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ABSTRACT

In a fast-paced technology where competition is tough among
companies, COST plays a vital role in survival.

This paper will discuss how the product was managed to be
competitive in terms of manufacturing cost. Its cost
components were analyzed to determine the focus of attention
and eventually achieve the project goal. The processes,
equipment, and materials involved were likewise verified
using Statistical tools and various Engineering methodology
to determine potential effects of change as part of the action
that will be implemented.

The project provides short term action and challenges the
current material characteristics to address the issue. The
Project improves the manufacturing KPI on efficiency, yield,
cycle time and productivity on top of the cost savings gained
from the project which greatly impact the WWS (Worldwide
Standard) of ST Calamba BEM&T.

The device involved in this paper is a wettable flank QFN 6x6
32L package driven by VI Power technology used for
automotive applications.

1.0 INTRODUCTION

Package cost determines how robust and optimized
parameters and material you have. Be it direct or indirect, one
must have a very competitive price to compete in the market.
This is one of the biggest challenges for any semiconductor
company in order to maintain its competitive market position
and value.

Profit/gain is one of the measures of success in every
company in the semiconductor industry. Building products
with the minimal cost involved is a key to remaining
competitive and gaining more customers. Various cost
components need to be analyzed to obtain cost efficient
product that will drive customers to enter business with us
and at the same time achieve profit.

Our package is a wettable flank QFN 6x6 32L driven by VI
Power technology used for automotive applications. This
device is used as a body control module (BCM) for
automotive front and rear control systems. BCM is a
comprehensive system that communicates and integrates the
work of all electronic modules through the vehicle bus
whose main function is to control load drivers and
coordinates activation of auto electronics units. In 2021,
during its ramp to production, the main challenge faced by
the team is the high unit cost and among its components, the
direct material focusing on the epoxy is identified as the
main contributor. This is one of the key indicators where the
management is looking to remain competitive in the market
and secure business.

1.1 VI POWER WETTABLE FLANK QFN 6X6 32L

The device is a lead frame-based package mounted with an
MOA10 wafer/die using the silver epoxy as medium, wire
bonded with Cu wires to form the interconnection and then
molded and sawn into a single unit.

Figure 1. Sample photo of VI Power QFN 6x6 32L

2.0 METHODOLOGY

2.1 Define Phase

2.1.1 VI Power Unit Cost Components

Product unit Cost is comprised of various components,
namely Direct materials, Indirect personnel, Depreciation,
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Indirect Material, Energy, Utilities and Maintenance and
Repair. After analyzing all these components, Direct material
contributes 26% of the over-all unit cost as shown below.

VI Power Unit Cost Components Contributors
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Ilustration 1: Unit Cost Components

Further itemizing the direct materials used by this package, it
shows that epoxy is the top contributor with 60.12%
contribution on the over-all unit cost as shown in Illustration
2
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Illustration 2: Direct Material Cost Breakdown

Further checking of the monthly usage/consumption of epoxy
for the last 5 months based on the given volume, an average
of 4482grams against the average standard of 2481 grams
was recorded from September ’21 to January ’22 as shown in
Ilustration 3

Epoxy Usage vs Volume

Volume{pcs)

Epoxy Consumption{gms)

Ilustration 3: Monthly consumption/usage of Epoxy

Converting this glue consumption in terms of usage per 100
units, it is averaging to 3.238 grams and an average gap of
1.571grams from the reference / standard.

Epoxy Usage Rate (per 100gms)
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Illustration 4: Epoxy Usage rate

Epoxy Usage (grmas/ 100 units)

2.1.2 Direct Material and Its Application

The project focuses on the direct material which is the epoxy.
It is the main component /material used to provide a good
electrical connection and thermal conductivity between the
die and the lead frame. This material upon thawing, has a
floor life of 24 hours at room temperature.
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Illustration 5: Epoxy material and the label (Perishable
Material control)

Illustration 6 shows how this epoxy material is applied in the
lead frame through board printing process. For the first step,
a 300grams minimum amount of epoxy is placed on the
stencil mask and then using the squeegee with applied
printing parameters, it is printed on the lead frame. Printed
lead frames are then processed at Die Mounting for die
attachment and then undergo Glue curing process.

squeegee

AL,

poxy

Epoxy printed unit

Ilustration 6: Process Application/Flow
Epoxy usage/consumption is measured in terms of the
amount of epoxy used per volume quantity produced. It is
computed based on the total grams used over the total
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volume produced and the lower the usage rate, the better in
terms of glue consumption.

2.1.3 VOC (Voice of the Customer)

The project is driven by Calamba Top Management to
improve product unit cost focusing on the direct material
components for VI Power Automotive QFN Wettable Flank
package. The voice of the customer focused on delivering
products with competitive price and high level of quality
which in turn aims to get more business from them.

Sent: Wednesdsy, March 21 2022 107 44

Pls check UC projection on given volume |

QFN / PQFN Estimated Volumes

QFN/PQFN - Volumes Contributions

400Mu QFN 6x6
+ M0-9 SPI products — 6 product in total within 2023

+ two products aiready in production

. ‘ * Monolithic STFFuse
+ Three products pianned with PPAP in 202372024
s + Additional § products MO-11 with PPAP in 202712029
I PQFN 7x8.5
- B | | - HybdosTRRuse
wPoFN mOFN

+ Five products planned with PPAP In 202412026

+ Additional two products with PPAP In 202712028

« Strong volumes increase based on Power Distribution business
+ Need to work on actual UC in Calamba that is far from the forecasted one.

Illustration 7: Voice of the customer

2.1.4 Problem Statement

Based on the collected data and information, high epoxy
consumption for VI POWER packages is averaging 4482
grams from September ‘21 to January ’22 against the
average standard of 2481gms. A significant improvement
must be made to contribute to the unit cost.

2.2 Measure Phase
2.2.1 Process Flow

To have the full overview of the project and focus, Illustration
8 shows the macro map of VI Power process flow.

Pre- Board ) . N
Finishing Final Test Wirebonding

Ilustration 8. VI Power Process Flow

2.2.2 SIPOC

After identifying the focused process, we use the SIPOC to
identify all relevant factors/elements in the project before we
start. Below diagram represents the Supplier, Input, Process,
Output and Customer details about the project.

09066

Supplier Input Process Output Customer
* Aipha Advance * Lead frame
 MHT Mitsui + Epoxy Printing of epoxy on * Low epoxy wastage
DEK| . lead * High output + Final test
" RSk e b  Whcne jiemeatall  (peti) "
e measuning « Inspection Die G Qqually’

« Metrology

Illustration 9: SIPOC DIAGRAM
2.2.3 1/0 Worksheet

After the SIPOC definition, identification of the potential X’s
root causes was performed using the Input-Output (1O)
Worksheet (see Appendix 10.1) where 27 KPIV’s identified
as potential X.

2.2.3 Fishbone Diagram

Aside from the significant KPIV’s identified in the I/O
matrix, other potential root causes were also identified using
the Fishbone diagram as additional inputs in the CE Matrix.
Below is the outcome of the brainstorming performed by the
team.
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Illustration 10: Fishbone Diagram
2.2.4 Cause and Effect Prioritization

From the 27KPIVs identified in the I/O matrix, 5X’s are
identified as significant to Y (refer to Appendix 10.2). See
below list:

2.2.4.1 Usage not maximized in terms of Lot
quantity/volume.
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2.2.4.2 Long processing time of Lots (High vs Low —
output month)

Machine Downtime

Unavailability of operator

Short Glue floor life

2243
2244
2.24.5

2.2.5 Measurement System Analysis (MSA)

The amount of glue volume printed on the lead frame is
determined by the glue thickness measured using the
Olympus STM7 measuring microscope. Impact of the glue
thickness was then verified after Die mount through the bond
line thickness measurements using the STM Olympus
measuring equipment. Furthermore, after Die Curing, the
integrity of the die adhesion to the lead frame is assessed
through the hot die shear strength measurements using the
DAGE 4000 Plus Shear tester. To ensure that the measuring
equipment is capable and stable, MSA was performed using
3 Appraisers

2.2.5.1 Equipment Olympus STM7 (Glue thickness)

Xbar-R Chart of Glue Thickness

3 s 7 9 " B 15 ” ” 2 2 25

Ilustration 11: Xbar -R Chart

Gage Linearity and Bias Report for Glue thickness
Reported by M. Diego

Gage name: Glue Thickness Tolerance:

Dote of study Misc:

Ilustration 12: Linearity and Bias Study (Glue Thickness)

Analysis:

e No OOC (out of control) on X bar-R charts for both Mean
and Range, meaning data is stable.

e The slope p value of 0.157 which is more than the set alpha
of 0.05 suggests that linearity of the system is statistically
not significant, meaning bias is constant over the operating
range of the gage.

o Average bias p value of 0.278 indicates the average bias in
measurement system is not significant at alpha value of
0.05.

Gage R&R (ANOVA) Report for Readings
Reported by

Illustration 13. Gage Repeatability and Reproducibility

Analysis:

o Total Gage R&R is 7.61% of the process variation and
within the acceptable criteria of <10%, therefore
measurement system is acceptable.

o Number of distinct categories (NDC) is 18 (>5) indicates
the measurement system can distinguish results between
parts.

The same approach of MSA study was conducted on the
remaining measuring equipment, Olympus STM7 (Bond
Line Thickness) and DAGE 4000 Plus Shear Tester (Hot
Die Shear Test). Based on the results, all identified
measuring equipment passes the MSA requirements.

2.2.6 Attribute MSA

To assess the accuracy of the inspectors performing the
visual inspection after glue printing on the lead frame, an
attribute MSA was conducted. 3 inspectors were assigned to
do 100% inspection on 50 samples in 3 trials and compare

results with the standards. Refer to appendix 10.3 for the
MSA results.
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2.2.7 Process Performance

Epoxy wastage was monitored on specific production days
from Nov ’21 to April *22. Illustration 28 shows the epoxy

distribution in terms of usage and wastage.

Epoxy Distribution
Coverage : November '21- April '22

<
v

m Used

m Scrapped

[llustration 14: Epoxy Distribution
Remarks:
= 69% of the total epoxy withdrawn was scrapped /expired
while only 31% was used by the lot.

2.3 Analyze Phase

The identified critical X’s in the CE matrix will be validated
to determine its contribution to the high epoxy
usage/consumption. Refer to Appendix 10.5 for the
Statistical Validation plan.

2.3.2 Usage not maximized in terms of Lot

quantity/volume.
|______Postulate | Statistical Test | Response
Null Hypothesis Alternative (Y)
Hypothesis
Usage not maximized  Ho: i = 160 Ha:y # 160 1 Sample t Test Glue Consumption

in terms of lot
quantity/Volume

Step 1: Lot Scoping

To validate, the team extracted the daily loading quantity in
FW from Aug ’21 to Dec ‘21 processed at Board printing
and then converted to equivalent number of strips. In
parallel, process validation/simulation on the maximum
number good strips that can be produced using the 300gms
epoxy volume was performed to be used for comparison.
The maximum number of good strips obtained is 150 strips.

hm.]!f.llh,l'.]r.nl’||.|nl|””fﬁ]||l|nlllll

[llustration 15: Daily Volume Loading

Remarks:

Daily volume trend is erratic/inconsistent. Average daily
loading is 40 strips (10.7kpcs). It is far below the maximum
processable number of strips for every 300gms epoxy.

Step 1: Normality test

Probability Plot of Volume equivalent in no strips
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Illustration 16: Normality test

Remarks: Since the p value is 0.012 which is less than the
set alpha of 0.05, we conclude that the daily volume data is
not normally distributed.

Step 2: Sample t test
Based on Minitab, T value for Volume (no of strips) is -
32.07 with a p-value of 0.000

i . Individual Value Plot of Volume equivalent in no strips
Descriptive Statistics ith Ho and 05% t-confidence nterval ot the mea

N Mean StDev SEMean 95% Cl forp
51 3972 2456 344 (3281,46.63)

4 population mean of Volume equivalent in no strips

Test

Null hypothesis Ho: = 150
Alternative hypothesis Hy: p = 150

_T-Value P-Value I R e N B ]
-3207 0.000 Volume equivalent in no strips

Iustration 17: Sample t test

Step 3: Conclusion

Since p value of 0.00 is less than the set alpha of 0.05, we
can dismiss the null hypothesis and conclude that there is
statistically significant difference on the volume /number of
strips produced in reference to the target volume (150 strips)
needed for every 300grams of epoxy. Therefore, lot
guantity/volume is significant.

The same approach of validation methodology was applied
on other identified factors. Refer to Appendix 10.8 for the
validation results.
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2.3.8 Validation Summary

Based on validation results of all the identified factors in the
CE matrix ,2/5 factors are considered significant hence
actions are needed.

VALIDATION PLAN AND RESULTS
Y(Response) | UM |y ireated as X (Factors) True Nature of X Level of X | ‘Statistical test Alphafa) | pvalue | Decision
nomeat | Usage oot masimzed Oncreet Lok Ore Samps st 00
e ok cotyonime e s
o - Onve | Lowrn P, acs Xt wonscant
GueComungion | pmaes are
U [R— Onceet | Lownign | S Tt Avocten | 08 Xnnatagnacan
o
R P — Crvsqume Tt Assocen | 008 Xt wnteant
oms
Omepmimcins | um | commn e o oncre -, 05 | 000 Auheesi e spomenite
S e hciress | commonn e ot Ore P oo | oo Aancumtmcommmie
o | commenn Ove o o O vay oA 065 | 0000 Maheemi e spmmite
e somstmgh | At | contmonn Por— Onenet | Hoon PR——, 08 | 0000 |Whesi e coumamie
frase
Suvas
Py
% | compoin e oo Ommat | B | consqun TesioAssocason | 008 | 1000 SO et
s
Sous
D - — Onceet | B | Covsoure Tt hmocuson | 008 | 1000 SOheumi e opmumite

Table 1: Validation Plan results

Validation of the consequential impact of the glue floor life
on critical quality characteristics shows that the 48 hours is
the optimum life that meets all the requirements and achieves
a comparable result with the POR/24 hours floor life.

nouror| 36 hours || 48 nours  |[60 hours)

Glue Thick ANOVA

ANOVA
Bond Line Thickness (wet) PPK/ICPK

ANOVA
Die Tilt (wet) Ppk

ANOVA
Hot Die shear Strength PPKI/CPK

Chi- Square Test
for Association
Chi- Square Test
Glue Voids (cumulative <10%) for A iation
Visual Quality

Glue Voids (Single <5%))

—

Table 2: Validation Plan Results

4.0 RESULTS AND DISCUSSION

Results of the comprehensive analysis and investigations lead
to the identification of the root causes/factors affecting the
high epoxy usage/consumption. Actions were defined for
each factor/root causes.

4.1 Action Plan Summary

Problem Validated Resp. | Target
Cause Person Date

High Epoxy Usage not Implement 40k Planning startsPlan  J. Alomia ~ ww2229  Done
Usage/Consumption maximized in volume batch
terms of lot loading

quantity/volume

Short Glue Floor Implement the 48
life hours floor life

= Process Work M. Amalin ww2235 Done
Instruction

= Perishable
Material Control

Label

4.2 Process Performance Validation

Large scale validation was performed on the 48hours glue
floor life and validate impact on the identified risk quality
characteristics. Refer to below results.

4.2.1 Glue Print Thickness

Glue Thickness

30 33 36 39

Pertormance

Observed  Expected Overall  Expected Within
PPM < LSL 000 000 000
PPM » USL 000 176 000
PPM Total 000 176 000

- The actual process spread is represented by 6 sigma.

Ilustration 18: Process Capability

Using the normal data distribution, over-all process capability
performance for Glue thickness has a Ppk value of 1.55 which
improves from 1.19 but is still below the target of 1.67,
therefore need to push for the improvement.

4.2.2 Bond Line Thickness

Probability Plot for BLT Process Capability Report for BLT

Ilustration 19: Proééé‘;‘éépablli‘ty

Using the Individual Distribution Identification results as
shown in Hllustration 19, the most appropriate distribution is
the Smallest Extreme Value with a p value of 0.127. This
suggests that the distribution is already normal. Using this
model, the resulting over-all process capability (Ppk) is 1.95
and this is meeting the target of 1.67.

4.2.3 Die Tilt

Probability Plot for Die Tilt DieTit

raestomed duta

Iustration 20: Process Capability

Using the Individual Distribution Identification results as
shown in lllustration 20, the most appropriate distribution
is the Box Cox Transformation with a p value of 0.006.
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Using the Box Cox transformation and lambda of 0.50,
distribution model for non-normal data, the resulting over-
all process capability (Ppk) is 1.79 and this is meeting ST
process capability requirement of 1.67.

4.2.4 Hot Die Shear Strength

Probability Plot for DIE SHEAR Hot Die Shear Strength

Illustration 23: Process Cababiiity

Using the Individual Distribution Identification results as
shown in Illustration 23, the most fitted distribution is the
Johnson Transformation with a p value of 0.615. Using
this model, the resulting over-all process capability (Ppk) is
8.39 and this is meeting ST process capability requirement of
1.67.

4.2.5 Glue voids (single)- all units passed the single voids
criteria (<5%)

4.2.6 Glue Voids (cumulative)- all units passed the
cumulative voids criteria (<10%)

4.2.8 Epoxy Usage Performance

Validating the results after action implementation,
Illustration 90 shows the epoxy usage/performance trend
before and after action was implemented. From an average of
3.238 grams/100 units, it went down 0.672grams/100units
and meeting the standard of 1.6grams/100units.

s/ 100 umits)

3

Illustration 24: Epoxy Usage Trend

Action Legend (Control):
A- Implement batch loading.
B- Implement the 48 hours epoxy floor life.

Furthermore, epoxy wastage/scrappage was also reduced
from 69% to 48.85%, with equivalent 20% improvement
on the wastage.

Epoxy Distribution
Coverage : July '22- Oct 2022

m Scrapped = Used

Ilustration 25: Epoxy Distribution
4.3 Fan out and Standardization.

To sustain the improvement actions and proliferate the
changes across all applicable packages, the following
documentations were generated and updated.

EETR Target Responsible Document
Date Number

Enroll the new epoxy floor life in ww2243 Marichu Amalin PTM_CAL-088110 Done
Process Change Management
System (PCMS) tool

2 Deploy the changes to shopfloor ww2243 Marichu Amalin/ n/a Done
personnel for awareness of the Marites Diego
changes on epoxy floorlife

3 Update PMC system to reflect the ww2243 Alyssa Gablan n/a Done
new epoxy floor life (48hours)

4 Update Board Printing Work ww2244 Marilyn Manguiat DM00809230 Done
Instruction

5 Review Control plan for applicable ww2244 Nerie Gomez DM00806833 Done
changes

6 Review FMEA for applicable ww2247 Marichu Amalin F00014575 Done

changes

Table 3: Documents Records
4.4 Tangible Benefits

Our project realized annualized cost savings amounting to
$209.78k as validated and certified by our IE.

MATESIAL CONSUMPTION REDUCTION PROJECT

1E CIWNER; EDUARD MUECD

asa3m | 261y | smeaz | senss | g

001429 | 001429 ] 001420 [ anazn | a0ne2s [ wre2a ] 001200 | 001200 | wonaee | oo1200 [ 001200 [ norzee |
001021 | oooess | 000783 | aoosra | 000820 | aoarsa | 000750 | oooses | nooras | oosso | 000r3s | noesrs |
0.00%08_| 000644 | 0.00665 | 0.00451 | 0.00500 | 000673 | 0.00450 | 000515 | noeeer | 000650 | 000ses | nooszs |

307
77

[
4

16ar | 1213 | e | 1265 | 1580 | 1is
337 | 4950 | 7506 | wroa | 10952 | nisan

2480
13022

2555
165,77

a0
2.8

X
.78

Project
Qvnar
M. At

Table 4: Cost Savings

4.5 Customer Feedback/Recognition

Our Internal and External Customer has given appreciation
and feedback about the implementation of the actions. See
below response from them.

RE: PCP PTM_CAL_088110 ADG_Qualification of 48 hrs Epoxy floorlife for VI Power Devices
(@]
<«
Hello Marichu,

Appreciate the persistence to get the job done, this will surely help in our cost drive moving forward,

Nani

Lys . ...
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RE: PCP PTM_CAL_088110 ADG_Qualification of 48 hrs Epoxy floorlife for VI Power Devices |
<
Hi Marie,

Congrats and good job!

Best regards,
Vie

5.0 CONCLUSION

To stay competitive and achieve business growth, device
units’ cost must be challenged and finding ways to reduce it
must be done. Using the Six Sigma methodology and
principles, we were able to achieve the goal of the project.
Factors affecting the high unit cost were identified and
addressed. Focusing on the direct material consumption and
challenging its characteristics and its impact on the form, fit
and function of the product becomes a success and has
contributed significantly to reduce the unit cost by improving
the usage rate.

6.0 RECOMMENDATIONS

It is recommended that the corrective actions identified on
this project be fanned out to other ongoing package
development and share all the learning to other ST site with
similar device structure.
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10.0 APPENDICES

10.1 Input-Output (1/0) Worksheet

10.3 Attribute MSA

Attribute Agreement Analysis for Results

[ Process Inputs (KPIVs) Within Apprassens Between Apprasers
Procsss stap VAINVA Typs of nput input c“‘T:':,",‘;’)' o cn
Keprg < p—— Assessment Agreement
[ pep— R T — - [ 2 impries ¢ Metched Percen._ 2151
" [Raw Material / Information Lexdbames Cortraist STy TSNS — 4 red AT EEFRIT SRS g P e
N IS ——— p—
- Cauiament / Hrmrare — Cortraa P e e Fleiss’ Kappa Statistics
Equpment  tirmiutire st sk Cortratable Rexpones Kappe 38 Kappe ___Z 0iny > O)
Lot preparatan v [SOP / W1/ Checkiist runcard Cartraitabl - s KNG L3t
N FETEE =T e
& [Raw Matecinl Inormaton —— - Cartrait S ool g AS Apprmsors s Mandarnd
Pertorm machne et w " Equpment / Wrasructue. squeagee Caortraiable ekt PN/ .
N e rem—y MG et - 3812
Process Comol/ Metod / Paicy| P Cortrat o= P00 54 5. WR08 o
[Raw Mawerial / Information dmmtm‘ carecress Cortrailabl PO — G P——
L — Plors Kappe Statiatncs
P— s | B vt | s . S e i
Runsamsie for PC buy oif i [Raw Maserinl Information [— good visual quaity Cantratee (RO, :_" PSR R e o -
= [P— [RSSTSI [ [ —— — o
= P e
i Meamsemer rictnd lexciramel glue piacemert Coratat - SR
i [Raw Materaal / Informatior oxy foorfie exprason Catralple © Mt Gt S b @ = B e r et
Periorm FW transaction (TRACKIN S0P / W1/ Chockizt rucard Hadath Cotratable & ~ < =
Fil ot producson logeheet ik S0P / Wi/ Chockizt logsheet | correciess of ifamaton | Cortraisble Apgrate Regmens Sappe 51 Sapps FLT - -
5 . e = ] |
i L. ST — = [E— Coaitie I L
— = B} 3
- [Raw Material / Irformation :::: goad viusal ity Catralsble g
N s~ e e ! ) - ! S
(e Prrsiog racess N CT—p—— e [r— Cauass e Sy
Lot Campiesion s losers :;::15 glue e qudity Cortraitabt
oee- e Analysis/Conclusion:

[E—— ) s— [ P—— —

e - R P L T p— Over-all Kappa value of 1 denotes a strong agreement
between Appraisers with respect to standards/reference. In
terms of overall assessment agreement at lower Cl between

10.2 C-E Matrix all appraisers and standard, value is at 94.18% which is
more than 90% therefore effectiveness was met.

—
A
wycsasii| §
=l
e 10.4 FMEA for Board Printing
Customer 10
Priority
PO [ —— nput Crarctortiot | | ot f‘;’.‘:‘""f::“v‘ Opwratng Rand® | count 51 | count s | S s2nces i
Q= I I 1]
] Leadframe qunttywlume | 9 %0 [ 1 s I I Lrn
L preparaion Oparser aatetand [ o[ g . )

g | = el A E— -

——— T ——

% |Fishbone : MATERIAL % o 1 - - I T -

3 [Fishbone : MATERIAL 30 Disc e 24, »281 1 0

% [Fishbone: MACHINE 20 Disc e i 0 1 — T T T

3 [Fishbone : MACHINE 30 Disc e 1 o

Remarks: No change on the FMEA. Identified risk related to

glue floor life is already included.
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10.5 Statistical Validation Plan

10.7 Process Work Instruction for Board printing

VALIDATION PLAN (DM00809230)
Y (Response) | Unitof | Yireated ) || tevdle statistical test | "PM2| p vaiue Decision
measure as X X (@)
Usage vor mamzed
ominal oot Discreet Low! one sample test 005 7523 Glue jars must be thawed for 2 hours at room temperature prior usage. Ensure that the glue tag
Reference sticker Is attached to the glue jar for accurate monitoring upon withdrawal of the glue.
nominal | Lot processing time Discreet | Lowhigh One way ANOVA 005
gmsiunit
nominal | Machine Downtime Discreet | LowiHigh [Chi Square Test for Association| 0.05
nually fill-up the sticker on the epoxy jar
nominal Discreet Low/High |Chi Square Test for Association| 0.05 Manual 'v —upy ¢ sticker on the ¢, e
2ahours
e prncnciness | um | contuaus | Giue foorte Dicreer | oMU | OnewayANOVA | g5 ST BEM AT Colamba iy
60hours Epoxy Badge Sticker
24hours Line/Machine
ond ine Thickness um | continious | Glue foorie Discreet | 380w One way ANOVA 005 Epoxy Type —ATROX HT2V-P1
onours Floor Life 48HRS
2ahours Expiration Date/Time
s0hours
2ahours
Hot die shear siengtn kot | continuous Glue foorlfe Discreet | 35 nours One way ANOVA 005
s0hours
2ahours
Glue vois (single) % | categorical Glue loorie Discreet | 367U |ohi square Test or Assocition| 005
‘Sohours 7524 Unloaded glue from Freezer Kitting must be placed on thawing rack. Prepare PMC (Perishable
Zahors Material Control) sticker. PMC is a system for all perishable materials like glue, ieadframe and
36 hours. substrate will be linked to Factory works system wherein machine will not proceed to run if used
Glue Voids (cummulative| % | categorical Glue foorlfe Discreet (chi-Square Test for Association| 0.05
48 hours materials were expired. Glue manufacturing expiration on the supplier label is being controlied also
by PMC EPOXY DENTIFICATION
10 10048
10.6 Control Plan W
wiininin

TZZ. 000206833 Rev. 7.0 ACTIVE: 24-Aug-2022

I
l.
— [i:

Remarks: No changes on the Control plan after review of the
following processes: Board Printing, Die Mounting and Oven
Curing

10

T V80 500 0
VLOOR WY STARY, 5153653 110000

RATION (ND:  11/1343933 8 00.06
PR O, LG5 T

Remarks: Glue floor life was updated in the Work
Instruction including the use of Perishable Material
Control label to monitor glue expiration/floor life.

10.8 Perishable Material Control (PMC)

Thawing Duration(in hes) ssT90eT3 [Sewch

Chack Sum Required

BOX ID:

Illlll—llllllll
PART NUMBER: 55790073
TN

BATCH NUMBER: 20728335AS

WITHDRAW TIME: 19/11/202221:00:00
FLOOR LIFE START: 19/11/202223:00:00

SR TR T

EXPIRATION END:  21/11/202221:00:00
SUPPLIER EXPIRY: 24/01/2023 23:59:59

Remarks: Perishable Material Control (PMC system)
was updated to reflect the new floor life. The new floor
life also reflects on the printed label.
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10.8 Validation Results of the identified X in the CE matrix
10.8.1 Long processing time of Lots (High vs Low- output

month)

o e oo, e folsa sl skewed.

£33 Lon gt of Lot (A Lo
P

w3 Lo copmg
e T

Step 3: Test for Equal Virissces b wbere e of he daacumes cnte ek
+ Based on Misitab, using Levese with Test Statstic of al

L83, thep vaue is L1860,
* Siace te pralue of 0,190 is mece thanthe se lpt of
005, we casnot dmisste null bypdhesis a0d conchude

b g e . v e i

wom—

ST ——

Sip: Noemity e
21 Low Outpet Mot Lo procesingtie

Dhustration 35: Testfor Virance

isrtion 18 T fe Meas (Ooe Wey- ANOVA)

7

« S e abe o005 s B et b of B =
o Stepd: o Awn) -
4 0t 0 s et el Al Oor ey ANOVA
. e .
; " % La .
005 we coochade that te ot rocessin i Aing B Residhal Piot Anslysis s
. - e 37 Rl s
- he fited e
o e Verss it plot.
/ Sace etk e erveemon
/ / herwees theresduals a0d the Eed ol A orr) e

bt 3 Ny et

10.8.2. Machine Downtime

2.3.4 Machine Downti
Faciors Fost Statstical Test | Responss
@) Wbyt Aeratm ™

Step L: Lot Scoping

From the identified months with high and low velume Outs,
the team extracted the machine performance in terms of
unplanned downtime (TUD) that could affect the output
quantity/volume.

[ [ Low-Output Month [High-Output Month |
[T | 86 [ 7

37 simcrcmmerncs e Mt & oy s Shan =

o8 th e of ot pocess e etween b oot
ST e————

Step 2: Chi-Square Test
Using Minitab, Chi-square statistic of 1.06289 and Degrees
of Freedom of 1, p value is 0.303.

Chi-Square Goodness:of-Fit Test for Observed Counts in Variable: TUD.
Ui estgory s 1 C1

Observed and Expected Counts

ot
bogsry  Obiared_Popirsin

Chissquare Test
N0 Gite ke

Figure 3: Machine OEE Summary Tool
Remarks: Machine downtime summary extracted in the
OEE Summary tool

Illustration 38: Chi-Square Test Analysis

Step 3: Conclusion

® Since p-value of 0.303 which is more than the set alpha
0.05, we cannot dismiss the null hypothesis and conclude
that there is statistically no significant difference on the
number of hours of machine downtime that occurred
during the low output month and high cutput month.
Therefore, machine downtime is not considered significant
affecting the output of the machine.

11

10.8.3 Unavailability of Operator

Step 1: Mapping

Operator support matrix per team was identified including
their attendance rate on the months with high and low volume
outs to check for any difference. Note that operator support is
critical for manning the machine/process.

Iilustration 39: Operator Attendance Tracker
Remarks: operator attendance extracted from the system

10.8.4 Short Glue Floor life

2.3.6 Short Glue floor life

Based on the given running volume per day which is not
enough for the maximum usage of glue, current floor life of
‘epoxy at 24 hours is considered short, thus need to assess.
possible life extension to maximized usage. Fig 1 below
shows the Perishable Material control label which is the
reference detection for epoxy floor life and expiration.

EPOXY IDENTIFICATION.
soxio: ]

PARTHUMBER: 55750073
LT
2515

+Thawing time : 2hvs
 Fior be: 24brs

(R
BPRATIONEND:  27/04/2 2085350
SUPPLIER EXPIRY: 0610572522 219,39

Tllustration 41: Perishable Material Control label for Epoxy

WITHORAW TN 264202206390 )
24/04202208:8300

Step 2: Chi-Square Test for Association Analysis
Using Minitab, Pearson Chi-square statistic of 0.008 and
Degrees of Freedom (DF) of 1, p value is 0.928

Rows: 1 Columns: Operator Availability

Avsatle

Not Acaiable

Uirihood ko 0008 1 0328

Tllustration 40: Chi-Square Test for Association Analysis

|Step 3: Conclusion

Since p value 0.928 is more than the set alpha of 0.050, we
cannot dismiss the null hypothesis and conclude that there is
statistically no significant difference between low output
and high output months in terms of operator
availability/attendance supporting the machine and lot
processing. Therefore, operator availability is not
significant.

[.3.6.1 Floor Life Definition

To address the shorted glue floor life, three different floor
life were assessed and validated to define the optimum life
that will meet the quality requirements and at the same time
‘maximized the usage in terms of high volume/quantity of
lots produced.

2.3.6.1.1 Floor life Visual Quality Mapping
Visual Quality check was performed at different glue floor
ife using the current 24 hours as baseline/reference

Table 5: Visual Quality Mapping per Floor life

Results:

Visual quality requitements are passing up to 48 hours floor
life. Intermittent insufficient solder print was observed at 60
hours floor life.
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23.7.2 Bond Line Thickness (We#) * Since the p value for Bond line thickness at 48 kours floor
23.7 Consequential Matrix Validation (Quality * Since p value for 48 hours floor life is 0.382 which is m ife is 0.056 which is more than the set alpha (0.05), data
Characteristics Response) more than the set alpha (0.05), data is normal. AR — s normal
Ty ety [S——
e P tickonms = S = :
23.7.1 Glue Print Thickness . . - 7
- ol e S o ¥ Samples using 3 different glue floor life were prepared for i { i
A comparison with the reference (24 hours) to check for any il I
Step 1: Data and Sample Preparation ’ , change on the bond line thickness. % -
Samples using 3 different glue floor life were prepared for i N d
comparison to the reference (24 hours flgarlife). A Step 1: Normality Test -
i > = Since the p value for Bond line thickness at 24 hours floor R
Step 2: Normality Test 28 N e el e life is 0.350 which is more than the set alpha (0.05), data Tlhustration 50- Normality Test
«  Since p-value for 24 hours is 0.034 which is less than the : — is nomal )
set alpha (0.03), data is non normal. Iintration 43 Normahidy ést Boreline Thickness: * Since p value for Bond line thickness at 60 hours floor life
Py L is 0199 which is more than the set alpha (0.05), data is
*  Since p value for 60 hours floor life is 0.204 which is " ¢ = normal.
: 7 more than the set alpha (0.05), data is normal. N 2 Vo s
¥ Gloe print thickness “ i - .
I t & 5 IH ’ a 7"
¥/ o . .z v
m A 5 . % iz
; : = =
T T T I # 7 " ’
u s 8 Ilustration 48: Normality Test A A L
Tllustration 42: Normality Test B . . -
y * Since the p value for Bond line thickness at 36 hours floor .
* Since p value for 36 hours floor life is 0,289 which is L e 1 05350 s s et the o g (009, Gt Tustration 51: Normality Test
less than the set alpha (0.05), data is normal. o a7 ™™ s nommal. ’
Tilustration 44: Normality Test Bondine Thickness
T Step 3: Correlation L 7
" Using Pairwise Pearson Correlations, p values between - .
g 4 different floor life are >0.05, meaning epoxy floor life is not = A
- correlated with Glue Print Thickness =
1e
gt o i 5
i . ¥
Diustration 43: Normality Test ’ s e Step 3: Correlation » Based on the interval plot at 85% CI for the Mean, 48
Tlustration 45: Normality Test Uting Painwise Pearson Correlations, p values between hours s the optiraum floar Lk comparable to 24 howrs
c different floor life are >0 05, meaning epoxy floor life is not floor life of the glue.
comelated with Bond line Thickness. * Using the Tukey Pairwise Comparison, comparing the
. . individual means against each other, 24 hours and 48
Sten  Test for v sl Residual Plot Analysis ) - hours are comparzhle ino significant difference, while 36
tep 4: Test for Variance Analysis hours and 60 ho tly different. With this,
* In the Normal probability plot, most of the points are “:“’;e e 45 h:f:';}?’ﬁmui gm:’ﬂm h‘ﬁ s a:'
* Based on Minitab, Levene test static is 7.66 having 2 p along the fitted line. - & somparsble with the PORI(M hours)
value 070.00 * Inthe Versus Fits plot, points are randomily scattered omp -
* Since p value of 0.0 is less then set alpha (0.05), we between the Residual versus fitted value. i Residual Plot Analysis
dismist the nulllypothesis and conclude that there is * In the histogram._ fhe data follows 2 normal distribution + I the Normal probebility plot, most of the points e
statistically significant difference on the varince of glue  (bell curve). alons the fitted ine
thickness at different glue flocr life Tlhustration 52: Correlation Analysis 1

* In the Versus Fits plot, points are randomly scattered
between the Residual versus fitted value.

. * In the histogram, the data follows a normal distribution

- (bell curve)

+  Among the fhree-floor ife, 48 hours has the least standard 7 A 2 e A e
deviations and comparable with the 24 hows floor Iife
(control reference) based on the graphical presentation of
the multiple comparison intervals for standard deviation

T —— Step 4: Test for Equal Variances

_— _ﬂ i » Based on Minitab, Levene test statistic is 5.44 with a p

value of0.002.
s G it s Mot ey . * Since the p value of 0.002 is less than the set alpha (0.05),
EE Rt - fRSma ree T we can dismiss the null hypothesis and conclude thatthere
= i - 1s statistically sigmificant difference on the variance of Souce  DEMm DFDue Fibhe Blke
. : e o1 7 bond line thickness at different glue floor life. - : =
b kMmool . * Among the 3 different floor life, 48 hours has the least e 13 I
s Bom mmmaw | standard deviations based on the interval plot for standerd <7 7
: . R deviation.

—

Tlustration 46: Test for Variance Results - e

Step 5: Test for Mean (One Way ANOVA) Analysis
One Way ANOVA

* Using Welch test, p value for glue thickness at different - ~
floor life is 0.000. Since this is less than the set alpha of e et 3% 0n o
0.03, we can disraiss the mull hypothesis and conclude

that here i sttstcally significant cifference between e - Ilustration 53: Test for Variance
the mean glue thickness at different floor life. - s Step 5: Test for Mean (Oneway
*  Based on the interval plot at 95% CI for the Mean, 48 - . dosa)
hours is the optimum floor life comparable to 24 hours - : One Way Anga
Haor life of the glue. * Using the Welch test, the p value for bond line thickness
* Using Fisher Pairwise Comparison, comparing the . 2t different floor life is 0.000. Since p value is less than
individual meazs with cach other, 36 and 48 hours is == ) the set alpha of 0.05, we can dismiss the null hypothesis
comparable to 24 hours based on the same letter sharing, : ' o ' ' and conclude that there is statistically significant
therefore we can use the 48 hours floor life a3 the - difference between the mean bond line thickness at
optimum floor life for the glue. different floor life

Tlhstration 47: ANOVA Analysis
Step 6: Conclusion:

Among the fhree different floor life validated, 48 hours is the
optimum floor Life limit that is comparable to 24 hours floor

12
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2.3.7.3 Die Tilt (Wet) Die Tilt_36 hours

W :

[rr—

Step 1: Data and Sample Preparation

Samples using 3 differcnt gluc floor life was prepared for
comparizon with the reference.

(24 howrs) to check for any change on die tilt.

Step 2: Normality test

* Since p value for die tilt at 24 hours flocr life 1s 0.037 e
Illustration 64: Normaality Test

which i legs than the set alpha (0.05), data is non normal.
. . oiaTin : For 48 hours, using the Individual Distribution identification
Tllustration 62: Test for Mean in Minitab, the most appropriate distribution is the Box Cox
Distribution with a p value of <0.005 which suggest that
the distribution is non normaal. Using Box Cox distribution

Process Capability Performance of ie tilt on different

Iltustration 34: Test for Mean i Socrlife were also compared. On llustration 39, using the 1k 10da 0£0.50, over-all Ppl s 219 and meeting the
S target of 167
i I ‘Individual Distribution in Minitab, the most g oA .
Comparing the process capability performance of the ) i appropriate distribution is the Box Cox Distribution with 2 - 4 1
different floor life, all of them are meeting the target of 1.67. !  value of 0.037 which suzgest that the distribution is non o N
e o e ST " v nommal. Using Box Cox distribution with lambda of 1.0, f
: p over-all Ppk is 3.53 and meeting the target of L67. . I
1 L Tlustration 56: Normality Test Tlustration 63: Process Capability

* Since the p value for die tilt at 36 hours floor life iz 0.311 For 60 hours, using the Individua] Distribution identification
which is more than the set alpha (0.05), data is normal b ... in Minitab, the most appropriate distribution i the Box Cox:
F— Distribution with a p value of <0.005 which suggest that the
" distribution i non normal. Using Box Cox distribution with

Tanabda of 0.30, over-all Ppk is 2.29 and meeting the target

Ilustration 63: Process Capability

. A For 36 hours floor ife based on & normal distribution, A
= i overall process capability is 5.60 and meeting the target of T4 A
7 L67. y I
% },l
Tllustration 35: Process Capability ; .
X % ; y
Step 6: Conclusion : 7
Among the three different floor Life validated, 48 hours is I R e e e Ilustration 66: Process Capability
the optimum floor life that is comparable to 24 hours floor o | Summ:
1ife of the glue based on their individual interval plot for Tllustration 57: Normality Test

Over-all process capability of die tlt on different floor life

standard deviation and mean and mean comparison using are all above 1.67 and meeting ST target

the Tukey pairwise Comparison. This was firther confirmed
through their individual process capability performance
where all are meeting the target of 1.67

* Since p value for die tilt at 48 hours foor life is <0.005
which is less than the set alpha (0.05), data is non normal.

Step 6: Conclusion
Among the three different floor life validated, 48 hours is -
the optimum floor life where it has the lowest rmean

LT r—

(better). It was further confirmed by their individual process .
capability performance (Bpk) where all the 3x floor Life .
meets the target of 1.67. E:
2.3.7.4 Hot Die Shear Strength . 7
o —— :
® ppctbens. Mternate .
— e - " - " -

Step 1: Data and Sample Preparation

Samples using 3 different glue floor ife was prepared for
comparison with fhe reference.

(24 hous) to check for any change on die shear strength

Illustration 68: Noraality Test
DT * Since the p value of 0.247 is more than the sct alpha
. : N (0.05), we canmot distaiss the null hypothesis and
2 conclude that there is statistically no significant difference

* Since p value for die tilt at 48 hours floor life is 0.217
which is more than the set alpha (0.05), data is normal.

M L 3 i o shews e
N : on the variance of die tit at different glue floor life. Step 2: Normality Test ; i
= ; * The 3 different floor life is comparable fequal with the 24 = Since p value for die shear strength at 24 hous floor life " 5
It hours floor ife in tenms of vaniance. {5 0.220 which is more than the set alpha (0.05), data is - :
: i e i i . oy -
i : . ) R — It
Lo . - i i . <
Tilustration 58: Normality Test - = /e L AAA7 1 L]
+ Since p value for die tlt at 60 hours floor lifs is <0.005 - . i A ustraion 69: Noruaaiy Test
which is less than the set alpha (0.05), data is non normal. :
Die TRt Illustration 61: Test for Variance - * Since p value for die tilt at 60 hours floor life is 0.991
) X / which is more than the set alpha (0.05), data is normal
7 Step 5: Test for Mean (One-way Angxa) LA L1l l
: One Way dupxa i Mot Die Shew strengen
! ’ + Using the ANOVA, p value for die flt at different floor Dlustration 67: Normality Test a 7
ife i3 0.000. Since p-value is less than the set alpha of : -
| 0.05, we can dismiss the null hypothesis and conclude that ® Since pvalue for die shear strength at 36 hours floor life s~
p i there is statistically significant difference between the 0192 which is more than the set alpha (0.05), data is -
) 4 mean die tilt at different floer life. normal. 1
' AR S * Using the Tukey Pairwise Comparison, comparing the B
individual means against each other, 24 hours vs 36 hours, . e
Tlustration 59: Normality Test 36 hours vs 48 hours are comparable and no significant " a4
i difference with each other while 60 hours are significantly Ll

Step 3: Correlation

* Using Pairwise Pearson Comrelations, p valuss betweea
different flocr lifs are >0.05, meaning epaxy Soor life is
not comrelated with Die tilt

Tlustration 60: Correlation Analysis

Step 4: Test for Equal Variances
* Based on Minitab, Levene test statistic is 1.40 having a p
value of 0.247.

different among others. For die tilt, the lower the value,
the better as e are aiming for zero tilting of die, therefore
we can use the 48 hours floor life as he optimum life
since it has the lowest die tilt measured at 4.36Tum.

Residual plot Analysis

* In the Normal probability plot, most of the points are
along the fitted Line.

* In the Versus Fits plot, points are randomly scattered
between the Residual versus fitted value.

* In the histogram, the dafe follows 2 normal distribution
(bell curve),

13

Tllustration 69: Normality Test
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Step 3: Correlation

* Using Pairwise Pearson Correlations, p values between
different floor li%e are >0.0, meaning epoxy foor life is
not correlated with Hot die shear strength.

Tllustration 70: Correlation.

Step 4: Test for Variance

* Based on Minitab, Levene test statistic is 1.58 having 2 p
value of 0.197.

* Since the p value of 0.197 is more than the set alpha
(0.05), we camnot dismiss the null hypothesis and
conclude that there s statistically no significant difference
on the variance of die shear strength at different glue floar
lfe.

® The 3 different floor life is comparable /equal with the 24
hours floor lfe in terms of variance.

lustration 71: Test for Variance

Step 5: Test for Mean (One-way Anqxa)

One Way Anpia

* Using Angyg, the p velue for hot die shear strength at
different floor life is 0.000. Since p value is less than the
set alpha of 0.05, we can dismiss the mull hypothesis and
conclude that there is statistically significant difference
between the die shear strength at different floor Life.

* Comparing the means at different floor life based on
Tukey Pairwise Comparisons, 36 hours has statistically no
significant difference to 24 hours while 48 hours and 60
houss has statistically significant difference with other
floor life. This needs further verification on the resulting

" lustration 73: Process Capability

2.3.7.5 Glue Voids (single)
Sttstes Tt | Response

[Ty "

[—]

Step 1: Data and Sample Preparation

Samples using 3 different glue floc life were prepared for

comparison with the reference.
(24 hours) to check for single glue voids occurrence based
on 5% criteria. Samples were inspected and quantified the
acoeptable and reject wnits based on criteria.

Step 2: Chi-Square for Test Association
Using Minitsb, Pearson Chi-square statistic of 15.652 has a
p value of 0.001.

Rows: C1 Columns: Worksheet columns
Good Reject Al

0%

Chi-Square Test

Chi-Square OF P-vale
o T

[remere

Tlustration 74; Chi-square Test

process capability performance to assess the optimum
glue/epoxy floor life.

Residual Plot Analysis:
* In the Nommal probability plot, most of the points are
along the fitted line.

* I the Versus Fits plot, poiats are randomly scattersd
between the Residual versus fited value.

= In the histogram, the data follows a normal distribution
(bell enrve).

G-y ANGUR: 24 v, 6 s, 488,620

Tllustration 72: Test for Mean

Comparing thir process capability performance, all are
mecting the target of 167 but 48 hours floor life has the

highest Bk value 2t 5,90 compared to the others, therefore
‘we can choose the 48 hours as the optimum floor life of the

elue

Step 3: Conclusion

* Since the p value 0f 0.001 is less than the set alpha of
0.05, aceurrence of ghue voids at different focr life has
statistically significant difference, therefore we reject the
mul Eypothesis.

* 48 hours floor life is the optimum life of the glue with
passing the single glue voids criteria <5%.

23.7.6 Glue Voids (cumulative)

Tl
==

Step 1: Data and Sample Preparation
Samples using 3 different glue Hoor life was prepared for
‘comparison with the reference (24 hows) o check for
cumulative glue voids occurrence based on 10% criteria.
Samples were inspected and quantified acceptable and
Tejected based on criteria.

Step 2: Chi-Square Test for Association
Using Minitab, Pearson Chi-sguare statistic of 22.301 has p
value of 0.000.

Rows: €1 Columns: Worksheet columns
Good Reject All

uks 0
w2 1

N R
20 1150
W % 0%
B0 1w
W B 70 Y
#0110 Chi-Square Test
Mmoo Tw

i with expactd counts e than .

Tlustration 75: Chi-square Test

Step 3: Conclusion

* Since the p value of 0.000 is less than the set alpha of
0.03, occumrence of cumulative glue voids at different
Sloor life has statistically significant difference, thersfore
we can reject the mull hypothesis.

14

* 48 hours floor life is the optimum life of the ghue that
passes the cumulative voids criteria <10%

2.3.7.7 Fillet Height (dry)

e e

Stcp 1: Data and Sample Preparation
Samples using 3 different glue floor life was prepared for
comparison with the reference

(24 howss) to check for any change on fillet height.

Step 2: Normality Test
= Since p value for die tilt at 24 hours floor life is 0.211
which is more than the set alpha (0.05), data is nonmal.

Faset Haight (DY)

aumm

Tlustration 76 Normality Test

* Since p value for die tilt st 36 hows floer life is 0277
which is more than the set alpha (0.05), data is normal.

e
4 '
" i

Ilustration 77: Normality Test

Testfor Equa Variances: 24 hrs, 36hs, 48hs, 60hrs

Niethod

95% Bomterroni Confidence ntervls fo Standard Deviations
S N30

Tllustration 80: Test for Variance

Stepd : Test for Mean (One Way ANOVA)
One Way Anova,

= Using the Welch test, p value for fillet height at different
floor life is 0.000. Since the p value is less than the set
alpha of 0.05, we can dismiss the null hypothesis and
conclude that there is statistically significant difference
‘between the mean fillet height thickness at different floor
life.
= Based on the individual plot (box plot) 48 hours floor life
is comparable with 24 hours (POR)
Using the Tukey Pairwise Comparison, comparing the
individual means against each other, 24 hours, 36 hours
and 48 hours are comparable and has no significant
difference with each other, while 60 hours are
significantly different. With this, we use the 48 hours as
the optimum glue floor life that is comparable with the
POR (24 hours).

Residual Plot Analysis:

= In the Normal probability plot, most of the points are
along the fitted line.

= In the Versus Fits plot, points are randomly scattered
between the Residual versus fitted value.

= In the histogram, the data follows a slight negatively
skewed distribution where most of the data clusters on the
right tail.

* Since p value for die tilt at 48 hours floor life is 0294

which is more than the set alpha (0.05), data is nomal.

Fillet Height (Dry)

FPREIIITINE

Tllustration 78: Normality Test

* Since p value for die tilt at 60 hours floor life is 0.039
which is less than the set alpha (0.05), data is nen
normal

[——

es NEEETEY B3R

Ilustration 79: Normaality Test

Step 3: Test for Variance

* Based on Minitab, Levene test statistic is 6.76 having  p
value of 0.00.
Since the p value of 0.00 is less than the set alpha (0.05),
we can distaiss the mull hypothesis and conclude that there
is statistically significant difference on the variance of
llet height at different glue floor life.
48 hours and 60 hours flocr life are comparable to 24
hours based on their overlapping intervals on the multiple
comparison interval for standard deviation plot.

r—

T by R
P om 50w w30 | i

Tukey Mathod snd 5% Confidence

Tukey Simuitanaous 5% Cin

Illustration 81: Test for Mean

Step 5: Conclusion

Based on the above results, optimum floor life of epoxy is
48 hours where both variance and the mean are comparable
/equal to 24 hours floor life.



