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Input- Output Worksheet

Characteristics of Process Outputs (KPOVs

a-rlu of Epoxy Dispense

Charactersiic of Outpul
CPOV /¥ ] Mini Y
Mo Insufficient Epoxy
Pre-Bond Inspection

100% Epoxy Coverage
100% Detected

Process Inputs (KPIVs
TE A
M

1 WL H8S11034  Raw Material | Information
v umm = 3,000
2 ', VA WL #8511034 Raw Material / Information Index 59
& "‘"“" VA WL #8511034  Raw Material / Information Epoxy Epoxy Condition No Air Bubble
S premmaton VA WLASS1OM  RawMaterisl/iwormaton  Epoxy Floor Life | Expiration 24 rs. Floor life
Material
i [ R VA WL#ES11034  RawMaterial Within S-Ratio 1.38 +/- 2
T  EpoxyDispense VA WL HBS511034  Process Control / Method E""m"‘ Dispense Pressure Within 20 -60 Kpa
8  EpoxyDispense VA  W.LWES11034  ProcessControl/ Method Dispense Norzie  Dispanse Tool Size  Correct Writer [0.3 Diameter)
9  Epoxy Dispense VA W #8511034  Process Control / Method Dispense Nozzle Dispense Tool Cleaning Cleaning every 3 days
10  Epoxy Dispense VA WL #8511034  Process Control / Method """"‘II'I Epoxy Pattern X panern
" Epoxy Dispense VA WL #8511034 Process Control / Method  Dispense Nozzle Aue cleaning None
Broak Tail Break Tail offset 600 counts
12 EporyDispense VA  WLSBSH0M  Process Control/Method o Break Tail Parameter briedoyereligy e
13 EpoxyDispense VA W1 #8511034  Process Control | Method E"“'nm",’.';,:" Epoxy Staging / Open Time None
13 Epoxy Dispense VA W1 #8511034  Equipment ! Infrastructure  Anvil Biock  Anvil Block Planarity b ol
Coaxial Light
14 E’:’_’ Prebond  \\ ) 48511034  Equipment / infrastructure  PRS lighting """’: g & S Within Coaxial 0 - 100

‘Within Ring 0 - 50

Cause and Effect Matrix

Discardihe X

=
1. Epoxy Dispanse

Dispense.

Mothod £
b e Dispense nozile

Matoral Preparation
5 Viscosity " ”

Materal Preparation Epoxy Thixotropic index 1w Discrete WA WA
3 Matenst Preparation Epoxy Epoxy Candiion 10 Discrets  NA NA
4 Materal Precaraticn Epoxy Fioos Lie { Expiration 10 Discrels WA WA
5 Watorial Proparation Toaditame _ Leadivame Roughnaws 30 Diwcieie WA WA
[ Epory Dispense i gend Dispense Pressure 10 Discrete A A
? Epory Dispanss Osporse Nozse _ Dispense Tool Size ;
8 Epory Dispanse

Dispensa Panem

14 Epoxy Pre-bondinspection  PRS lighting

Polarizad lighting & P8I
Sefting

Characteristic of Inpu!
(KPIV/ X) Potential

FMEA Validation Table
FMEA
FinalDecision
Scote Decision RPN | Decision

Cause o D
1 Thawing time D\s::m] theX 6 3 2 Discardthe X  Discard the X
2 rnmﬂ::::"rm 1 DiscardheX 6 3 2 Discardthe X Discard the X
3 Epaxy’ Condition 1 DiscardtheX 6 3 2 3 Discardthe X Disoard the X
4 Floor Life / Expiration 1 Discard the X 6 3 2 k'] Discard the X Discard the X
("5 Leadframe Roughness ) SelectX & 3 6 108 SelectX
5 Dispense Prossuro 1 DiscardheX 6 3 2 36  Discardthe X  Discard the X
7 Dispense Tool Size 1 Discard the X 6 3 2 36 Discard the X Discard the X
8 Dispense Tool Replacement 9 SelectX & 3 5 %0 QuickWins  Quick Wins
9 Epoxy DispensePatiem 1 DiscardtheX 6 3 2 3 Discardthe X Discard the X
10 Dispense Nozzle Cleaning 9 SelectX & 3 5 %0
11 Break Tail Parameter 9 DiscardtheX  ® 3 5 %0
12 ing | Open Time 9 SelectX & 3 5%
13 Anvil Block Planarity 9 Discordthex & s & =
14 m‘ﬁ“"‘"‘" s Selectx 6 3 3 |

X-funnel Worksheet

Insufficient Epoxy PPM

Epoxy
Dispense &
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Inspection

10 MATRIX

KPIV’s = 14 -
C& E \\\_/

KPIV’s = 7 =D
i, @

Quick Wins =1

Occurrences = 11 KPIV's
Detection = 3 KPIV’'s

Occurrences = 4 KPIV’s
Detection = 3 KPIV’s

Occurrences = 3 KPIV’s
Detection = 3 KPIV’s
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l: - Contingency Analysis of Result By Idle Time

o Test ChiSquare Prob>ChiSq
Likelihood Ratio 6.648 0.0360*
[Pearson 6.085 0.0477* ]

kile Time
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= Contingency Analysis of Result By Open Time ChiSquare Prob> ChiSq
# Mosaic Plot

lPearson 14954 0.0106*
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# = Bivariate Fit of Insufficient Epoxy By Break Tail Offset Linear Fit
200 Insufficient Epoxy = -50 + 0.3657143"Break Tail Offset
Epoxy Dispense Summary of Fit
Writer/Needle RSquare 0814849
o RSquare Adj 0.768561
3 RootMean SquareEmor 3646329
|._8.4' Mean of Response 78
g 100 Observations (or Sum Wgts) 6 PrOb > F
K ; 5 < Analysis of Variance 0.0137*
Breaktail offset ht. E AT

I ) ] Correlation | )} 1)

.
. a0
.
4 0 L. Y]
0 100 200 300 400 500 600 700 1 Biv.ri.f 0-90269 50
Break Tail Offset ﬁ
Breaktail delay I e Variable Mean  sta Signif. Prob  Number
090269

= ——Linear fit Break Tail Offset 350 187.0829 00137 6
* — Bivariate Normal Ellipse P=0950

Insufficient Epoxy 78 7579446
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o = Anrie Gaugs
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» |
= Standard
- yrmis [l
I 01102
E‘ i 0.113%
- o.128%
i SO
0 o - Errar
c.0636
o112e
e e o.1085
AELisctivenses =% —— = Conformance Report
Rater  Effectiveness |Lower CI Upper CI Error rate P(False Assumptions Inspection pass Inspection failed Machine PBI error
Triat 1 sargs | as03n  |702622 04182 Rater Alarms) P(hisses) NonConform = Good

Fromrow 1to 8 From row 9 to 11 due to Epoxy Area Fail
darkening of the pad
on the last 3 rows.

Trial 2 654545 | 522539 |76.6373 03455
Trial 3 636364 | 504228 |75.0695 03636
Overall 62424z | 548308 |e9.4524 03758

Conform = No Good
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4 = Contingency Analysis of Result By Anvil Block planarity
4 Mosaic Plot
100

ors

Result
e
3

10 15 20
Anvil Blockplanarity

Test ChiSquare Prob>ChiSq
Likalibhacd Bt L6631 o.zig4
Pearson 0.658 0.71 96]
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Surface Roughness (SR) Measurement Analysis
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Standard PPF
Leadframe

UAPS
Roughen
L

UM16
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L

AL,

Test ChiSquare Prob>ChiSq
Lilealilb Dol :EA (v d TaTat b
Pearson 154.375 <.0001* l
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Science Principles of Light and Shadow
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Light is form of Energy, which makes things
visible.

’—4 PBI Light |

Light is an electromagnetic wave, and the
electric field of this wave oscillates
perpendicularly to the direction of propagation

Objects that do not allow any light to pass
through them are called Opaque objects.

A Shadow is formed when light fall on an
opaque object

Rough
Leadframe

A Shadow is formed in the direction opposite to
the source of light

The brighter the Light, the darker the Shadow

Light is called unpolarized if the direction of
this electric field fluctuates randomly in time.

By placing a linear polarizer over the light
source, to eliminate glare and hot spots from
reflective objects.
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Novel
Innovative
Benchmark

&1

Error Detection/
Defect Prevention

an

Effect Detection @ High Cost
kbl >20K USD

Low Effective

Medium Risk  Medium
Risk

(2 Defect)

M
2~56K USD

High Risk

(>3 Defect)

Solution Type Category

New/ Unique solution not present on other existing machines
‘Out of the Box thinking using resources on-hand into useful tool or solution
Fan-out project type coming from different sites, plant or same machine technology

EFEFRIE
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RRMSE . SR i Y >
s Innovative 7 1 5 L3 22
‘%Fiﬁfa H{ﬁ R D ‘Optimize the Break Tail Innovetive: ° 0 7 [ 34

* ﬂ-’ﬂ;?:!'um Innovative 7 1 s 0 22 m

Evetuats sultabile sstting Innovative (] 7 L4 ° 32 m

4 ugnting SuslTy e prodect i Benchmark ® 1 5 ° 24 LXel]

Setting Singe Matane! Benchmark ° 1 s ° b ZEN NO GO

4.5 RS RN TR

Evaluate suitable optimum setting for Break Tail Parameter using DOE

Best Solution # 3

¥ (Key Output) Insufficient Epoxy X (Key Input)
(e ) 57 ML LA B
SEH45W: DOE SLis i 45 m 4 fl Unitof Measurement Pom [#]  Factor | Newreaix [ el |
- Null Hypothesis Ho:F1=F2 no significant factor 1 Break Tail Delay Continuous 100 to 400 ms
HEE E @ E(J %*ﬁ‘ élil %@LX ’ }]%’ &ﬁ)%ﬁ Hﬂ- e y Ha: at least one factor is 2 Break Tail Offset Continuous 100 to 600 count
e Hypetinsls significant h:lnMdthrh;mm Contour Plot of Resut vs Break Tall Offset, Break Tad Delay
M2 N pa— Ay X Iresponse i Result a= 0 700 .
i}ﬁﬁ&mﬁ 100'300 ms Z,IEU’ No. of Factor: 2 ) |
No of Runs:4 Facor Name .
DOE Summary Repetition: 1 R el <»
) =y 0 8 -®
W S R R 250-450 f. Mo ofLogs. 15 | g
-%
Statistical Test Design Of Experiments (DOE) .
The ff factors are significant
Break TI!IDelay
Statisical Result ook 1o Oftet . [

4.6 ISR EREMAL TR

Best Solution # 4

Break Tail Delay” Break Tail Delay

Break Tail Offset’ Break Tail Offset

with P value < 0.05

RN
Standardae Hiect

K17 (/1 DOE (L 1L B /EZ4t

Evaluate suitable optimum setting of Pre-bond Inspections (PBI} using DOE

o .
50 10 150 200 250 300 350 40 450
Break Tail Delay

Y (Key Output) Insufficient Epoxy X (Key Input)
A = Pareto Chart ofthe Sandarded €fects | Factor N
;}Im %‘@ : Unit of Measurement PPM eporee i e - 1051 o e it
N . L Null Hypothesis Ho:F1=F2=F3=F4 = B Ringlight
DOE ZHAFHEER, N T ik no significant factor | ; b Selg
. . Ha: at least one factor | . Interaction Plot for Yield |
Ny JRSN Alternative Hypothesis SR “ Fitted Means
R, JATFHFELE PBl E23exy AR = ‘,, Ui Ty side i
No. of Factor: 4 = @
By No of Runs:16 - ol Side Light ;
TH HE B R e G R DOE Summary Repetition: 1 b e
Control Leg:1 = i 6
No. of Legs: 32 i w W |B
Design Of Experiments - i i
40 gn
Statistical Test (DOE) e
Significant Factor: Side 20 '
Statistical Result Light & Type of Lighting T O
with P value < 0.05 Lighting Typ _Ultra Bright

Practical Problem

Null Hypothesis

MSA JRIEIR 5,
A e X W P
Jelis, #PBI LI
HET R ) T e R L
o LU

Statistical Test

Statistical Result

Decision

K/ 18: U/ DOE LL1EH /T Tt Er e B

Does New Pre-Bond Inspection setting is effective detection control?

Ho: Acceptable

Attribute Measurement System
Analysis

Kappa is greater than 0.75 indicating
Good PBI inspection.

Effectiveness is greater than > 90%
acceptable.

Over-rejection P(FA) is less than < 5%
showing all good units are accepted.
Under Rejection P(Miss) is less than <
2% showing all good units are being
rejected.

ACCEPTABLE

Alternative Hypothesis

Ha: Unacceptable

S an asie
Zdna rwi chan

S tdstase

Compares P—

& Koppa |z & & a e

I 10

g ard et 0o

. moard = m— 0000

= § i oo
m;;.,m = Conformance Report

P(False
Assumptions

Rater  Effectiveness
ool el 934715 bo: umr Alarms) P(Misses) NonConform = Good
T2 vo0000 | 334715 | Trial1 00000 00000 leonform=  NoGood
Triai 3 100000 Triai2 00000 00000
Overall 100:000 0.0000 0.0000

£/ 19 : Attribute MSA
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plement Open time
unﬂl 60 minutes.

from 250 to 450 count

Use Ultra Bright Light
with double side light
for PBI.

#4:

Valid True

Wlm Parameter

Wrong Parameter
used

‘Wrong Parameter
used

Lack of availability

Light with double
side light

b

p-ramelnr

Altered
parameter

No spare
part

Counss Best Solution Steps IA'::u:I‘

Insufficient
Epoxy Dispense  Implement open time Ackitey
due epoxy dry until 60 minutes. Pk e Parmater. P
up. BRMS Update oy
Insufficient Auto Toolng 7
Epoxy Dispense  Nozzle Cleaning Al
due incomplete  every 10 min DAsPaamene M0
dispense pattern. machine idle A RMS Update ..

Break tail Plan
Insufficient delay range from 100 Retual
Epoxy Dispense  to 300 ms and Break ==
due incomplete Tail offset is ranger e
dispense pattern. from 250 to 450 A RMS Update .

count
Plan.

Poor detection of ;. \¢ra Bright Ay
suffchent Light with double
Epoxy Dispense i jichtfor PBI.  istmeacnoe "
(PBI) Attach Machine ...

Update DA e-Parameter,
Update Recipe Management
System (RMS) and Lock the
parameter.

Update DA e-Parameter,
Update Recipe Management
System (RMS) and Lock the
parameter.

Update DA e-Parameter,
Update Recipe Management
System (RMS) and Lock the
parameter.

Update requirement &
Inventory in DA Tooling
Management

DCQpII

EP3

Rum
Marllloﬂnu

21)18

JuLy
2018

AUG
2018

Leaming

Status
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Best Solution
Level

#1 Implement OPEN TIME 60
mins is allowable epoxy
staging time. More than 60
mins the machine will auto
skip the leadframe in bond

process.

#2 Implement Auto Nozzle 2 X

Cleaning every 10 min 3 By e Hm Tdic Tins 3 By Uriter
machine idle. More than 10 : inab

min machine idle, the ; . =
machine will perform Auto '

purge / Auto Nozzle Clean.

#3 Implement Optimize 2

Break Tail parameter. T i 1 Hatio W Brk Tail Vel Ratic
Break tail delay range from oh — Ml cak Point|

100 to 300 ms and Break Tail
offset is ranger from 250 to
450 count base on DOE.

Break Tail Of

#4 Use Ultra Bright Light 3
with double side light in Pre- % Ultra Brigm,i.ight
bond inspection for PPF ! — o
Leadframe.
W:\ *
Double 3|de!lght
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EPATIE NG, 2018 fEfa— N2, WATWER], UM16 FIHERE A R R 148 2 PPM, T
300 PPM fJ Hbx, #E& T 99.8%.
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INSUFFICIENT EPOXY PPM TREND
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=@m|UM16Package 1360 312 429 446 2 2 2 4 2 5 0 8 1/ 0 2 0 1 0 1 0 1 0 0 0 0 0 0 0 0 0 O
Baseline 700 700 700 700 700 700 700 700 700 700 700 700 700 700 70O 700 700 700 700 700 700 700 700 700 700 700 700 700 700 700 700
= =Target 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300
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UM16 5 A LR M 99.36 % F2 %1 99.98%, REF$EmE T 62%. SMKIME, 201844 HF12 A, UM16 it
HRIEE, [R5 99.68%, #it T 99.5% KR EHFr.

| Die Attach viela | UM16 Assembly Yield Trend
100.00% 8.00
7.00
99.50% —
| Assembly Yield 6.00
99.00% | 5008
# -4
o -3
ﬁ 98.50% 4.00 E
£
3008
98.00% >
200
97.50%
HU N ﬂ "
97.00% 41 o o et e g e g e 4 Lo gy o ) i Ll el g B g L ] B g
Apr' May' Jun' July’ Aug' Sep’ Oct'l Nov' Dec’ Jan' Feb' Mar' Apr' May' Jun' Jull Aug’ Sep’ Oct'l Nov' Dec’ Jan' Feb’ Mar Apr May' Jun Jul2 Aug’ Sep' Oct'2
1818 18 1818 18 B 18 18 1919 19 19 19 19 9 19 19| 9 (19 19 20 0 (220 20 20 2 ¢ 20 20 0
st VOLUME (Mpcs) 2.22 183 4.06 355 3.19 502 340 336 547 379 3.47 530 363 407 451 199 370 2.95 268 235 170 2.05 278 2.42 0.34 0.98 032 1.91 312 423 474
w= eYioldTarget  99.5099.50 99.50 99.50 99.50 99.50 99.50 99.50 89.50 99,60 99.60 99.60 99.60 99,60 99.60 99.60 99.60 9960 99.60 99.60 99.60 99.65 99,65 99,65 99.65 99,65 99,65 99.65 99.65 99,65 90.65
b Assembly Yield 95.04 96.37 98.58 99.04 98.82 99.11 99.64 99.60 99.68 99,60 99.71 99.67 99.63 99.50 59.65 99.68 99.71 99.66 99.72 99.68 99.68 99.78 99,66 99.64 99.69 99.83 99,81 99.67 99.65 99.74 99.72
=@ Die Attach Yield 9836 99,07 99.33 99,50 $9.96 99,95 99,99 99,96 49.90 99,95 99,99 99.99 99,99 99,97 59,96 99,97 99,98 $9.98 99,97 99,99 99,97 99.96 99.97 99,98 100.0.99.99 100.0 99,97 99.96 99.96 99.98
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UM16 Die Attach Machine Error Log
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5. 7R B

[ # | Actionitem | Responsible Doc #/ Rev

5.1 frEfh , Generate PMCS (Process Change . . PCMS#
Management) for all the Changes. *'°'@¢ % PTM_CAL_ 054478 Class 2
BRATTHRNTE LX)+ it 1 — EehE A a] 2 :‘;i:‘:e":e::e e gﬂﬁ S‘ MRS Recipe # A8152653
. Update Die Attach eParameter &  RobertH.  Spec# 8585314
SR, VMO T AR 3 p pentach shere RemelP. P Productdovice
. B N Update the Die Attach Work
KSCHEYRL, DURMERAIFTATHI A * instruction procedure and depioy,  MENee!C: - Spec BSTION
. . L " 5 Update OCAP spec Michael C.  Spec# 8585314
CdE . [FIRE, B BET AR R
6 Update FMEA's Michael C. Eug E%} ;g
i B AL
T LAEEE R 7 Update Preventive Management | _ s gpec# 8185909
%6, s | INSUFFICIENT EPOXY PPM TREND
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Eﬁ% 1 48 18 18 8 18 18 18 18 19 19 1% 19 1% 19 19 19 19 19 19 19 20 20 '20 20 ‘20 20 20 '20 20 20
o =@—UMIGPackage 1360 312 429 446 2 2 2 4 2 5 0 & 1 o0 2 0 1 0 1 0 1 0 o o0 © ¢ 0 0 0 0 0
Baseline 700 700 700 700 700 700 700 70O 700 TOO TOO TOO 70O 70O 70O 70O 70O 700 700 700 700 70O 700 700 70O 70O 70O 70O 700 70O TOO
- =Target 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300

G-~ UAW1 Package 1158 1016 1313 1108 1360 10751327 1480 1066 662 &1 40 37 § 7 2 € 3 0 1 0 0 © O0 © O o 0 0 o0 0
=@=—=UAPS5 Package 1588 1628 1284 11621408 15161162 888 €6 71 125 30 19 8 10 6 3 1 2 1 o0 o0 ©0 O 0 0 O 0 0 0 0
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