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ABSTRACT

This paper will discuss how our project supported cost
improvement as one of the organizational goals of the
company last 2019. Project focuses on analyzing the IDM
spending and process simplification at assembly plant.
Calamba has two process bricks for MEMS devices , MEMS
with FT1 (Instrip test) and FT2 (Singulated test). MEMS
Instrip requires a special process called Pre-cut. Comparing
the two MEMS package group, MEMS Instrip has a higher
cost in terms of process flow which Pre-cut process incurred
additional cost for saw blade and coverlay tape.

Pre-cut process removal significantly improved the Cycle
time and indirect material consumption (saw blade and
coverlay tape). Details of the journey will be further
appreciated as we read and understand the story behind the
success of this project.

1. 0 INTRODUCTION

Our project supported BEM&T — Calamba 2019 Top Page
thru relentless cost reduction effort which was one of the
plant top priority highlighted in blue box below.
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In 2019, the Singulation blade is the Top Assembly IDM Cost
Consumption Contributor as shown in Graphl.
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Graph 1: Assembly IDM Cost for 2019

25D0138Y is the material code for saw blades used in
MEMS product. It is the Top 2 blade consumption which is
used for Pre-cut and Full-cut process dedicated to MEMS
devices as shown in Graph 2.
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Graph 2: Blade Consumption per Matcode for 2019
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Breakdown showed a total of 41K USD or 24% of
25D0138Y blade is used for Pre-cut process alone for FT2
in 2019 as illustrated in Graph 3.
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Graph 3: 2SD0138Y Cost Breakdown

Below are the 2019 monthly cost & consumption quantity of
FT2 Pre-cut blade (2SD0138Y blade) as shown in Graph 4.
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Graph 4: FT2 Pre-cut Blade Consumption and Cost 2019
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Increasing volume in Instrip MEMS packages and new
banner of products being developed by NPI projected to run
on 2020 means an increase in IDM consumption per process.
The challenge is to reduce pre-cut blade consumption
observed from January to December 2019 for MEMS Instrip.

Our objective is to reduce pre-cut blade consumption for
MEMS Instrip packages from an average of 61 pcs/month to
37 pcs/month or 60% reduction by February’ 2020 as shown
in Graph 5.
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Graph 5: Target Consumption Quantity per month

Understanding the Pre-cut Process:

Pre-cut process function is to relax the molded strips and
manage the warpage that could influence electrical testing
alignment and response during trimming at FT1 Instrip
testing.

1) Molded Strip will undergo pre-cut process (Input)

2) Pre-cut Process using Saw Blade to partially cut the
molded part of the strip.

Saw Blade

L,

l Package Mold

Substrate

Strip

Step cut process

3) Molded strip is partially cut.
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4) Pre-cut strip will now undergo coverlay taping process. 3.0 METHODOLOGY

3.1 Understanding the MEMS Process Flow

Below shows comparison between Singulated (FT1 only) and
Instrip Testing (FT1 + FT2) as shown.

Only MEMS Instrip devices have the Pre-cut Process flow

‘ FT1MEMS Flow MEMS w/ FT2 Flow

Coverlay Taping Machine :».
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Shaded in yellow are the four additional process steps
required for FT2 MEMS Instrip compared to FT1 MEMS
which is the focus of this study. These steps at FT2 MEMS
Instrip device do not have significant purpose but rather
incurred negative effect in processing.

Mold PMC Lasermark Pre-cut
Process Process Process Process
Detapin Instrip Test oy Oven Bake

ping P Tape attach

Graph 6 shows an average of 48% of rework lot for Instrip
MEMS due to detached coverlay tape. Detached coverlay
tape happens when lot was staged for about above 8 hours
prior testing. This detached coverlay tape will be endorsed
back to coverlay taping for re-conditioning also known as
rework which isa Non-Value Adding Activity.

5) Pre-cut Strip with Coverlay Tape (Output Strip)

MEMS Instrip Rework Lot/Week ( Wk1948-Wk2004)
30

2.0 REVIEW OF RELATED WORK

Checking from other previous studies related to pre-cut, only

specific MEMS product for Instrip test is using this coverlay

material, other devices don’t require this as part the process.

Further checking was benchmarked to ST Malta where we ;

have the same set-up however, there was no study on how to Whed8 | Whd9 | Wk | WhS1 | Whs2 | Wko1 | Wko2 | Wko3 | Wko4
. . . N o.of Lots 23 26 24 28 25 27 24 27 26

reduce pre-cut blade consumption on this product. emmmReworkLots| 10 | 7 | 12 | 13 | 12 | 14 | 12 | 15 | 16

Graph 6: MEMS Instrip Rework Lot/Week
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Shown is a sample illustration of strips being reworked due
to detached coverlay tape on molded strip.

Good condition

Detached tape

The following options were identified and assessed based on
impact on Cycle time, Cost, Quality and Feasibility. Among
the options, removal of Pre-cut process removal was chosen
based on the scoring with highest points.

Table 1: Selection Criteria

Cyel Quality Feasibility *Total Remarks Decision
e
time
Selection Scale :1-3-9 Scale :1-3-9  Scale :1-3-9 i
criteria 1- Low Reduction 9 Low 9 — Feasible w/ *The higher the better
2 — Medium Tmpact <10k
Reduction 1- High investment
9 — High Impact 3 — Feasible w/
Reduction =10k
investment
e .
Removing
Remorailat precut process
is directl
Precut 9 9 9 9 36 15 directly
EEEs proportional to
decrease the use
of precut blades
. Blade
Rejuvenated . S
blade 10 be rejuvenation is
- 1 1 3 9 14 additional cost
— for the supplier
process to perform the
P rejuv activity.
Blades use from
precut process
Extend already
blade life 9 3 9 30 maximized
for precut through Blade
process life extension

project for other
devices.

Risk Assessment was performed to identify impact on
Pre-cut process removal. Risk identified will be validated to
confirm impact of change.

Table 2: Risk Assessment

RISK ASSESSMENT Form - Skip Precut process
# Risks identified Potential risk ing from BeforeiAttion
Prob. Impact Class

1 High Test Rejects Strip planarity on nest tool ] 3 B

2 | High Strip Warpage No Precut and Coverlay 6 3 B

3 Crumpled/Damaged | Nest Tool Clamper unable to clamp 3 3 B

Strip high warpage on strip

4 Handler Error High Strip warpage 6 3 B

Maximum of [ Prob. X Impact] 18 B
| 'LIST OF IMPACTED FMEA [F anyl- [Tite: Reference.

e of Currest FUER.

Curen Osss (7 exsing

FMEA review was performed. The characteristics identified
were already included in substrate FMEA.

Before we proceed to the validation, we checked the MSA —
( measurement system analysis) on warpage to ensure that
there will be no measurement issue. The equipment used for
warpage is smart scope.

For Stability MSA — all points are in control limit and these
indicates that the measurement system can be use anytime.

Varishies Contred Chart
XBar of Data

All point are in control limits and these indicate that the
Measurement system can be use anytime.

MSA - Bias
0. 1Tmm 1mm 7mm
C———H

o
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25 Cass for e purrent range.

Legent %

3 s
PROBABILTY

h.0006 -0.00020 D.0D0Z ' 0.0006 ©0008-0.0004  00.0002 ©.0006
t Test
tTest Test Statistic -0.9336
Test Statistc T Y — T aaest |
Prob = t 0.6126 Frop>ir 67390
Prob > t 0.1591 Prob <t 01874 Prob > 1 0.3698
Prob <t 0.8409 Prob <t 06305
e TN
-0.0004 0 0.0002 -0.0004 0 0.0002 -0.0004 0 0.0002
Bias across the measurement range is not significant
(Prob Itl > 0.05)
Bivariate Fit of Bias By Label Summary of Fit
B.001
RSquare 0.000643
-, RSquare Adj -0.02018
00005 4 -« -« Root Mean Square Ermor 0.000452
- Mean of Response 0.000052
2 N Observations (or Sum Wgts) 50
0
[l Analysis of Variance
00008+ - - Source DF Sum of Mean F Ratio
Squares Square
1 2 3 4 ¢ 6 7 s Model 1 6.303%-9 63039%-9 00300
Labe Eror 48 97985e-6 20414e-7[Prob>F
C. Total 49 9.8048e-6 0.8612
Parameter Estimates
- Term Estimate Std Error tRatio Prob>|t|
x Fit Intercept 4.1758e-5 8648e-5 048 06314
Linear Fi Label 4.4145e-6 25125 018 08612
Bias = 4.1758e-5 + 4.4145¢e-6"Label

Equipment bias is Linear across the process range.
(Prob Itl >0.05)




33" ASEMEP National Technical Symposium

Focus will only be on Eliminating Pre-cut process.

Detached coverlay issue is associated with pre-cut process
and can be eliminated, thus, also eliminate rework at
assembly. Pre-cut blade for singulation can be reduced by
removing pre-cut process. It also eliminates the use of
coverlay tape and oven bake process.

Validation Plan:

Vaidafion Plan
Leveof X Hypothess Satement
- Uit of Te | dsmeleor T ... Sample
'Y (or mini Y) Yireated as X stweolX| wmertedin - . e | StatisticalTest | Befa | Apha | Dela Sie
dsorete
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There are 5 responses identified for this project that need to
validate, strip warpage, damaged substrate, test failure,
handler error.1 continuous and 4 discrete to be validated with
and without pre-cut. We used 10% Beta risk and 5 % Alpha
Risk . We determine the critical difference to arrive at this
sample size.

Statistical Testing — Strip Warpage

There is sinificant
difference between with
precan and non precun
s n ferms of
wapaze

Practical Problem

Ho: Xwp = Xwop
Ha: Xwp < Xwop

Will precut strip result to lower strip
wirpage compared o without precut  Median test

Strip Warpage

Tnstrip Test

* Oneway Analysis of Warpage mm By Sirip condition
2

¥ 1-way Test, ChiSquare Approximation

ChiSquare DF__Prob>ChiS
19.0000 1 <.0001*

[ Practical Conclusion: |

At better than 95% confidence level , . there is significant difference between
Precut and No precut strip in terms of sirip warpage with P value of <0.0001

At better than 95% confidence level, there is significant
difference between Pre-cut and No pre-cut strip in terms
of strip warpage with P value of <0.0001.

Statistical Testing — Damaged Substrate
'

Damaged Substrate

Practical Froblem

Will precut strip result to lower PPM
in terms of damaged substrate
compared 1o strips without precun?

2 Propostion

Tnstrip Test o

o it

[ Practical Conclusion:

INCED

will ot induc

with P value of 1.000 without precut

mage substrate at instrip testing

At 95% confidence level , with P value of 1.000 without pre-
cut will not induce damage substrate at Instrip testing.

Statistical Testing — Test Failure (Noise)
T

Test Failure - Noise

Practical Problem Test Plan Hypathesis Statement

Will precut strip result 1o lower test
failure in tems of noise compared to
strips without precut

< basai prat
Tess

ficant difference between
Test failure Noise with

: Ho: Pup = Pwop
Instrip Test E F‘:‘:f"“‘ Ha: Pwp < Pwop

Two

Table
Props  Inputs e

Comments

afidence level |, there is s
Non precut strip in terms
[ < 0.0001.

Remarks: At 95% confidence level , there is significant
difference between Pre-cut and No pre-cut strip in terms of
Test failure Noise with P value of < 0.0001.

Statistical Testing — Test Failure (O/S)
[ ropec | oo sip | Pt roben [Tt Pan_|__thpothessStatement__|__Conctusion_|

Will precut strip result to lower test
failure in terms of /S (open / Short)
compared to strips without precut?

2 Praportion

Test Failure — (0/'S) Instrip Test e

Two
Props  Inputs Comments

‘ Practical Conclusion:

AL95% confid
Precut and Non p

there is no significant differ
ip in terms of O/S test result
0.4319. No precut is comparable with POR

At 95% confidence level , there is ho significant difference
between Pre-cut and No pre-cut strip in terms of O/S test
result with P value of 0.4319. No pre-cut is comparable with
POR.

Statistical Testing — Test Handler Error

Response

Practical Problem Test Plan

Hypothesis Statement

_ ‘onclusion

Will precut strip result to lower fest
handler error compared to strips
without precut?

Mo on e
- e
| . ‘ : s
. L 1 00| 100,00
Tess
Chscuare oo chsa

confidence level , there is no significant difference between

Ho: Pup = Pwop
5
EETERL Ha: Pop <Pwop

Test Handler Error Test

Instrip Test

Two

Props  Inputs
o 0.05
p 010
P2 0
Py 0.05

Comments

[ Practical Conclusion:

A9
Precut and No precut sirip in terms of test handler error with
P value of 1000,

b et

At 95% confidence level , there is no significant difference

between Pre-cut and No pre-cut strip in terms of test handler
error with P value of 1.000.

FT1 Test Result (Instrip) — Existing Nest Tool
O Test Response 3.11%

Test Failure
Noise

|

FT1 Statistical Bin Limits

With Precut
& Cove

With Precut Without Precut  With Precut T = T I
& Coverlay &No Coverlay & Coverlay t s —1

O Noise was observed for No Precut strip as a
result of Vibration during testing strip and
due toir ion of surface.

FT2 Statistical Bin Limits
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No Pre-cut FT2 & QA Test Result
O MEMS Instrip 100% QA results — Singulated
FT2 Validation result for 100% QA

Lot ID : US2W12TR-7CCQ FT2 Sumvmary
Software Binning Bin Name

Tlot:  789480BVZZ Count  Percentage
Diffusion : V1936XTR 1 Pass 26 3%
FT QTY In/Out : 2771/2645 6 OPEN_SHORT 1] 06%
FT Yield : 99.29% 1% OFFX_26_CAL 2 01%
e . : " 1 OFFY.26CAL 1 00%
 — — —— ——
£ o " Comd. Cumd. B4 1000%
o i %
L s w
o T -
i o Ohsummary
= e R SofworeBinning BinName Count  Percentage
) 1 Pass 2 60%
1 REF_VREF % 1%
st et woa e 5 OPENSHORT 21 08%
W »» 12 CLOCK 1 00%
oot ke Ji 2 OFFX26.0L0G 1 00%
e '“f Cumd Cumdl. ®1 1000%
AT QA refects weee recovered @ retest vith 1x emaining reect{SBIN21 OFFX_2G_DLOG),

FT2 & QA Test Result Passed with 99.29% Yield vs 98%
Yield Target.

Validation Result:

Validation Plan and Results
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Based on the validation result only Strip Warpage and Test
Failure (noise) is significant from the change with P value of
0.0001 which affected by the removal of pre-cut process.

Next action is to determine the nature of problem at Test
process.

Table 3 : Potential Problem Analysis

RISK ASSESSMENT (POTENTIAL PROBLEM ANALYSIS)
sien for e tnstr PCMSIMRIN PICT FW2 x)

CmE—

Tost Failure (Noles & O75)

Four risks were identified where control measures were
reviewed and implemented.

Corrective Action on Noise Test Failure and Strip Warpage
was the modification of nest tool holding the strip which has
direct impact on testing and to cater 3mm strip warpage.

This improvement project was presented in the 2023 ANTS
Symposium. This resulted in reducing Test Noise Failure
and improving clamping capability from 1mm to 3mm.

Table 4: Quality Risk Assessment — Result

RISK ASSESSMENT Form - Skip Precut process
efore Azion e i
o [ s aomiren | posest raksesaing vom [ v [ e [ wmen [ s it —
1 [sonestes | swmpmaronnestwa | o 3 0 |k T v | v | 1 | 3 |
7 |an s warpsge | %o Precut ana Coverty . 3 . cns | wenoss | vowe | 1 | 3 |
rumodoned ter Tt Cmoer e o [Ty ——

: mip Rgh warpage: on strp ? ? . for process pertormance O whee o 1 L4 ¢
o | Manderrror gn s warsage s s b | Paemeecekien | cpa | wwsses | wowe | 1 [ 5 | e
wasimn ot [ Prod X mpact " . 3

T R e T
AT R I3 Feterene

5 5 e
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ox ~ Tc ]
Lopes .

] A

Here T =y T ——|

Lev - 1  ——

Cocrie 3 = 5 ——

o e s e | ¢ H

Mose gecabh 3 igh 1k 3 T3 L]
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ProsamLITY

After the actions were done, the impact for the risk
assessment decreased from 18 to 3 or from major to minor
class.

4.0 RESULTS AND DISCUSSION

After removal of Pre-cut process, below are the results and
impact of this project which leads to Cost savings and Cycle
time reduction as shown in Graph 7 and 8 respectively.

Primary Metric: Pre-cut Blade Consumption

FT2 Pre-cut Blade Consumption (Jan'19- Q124) Zero Cost and

Blade
Consumption
startina Feb.2020

f Blade Consun

N

Jan  Feb  Mar pr May Jn Jul _; Sep Oct Nov Dec' Feb Mar Q2 Q3 Q420 2022 2003 QI'M

My 25 8 805 4 8 B o 0 ¢ 0 0 0 0 0

Graph 7: FT2 Pre-cut Blade Consumptlon 2019-2024

After the project implementation, no more cost incurred
from pre-cut blade from Feb’2020 to date. This Project
leads to cost savings of USD 100.23K from Feb.2020 to
Jan.2021 alone.

Cycle time reduction for MEMS Instrip devices reduces from
7 days to 6 days.

Secondary Metric: Cycle Time

MEMS Instrip Cycle Time

6.6
6
5.8
5.6
5.4

BEFORE AFTER

Days

m [Days

Graph 7: MEMS Instrip Cycle Time ( Before and After)
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Zero rework on detached coverlay after Pre-cut process
elimination that resulted in removal of Non-Value Adding
Activity.

Non-Value Adding Activity Removal.

Q MEMS Instrip Test Performance:

MEMS Instrip Rework Lot per Week (wk1948-wk2004)

No. of lots

mNo.Of Lots @ No. of rework

5.0 CONCLUSION

With the use of data analysis tools, proper risk assessment
and management during this project, Pre-cut process
elimination was made possible and implemented without
compromising quality and productivity.

6.0 RECOMMENDATIONS

It is recommended to fan-out this improvement on upcoming
device variant originally requiring pre-cut process which was
already fanned-out to other device variants.
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