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ABSTRACT

One of the requirements stated in the customer Quality
Records Documents (QRD) is the In-Process Quality Control
(IPQC) and translated to a control plan which has a sampling
frequency of per shift per machine. The idea originated when
the team was identifying PC activities that involve manual
data measurement and have the potential for efficiency
improvement. Through data interpretation and analysis,
Wirebond IPQC will be the candidate for cycle time
improvement, involving most of the manual measurement.
The proposal is to improve PC activities using the current
metrology tool for Wirebond process in parallel with the
qualification of an alternative metrology tool used for other
processes. This project resulted in an annual savings of
2.2KUSD and cost avoidance of 32.5KUSD upon
implementation.

1. 0 INTRODUCTION

Processes that are consistently not meeting the 100% IPQC
hit rate target are Attach Processes and Wirebond. However,
for the Attach processes, the reason for not meeting the target
is because dry monitoring are not given immediately by the
operator because of the timing of unloading at oven cure,
hence it is beyond the control of the team. In contrary,
Wirebond samples are readily given but monitoring
execution is delayed due to the lack of manpower, hence it is
within the control of the team. Wirebond IPQC consists of
dimensional measurement and destructive test performed in
Nikon measuring scope and Dage bond tester, respectively.

IPQC Monitoring
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Fig. 1. IPQC Monitoring hitrate for all the processes with IPQC requirement.

1.1 Nikon Measuring Scope

Dimensional measurement at Nikon measuring scope

requires personnel to stand and move the stage by rotation of
the x and y knob. Nikon uses point-to-point measurement for
X, y and z measurements.

Fig. 2. Nikon measuring scope actual setup and point to point measurement.

1.2 OGP Smartscope

OGP Smartscope uses the average value of the area being
measured and has a centroid function for the automatic
detection of the area that you want to measure. Capable of
programming the dimensional measurement through recipe
and requires personnel to a sitting position.

Fig. 3. OGP Smartscope actual setup including the area and centroid
measurement.

2.0 REVIEW OF RELATED WORK

Not Applicable.
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3.0 METHODOLOGY
3.1 Define

3.1.1 Problem Statement

Wirebond is consistently not meeting the 100% IPQC
monitoring hit rate target. Also, Wirebond has the most
number of manual measurement from all the processes with
PC monitoring.
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Fig. 4. 3-month Wirebond IPQC monitoring

Wirebond IPQC monitoring has an opportunity to improve
the cycle time during dimensional measurement in the
manual recording of data in the log sheet and manual
encoding of measured data in the SPC software.
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Fig. 5. Bar graph of Processes with IPQC requirements.

3.1.2 Project Metrics

The team identified Quality as the business metric for this
project with cycle time as the primary metric. It is expected
to require additional OGP metrology tool if the project is
implemented since OGP will be qualified as additional
metrology tool for Wirebond PC.

Business Metric
Quality Cycle Time

Consequential Metric

Savings from headcount
reduction and elimination of
paper

Additional OGP requirement

Fig. 6. Wirebond IPQC Project metrics.

3.1.3 Initial Objective Statement

The project aims to reduce the cycle time of dimensional PC
measurement at Wirebond process to minimum cycle time
per machine by end of September 2018.

The proposed solution is to convert manual measurement to
automatic measurement by qualifying the OGP to measure
dimensional measurement at Wirebond process that will
result to cycle time reduction. The graph below shows the
breakdown after the implementation of the project.

Wirebond PC Monitoring
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Fig. 6. Wirebond IPQC activities stack bar.

3.1.4 Projected Savings Forecast

The project is estimated to have a cost savings of 2.2KUSD
for combined reduction of headcount and elimination of
paper consumption during PC monitoring at Wirebond if
completed.

3.2 Measure

3.2.1 Detailed Current Process Fow

The steps below enclosed in broken red lines are identified
steps that will be changed or improved to reduce the cycle
time of PC monitoring at Wirebond due to manual recording

Primary Metric

Financial Metric
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of measured data in log sheet, template, and SPC software.
Dimensional check is 100% manually measured at Nikon.

Fig. 7. Detailed Current Process Flow.

3.2.2 Proposed Process Fow

The steps below enclosed in broken blue lines are the
improved steps that will reduce wrong data entry during SPC
data encoding and eliminate use of paper during PC
monitoring at Wirebond. These changes will result in an
improvement in the cycle time of PC monitoring by
eliminating those manual activities. Ball height and loop
height measurement will also be improved by converting
from manual to automatic measurement.

Fig. 8. Proposed Process Flow

3.2.3 Force Field Analysis

The methodology used was Force Field Analysis because the
solution is already known for the problem. Comparing the
arguments of Forces for Change and Forces Against Change
will help to initially assess if the project is worth considering
before implementing. This is like providing the advantages
and disadvantages if the project will be implemented.
Looking at the scores, it is favorable to implement the project
rather than oppose it.

Forces for Change Forces Against Change

Additional reqliliremen" for

mitrology equipment

User afraid to change due
to lack of training on the

Reducei manual automation

measurement -

Data inaccuracy

Cycle ﬁme redijction
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of paper

PC Inspector
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Fig. 9. Force Field Analysis of Automating the output file of dimensional
measurement at Wirebond IPQC monitoring.

3.2.4 Capacity and Headcount Requirement

Based on the table below, both Nikon and OGP is sufficient
from 200K loading up to 550K loading plan. However,
starting from 600K loading plan, there is a need of
additional 1 Nikon if cycle time will not be improved.

Table 1. Capacity and Headcount Requirement for
Wirebond PC Monitoring

1.00 1.00 1.50 1.50 1.50 2.00 200 250 2.50 3.00 3.00

@250K | @300K @450K

480 526 550 603
Available

s 700 700 700 7.00 7.00 7.00 7.00 7.00 700 700 7.00
Smarscob® 400 400 400 400 4.00 3.00 3.00 200 200 1.00 1.00
foos) 400 400 400 4.00 400 400 400 4.00 500 500 500
Requirement . - - ! g - ! g
=t 400 400 400 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
Nikon Delta - N - - R - B 5 (1.00)  (1.00) (1.00)

3.2.5 Measurement Capability

Looking at the table below, both Nikon and OGP meet the
requirement for GRR, Stability, Accuracy and Linearity.
This concludes that both Nikon and OGP a qualified tool
to be used for the project.

Table 2. Measurement System Analysis (MSA) Table for
Nikon and OGP

Metrology Axis

rikon ¥

oce ¥
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3.2.6 Final Objective Statement

IPQC items are composed of dimensional and destructive
measurement. The graph below shows that measurement with
writing consumes most of the time therefore, improvement
can be made on this activity.

The final objective statement would be “Reduce the cycle
time of dimensional PC measurement at Wirebond process
from 33mins to 23mins per machine by end of September
2018”.

Wirebond PC Monitoring
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Fig. 10. IPQC Characteristics Wirebond PC Monitoring Stack Bar between
Nikon and OGP

3.2.7 Quick Wins

Since most of the cycle time of PC monitoring at Wirebond
is due to measurement plus writing, the team explored Nikon
capability to produce output file in the form of text file. Upon
implementation of output file at Nikon, the cycle time
decreases from 33mins to 22mins meeting already the goal
for cycle time.

Table 3. Quick Wins at Nikon

[ Proce | Finangs | hcton |_inpact | competon_

DIMENSIONAL Record the Implement the
CHECK: readings on program at Nikon
Ball Size, Ball logsheet that will produce 33% WW1823
Height, Loop manually Result file before: 33mins (completed
Height, Encode the after: 22mins Ww1822)
Placement readings on
Excel template
3.3 Analyze

3.3.1 Validation Plan and Result (Cycle Time)

Firstly, the team construct what would be the null and
alternative hypothesis. Proving that the null hypothesis (Ho)
as the average cycle time of Nikon is the same with OGP if
p-value is >0.05 otherwise the alternative hypothesis (Ha)
would be the average cycle time of Nikon is greater than OGP
if p-value is <0.05.

Table 4. Validation Plan for Cycle Time

Levels of X, if
discrete or
converted into
discrete
Nikon N
0GP Hreen = ose

Hypothesis Statement
Unit of

True
Measure t

X nature of Alternative
X

Hypothesis

¥ (or mini Y) ¥ treated as

Null Hypothesis

Continuous

Cycle Time Min Metrology Tool Discrete [Hiion > loce

Second, sample size (denoted as N for the sample size
calculator) was computed to identify how much data is
needed for the analysis which is 7 subgroups.

Rev: 1-14-99
Comments

Two
Means
a

B

Inputs

Difference to be detected

| p2 —pa |
(8] Canbea best guess
1 or 2 Sided 2 Typically 2 sided

Sample N from each po pulation

Fig. 11. Sample Size Calculator

After collecting the data, it was evaluated if the data is normal
or non-normal to identify the correct hypothesis testing to be
used in the analysis. Figure below shows that cycle time for
OGP and Nikon is normally distributed.

Distributions.
Nikon

32036364 31602776 32469951
06454033 04509543 113264

+ 226 228 23

Normal(22 74550 24234)

Fig. 12. Normality Test for Cycle Time of Nikon and OGP

Matched Pairs

[Onsuny Asslysle st Cycle T by Mewsiamy [CTost
Oifforence: OGP Nikon e

Fig. 13. Hypothesis testing of Mean of Cycle Time

After executing the analysis using matched pair, p-value
show above enclosed in rectangular red box is < 0.05 which
means that the average cycle time of Nikon is greater than
OGP or reject the Ho.
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Table 5. Validation Result for Cycle Time average

Practical Test Plan Conclusion

Problem

Process
Function

Process Step Hypothesis

Statement

Is Nikon cycle time

Practical Test Plan Conclusion

Problem

Process
Function

Process Step

Hypothesis
Statement

Result below shows that p-value is 0.0047 which is <0.05
therefore concludes that Nikon is has greater spread of cycle
time than OGP or reject the Ho.

Tests that the Variances are Equal

Oneway Analysis of Cycle Time By Metrology Tool
069 o
g 04 2= —
? oz @ 309
1 E
£
o ko oGP 5 28 g
Metrology Tool S 6 AN
MeanAbsDI_MeanAbsDi AN
Level Count StdDev  toMean toMedian 24 \
Nikon 11 06454033 05057851 05161818 > N
0GP 11 02423371 01867769 0.1818182 ]
Nikon oGP
Test FRatio DFNum DFDen p-Value
OBrien] 5] 45047 20 0.0445° Metrology Tool
BrownForsythe 80152 1 20 00103
Levene 7.1990 1 20 0.0143"

Ranlen 79675 1 0 0048"
[F Test 2:sided 7.0929 10 10 0.0047°
elch’s Test
Welch Anovatesting Means Equal, allowing Std Devs Not
Equal
FRatio DFNum DFDen Prob>F
1997.8653 1 12765 <0001

tTest
44,6975

Fig. 15. Hypothesis testing of Stdev of Cycle Time

Table 7. Validation Result for Cycle Time variance

Levels of X, if _Hypothesis Statement N

i True Graphic ¢, .. ..

¥ (ormini vy Unitof | Yorested |y g | dSCTRteOr |y pparmative| ol | SRl gy
Heasur ofx | S ted |y methesis | Hypothesis Analysis

Niken phﬂm <

O Tme | min cumnus”ET"m“‘“gl Dsoete| 'O L0GP

Sample e
Alpha Delta Size p-value | Decision

Nikon > Matched Pair|
BoxPlot g

0GP 0.1005| 19

11 | <0.0001 RejectHo

QdeTime | min - (Continuous €000 picrete| NN | ofkon < | oNBon > gy, e lo1joos| 19| 1

Tool o | woeP | ooGP O

3.3.2 Validation Plan and Result (Cycle Time)

The same approach was used for dimensional measurement
of VCSEL, Sensor, Valencia and RSOB but sample size
calculator suggested only 1 subgroup but actual subgroup
used is 6. It is found out that all the characteristics are in favor
of using Nikon over OGP.

Table 8. Validation Result of Mean and Stdev for
Dimensional characteristics.

. . . o —
True Uevelect X i Hypothesle Sinbome

¥ or mini yp it of | Yireated |y patyre | 9SS | | atermative ‘f""_",::" Statistica! gata aipha Daita S37P'® pyaive  Decision
OfX | jnto discrete | Hypothesis | Hypothesis

Nikon

Vst | ot Y i) Ml oo B Pt | varus | 01005 [ 19| 30 |varios| Reta

Nikon Qrown = Qrosan #

Metrology’ n
VCSEL | mm |Continuous, TN Discrete) o G g BoxPlot | Various |0.1 0.05| 1.9 | 30 |Various| RejectHo

Niken

sensor | mm Continuous "0 Dicrete| MO s = owsphce # oos Box Plot | Varous |01/ 0.05 | 1.9 | 30 |Various| Rejecttio

Box Plot | Various | 0.1 0.05 | 19

metroogy Nion | Owen= | Quen
Sensor mm  |Continuous, Discrete 30 |Various Reject Ho
Toal oGP Goow oo

Nikon

valencia | mm  (Continuous|"'Tor® Discrete| " Lluwen= o e = oo Bax Plot | Various | 0.1 005 19| 30 Various| Relectho

i = s
N"“;‘ o o Box Plot | Various |0.1/0.05| 19 | 30 |Varous| RejectHo

valencia | mm (Continuous "9 | Discrete,
Ooe o

RSB | mm |Continwous " For%" Discrete| 'R Lwn = Jocs e # Lios| Box Plot | Various | 0.1 005 | 19 | 30 | Various| RefectHo
e = | Qo =
RSOB | mm |Continuous ™SO pgcrete| Mk | O o BoxPlot | Various | 0.1 0.05| 19| 30 Various| Rejectto

Qocr Qour

4.0 RESULTS AND DISCUSSION

4.1 Potential Problem Analysis

The team fine-tuned the OGP recipe to see if there are gaps
that need to be corrected and why measurement at OGP and
Nikon is not equal. Later it is found out that 1. PC inspectors
were measuring different units compared to that programmed
with OGP and 2. OGP is programmed with difference
reference location with Nikon.

Table 9. Potential Problem Analysis of OGP for Dimensional
Measurement.

Potential Potential EP
Wl“'““"" s S R“W""m‘

Qut of Notaligned  Align OGP program to

N § Use Nikon if problem Brian Paul .
Qualify OGP specification  unit to be measure the comect p 3 Wk3r'18  Done
b (00S)data measured unit will not b fix Villanueva
::ﬂi‘:ﬂ"ﬂm Not aligned
of Wirebond Out of i wire to be Align OGP program to Uj:e Nikon if problem Brian Paul )
B specification measured measure the correct  will not be fix Vilanueva WK3T18  Done
(00S) data ‘wire per characleristic

per
characteristic

Deployment to PC inspectors was done to align with the
programmed measurement of OGP. Specific wire to be
measured was deployed as well so that OGP and Nikon will
have the same reference. Fine-tuning was also done to the
recipe of OGP to further close the gap between the 2
metrology tools before proceeding with the validation run
after the implementation of improvement.

4.2 Validation Result after Improvement

Second validation was conducted to check if improvement is
evident after the implementation of corrective actions for
gaps that has been found out.
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Tests that the Variances are Equal

0.001
. 0.0012:
x 3
5 S 0.0008
£ @
g 0.0004-
1
z
@ Y Nikon T GGF
§ Metrology
MeanAbsDI MeanAbsDif
o Level Count Std Dev toMean 1o Median
0o Nikon T OGP Nikon 10 00013639 0.0011560 0.0010100
Metrology 0GP 9 00003697 0.0002748 0.0002678
Excluded Rows 1 Test FRatio DFNum DFDen p-Vaiue

O'Brien[.5] 54632 1 17 0.0319"

Wilcoxon / Kruskal-Wallis Tests (Rank Sums)

il Ao S o ~li) 164910 . 17 0.0008
arlel LUAY4) T v.ovt

Nikon 10 83000 100000 83000 1348 . 5 eoer 0 001

0GP 9 107000 90000  11.8889 1348 F Test 2:sided 3606 E 8 00012
Welch's Test

2.Sample TesL Normal Appmxlmlﬁon

b2 Welch Anova testing Means Equal, allowing Std Devs Not
107 1 3675] l'l 1777 Equal

1.way Test, ChiSquare Approximation FRatio DFNum DFDen Prob>F

Chisquare DF Prob>Chisq 1.9657 110452 0.1899
1.9284 1 01649 tTest
1.4020

Fig. 16. Hypothesis Testing for mean and variance of Ball Placement X.

Above figure shows Ball placement X p-value for mean
>0.05 which mean that OGP has the same measurement with
Nikon while for standard deviation p-value is <0.05. This
means that OGP has different spread of measurement
compared with Nikon. Looking closely at the graphical result,
OGP has lower standard deviation therefore it is better than
Nikon.

Table 9. Validation Result after correction.

Taveteof x, ] Firpothesis Statement |
discrete

True
(or mini Yyoritof | Yereated | nature S| null | Amernative Mm' Statistica! gata alpha Daita S37P'® pyaiue  Decision
X oo discrete Hrpothesls | Hypothesis
VeSEL | mm  (Continuous " piscrete "Q‘G‘;‘ = Pocsfvacn # os| Box Plot | Various | 0.1 0.05 | 1.9 | 30 | Varius Fail o reect Hol
Metroogy Nkon | Gwen= | Guen

VCSEL | mm |Continuous| " Discrete! Box Plot | Various | 0.1 0.05 19 | 30 |Various Fail to reject Ho

= Goor Ooer

N

Sensor | mm|Continvous ™09 Discrete| S )i = oo utn ® o] Box Plot | Various | 0.1/ 0.05| 19| 30 |Various Fail o reject Hol

Nikoey Qe = | Qusen #
oGP

Sensor | mm Cnrmnuousm:':::gv Discrete
Qo Goor

Bax Plot | Various | 0.1 0.05 1.9 | 30 |Various Fail to reject Ho

Nikon

el by M= oosace # oo Box lot | Various | 0.1 0.05| 19 | 30 |Varicus Fallto reect Ho

valencia | mm (Continuous|"'*for Discrete

e = | Gen
Valencia | mm  (Continuous 009 Discrete| ka0 | O o

Toal oGP Gor - Box Plot | Various | 0.1 1 0.05| 1.9 30 |Various Fail to reject Ho

Niken

Metrology OGp M= [loorjuscn # Locs Box Plot | Various | 0.1 0.05 | 19| 30 | Various Fail to refect Hol

RSOB | mm (Continuous| " 7019 Discrete

e = | e #
RSOB | mm |Continuous "SI0V Diccrete| "k | ©° o

Gor Gor Box Plot | Vamous 0.1 005 19 30 Vanous Fail to reject Ho|
The table above summarizes the result of validation after the
correction. It concludes that Nikon and OGP have the same
performance if they use them to measure dimensional
measurement at Wirebond.

4.3 Validation Result after Improvement

After the correction, cycle time was validated to assess if the
goal was still achieved. Graph below shows comparison of
cycle time for 3 different scenarios.

Nikon old is the manual measurement with writing and
manual data entry in SPC chart. Nikon new uses the Nikon
program and output file for automatic transfer of data to SPC
chart. OGP meanwhile is the automatic measurement of loop
height and ball height with added feature of automatic
detection and movement of location per characteristic.

Wirebond PC Monitoring

srement E=mSPC

of samples

't with writing =e=Total Cycle Time

$8]
o

33.56
3.
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21.60

[ASILS I
(=T

Cycle time (mins)

- o
N o

E

Nikon old

Nikon new OGP

4.4 Validation Result after Improvement

4.4.1 Tangible Benefits

Same headcount reduction will be realized for both 100% and
50% implementation of Wirebond dimensional measurement
using OGP.

Table 10. Comparison of headcount reduction for OGP
Implementation.

PR SHFT

1 WIREBOND (NIKDN + MANLIAL WRITING OF RESULTS ) AVERAGE HCREQUREMENT 4

WRSONOMIDN +AUOMATCTRMVSFROFDATA) 100 200 200 200 20 300 300 30 30 40 400 AV HREQUANBN 3
HSNE A T T T TR TR T B T

TWRBONDNIKON VIOMATCTRANSFROFDATA) 100 200 200 200 200 300 300 300 AW A0 400 AVERAGE WCREQUSENEN 3

WIREBOND 0GP + AUTOMATIC TRANSFER OF DATA| 10 1m 1m 10 10 1w 10 00 30 3m 30 AVERAGE HCREQUISEMENT |
HCSAVINES. [] 1 1 0 [] 1 1 1 (] 1 AVERAGEHCSAVINGS 1

0K0GF 3 WIREBOND(MIKON + MANUALWRITING OFRESULTS) 200 200 300 300 300 4@ 400 S0 500 60 600 AVERAGE HCREQUAEMENT 4
WWIREBOND 0GP + ALTOMATIC TRANSFER OF DATA) 1M W 1M M0 20 0 M 10 3
TOTALHCSAVINGS 1 1 H 1 1 2 H 3 ] 3

SOMOGP 4 WIREBOND(MIKDM + MANUALWRITING OFRESUITS) 200 200 3 300 300 4@ &0 S0 500 6@ 600 AVERAGEHCREQUREMENT 4
WIREBOND {0G? + AUTOMATIC TRANSFER OF DATA) 10 10 10 20 10 10 200 10 200 3@ 300 AVERAGE HCREQUREMENT 1
TOTALHCSAVINGS 1 1 1 1 2 3 t 3 3 3 3 AVERAGEHCSMVNGS 2

4.4.2 Cost Avoidance

Usage of 50% OGP for Wirebond dimensional measurement
has the same headcount reduction, it is also justifiable to
proceed with this setup to avoid 32.5KUSD due to additional
OGP required if 100% OGP is required.

Table 11. Capacity and Metrology Tool requirement.

Total

@zom( @250K | @300K [@354"( @AooK @Asnx @sooK @550K ‘@sDnK @650K | @700K
.37
7

Smartscope 63 68 726 750 803
Requirement su% 4 3 4.79 5. :n 58 626 659  7.03
Available

it 700 700 700 700 700 700 700 700 700 700  7.00
Smartscope  100% 400 400 200 200 1.00 - - (100)  (1.00)
Detta 50% 400 300 300 300 200 1.00 1.00 - : s 5
Nikon 0% 200 200 200 200 200 200 200 200 200 200 200
Requrement 50% 250 250 250 250 300 300 300 300 300 300 300
:‘I’:;':"'e 400 400 400 400 4.00 4.00 4.00 4.00 400 400 400
NikonDeta 0% 200 200 200 200 200 200 200 200 200 200 200

50% 2,00 200 2,00 2,00 2,00 200 2,00 2.00 2,00 200 200

4.5 Actual Savings

A 573.47USD savings were realized after the implementation
of quick wins last July 2018 that eliminates the paper
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consumption and reduces the cycle time at Wirebond PC
monitoring.

5.0 CONCLUSION

Improvement on cycle time will help to achieve the 100%
hitrate on Wirebond IPQC. The goal was achieved by
eliminating the non-value added activities and
standardization of the procedure.

6.0 RECOMMENDATIONS

It is recommended to use the Nikon with recipe or OGP for
dimensional measurement of Wirebond IPQC to achieve the
100% IPQC hitrate target.
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10.0 APPENDIX

10.1 Solution Formulation

Measures for Effectiveness | Decision_|
e Altenative
Solutions Go/
No Go

50% allocation No additional
z
| e o wm
Additional cutput fila & Simulate required for
requirement for :\;qmmu ulml 700k loading
metrol -
squ\prvn\g:t 100% allocation & for 700k mwv-al 1
for Nikon with & loading ology
T recipe for 3 equipment is 1 10 5 50 2 Cocn
output file 8 raquired for
b 700k loading

Nikon with recipe for output file is the best solution to
eliminate the manual writing of measured data in the logsheet
with no additional requirement for metrology equipment.

Best Potential EP o -
mm R i m

Conduct training on Do not use the recipe at

Outof Not aligned ;
specification | Uit kabs el R I = TmCruz  WK2218  Done
e iebe,  changesin dimensioni

— ‘methodology measurement

allocationfor Notaligned  Conduet training on Do not use the recipe at

Nikan with g wistobs  PC inspactars for the Niken during :

recipafor  SPONCAON  peasuredper  changes in S dimensional UlE R |

output fils (€98} characteristic  methodology maasUiemant
Data Notaligned  Qualify OGP o
inacouraoyin  unit to be perform semi-auto 1 geeNkenwihrece  rimewz  WK3G16  Done
OGP measured ‘measurement for output file

10.2 Intangible benefits

mum M:dmm Description! pected Result Suggested
Imuryl ErroriRisk Control

inspectors during nrw-umly worse. Nikon To OGP, vice
measurementusing Nikon,  Typically, workers will versa every afer 1st
n-m Due to equipment design Mmhshummd ‘braak or every 2 hrs.
positon
Requied Withthe 12nrs  one footto another 1o ( deployed)
. v 4
standing position s table to accommodate 3
obsered chair during Peter
measurement Escamo
{end of Q#'19)

It is more convenient to use OGP than Nikon because PC
inspectors can use chair while performing dimensional
measurement.

10.3 Standardization

PCP Id PTH_CAL_050376 Originator Timothy Renz Michael CRUZ
Status DEPLOYED Status Date 27-Mar-201%

Title Rosdine Qualfication of OGP ... Plant P17

Automotive Aerospace & Defense

10.4 MSA of Nikon

10.4.1 GRR

GR&R Design
3 appra|sers, 10 units and 3 readings per unit

s
Vi) + Vispeeaisen) = ViLatel

5 us
72 Tetarance = USLLSL
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10.4.3 Accuracy

01

H ==

Quantiles

100.0% maximum 0.5003
59.5% 0.5003
57.5% 0.5003
50.0% 0.50028
75.0% quartile 0.5001
50.0% median a5
25.0% quartile 04833
10.0% 0439572
2.5% 04597
0.5% 04597
0.0% minimum 0.4987

Bias

Quantiles

100.0% maximum 0.0003
99.5% 0.0003
97.5% 0.0003
90.0% 0.00028
75.0% quartile 0.0001
50.0% median a
250% quartile -0.0002
10.0% -0.0003
25% -0.0003
0.5% -0.0003
0.0% minimum -0.0003
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Summary Statistics Summary Statistics 5.0 Bias
Mean 0.4999818 Mean -1.818e-5 [ —— [—
Std Dev 00001779 Std Dev 0.0001779 e ]
Std Err Mean 5.3629e-5 Std Err Mean 5.3629e-5
Upper 95% Mean 0.5001013 Upper 95% Mean 0.0001013
Lower 95% Mean 0.4998623 Lower 95% Mean -0.000138
N 1 N 1
Confidence Intervals Confidence Intervals
Parameter Estimate Lower Cl Upper CI 1- | Parameter Estimate LowerCl UpperCl 1-
Alpha Alpha
Mean 0.499982 0.499862 0.500101 0.950 | Mean -1.82e-5 -0.00014 0.000101 0.950
StdDev 0000178 0000124 0000312 0950 | StdDev 0000178 0.000124 0.000312 0.950 19985 49995550008 5.0015 5.002 P-0015 -0.000500.0005 0.0015 0.002
Test Mean Test Mean
Hypothesized Value 0.5 Hypothesized Value 0 Quantiles Quantiles
Actual Estimate 0.49998 Actual Estimate -1.8e-5
DF 10 OF 10 100.0% i 5002 100.0% 0002
Std Dev 000013 Std Dev 000013 o885 masimm 002 o555 mesmum 0002
Eront ETest 97.5% 5.002 57.5% 0.002
- o - o8 90.0% 500138 90.0% 0.00136
Test Statistic -0.3390 75.0% quartile 50007 75.0% quartie 0.0007
Prob > |t| 07416 Prob > [t] 0.7416 50.0% median 4.9937 50.0% median -0.0003
Prob >t 056292 : 25.0% quartile 49995 25.0% quartile -0.0005
Prob <t 0.3708 Prob <t 0.3708 10.0% 499574 100% 00013
2.5% 4.9988 2.5% -0.0014
05% 49936 0.5% 00014
0.0% minirmurm 49936 0.0% minimum -0.0014
Summary Statistics Summary Statistics
0.49980.4999 0.5 0.5001 -0.0002 -0.000080.000050.00015 Meon 5.0001091 Mean 0,0001091
Std Dev 0.0009884 Std Dev 0.0009384
Std Err Mean 0.000298 Std Err Mean 0.000298
Upper 95% Mean 5.0007731 Upper 95% Mean 0.0007731
Lower 95% Mean 4.9994451 Lower 95% Mean -0.000555
N 1 N 1
Bias Confidence Intervals Confidence Intervals
Parameter Estimate Lower Cl Upper Cl 1- | Parameter Estimate LowerCl UpperCl 1-
Alpha Alpha
Mean 5000109 4.998445 5.000773 0.950 | Mean 0.000108 -0.000S5 0.000773 0.950
Std Dev 0000988 0000691 0.001735 0.950 | Std Dev 0.000988 0.000691 0.001735 0.950
Test Mean Test Mean
Hypothesized Value 5 Hypothesized Value 0
Actual Estimate 5.00011 Actual Estimate 0.00011
DF 10 DF 10
997 2998 2988 330008 Std Dev 0.00099 Std Dev 0.00099
tTest tTest
Quantiles Quantiles Test Statistic 0.3661 it
Prob > |t] 07219 Prob > |t] 0.7218
100.0% maximum 3.0008 100.0% maximum 0.0008 Prob >t 0.3610 -
99.5% 3.0008 99.5% 0.0008 Prob <t 0.6330 Prob <t 0.6390
57 5% 30008 97.5% 00008
90.0% 300078 90.0% 0.00073
75.0% ‘quartile 30004 75.0% quartile 00004
50.0% median 299498 50.0% median -0.0002
25.0% ‘quartile 29995 25.0% quartile -0.0005
10.0% 299744 10.0% -0.0028
25% 29972 25% -0.0028
0.5% 28972 0.5% -0.0023
0.0% minimum 29972 0.0% minimum -0.0028
Summary Statistics Summary Statistics
Mean 29996455 Mean -0.000355 i i
Std Dev 0.0010453 Std Dev 0.0010453 10.4.4 Linear
Std Err Mean 0.0003152 Std Err Mean 0.0003152
Upper 95% Mean 3.0003477 Upper 95% Mean 0.0003477
Loworg3% Meen Aot £ cvar S7% Moan 0010y Bivariate Fit of Bias By Ref Value Summary of Fit
Confidence Intervals Confidence Intervals il : R RSquare 0.006792
Parameter Estimate Lower CI Upper ClI 1- | Parameter Estimate Lower Cl Upper ClI 1- 2 RSquare Adj -0.01033
Alpha Alpha & ; : Root Mean Square Error 0001194
oA - S Mean of Re -0.00012
Mean 2909645 2908043 3000348 0.950 | Mean -0.00035 -000106 0000348 0.850 ° e RS S &
StdDev 0001045 0.00073 0.001834 0950 | StaDev 0001045 0.00073 0001834 0950 E o002 s Obeesvalions (o ats)
Test Mean Test Mean K
-0.004-| Analysis of Variance
Hypothesized Value 3 Hypothesized Value 0 Source DF Sum of Mean Square F Ratio
Actual Estimate 299965 Actual Estimate -0.0004 0.006 % Squares
OF 10 OF 10 T T T v T Model 1 000000057 5656407 0.3966
Std Dev 0.00105 Std Dev 0.00105 12 L Emor 53 000008272  1.4262e-6 Prob > F
Label C.Total 59 0.00008328 05313
tTest tTest
Test Statistic -1.1248 Parameter Estimates
Prob > |t| 0.2869 Prob > It| 0.2869 Term Estimate Std Error  tRatio | Prob>|t|
Prob > t 0.8565 intercept  -0.000207  0.000325 -091 | 0.3649
Prob <t 0.1435 Prob <t 0.1435 Linear Fit Label 621585 987e5 063 | 05313
Column 3 = -0.000297 + 6.2158e-5"Label
299929995 3 3.0005 3.001 -0.001-0.0005 0  0.0005 0.00




