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Zd A AH ZM(MSA : Measurement System Analysis)

IMP Ol A #El= FE A|AH Platform = Ofefef Z& L Lt

47tK| Case €& 7|T2E JMP o] & A|AH! Platform & JMP User 0| =2 0| A5t EE[7|s5]1S

1. Analyze / Quality and Process / Measurement Systems Analysis
1) EMP Method 2} AIAG Method X| ¥

2) EMP(Evaluating the Measurement Process) 2} 2 Case 1: EMP '35
Donald J. Wheeler's 2| &= 7[&2 = &
(EMP using Imperfect Data : 2006) Case 2 : AIAG 24
2. Analyze / Quality and Process / Variability, Attribute Gauge R&R Chart
1) Chart & O| &5t £tz o] 2l &4
2) MZY =X ‘l|-(I-|)k-| It S 0 CHSH S A|AH 2 A Case 3 : Attribute Gauge R&R
3) Gauge Bias ¥ Linearity & '='“ Case 4 : Gauge Linearity =

4 Measurement Systems
Factors Crossed Variability_Chart MSA
Factors Mested Variability_Chart; MSA

Factors Crossed

Factors Crossed & Nested Variability Chart
Factors Mested

Factors MNested & Crossed Variability Chart

* 2 X2 0| A= Help / Sample Data Platform /
Sample files categorized by type of analysis 2]
'Measurement Systems’ 2| Sample Data & Z&5I% S

e [ [l ||

** MSA = 420 2}, MCA(Measurement Capability Analysis), Attribute Gauge Attribute Chart
Gauge Study, Repeatability and Reproducibility (R&R) Study, Gasket Variability Chart, MSA
Interlaboratory Uniformity (ILU) Study, Method Validation % MSALinearity Variability Chart
Round Robin Study 2| CtYst 0| E2 2 2| ULt —i';‘:e':"a"‘ Effect -
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- H I_ H_I 4 ~IMeasurement Systems Analysis for Y
ase u o Hd 4~ Average Chart
.
8 {5 Ay UCL=77.5701
1. Sample file : waferjmp s I\
. . | | N
1) 30| 67H2| Sample 0f CHdl 22| Bt &7 z A AN I NG 77303
S S —A— f > f ¢ = 74.
2) 3F*671*22| = 36 712 data g74] [~ N\ || N \ |
Select Columns Cast Selected Columns into Roles Q Iu‘l » III || \‘.,_i
e =13 Columns e < Iu' . |
2, céla—:! 2"% :Operamr VGDRGCT:‘-‘-‘?Q';( 72 Ir' Itl LCL=71.8905
+ ater | /
1) @221} Zo| Yastn 7 : |
2) MSA Method Of Af WA ethos [ % Grouping | &0versc 0 :
'‘EMP’ A EH EICI 123456123456123456
M M - . B opflional
3) Chart Dispersion Type Of| A Chart Dispersion Type A X ¢
® Range Operator / Wafer
’Range’ AI_-I E_||'| C Standard Deviation
4) Modeling Type Ol A ‘Crossed’ A4 EH | wocei pe 4~IRange Chart
(13 282 =0I57| sl A ‘;ﬁZE",i's"sed _ _ S
E% ’Crossed’ % Alj E_l'll) ; ﬁ;o;;edd with Two Factor Interactions UCL=4.9343
© Crossed then Nested (3 Factors Only)
O Nested then Crossed (3 Factors Only) 4
3. JMP 0| A= Default 2 Options z 3 ’
Average Chart 2 Range Chart £ v !
E O:I = L‘l I:l_ = . / \ | . v
BB . o Y ! / { T V4
7 3 7 a Average Range = 1.5106
1 .*'; L ‘/ r/,c’ 4 \‘\\ f__f
— | v
4. FIHX O Z JMP User =2 ‘
e = A= iati
OfEH 9_|_ 7E|.% _E_/Se %FE% Ol-g-ol-O:I 0 LCL=0.0000 S'tajrdard Deviation Chart
=7 Alﬁ%% _E_&I-C:LFL_l |:|- 12 3A4 5612 3B4 5612 3C4 56 i UeL 891
o " o : =3.
(Hé!-jl_l-AﬁH g:'|AI:II-7—II-<<D:::! 0" Df%ﬁ%__%ﬂ?_} E|-E, B | i d click QOperator / Wafer 3
Alt key + DI"?‘ﬁ Click OI'E OI"?'l Option Ol 7 Select Options and click OK o
. = e1 ©2 3 4 o5 +5 5 ’
2= Display €L|CL Of2{i M EH MEH = ¥ Average Chart Wafer : 2 !
OK ClICk) [v] Range Chart jID; 13 " ; /"\ S /
& / S N KA Std Dev = 1.0681
[+] Parallelism Plots 0; 7 / A N N/ verage ev
. " '
EMP I.?Lesults . 0 1200000
] Effective Resolution O 3 456123456123456
Bias Comparison B T -
Test-Retest Error Comparison Operator / Wafer
[ Shift Detection Profiler Warw *1 %2 %3 +4 s5 e6
[1Variance Components
EMP Gauge RR Results (Chart Dispersion Type;ﬂl;ﬁ- oo 740
[ Local Data Filter Standard Deviation’ MEiSIRA S A 2)
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Case 1:

4 Parallelism Plots

= £ ko) i i
“operator M ol ZdZ1to] cist 4 Bias Comparison MM T CHH| 2t =™ Xto| TR0
ol Ct2 o 4= Analysis of M (A ol = /= — ol
e Graph Pattern O| Ct22 2 nalysis of Means AOHLE KfO| Lb= X2 HOIE
78 = peraoAr ﬂl_§7£||'%0| ‘E‘xH_‘g = [ = =
— B 76.0
76 — C
£
E N 755 UDL=754379
= /
724 ° Y 75.0
| Avg = 747303
704 |/ 745
1 2 3 4 5 6
Wafer 74.0 ./ LDL=74.0226
4 EMP Results A B c
Rt a8 Wi Er e
est-Retest Error E ithin Error
Degrees of Freedom 16.017 Amount of information used to estimate within emmor a =005
Probable Frror 09029 Median error fora single measurement
Intraclass Correlation (nobias)  0.7385 Proportion of variation attributed to part variation without including bias factors | & X‘” H &= 0." A—I =X |:H ALZ} 4Test-Retest Error Comparison
Intraclass Correlation (with bias) 0.6272 Proportion of variation attributed to part variation with bias factors — o -1 o O - 7 Ivsi "
S~ -
patt TT3 AMOUTT By W I:IE%OI xl.xlol_f Hl_g_ Analysis of Mean Ranges l:ll_fE §7§'6|- ﬁol %4_?,' %EOE
= — —| —
= Al A HI O| HEM2 |_|.E|-LH
2.5 = o —o—l = o= [
e = o UDL=2.4682 = —
gystem ~ Classification < AMP I:C|>I- tbil-l O-"A-I ;ch Al A EéIIE
urrent (with bias) Second Class — o _
Potential (no bias) Second Class -‘-g 7|-O|-t Xl _-H—_ = 20
=2
/ o
=4
m
4 Monitor Classification Legend % 15 ,,_.-——'-""N_‘_‘—" Avg = 1.5106
o
U
Intraclass Attenuation of Probability of Probability of =
Classification Correlation Process Signal Warning, Test 1 Only* Warning, Tests 1-4* 1.0
First Class 0.80-1.00 Lessthan11% 0.99 - 1.00 1.00
Second Class 050-0.80 11%-29% 0.88 - 0.99 1.00 LDL=0.6601
Third Class 0.20 - 0.50 29% - 55% 0.40 - 0.88 0.92 - 1.00 0.5 A B C
Fourth Class  0.00-0.20 More than 55% 0.03 - 0.40 0.08 - 0.92
O f
* Probability of warning for a 3 standard error shift within 10 subgroups o 005 eI
using Wheeler's tests, which correspond te Nelson's tests 1, 2, 5, and 6. -
i Effective Resolution
— 4 EMP Gauge R&R Results
Source Value Description
Probable Error (PE) 0.9029 Median error for a single measurement Variance
Current Measurement Increment (MI)  0.01 Measurementincrement estimated from data (in tenths)
Lower Bound Increment (0.1*PE) 0.0903 Measurementincrement should not be below this value Component Std Dev CDmPDnent % of Total 20406080 }‘Ol
Smallest Effective Increment (0.22*PE) 0.1986 Measurementincrement is more effective above this value 1 H %Contribution
Largest Effective Increment (2.2*PE) 1.9865 Measurementincrementis more effective below this value * I—i Al A HI O| _lfi_'é'H % I Gssg:aréggﬁw :]] ?gigf?g ?ggg?g?g ] 360/ E = X—I Al ljk El O EA-I
— TC . . (o) = a—
Action: Drop a digit CHstH Reproducibili 1.1256305  1.2670441 S = ot 0|- co LH
Reason: The measurement increment of 0.01 is below (Resolutlon O“ H .y b 2 t}f = c!'OI'Xl BsOa= LI'EI' [}
; : HIL XA =H™CE 7t Product Variation 21700666  4.7091830
the lowest measurement increment bound and should o . = o LT Interaction Variation 0.0000000 0.0000000
be adjusted to record fewer digits. 0.01 O] Mt % &= . y i
Total Variation 27122712 7.3564151
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Case 2 : AIAG Y

1. Sample file : waferjmp ——
1) 30| 67H2| Sample 0f CHdl 22| Bt &7 = Variability Gauge
2) 38*67l1*2=| = 36 72| data AVariability Chart for Y
o 80
2. Cél E—:! 9—|’E Select Columns Cast Selected Columns into Roles |X_'|X‘|| rc'-:)‘-E'J—ll' 7—|" éngg
1) QEZ 0} 2+0| US| =acolumns oo 78 I ) s & 5 US
2) MSA Method Ol A . e prenatnumerce P
‘Gauge R&R' 1% 4Y —- AV ‘*I HHE =k Zfg Moz
3) MOdeling Type 0" A-I MSA Method _Pa Sample ID| Wafer | I\ f I 34?246}9'1222,
'Crossed’ A1 EH . Samp " Onerat i, {—I f b, f “I Avg=T74.7302778 Mol Zo|7l 24E
— 1 v i erator i N, | T Y = —
Gauge R&R o_sr.‘gf'--:-.‘ Y 74 In'l I \‘ .'I I| $..q H._I'%)g 0‘" gl-é;l_ M-Ejl'
Model Type - —— ."I I II' 3E|'_T'_ Eél'-éél' ES =
Crossed - : — i / |I
By of I |
70 I
3. Variability Chart 7} Display & 68
7HAEE =017] flof BAM 44 28, 112|34|5/6(1|2/3/4|5/6/1/2|3/4|5|6 wafer
Connect Cell Means, Show Group Means 2} A B C Operator
Show Grand Mean = &t
= Variability G 25
Vertical Charts 3.0
Variability Chart 2.5 ghE Fdot gt HXLE
Show Points = 20 * A AALSEY a2 dgj=
Show Range Bars g 15 . ,-"f *. e x
Show Cell Means ! 1.0 ;.-" \\ /x-' ‘x\ \\ x
Connect Cell Means 05 / "y ,(/X ke \“‘v""'
Show Separators U‘IU‘ ’
Show Group Means []'I5
[v] show Grand Mean " |1]2|3|4|5]6(1|2(3|4|5|6(1]2|3|4|5|6|wafer
Show Grand Median A B C Operator
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Case 2 : AIAG

i

4. HHI-7|-)\H O=|AI-7_||-'64 %E’.I

1y

Gauge Studies / Gage R&R =&

JI>+
o|=|

<Ehn

F|>|

E% Enter/Verify Gauge R&R Specifications X
Choose tolerance entry method i, Sigma Multiplier [e.g. 6 gives a 99.73% spread)] |:|

Tolerance Interval ~ |:|

Spec Limits, optional .| LSL
usL

Tolerance Interval, USL-LSL, optional

Historical Mean, optional .

‘ oK ||Cance||| Help|

Historical Sigma, optional

4Gauge R&R
Measurement Variation
Source (6*StdDev) which is 6*sqrt of
Repeatability (EV) 6.333018 Equipment Variation V(Within)

Reproducibility  (AV)  5.316500 Appraiser Variation

Operator 4431396 V(Operator)

Operator*Wafer 2.937330 V(Operator*Wafer)
Gauge R&R (RR) 8.268754 Measurement Variation V(Within) + V(Operator) + V{Operator*Wafer)
Part Varniation (PV)  10.553139 PartVanation V(Wafer)

Total Variation (TV) 13406753 Total Variation

6k

Som T e

% Contribution JRE

(%71018) ol

%Study Variation

xl[}U(%)

TR 100(%)

(55171 B5) o
%Tolerance Gﬂ'ﬂ o
(%2 XH]) USL — LSL XIGO{)”U}
NDC* Opp =
EEFELPY LM X‘EJ

19 M2t

10% 012

10% 0/2¢

10 018

1™9% o% Ol&

10™30% 30% 02

10™30% 30% 01

4~ 4 [0]3

[ 61.676 % Gauge R&R = 1DD*(RR,J‘TV}

]

0.7835
1 Number of Distinct Categones = 141(PV/RR)

Using last column "‘Wafer' for Part

4 Variance Components for Gauge R&R

Var
Gauge R&R 1.8992302 38.04
Repeatability 1.1140865 22.31

Reproducibility  0.7851437
Part-to-Part 3.0935759

15.73
61.96

V(Operator) + V(Operator*Wafer)

V(Within) + V(Operator) + V(Operator*Wafer) + V(Wafer)

%GRR(% Study Variance) : 62%
%Contribution : 38%

NDC(Number of Distinct Categories) : 1

> SHAAHORA HEE

= O
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Case 3 : Attribute Gage R&R

0. < OO0 Ciot 57 A|AHE 240
AHE
1) Pass or Fail

1. Sample file : attribute gauge.jmp
1) 507§ Sample Of T3l 30| 3HHM Hr=E =X

N
2) 5 8810= ¥F, =22 #¥(0, 1)

2. 4 A

1) otziet 20| Yt

2) Chart Type O A
‘Attribute’ A E4

Select Columns Cast Selected Columns into Roles
e A
part | B
4 standard C
Wk Code optional
ws
hC X, Grouping|| 4 Part
A RefValue optional
Chart Type
Attribute  ~ optio eric
Options
Specify Alpha Enter Raters as separate columns

4 Gauge Attribute Chart

80

60

40

% Agreement

20

100

% Agreement
~ D e W W
[ ¥} [} (%] = L

-
(]

65

TN <[ T WO =] SO TR

Part
A B
Rater

L= e el S et I

—| T~~~ — |~ —| —

—Agreement between & within raters

20
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Case 3 : Attribute Gage R&R

4 Agreement Report
95% 95%
Rater % Agreement Lower Cl Upper Cl .
A 914286 895082 93.0248 4 Effectiveness Report
B 919048 900502 93.4388
C 89.8005 876057 916588 4 Agreement Counts
Number Number 95% 95% Total
Inspected Matched % A t L v cl
ope EO e :9 9’*??;30 02:558 pe’}i% Rater Correct(0) Correct(1) Correct Incorrect(0) Incorrect(1) Grand Total
4 Agreement Comparisons 'g ig 1[9}[?} lig g g 1;8 "WIMA E 24X =
olHIMOo &2 E 7| 2k0|
Compared Standard =2 appa 4o C 42 93 135 6 9 150
Rater with Rater Kappa 2 4 & 8 Error 60% ~ 70% O|At0|H
A C 076 e | oosar | o OAIZEO] WECHM whE 4 Effectiveness
B C 0.7880 | 0.0537 (Kappa SA|Z : BIHARZH 95% 95%
ot A0to| UK =E .
Compared Standard | 7| AtSt= X|E £9| 8LH Rater Effectiveness Lower CI Upper Cl Error rate
Rater with Standard Kappa 2 4 6 8 Error - A 946067 89829 972730 0.0533
A Standard 0.8788 : : : ] 0.0416 B 96.6667 924348 98.5680 0.0333
g ggggg:g g-ggig 1 ' g-ggg? C 90.0000 84.1565 93.8459  0.1000
: : ' Overall 93.7778 91.1542 956603 0.0622
4 Agreement within Raters
Number Number 95% 95% 4 Misclassifications
Rater Inspected Matched Rater Score Lower Cl Upper Cl
A 50 42 240000 714858 91.6626 Standard
B 50 45 90.0000 786398 95.6524 Level 0 1
C 50 40 80.0000 66.9629 88.7562 0 . 16
4 Agreement across Categories 1 12 c
Standard Other 0 0
Category Kappa 2 4 6 8 Error
0 0.7936 ] 0.0236 4~ Conformance Report
Overall 07936 | oo P(False Assumptions
Rater Alarms) P(Misses) NonConform =0
A 0.0490 0.0625 Conform = 1
B 0.0196 0.0625
C 0.0882 0.1250

P(False Alarms) : 15 2&
P(Misses) : 285 2F
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Case 3 : Attribute Gage R&R

£ : Analyze / Fit Y by X Platform 2 O|&3|M T FAtet AIE &olgt 4= UL}

— = == T A
4~IContingency Analysis of Standard By A 4 ~IContingency Analysis of Standard By B 4 ~IContingency Analysis of Standard By C
4 Mosaic Plot 4 Mosaic Plot 4 Mosaic Plot

Standard
Standard

Standard

1.00 E— 1.00 - —— 1.00
]
0.75 075 0.75
0.50 0.50 0.50
0.25 0.25 0.25
0.00

0 1 000 0 1 000 0 1
A B C
4[=|Contingency Table 4(~/Contingency Table 4=|Contingency Table
Standard Standard Standard
Count |0 1 Total Count |0 1 Total Count |0 1 Total
Total % Total % Total %
Col % Col % Col %
Row % Row % Row %
0 45 5 50 0 45 2 47 0 42 9 51
< 30.00 3.33| 3333 @ 30.00 133 3133 o 28.00 6.00| 34.00
93.75 4.90 93.75 1.96 87.50 8.82
90.00| 10.00 95.74 4.26 82.35| 1765
1 3 97 100 1 3 100 103 1 5] 93 99
2.00| 6467 66.67 200| ©667| 6867 400 6200 66,00
6.25| 95.10 6.25| 98.04 12.50| 91.18
3.00| 97.00 291 97.09 6.06| 93.94
Total 48 102 150 Total 48 102 150 Total 48 102 150
3200/ 68.00 32.00| 68.00 32.00| 68.00
4 Tests 4Tests 4 Tests
N DF -LogLike RSquare (U) N DF -LoglLike RSquare (U) N DF -LogLike RSquare (U)
150 1 64.302053 0.6838 150 1 72195357 0.7678 150 1 47629901 0.5065
Test ChiSquare Prob:>ChiSq Test ChiSquare Prob>ChiSq Test ChiSquare Prob:>ChiSq
Likelihood Ratio 128.604 0001* Likelihood Ratio 144,391 <,0001* Likelihood Ratio 95.260 <00
Pearson 115947 001* Pearson 127.815 ] Pearson 90.036
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Case 4 : Gauge Linearity

0. 54 afo TM| Helof CHo &gkt
=
?%ﬁﬂ Xto|7t = _X|, 4Variability Chart for Response
& HO|(Bias) Off CHEH H7} 10
. . . . 9 /,‘1
1. Sample file : MSAlinearity.jmp o
1) 507K Sample Of CHdH 3HO| 3HM4 BEtE=7H p=
2) SHAE YE, 2o BH(, 1) 3 7 /
olat = % 6 /1 2t B =-70 |4 0verall Measurement Bias Report
2. = glH N € 5 / M| 37t Average Bias  -0.0533
1) of2fet Zto| Yzistn A / N Sdmor 00308
N bitie s A EN tRatio -1.7290
2) Chart Type Ol A ‘Variability" 41EH 3 I — Prob:t] 0.0394
E | 05 Lower 95% -0.1152
Select Columns Cast Selected Columns into Roles 2 ' Upper 95% 0.0085
St Response 1 2 3 4 5 |Part »
A Response optional numer 3 _‘
A standard T 0 |
4 04 . Al e
A Bias __Standard Standard 7—|" —?—%% é’gﬂ*g 05 ‘ Bias O” EHol_I- _E_i
Chart Type 4 Part - 0.3 E _7':_ rlﬂ xl_ :
optiona ]
. s - ! e Ay
Variability = 0.2 \ 1
Model Type optional numeric 0.1 ! S 0 5 10 15
Decide Later v oplior Count
_ 0.0
Options - : R 5 5 5 pant 1 Measurement Bias Report by Standard
Operator, Instrument are examples of possible i Standard Bias Std Error tRatio Prob=|t|
Grouping Cols 10 . 20000 049167 0035799 13734 <0007
40000 012500 0.129173 0.968 0.3540
. 6.0000 0.02500 0.056575 0442 06671
0.5 ;\ 8.0000 -0.29167 0.028758 -10.142 <.0007%
’ M M 10.0000 -0.61667 0.042343 -14.564
3. WZHA AL Zh Of A b
. . o0 - ___.
Gauge Studies / Bias Report 2 & L AN
- 1
.- N Standard 7t 2, 8,10 91 &0
- - R pr .
. sAHLZ 7o|ot Bias 7 U=
= =
: (5, Mggo| £X] ¥2
O T e 8 [ 10
Standard
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Case 4 : Gauge Linearity
4, 7N AAZFSH O A Gauge Studies / Linearity Study =&
4~ /Linearity Study
 — ~ Avg
O FHoM e %k oj;|0 OFA % ™,
(jéll_-" 7:);'& _L.-_7|1| élﬁa_;g%) — 10 . Standard Response Bias Lower CL Upper CL
! \ 2.0000 249167 049167 036612 0.58055
2 ZolME 72H0| Y42 Lety [l “-. 40000 412500 012500 0.13419  0.28581
(AR ZHECH & ZSHEICHs &) !.[}-5 T S 6.0000 602500 002500 -0.11524  0.00857
N B AN % 80000 7.70833 -0.29167 -039248 -0.24085
E: ‘\\ f‘;lx;-‘._l/ ,," E 10.0000 938333 -061667 -0.68722 -047278
2 0 o SE
o/ e \ Sum of
\4 -------- e ; | Source DF Squares Mean Square F Ratio
05 'l,‘ *s. | | Model 1 8321333 832133 1450232
K '”iﬂ j Error 58 3.328000 0.05738 Prob = F
. C. Total 59  11.649333 <. 0001%
1.0 7|27|7} -0.13 0| 2, PZ40|
2 4 6 T8-10 Estimate Std Error t Ratio Prnh:»ltl SAHSR Rolota2
el Intercept  0.73667 0.072524  10.158  <.0C =Y 72 el dd-go| X
( Slope -0.13167 0.010933  -12.043 ]
Bias = 0.7366667 - 0.1316667 Standard .
Which equals
Lineanty . Slope * Process Variation
( % Linearity 13.167 100 * abs(Slope) ]
Avg bias -0.052 Bias averaged over all parts
% Bias . 100 * abs(Avg Bias) / Process Variation | % Linearity 7t 13.167% &
Process Variation . Entered on dialog (23S 10% 0| Ol H HHgo|
R-Squared 0714 Al ROt T
Alpha 0.050

oto
[Eoa =)
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