9 00 UoL=0.02165
-4
S 0ot
E Re0.006628
@ 0.00 — Lee=o0
Xbar Chart by operator no
043 : 7
5 02 | voL=0.1203
4 o0
g LoL=0.09s37
§ o000 |
008 —!

StdDev  Study Var %Study Var %Tolerance
Source (SD)  (5.15%SD) (%SV)  (SV/Toler)
Total Gage R&R 6.24E-03 3.21E-02 .45.98 @:@
Repeatability 6.24E-03 3.21E-02 45.98 80.
Reproducibility ~ 0.00E+00 0.00E+00 0.00 0.00
operator no 0.00E+00 0.00E+00 0.00 0.00
Part-To-Part 1.21E-02 6.21E-02  88.80 155.25
Total Variation 1.36E-02 6.99E-02 100.00 174.82
st Number of Distinct Categories
"~ By Sample no
it
By operator no
o F— ; P/TV=45.98% > 30%
CE B P/T=80.37>30%
T s | BRAZH=3<5
gon ] TN/ T E EH R
) “:I: B Y% E2) [“]%‘T‘Elﬂﬁasr% .
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WER WSA FOR X1

CINARE

g oty LR
mil%j%;. Gl Flﬁﬂ) L!ﬁﬂﬁf]@ %Tolerance
43 10EA Source
BV | TR Total Gage R&R
Bl 2 2 Repeatability
WEH 28 Reproducibility
PEFLEE ¢ 5~ HEA G125 operator no
Part-To-Part
ceral, TOtAI Variation
Gage R&R (ANOVA) for data2 Reponosb

e yNumber of Distinct Categories @

StdDev  Study Var %Study Var

(SD)  (5.15%SD) (%SV)  (SV/Toler)

1.65E-03 8.50E-03 @

1.65E-03 8.50E-03  14.14 21.25
0.00E+00 0.00E+00  0.00 0.00
0.00E+00 0.00E+00  0.00 0.00
1.16E-02 5.95E-02  99.00 148.79
1.17E-02 6.01E-02 100.00 150.30

Components of Variation

sibution 0125 —
ueunce orts 5
0105
0095 —|
77\ 7\ 0085

GageRER Repeat  Repod Partio-Part Sample no

By Sample no

"2 3 4 56 7 8 o810

R Chart by operator no By operator no

7] ueL=0006000

8 oo0s |
§ ooos |
2 5o0s |
2 o002
£ o001
@ 0000 —

Xbar Chart by operator no

éonﬁf
3 o105 |
2
£ o005 |
H

0125 —

ors — §
[

0105 — ¥
Re0.001838 : :
0085 — & .
— : .

Lo 0085

operatorno 1 2

operator no*Sample no Interaction
0125 — perator

B o
0115 —| .2
vesogs o
Hens s § ores \
< 0085 —

0.085 .
Sampleno | 5 3 4 5 & 7 B & 10
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P R
T (i

#hig:

P/TV=14.14% < 30%
P/T=21.25<30%
B4 £E=10>5

Xi: 61 FiEIBEES

PR

CINARE

Y : G1G2 GAP

Boxplots of G1G2 GAP—

(means are indicated by solid circles)

AT T RRTGURAER

Hoffi& : J'Lﬂﬁﬂﬁfj’@%-fclcz GAP= $YJI5|
Haffghi& : JAL{FfBﬁfj@?‘—JLGIGZ GAPE JE‘é]I[’&] s ‘ ‘
UV SRR R G162
GAP‘EJ:%W&J - &
One-way ANOVA: C1,C2 Analysis of Variance
Source DF SS MS F P g;l:li.*;g
Factor 1 125.00 125.00 29.15 0. 000
Error 18 77.20 4.29 P = 0.000<0.05
Total 19 202. 20 Hoﬂ(&ﬁ’ Hoﬁzﬁ
- ':ndivid;:;n%% C;:D:3r Mean Based on Pooled StDev Y}iPEJGI’—F'Lﬁ#IJL? @‘/\‘J‘GIGZ GAP
R - R (e A
1 10 2.800 2.098  (———x———- ) ﬂ‘FPﬁ\JLENS G1G2 PA J R ‘/ﬂ‘ﬁ
2 10 7.800 2.044 (== ) ql‘éjfﬂ > Bl ;z& fr]rq. I
ﬁf WA A TR P %ﬁ:'ﬁfrxfr
Pooled StDev = 2.071 2.5 5.0 7.5 10.0 | |2VF f;,l‘jl;[c =y S
69-34 T




USA FoR X2 olu]=[z]e

Y : G1G2 GAP Gage R&R StdDev Study Var %Study Var %Tolerance

source (sD) (5.15%5D) 4% s¥/2aler)
X2 : mﬁ@ Total Gage R&R  2.49E-02 0.128492 @ @

£ % 10EA LENS Repeatebility  1.338-02 0.068613  15.97  17.15
&¢#{‘ ° Reproducibility 2.11E-02 .108639 25.28 27.16

o e Btk Rk 1.65E-02 0.084754 19.72 21.19
WIBI 4 : B~ HEA LENS J#24 o .

Part-To-Part 7.96E-02

.410064 95.42 102.52

0
0
0
il(!']_ﬁlf{: 1LEIE 3 zjﬁ;rgﬂ el 1.32E-02 0.067966 15.82 16.99
0
0
0

Total Variation 8.34E-02 .429724 100.00 107.43

Number of Distinct Categories(= 4

Gage R&R (ANOVA,) forfl] f&

Components of Variation By SAMPLE
oo — N | scomiuon 5y | .
f . %§ S e . g%:.te
H v
Al en JO R s | it -
e e e e e TTTTITIOR 7eR8R=29.30% < 30%
R Chartby & =¥ 7 By & ) i

e U T ; P/T=32.12>30%
Eﬁiﬂgﬁz%§ijf BB 43 2 =4<5

o crnty e 3 5 - PR FF T R

2o ] -
. N . .
C N SN > %TEI J[I,I“;Elsf%, .
H e !
208 — N

69:35 T

‘Sample Mean
1 1

MSA FOR YR ERE

Gage R&R  stapev Study Var %Study Var $Tolerance

Y : G1G2 GAP
X2: MF}Q

Source (8D) (5.15*SD) (%5V) (SV/Toler)

o Total Gage R&R 1.85E-02 0.095310
&¢#(‘ ° 10EA LENS Repeatability 7.58E-03 .039052 9.25 9.76
Reproducibility 1.69E-02 0.086942  20.58 21.74

JEH ¢ LB 205

T8+ C ek e Btk TRl 1.08E-02 0.055560 13.15 13.89
iﬂ]ﬁl W B QEALENSWEEZM ek *SAMPLE  1.30E-02 0.066873 15.83 16.72

Part-To-Part 7.99E-02 .411481 97.42 102.87

o o o o o o o

Total Variation 8.20E-02

.42 100.00 105.59
Number of Distinct Categories

Gage R&R (ANOVA) for DATA MEFZEREANS:

Components of Variation By SAMPLE

Canruion

2R HENHENREHN BB TS —
SanIes] || - , REENEMNEZ—HGIEBEA

208

6 —\
e e swee TTITTVI SR 8, HiRgEk.

R Chart by 5 =] & By# 5
= HEENERSTR:

29 {g—————9
- ﬁ S %R&R=22.57% < 30%

Xbarchan‘byfv* 1 i ! # ] i *SAMPLE Interaction . P /T=2383 < 30%

a ] ] N s
o] %ﬁ% W f e A\/,/ B4 AE=6>5

e TTTTIIIIER ) FHE L)
69-36 T
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Sample Range
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‘Sample Mean




Y : G1G2 GAP

Boxplots of G by [} {&

(means are indicated by solid circles)

X2 ¢ B T e

Hof§i% : [} &1 5 G1G2 GAP= Jyfl|

Hal§i& : [ & HG1G2 GAPE Jyfi

Elpo s HER 8T HGIG2 GAPE =
L7k

805

800

795

I W N
One-way ANOVA: G versus |[F]@ Analysis g iance for GAP ggl:‘ .
Source DF Ss MS F
115 1 56.00 56.00 6.76 @ P =0.023<0.05
Error 12 99.43 8.29 HOK}:_&S\Z, HGEIS\Z
Total 13 155.43 . _ B
Tndividual 95% CTs For Mean Based on Pooled StDev X T}'Jﬁflmg@‘k’J‘*fGlGZ GAP EJ%
Level N  Mean StDev i - ffft % % T G1G2 GAP@?’\ . |'.]
1 7 803.43 3.31 [CE— [EEE—— ) @:_"_E B G1G2 GAPZ | - f"'t'}?ﬂ'
2 7 799.43 2.37  (mmmmmmmmmkmmmmeee ) SUEEFMMR 2 £ G1G2 GAPRU
FHHIGIGT GAP «
Pooled StDev = 2.88 797.5 800.0 802.5 805.0
69-37 S

X3: i@ Z % W o iR

Regression Plot

gap = -291.881 + 0.889976 temp

S = 10.7844 R-Sq =824 % R-Sq(adj) = 81.7 %

850 —

800 —i
Q.
3]
o

750 —

700 —

T T T
1150 1200 1250
temp

Y : G1G2 GAP

X3 : TR

Hof§i : 1% % G1G2 GAP= By
Haff§ig : R S G1G2 GAP”EJE%P[EI]

FI B H%el-#{3G1G2 GAP
= R

R-sq (adj) = 81.7% >80%

WEPE|EL 8 T 9 G1G2 GAPT |8y -
mﬁ 3% ] IFG1G2 GAPT X o [t 3
TAPRGIG2 GAPE ) « Bl [F5{75L
TE-FIE I 2 £5G1G2 GAPRYX 3%
#FIG1G2 GAP -

e Regression

95% Cl

95% Pl




¥4 e % W % I HNOAREAE

Test for Equal Variances for Operator

Y : G1G2 GAP
95% Confidence Intervals for Sigmas Factor Levels
X3 : T I-F.[J f‘E'_U':ﬁz E/I - . operator 1
HoffBi& : "‘[\[F[] felF ¥puG1G2 GAPS ™ H= S— : : operator2
HafBi8 | RAMEL#HIG1G2 GAPE % ‘ h :
F-Tes! Lewene's Test
Fp A R HRGIG GAPY o 0
= = |
Eﬂ?\l ﬁ : I-HJ. Boxplots of Raw Data
Test for Equal Variances - - - - - -
C15
Bonferroni confidence intervals for standard -
deviations g
P = 0.000 <0.05

Lower Sigma Upper N Factor Levels

HOARRLAZ, Hapgiz
8.03488 10.9672 16.9914 20 operator 1 R B i -
3.24426 4.4282 6.8607 20 operator 2 vﬁﬂfJTr{de‘_l"iﬁff‘leGz GAPHEF

ffil - B2 r]%gmﬂ‘e_n,ﬁar A fegl ,'H.;%:l'
Test Statistic/6.13 ' '
P-Value m

~ §9-20 e

¥5: SpacerBE ¥ W % #f DIDAREE

Y : GIG2 GAPT Ut

X5 pIg T [ﬁjp’l%ﬁiﬁlclc2 Spacer Chi-Square Test 54 it
HofBi& : Spacer %fG1G2 GAPT A= FYfiy|

HafBi : Spacer®G1G2 GAPT L ¢ fYJli spacer NG oK
Bl vt H[¥Spacer HG1G2 GAPT LF |~ Y 3um 23 4598
f&E& 4% : Chi-square Testing sum 59 4762

Expected counts are printed
below observed counts

NG OK Total i
1 23 4598 4621
40.13  4580.87 P = 0.000 < 0.05
2 59 4762 4821 HoZRmaz, Hamiiz
4187 477913 PiPFSpacerfURE% HG1G2 GAPF 2
E[RY M. Spacer[IVREE &y, <10 D
Total 82 9360 9442 G1G2 GAPT 4% 7. i
Chi-Sq = 7.313 + 0,064 + 7.010 + 0.061
= 14.448
DF =1, P-Value 5 0.000
N4
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Analysis Phase Conclusion BOARE

T ABREIAT - S5 MTHIER Y E RYRSFVE RIFVXPE)

|x1. GURHHRI T -

B

X3, zgteny -

| X4. G1G2 Spacer’Fi'% o

| X5. EEEE -

5 [T 4rie ™ = AP XS (5 A3 47, -

AN G TS DlmlAl:|¢c|
FARA B ERENE Y |
| Chart for /2w B ! ZH
1 Fﬂ 2
-0.01 — : UCL=-0.01015
% ‘H&r?‘ilﬁfj,cl—?"'ﬁﬁﬁ{]@*"'-0.025 %M%AAWAUAW&A Mean=-0.01457
% 002 ' LCL=-0.01898
I R AR i B A e R
< 003 :
Subgroup (I) 5IO 1(I)0
| Chart for #[¢! & G1G2 DELTAH
20— |2
2 30 — ;
Sy gl
g 10 — UCL=10.94
2 :ﬂb\]&v‘%ﬁ%‘b‘ﬂf‘wﬁﬁﬁﬂzﬁvﬂv’ Mean=4.215
R | LCL=-2.507
-0 — T T . T
Subgroup 0 50 100

B —
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| X1: [ FRE S ESE

COOANRE

R SSERENEA |

Boxplots of [F i

(means are indicated by soid circles)

@)

A# PR LR E -
0.027, G1G2GAPHG-GUN
&, AWK, GAP NG
2 # MR EEER-
0.015, G1G2GAP+G-GUN

(0

840

4

&, A/, GAP OK.

T
0027 0015

\_/

Analysis of Variance

| P=0.05, T ] F € R

Source DF ss Ms F
Factor 1 1969.0 1969.0 132.49
Error 58 862.0 14.9
Total 59 2831.0 Individual 95% CIs For Mean
Based on Pooled StDev
Level N Mean StDev
c1l 30 845.17 4.79 (===%--)
c2 30 833.71 2.61 (-=*---)

Pooled StDev = 3.86 836.0 840.0
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I X2 Width@ S HiE B«

I and MR Chart for Width

A g ‘ s

COORRE

RARAR
#BE, BR

O

i e o w271
g 210 A
g 7 UCL=20.96
3 22 ] \/Wf\ FAWAN A~ POPAAANA | enezoon
EER v e | G HTTIET
205 —| '\ . . . mﬁ@ Egkii(__"_j;@‘ﬁ]j,@;J:
subgroup  © 0 20 30 40 50 60 'J‘ ’lﬂF}@ ﬁUCPK@( [’gv[[_k :
04 L L L \‘:vr‘ﬁ“ . e .
g > | Elsx‘?», Fi;CPK=0.59
02 — 1 UCL=0.1873 EISZ’?.* ’::CPK=0.84
B | i FI
é o1 7 %WVL /\ /\/« A ,-/\ / R=0.05733 '
00 — T LCL=0
Process Capability Analysis for a5 Process Capabilty Analysis for 47 7

Lst s
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| XS EHETBRE

BERMIS

RU(SPACERIN . LENS{i#}, $501G1G2
SPACERIK, SPACERi 4}, 5 11G1G2 GAP.

e rrEE I EE I EE I EE I EE I EEEEEmEEEmER -

BN A

PR HLSPACERI . LENS%: 1, $1G1G2
SPACERH 7K1, AN 5EMG1G2 GAP.

| ¥4 G162 SPACER HE

DIm|A]:[€]

DGR FE SO

B JE R S A

G1G2 SPACER
PS5 um Sy A AR A

A3 um Ay AR A

(@

S0

L8

| G it R T PR E R
K5 2 % G1G2 Spacer
(1742 Rk i R R 5um
A2 3um,

il JERAR S A A -
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AR«
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| DOE Plan D|m|A]:] €]

DOE® T HHI: AT #—24HG162 GAP Mean, 3 H g
Stand Deviation, i % BiREMWidthREAT

Factor Level § Response §§ Goal g
“1”: 1210
WP “0": 1225

“+17; 1240 Y1l: 78016

Y1: Gap Mean ||Y2: H#:H42,

: — 1% 2070 Y2: Gap Sigma | | s AAEIS,

Width (&%) | |0 200 e/
“+17:20.90
69-49 e

| DOE Worksheet Dlm|Al: €

Oo

StdOrder RunOrder CenterPt Blocks temp width oGap STDV

1 1 1 1 1210 20.7 762 2.73

2 2 1 1 1240 20.7 796 2.32

3 3 1 1 1210 20.9 756 3.12

4 4 1 1 1240 20.9 791 2.84

5 5 1 1 1210 20.7 762 2.65

6 6 1 1 1240 20.7 798 2.37

7 7 1 1 1210 20.9 756 3.21

8 8 1 1 1240 20.9 790 2.88

9 9 0 1 1225 20.8 788 1.19

10 10 0 1 1225 20.8 787 1.19

11 11 0 1 1225 20.8 788 1.17
DOEF:
2522 Full Factorial Design ,”» ™" #{[¥iCenter PointhL} iy 3 BrT |97
3 4 Center Point.i%5z%Replicate 2{%, Repetition 3 ¥k, 3G R
P& HSigmafffiMean(d.
DOEBR#F:
ZDOEFRZ fMeanix ) B Ar{H, M Sigmaii/MRLT.

§9:50 e




| DOE For Mean ﬂﬂ“ﬂﬂ

Fractional Factorial Fit: Gap versus temp, width

E=ztimared Effects and Coefficients for Gap (coded uni

Term Effect Coef SE Coef

tonstant FI6.375 D.2569 3I0z24.67

temp 34.750 17.375 D.Z5569 BTNGS

width —-6.250 —-3.125 D.2569 -12.1

temp*width —-0.z250 -0.125 0.z2569 B T —
Ct Pt 11.292 0.4915 23

Analysi=s of Variance for Gap (coded units)

Fource DF Seq 33 Adj S8 Adj MS F r
HMain Effects 2 2493.25 2493.25 1lz246.63 ZE+03 a.ooo
Z-Way Interactions 1 o.1z o.1z o.1z 0.24 0O.544
Curwvature 1 278.19 278.19 278.19 527.09 a.ooo
Residual Error =1 3.17 3.17 0.535

Fure Error & .17 3.17 0.53
Total 1o 2774.73

Estimated Coefficients for Gap using data| A -

Tern — Y BT R BYIHIG1 G2 Gapfys Befl ir i

Constant —2115.9= L. .

tenp 2.89167 Temp, width fYMain Effectilf f(pd>
IEREkA S ClUs EEk P<0.05, ,InteractionkL 7 3 fU(P>0.05),f -4
temp*uidch —0.0833533 . g e

ot Pt 11.2917 FUURLEFH BU(P<0.05), PUFRRIES ™~ #

3B& M pStar Point,F |Response Optimizer

69-51 T

| DOE For Mean ﬂﬂ“ﬂﬂ

i A .
Pareto Chart of the Standardized Effects %—té .

(response is Gap, Alpha = .05)
S || B R YIEG1G2 Gapfua B&T % 2
y Temp, width [{“Main EffectfL i} v
JInteractionfl T i3 FY,H 1 frRLES PO,
VRIS ~ Y BT Star Point F|

Response Optimizer

AB—|

o 10 20 30 40 50 60
+ Centemaint Main Effects Plot (data means) for Ga @ Centerpoint
! ( ) P ¢ Facom ey Cube Plot (data means) for Gap
o a® o ®g
- - - 209 7560 7905
792 @
78] @
o width 78767 o
8 6 \
768 |
760 20.7 762.0 797.0
1210 temp 1240

Temp width

69-52 T




| DOE For Sigma

Term Coef
Constant 134. 422
TEemp —-0.143500
width -5.6917
temp*widtch 0.00566667
Ct Pt -1.581a7

Fractional Factorial Fit: STD versus temp, width

Estimated Effects and Coefficients for 3TD

Term Effect Coef SE Coef
Constant 2.765 0.0141z2
tenp -0.325 -0.163 0.0141=
widrh 0.495 0.z4a7 0.014lz
temp*width 0.0=z0 0.o010 0.014l1=
Ct Pt -1.582 0.02703
Analysis of Wariance for 5TD (coded units)
Source DF Seq S35 Ady S35 Ady M3 F r
Main Effects z 0.701350 0.70130 0.3535065 2Z19.9= a.ooo
Z-TMay Interactions 1 0.00080 0.000s0 0. 000so 0.50 0.505
Curwvature 1 5.45819 5.45G19 5.45G19  3E+4+03  0.000
Fesidual Error [ 0.00957 0.00957 o.00159

Pure Error 13} 0.00957 0.00957 n.001s59
Total 10 6.16985

) L ) &=t

Estimated Coefficients for 3ITD wusing data

[coded units

Y EET1 A BYMG1G2 GapfivStand Deviation
FSCBSH 17S 2

Temp, width [[YMain Effecthl [l pu(pd>
P<0.05, ,InteractionfL 7 43 FU(P>0.05),F 1-=

JOURLE F[O(P<0.05), PUFERIF S~
SEE M pStar Point,F | Response Optimizer

69-53 T
|_DOE For Signe plulalc
Pareto Chart of the Standardized Effects SA .
(response is STD, Alpha = .05) %rﬁ .
8wk | | EETERH Y NG1G2 GapfiyStand Deviation
. B 15 e
Temp, width [YMain EffectRlf3 iy
JInteractionfl T 3 PO,F 1-5 TR L3 o,
7 =R ST — Y B M iStar Point,F|
Response Optimizer
AB—|
5 s 0 15
« cenepont Main Effects Plot (data means) for STD % Fadiorapont  Cube Plot (data means) for STD
& " o - 209 3165 2860
31
26 k\\\\\\\\\\\\\a
width 1833
E 21
16
y 20.7 2.690 2.345
1210 temp 1240
69-54 B




| Adding Star Point

COOANRE

StdOrder RunOrder Blocks temp width Gap std
1 1 1 1210.00 20.7000 762 2.73000
2 2 1 1240.00 20.7000 796 2.32000
3 3 1 1210.00 20.9000 756 3.12000
4 4 1 1240.00 20.9000 791 2.84000
5 5 1 1210.00 20.7000 762 2.65000
6 6 1 1240.00 20.7000 798 2.37000
7 7 1 1210.00 20.9000 756 3.21000
8 8 1 1240.00 20.9000 790 2.88000
9 9 1 1225.00 20.8000 788 1.19000
10 10 1 1225.00 20.8000 787 1.19000
11 11 1 1225.00 __20.8000 788 1.17000
12 12 2 1199.77 20.8000 739 3.09000
13 13 2 1250.23  20.8000 797 2.54000
14 14 2 1225.00 20.6318 784 3.77185
15 15 2 1225.00 20.9682 773 4.58000
LR AE:
ISR P S o SRR B i 95T
ﬁ,%EIfETJDStar Point,.‘*li%f@ o T
69-55 T
| DOE For Mean ﬂ m I] ﬂﬂ

Response Surface Regression: Gap versus temp, width

The analysis was done using coded units.

Estimated Begression Coefficients for Gap

Term
Constant a7,
tenp 17.
width o]
tenp* Lemp -7.
width*width oEls
tenp*width -0.
5 = 0.9z00 B-3g
Analysis of Variance
Source
Regression

Linear

Suare

Interaction

Residual Error
Lack-of-Fit
Pure Error

Total

Coef

282
321
135
n&3
351
1z5

= 99,

for

o
o= I FVR o e NI VI B |

-

SE Coef
0.503z2
0.2490
0.2430
0.2929
0.2929
0.3253
5% R-Sgiadi] = 99.8%
Gap
Seq 35 “A .
a73z.78 ig:
e na | ABEREI I R AR MIGIG2 Gapfy
437.03 BT R fUL TR Y pf
0.12 SCESH 178 2
7.62 S, s
- Ierr{p, Lvndth Fr@l}/{alnfffec%ﬁll{#ﬁJ,%i%Fm
3.17 Z R RLSE PU(RRY P<0.05, JInteraction
4740, 40 KL B F(P>0.05), 55T )25 T I Reduce
Model, i InteractionZVif['E 1 ¥ | 73 17

§9-56 T




| Reducing Model

Response Surface Regression: Gap versus temp, width
The analyzisz was done using coded units.

Estimated Regression Coefficients for &

Zig:

BT O Y
MEIG1G2 Gapfs{ B&f| 17 3L
:Temp, width fMain Effect

BRI F R

Term Coef SE Coef ﬁ[l%ﬁfj(fkl'\"'l)<0-05)»
Constant 787.282 0.4313 o o .
tenp 17.321 0.2381 R-sq(adj)=99.8%, Lack of Fit
width -3.185 0.2381 puP Value>0.05,1=§i§%¢liﬁﬁ;
Temnp* tenp =7.063 0.z2501 -+ H;Fjﬁgyﬁ%ﬁ
width*widch -3.351 0.z2501
5 = 0.6799 R-S¢ = 99.8% R-Segladij) = a9, gy—" I
Analy=is of Wariance for Gap
Jource DF Seq 83 Adjy 35 Ady MS F P
Regression 4 4732, 66 473Z.66 1183.16 ZE+03 0.000
Linear z 4235.62 4235.62 2117.81 3E+03 0.000
Jquare z 497.03 497.03 248.52 320.97 0.000
Residual Error 10 7.74 7.74 0.77
| Lack-of-Fit 4 4. 55 4.55 1.14 2,17 0.190 |
Pure Error [ 3.17 3.17 0.53
Total 14 4740, 40
69-57 __ T

| Residuals Analysis

Residual Model Diagnostics

Normal Plot of Residuals

Residual

Normal Score

Histogram of Residuals

N oW Ao
I

Frequency

aenl

-1.251.060.780.560.28.000.250.5(.75
Residual

| Chart of Residuals

Residual

ucL=1971

AN
VYN

0 5 10

Observation Number

Residuals vs. Fits

15

Residual

740 750 760 770 780 790 800

Fit

LoL=-1.971

i

F B 47 WS BRMELRL AR
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| DOE For Sigma

COOANRE

Response Surface Regression: std versus temp, width

The analy=iz was done using coded units.

Estimnated Regression Coefficients for =

i
SYEEREH I O RA

F/G1G2 GapfuStand
Deviation3 E&H 175 Hl:

Temp, width [YMain Effectfl

Term Coef 3E Coef ﬁl%ﬁ%,};;&ﬁp%: ALY
Constant 1.1647 0.02480 (P P<0.05),
teup -0.1629 0.0lz3z ) )
width 0.2445 0.01232 R-sq(adj)=99.8%, Lack of Fit
tenp® tenp 0.5715 0.01449 .z N
§l > FIRLAT
widthroidth 1.0527 0.01448 E_RP Value Ofi’%:fﬁc 12
T WER R T
% = 0.04552 R-Sq = 99.8% R-Sqiadj) = 99.8% I
!ﬂ.nalysis of Wariance for std
Source DF Seq 53 Adj 53 Adj Ms F P
Regression 4 12.4386 12.4386 3.10965 ZE+03  0.000
Linear 2 1.17a% 1.1782 D.58046 284.44 0.000
Square 2 11.2597 11.2597 5.62983 3E403  0.000
Residual Error 10 0.0207 0.0207 0.00207
Tack-0Lf-Fit T T 011 . 011 T.00278  1.75 0.257 |
Pure Error [ U. Ouse . uusEe . ouLlss
Total 14 12.4593
69-59 T

I Surface Plot and Contour Plet

DIm|A]:[€]

Surface Plot of Gap

Surface Plot of std

std

1200 4500

temp

1220 o0
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Contour Plot of Gap
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| Response Optimizer ﬂ m I] ﬂ ﬂ
Optimal temp width
pt')ma Ho| 12502269 20,9682 ‘
cur | (112226249  [208761] DOE Goal
10000 1o || 11997731 206318 T
Gap <] Y1: 780+16
Targ: 780.0 Y2: HirA2,
y=17380.0 KA LS,
d =1.0000 N R AT
std
rinimum
y=20000
d=10000 [~

i

i T BI5R F AT, F IResponse Optimizer 53 F" #:

ﬁ‘j‘?jTemp*ﬁﬁff‘& 1222°C'}‘|;,,
I .ﬁWidthi&‘E{‘y‘i 20.87cm™> ‘E,
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Overlaid contour plot of Gap And Std

Overlaid Contour Plot of Gap...std
Lower Bound
—= S Upper Bound
20.95 — - -~ T White area: feasible region
. Gap 764
-=== 79
std — 0
=== 5
2085 — .
;/"‘ \~‘\
ES) K
=] I
s H
H
‘
2075 — '
3
i
\
1
A
S
\ /
iy i
2065 —fhu
A
I T T T
1200 1210 1220 1230 1240 1250
temp

AT iR B ETE1225 2 15°CIN, Widthi % 7£20.800.151, e[

i A2 Gap RISt 7 32, T BL T BLAEARAME SRR 75 008, JERE BB
T
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| AR plm[al" e
NO IR BEWR MELHELIST (AERE) BEA &t
IR E R EIGLG2FLIB A Ak, A LR
1 G162 RS TE4—0. 015mm XXX
Rkt
LR RTbrifkdl, 48— 40CM.
e , 2. PR HRSPACERISLENS B B,  $7G162
2 fak FRLPERR oo BRI ACE, A BEMGIG2 GAP. KXX
3 ARMHEA RS G, AN A,
3 Yk PP L. A FIE1220+10°C XXXX
4 Yk SRR 1. M8 BEAE20. 88 0. 2cm XXXX
69-63 TS
v
C MEBKATIERENIBIE plmu|alz]E!
Process Capability Analysis for C4
T TR AR,
LSL BR20 7T HIER ¢
Process Data PPK=1.18, TF2E /)
usL 796.000 I o
Target * : ______
LSL 764.000 | |
Mean 781.686 | |
Sample N 140 } }
StDev (Within) 3.98469 | |
StDev (Overall) ~ 4.05177 } }
| |
Potential (Within) Capability } }
Cp 1.34 | |
cPU 1.20 | |
CPL 1.48 | |
Cpk 120 ‘x I I I I I -
Cpm * 760 6 770 775 780 785 790 795
Overall Capability Observed Performance Exp. "Within" Performance Exp. "Overall" Performance
Pp 1.32 PPM<LSL 0.00 PPM<LSL 4.53 PPM< LSL 6.35
PPU 1.18 PPM> USL 0.00 PPM> USL 163.97 PPM> USL 205.67
PP PPM Total 0.00 PPM Total 168.49 PPM Total 212.02
Ppk o 118




C MEMBTRELTHES

DIM|AJT]<

Y : G1G2 GAP} A
e e e - i O
X: Elsr‘% Fjujbasr%r,' " 2-Proportion Test Jii 444k
HofBi& : a's«?:,ﬁqir‘,clcz GAPP AUzk=H [ 7
Haﬁz&‘ : ﬁ%ﬁﬁEGle GAPZ:E$%§“§ X 43 Total proportion
Elopv: ?ﬂ%i?}ﬁij'ﬁ?\-fclcz GAPP UzFE)= R | 1986 | 89023 | 0.022308842
;?1+EEEJI%%FM e 534 82943 | 0.006438156
F&E& 434 2 -Proportion
Test and CI for Two Proportions
#hig:
Sample X N Sample p _
1 1986 89023 0.022309 P = 0.000<0.05
2 534 82943 0.006438 HORR sz, HamLsz
Estimate for p(1) - p(2): 0.0158707 ﬂﬁPEJH?%‘%ﬁjrﬁ,GlGl GAPT AL B
95% CI for p(1) - p(2): (0.0147583, 0.0169831) RS 5 ERLEH P AL
Test for p(1) - p(2) = 0 (vs not = 0): Z = 27.37 ?Jﬁ,l%j?ﬁfg\lﬁ% |
P-Value £ 0.000
\_
69-65 .
C Control Plan ﬂﬂ“ﬂﬂ
18 | We it Bt iy | FEER | g | oy
G1PINEA G1PINEIA WAMEIRE | EDO3-1-002 | 127180 | HE
WS GUGE
/¥ 4-0.025+0.010 1% 4-0.015+0;010 ﬁw;ﬁy;ﬁ; EDO3-1-002 | 12 98H %UT[Q
BE |HERE THE F—H40cm WTR| EDE2-4-001 | 12/18F | g
| BnBEWEEE | snBOUSEE | EOY | EDO34005 | nper | W
BE | BE 1230+30°C 1225+15°C WiAsAr | EDE2-4-001 | 12481 |VEEHTE
1BE 20,80 0. Zem 20.80+0.15 cm WS | EDO3-1-007 | 12H8H | WEEHEE
6966 T




C SPC of X’s

I'and MR Chart for Temp I'and MR Chart for Width
o 0 ] veLszet o 2% e
£ £ A
S A Weaneta3 3 /\ /\VV 2080
: VTN S u
§ 20~ B 3
= o Lo = 205 Lote2086
Subgroup 0 o 2 ) Sugoup 0 o » B
02

o veLe21es N o172
2 2

e o4 AN\ /\ 5 £ AN AVA\

£ Res2a < Reo0s260
H AV H V'V W/

0 Lot 00 Lo

I'and MR Chart for G1 Height

soe ] warse Sy T B 3T
2] /\\/r\ /\V/\ ES] ;? B ST

Individual Value

o e Temp,Width,G1 Height
— % F = #FSPC U« IHETE
g 0.000 — \/\/\J ! LeL=0
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C SPC of Y

Binomial Process Capability Report for NG

P Chart Rate of Defectives
0.010 09 ———___ ]

0.009 UCL=0.009184
0.008 A
s 0.007 /\ /\\ 2
S H
§ 0006 /\' P=0.005736 8
& 0.005 Yo Sk \/“‘4 W\/\ 3
& 0.004 =
0.003
0.002 LCL=0.002287
0 10 20 3500 4000 4500 5000
Sample Number Sanple Size
Cumulative %Defective Summary Stats Dist of %Defective

(denotes 95% C.1.)

Average P: 0.0057357
(0.0052, 0.0063)

%Defective: 0.574
052, 0.63)
0

%Defective

Target:

PPM Def.: 5736
(5244, 6261)

10 20 ProcessZ: 2.528 05 06 07 08
(2497, 2.559)
Sample Number

Y FUSPCEESR F > YRV AUSFFIE > Cumulative T HUSFE
P RS -
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C Project Cost saving Em.

25000 rHo545 22260 22346 After Project

20000 18904

16578
15000 - 12934

10000

I 8723
5904
5000 - | |
&)

55 6 ] 7H 8] 9] 104 114 12 1

1. M 569 1 AZFBASELINES] f|*#22300 ppm ,=|# £1342100000EA °

2. M 569 G1G2 7 42T5 F 153 /6000 ppm AR (153 4
21.157%/EA °

3. F #ﬁ»’fﬁﬂ“ :
M 569 35 £ %[i=100000EA/*] *21.157- /EA * (22300-5904) ppm/10000000%12 ]/
=4161307: /F
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