uny 4

NAURINIGIAE

4.1 AupaunIsAaaaniluun (Define Phase)

aninann 18 lunansinauaauni 3
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FAINUUDUALNANTUNTILUIUNITUAR

1wastifin (PCCA) 1@un Solder Pad Height out of spec , Chip IC , Exposed Coil wire L

Fail Coil to ground LLﬁiLﬁ'ﬂw’mﬁmm Chip IC , Exposed Coil wire ke Fail Coil to ground

Iain1eaniiunisudlduda seiuluntaminnisud lailymn ludauaasiloyvnudnaa Solder

Pad Height out of spec

scrap cost

Pareto Chart of Defect

200000 -

150000

100000 -

50000 ~

- 100

- 80

- 60

- 40

- 20

Defect

scrap cost 71477 47144 22867 19801 10574
Percent 35.9 22T 11.5 B 5.3
Cum % 35.9 59.6 Falal 81.0 86.3

AN 4.1

6811

94.7

5841
2B
97.6

4782
2
100.0

o ¥ ! d‘ a
uHdInslALansta LN WS RINL TUNIsLIUN1IHE M’JQQ?VLWWW

Percent
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093 il PCCA Ranwauzialiussuanslunin 4.2

r

B ‘!.‘I'"a"!.'l
e E g

PR el
e ‘1.:'{.«'.‘ '.-' |I

NN 4.2

1947 WA (PCCA)

AN 4.3

AnNBULAaY Solder Pad Height out of spec.

n13ifin Solder pad height out of spec. azifinlu 2 ANWUE Al ANGITE

a o c

solder pad ANIITBNIUUBALNITUDINERAWT (Specification) WAZAIINEIUBY solder
pad NINNINTRANUUALANIZIBIHARA T AILAAT NN 4.3 AINNITANHILNUNINANT
a [ 3 dl 1 Z:/ dl dl U o a
18289072 LIUNNTHARNATIANAININD 4.4 Wuqn Tupeunineadeslnanseaiuniniea
Solder pad height out of spec. \udunaundandn Solder paste printing @awludunan

1 v
NTUNARNZAIAILILF TINDIANT BT 19714
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) Underfill Panel Piece
Seaprint 1 dispensing 1 cleaning —* cleaning
= ¥ 3 1
s X —ray

3older paste . - EVMI
Printing DEC inspection
i v 2
A0l De-panelize OQA
3 ¥ ¥
Di Underfill GPCC Pack out
1e Curing testing checking
placement
! |
Reflow
soldering _ -
<4 = Inline —) — Off line
I

NN 4.4

WHUNINNNT IUATR9NTZLAIUNTEARI9AT INHN (PCCA Process flow

dl a KX 9 o . . a % rdl o v
LHANAUNDNUIBANINUALANIY (Specification) m@wammmmmuumimaqﬂm [32)

AL

a

qaniily Solder pad height ludanmuaniiangnanliaaudidnuiniassey il

Q

921149749 0.0023 + 0.00075 17 LAZATHTIAANNAINITAVBINTLLIUNNTNAR (Cpk) Faa b

tiaandn 1.33  wsluilaqiiuaauaNsnaednssuIunIsHan AANATHTInAINAINNINTRY
nsvLnuNslaaRfnan 0.64 AUAAIIUNINA 4.5
Process Capability of Solder Headpad HT
LSL UsL
L Process Da;a_00155 q : \g\l,t:rlzu
LZ’EQ‘ 0_0030; _‘_ __K— Potential (Within) C apability
Sample Mean  0.00198 \— EEL ;-éi
ztalljﬂe[:?v:/\‘ithin) o.ooggg N CP 50 Cpk = 0.64
StDev(Overall) 0.00024 i pk =0.
__ Overall Capability
Pp 1.03
PPL 0.59

PPU
Ppk
Cpm

1.47
0.59
*

Exp. Overall Performance
PPM < LSL 38845.04

Observed Performance
PPM < LSL 59375.00

Exp. Within Performance
PPM < LSL 27606.50

PPM > USL 0.00 PPM > USL 0.79 PPM > USL 4.99
PPM Total 59375.00 PPM Total 27607.29 PPM Total 38850.03
AN 4.5
[ dd” [ a
FUDIAAITHATNHNITDURINTEUAUNITHAR (Cpk)
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Firefly (Hornet) Cpk

1.5

1.4 4 Target = 1.33

1.3

1.2

1.1 o

1 -

o 0.9

0.8 - Entitlement = 0.73
S 0.7 |

0.6 Baseline = 0.64 |

0.5 A

0.4

0.3

0.2

0.1

0 - T
527/08 550/08 552/08 603/08 703/08
SBR#
d‘
NINN 4.6

WHUNIWLAAETI YNN8 189N 19A TN

aa o

NN 4.6 WefFaumaudeyanisnandiaunds 6 Aas wudiaTlain
ANNANNIINTBINIZUIUNILRAELDLT 0.64 (Baseline)  WATATHTIAAINNAINITNTDY

d 4 A ey , AP
N3TUAUNNINNINTGATIALYINIHBLN 0.73 (Entitlement) AedlAInmuatinuane (Target)

o a QJdI d’ 1 dl [ U v = o v a

29n19ANHWNLIAN 1.33 Fadluainssiuanudeanisresgnd uaziluniminliiie
nistfutlaansruaunisuuuinansyinaninmuannis1ed Six sigma

dl a a a

WaNATUILNUNINNNT IMaT89NTzUauN1THAR9aT TN Tnaazidan  waz
i hAwmszimanvnuaznaiazinliifia Solder pad height out of spec. #aziladeain
fladeinid (Input) Mderdesiannalulsazdunaun1sean AanganalunIni 4.7 aniu
W lAemsdimunannis FMEA  fauiuiinaunniladeiNANFa 1LanIa1Aua89ANN
@9 (RPN : Risk Priority Number) iafazni lfiuladnuualinresdneosdaunnsas
(Potential Failure Mode) Aaanauaiug uaznalnfinaadassine o lAfunisssyuazgn
° X o ° a = WM a . X a A o o
fuuaay duaztirhilghanssufiazarnnsoufladenaitesnliainnisnan vsasinlids

X C . o . dw e e e A

wiatanadatinesiaiios  Awansluning 4.8 uar 4.9 wudnanwmenidudaulsdnAnyd
Haudngnszuaunisudngdenansenusianisiiadaunnsas (KPIVs : Key Process Input
Variables) N1A1 RPN g4 4 dustiusn 1sznausiae

(1) Solder paste type HA1 RPN Wi 280

(2) Stencil aperture NA1 RPN Ny 245

(3,4) Printing force Waz Printing speed T4{A1 RPN winfiu 196



50

KPIVs 14 4 siatiaziinlyinnismageuanusgau (Hypothesis testing) Tuiunaw

289n139bAF12H (Analyze phase) siald

Method Machine Man

Stencill speed
. Low skill of solder
setting Solder paste temperature head pad HT
Immpfoper printing M/C e / measure operator ;
alignment Force o Reflow Not training
inti T fil
printing M/C Opening shape. emp protie
Cleaning .
Frequency Opening area. range Low skill of Panel
. loading operator.
Cleaning Stencil.
: Cleaning Operators without
; Frequency Aperture size certification
Stencil.

thickness

No calibration. Compound.

temperature

Measurement

M/C Solder paste type

Capability to focus

N No GR&R
Clean room and fine-tune :
performed viscosfy. Shelf life
= expire
humidity mz?ﬁ;‘;emem Solder paste
Correlation Poor GRER Storage condition
problem . -
Unclarify Measurement temperature humidity
procedure
Environment Measurement Material

WA 4.7

LLNuﬂﬂwmLWﬂLL@xNMﬂ\‘mW?Lﬁm Solder pad height out of spec.

Key Process Potential Failure Mode Potential Effect (s) SEV Poten.tlal Cause(s?/ Oceur Current Proces_s Controls Detect| RPN
Input of Failure Mechanism(s) of Failure Prevention
Trianing center train and
y certify operators before start
Man | easuement aperator. | headpad 1T resut. | S No wrining 2 working. 2 |
: : GR&R evaluating every 6
months.
Wrong panel loadin Exposed from Training center train and
Man gdiF:'eclion 9 Solder headpad 7 No training 2 certify operators before start 2 28
i misprint. working.
Solder Paste No Preventive Solder headpad HT Shopfloor operator cross check
Printing M/C Maintenance. out of specification. ’ Not follow PM schedule. 8 PM sticker on M/C. 2 42
. - Stencil design to control low . .
Stencil Impropoer apenqre size | Insufficient solder 7 ol T (1 CFTH: VSIS 5 Review and Buy off §len0|| 7 245
and % Opening. headpad. e — before start running.
Stencil Impropoer stencil Solder headpad HT 7 Impropoer stencil cleaning 3 Control printing parameter and 1 21
cleaning frequency. out of specification. frequency. checking every 12 hrs
Measurement [ No calibration on timely | Inaccurate solder 5 Not follow calibration 2 Shopfloor operator cross check 2 20
m/C basis. headpad HT result. schedule. calibration sticker on M/C.
Training center train and
Measurement Inaccurate solder certify operators before start
procedure Unclarify procedure headpad HT result. 5 No training 2 working. 2 20
: GR&R evaluating every 6
months.
Printing Speed Impropoer S"'F‘e' pastci|Solde heaQQad .HT 7 rprerperss Sallitey pa_st_e_prlnt 4 Leverage from prior porducts. 7 196
print force setting. out of specification. force parameter optimizing.
Printing Impropoer Soldgr paste |Solder heaq;?ad .HT 7 Impropoer Solder pas.te ‘p.rlnt 4 Leverage|from prior|porducts, 7 196
Force print speed setting. out of specification. speed parameter optimizing.
Measurement method
Measurement mismatch with Inaccurate solder Limited capability of M/C to .
Method Measurement M/C headpad HT result. 7 focus thru layers. 2 Reference from prior method. 2 28
capability
Solder paste collapse . .
Solderjpasic and spread over pad iy ariarionjof 5 |Material properties (Viscosity) 8 ol Cusw".‘er 7 280
type . solder headpad HT recommendation.

AN 4.8

NANTIILATIZHANNITTATRILAZHANTENLAINNTZLANNNT (FMEA)



1200 A
- 100
1000 +
- 80
o
= c
5 60 3
O e
o
© 40 o
- 20
T ! T T T T T 1 0
KPIV ) O & & & & & &
& Qq’o d 4 & & o ©
58 1° < & & S S <
= o & <& @ & <O
< 2 N & Q2 & N \
& N N & S N S
o N ' & <O &
=) 5 < o (2 4 K @)
&S & & K W R
R & Q}Q \<’Q )
& N Nd <& S
&:’@,Q ) ’&\Qv o
& & ©
Q@Q ©f <«
KN
c9 280 245 196 196 42 28 28 21 40
Percent 26.0 22.8 18.2 18.2 3.9 2.6 2.6 2.0 3.7
Cum % 26.0 48.8 67.0 85.2 89.1 91.7 94.3 96.3 100.0
=
NINN 4.9

weuansinuanstiade i T liinadaunniasmINASLLAT RPN

4.2 4UABWN199M (Measure Phase)

AN 4.10

AT Measuring Microscope

51
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o =

n139mAN Solder head pad  height azldiATeeladaizandn Measuring
Microscope Aauanaluning 4.10 Wﬁﬂmu%ﬁwm%mmﬁﬁfaqmﬁ‘fj“mvl,ﬂm\mugmmm
A8 LAXATULNUUHUITLATAIUNIENINUINNILND AN LI LTBILHUNDILAY LD
Auua liiiluanEusiuaein1sdn (set zero on copper pad) AINUUBTLLNUNLUBNATS
dll 2% dl tﬂl 1 o =l dl £2 dll A o 1 1
e liesasunnaninumiasulilatnseanatsuesqaminns aliaTesdadnaiudnans

Solder pad height AauanalunIng 4.11

“Set zero on copper pad” “Measure Solder HT”
1. Zero setting

2. Measuring

Adhesive r— l m=—— Cover layer

i <+ Copper Trace
Adhesive
Adhesive :—- Coverlayer

~—— Stiffener

WA 4.11
N3N MUARATA Solder pad height
N9 RUANHAINNINUBITELLNNT A IAAAARNNIINIIUANIUNTaLITH
FENMIALAINUIU 4 AN WNTTIAAN Solder pad height 289TRaUsaaeinaNmTeNld
AU 17 T IeaninipdnieTasiadalftaiuAuay 4 A5 ANt el Ly

szananadalisunsy MINITAB anauan Variable Gage R&R IAHARINING 4.12
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Gage R&R (ANOVA) for Result
Reported by :

Gage name: Tolerance:
Date of study: Misc:
Components of Variation Result by Samples
100 onmuten 0.0032
<
8 5o 0.0024
3
o
0.0016
oL = —
Gage R&R Repeat Reprod  Part-to-Part 12 3 4 5 6 7 8 9 1011 12 13 14 15 16 17
samples

R Chart by Operators

1772 5886 10565 10732 Resultby Operators
T UCL=0.0001129

g 0.00010 I I I 0.0032 g 8 g 8
0.0024
2 0.00005 r | _
£ R=0.0000346
H ® | 0.0016 o <] e [}
0.00000 LeL=o 1772 5886 10565 10732
Operat.
Xbar Chart by Operators perators
1772 5886 10565 10732 Operators * Samples Interaction
0.0032 Operators
< | | | 0.0032 A B Ppeast
s & “J [ e
g o002 Rasppsasre g 000 & bl |V S
8 | | | 0.0016 /
0.0016
R A SRR
samples
cage R&R
Study Var 3tudy Var
sContribution Source drdbev (3D (6 * &D) (%57
Source VarComp  (of V&rComp) Total Gage ReR 0.0000581  0.0003487 12.94
Total Gage ReR 0. ooooooo 1.68 Repeatability 0.0000310  0.0001&60 .90
Repeatability 0.0000000 0. 45 Reproducibility 0.00004%92  0,0002950 10.95
Reproducibility 0.0000000 1.20 Operators 0.0000332 0.0001954 7.40
Uperators P 055 OperatorstSanples 0.0000362 0.0002174 §.07
Operatorstsauples 0.0000000 0-69 Toter variation Dloonsss oloveess o000
Part-To-Part 0.0000002 98.32 ) ) )
Total Variation 0.0000002 100,00
Mumber of Distinct Categorieg = 10
'
NN 4.12

NANTTILATIZWIZLILNNTTARREAE Variable Gage R&R

ANUANNTIAINZUIZULNNTIAAREAE Variable Gage R&R L1 A1AINN
utstlsurasasAlsznaulunisinssuansdiuenuuaassa (Component of variation : part-to-
part) A1 98.32 wlafifud  A1ANAINIID TUNNTUEN AT NUANFINITBIUF AL UNIANY
(Number of Distinct Categories) agil 10 UATAIAINNAINIINIBNTTLLNNTTATAITIN
(Total Gage R&R)agifiszil 1.68 uansliliudnszuun1sinnaninauiiiaanainnsg
= \ o o 9y = ) o % o
WeEaNafAan1InTeauAIAN ULl I9nszuauns e Jeazldinszuunisdnilyldiy

v
ST TTa kR RIS ANCNE oY Ty B
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4.3 AUABUNIFILATIZY (Analyze Phase)

Iu%um@umiﬁmﬁﬂﬂﬂmm (Define phase)wurj’]ﬂ@ﬁﬂﬁm@maﬁﬂﬁﬁm
TaLNNIBY (KPIVS) 1Aun Solder paste type , Stencil aperture , Printing force Wag Printing
speed ?-NﬁﬁﬂfafifwmjmzhﬁMﬁm%meu&uuﬁgm (Hypothesis Testing) uay
AATLAEEAT Two Sample Test fiavilade Wemdn KPIVs lafiuadaniaia

daunwiae Solder pad height out of spec. aeeRTaA1ATUNINADR (Significant) NTzeL

ANHLTAT 95%

Iltem Solder Paste Model
Solder Paste Model EM814 HM531
Solder Supplier Kester Kester
Formular Type W ater Soluble Water Soluble
Technical information
Alloy Sn95.8/Ag3.5/Cu0.7 Sn95.8/Ag3.5/Cu0.7
Meilting Point (°C) 217 - 221 232 - 240
Powder Size (um) Type 3 (25 - 45 um) Type 3 (25 - 45 um)
Metal Content (%) 89.5 89.5
Residue Removal DI water DI water
Viscosity (Malcom) 2226 Poise 2600 Poise

Packaging

NN 4.13

91n289 Solder paste Adlunszuqunis Solder paste printing

KPIV#1 : Solder Paste Type
WraLWeuNa199 Solder paste type 2 1iia 1A 1 EM814 uaz HM531 A3
AW 4.13 T LA UALENNS 191 192 T A1nvuiaN AN NLANASaNANIRAE
LarANUItauaae Solder pad height
muuﬁgﬁuzﬁﬁwfum@m@@umLﬁﬁ'ﬂ (Mean)

H, : 1HA284 Solder paste 714 2 $1 liinasiaf1Ladta84 Solder pad height

H, : 11iA284 Solder paste 14 2 §14 HuasinA@ALBY Solder pad height
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@uuﬁﬁﬁuzﬁﬁﬁummm@@ummuﬂiﬂmu (Variance)

H, : 17789 Solder paste 113 2 $u liflnaeAruuLlsilsuzes Solder pad
height

H, : 1iAr84 Solder paste a2 1 HAnasiapdnnulsilsauaes Solder pad

height

ANNNINT 4.14 A1 P-value 189n1INAZALATRALNANYINGTL 0.243 Aatiidly

HuanguieananazagldiAniadaves Solder pad height a1nn1sld Solder paste 74 2
1 = 1 o dl [ % dl oI/
FudANNLANFNATY NIvAuANTaTU 95%

A mFunimageuAuulslsou Pvalue HAWNAL 0.002  AetiuRaLfias

ANNAFIU H, tuAatiinaas Solder paste ¥4 2 JuAKAsBANLLTII9UIBY Solder pad

' '
o [ % = [ IS

height aeiNRuEd1ATy NevaALANTaNU 95%
Two-Sample T-Test and GI: EM314, HM531 Boxplot of EM814, HM531

EM&14 192 0.001915 0.000268 0.000019

HMS531 192 0.001943 0.000214 0.000015

n Mean Sthew  SE Mean
0.00225 ‘

0.00200 4

Difference = mu (EM814] - mu (HM531)
Estimate for di ce:  -0.000029
95% CI for diff

e e = s mot =): T- e = -1.17
P-Value = 0.243 DDF = 364

Boxplot of EM814, HM531

Solder Headpad HT (inch)

0.00175 ‘

0.00150

Test for Equal Variances: C4 versus C5 EM814 HM531

95% Bomferroni confidence intervals for standard deviations

Cs o L SED: Tt
IMal4 137 ©0.0002405 0.0002883 00009025 Solder paste type

HM531 192 0.0001922 0.0002143 0.0002413

Mean: Insignificant
F-Test (Mormal Distriblueid
Test statistic = 1.

—Z
p-walue = 0.002 . . e
= Variance: Significant

Test statistic - 7.27, p-value - 0.007

AW 4.14

HANINARALANNAFIUIBIAIULIT Solder paste type

KPIV#2 : Stencil aperture
weeauieunawes Stencil aperture 2 sa1z lAuAsze 10.5 mm. waz 11.0 mm.
1 v v v
SN 4.15 U 1UNAAaUIUTUINUAIUIN 192 T1 ANNTIUNAITIUNAINNLANAINANN

ARAELATAINNLLITUTIURY Solder pad height
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Stencil # 1 (Old Design) 2 (Old Design)
le—14 ) le—1d )
A A
PCC Pad Size - -
— —
v \ 4
Stencil Aperture Round 10.5 Round 11
opening
le—14 5 le—14—»
Shape

Ll

A A
— )
‘E mil . il

A \ 4

AW 4.15

ez UaN Stencil aperture

auuﬁgmzﬁwﬁmmimmmumLfvﬁﬂ (Mean)
H, : Stencil aperture 714 2 57817 lliinasar @z Solder pad height

H, : Stencil aperture 9 2 9zelz UuaRaAIRALU09 Solder pad height

aNNAFIUAMIUNIMAGeLANLL L (Variance)
H, : Stencil aperture ¥4 2 sveiy llinasanduuLlstlsauaas Solder pad height

H, : Stencil aperture ¥4 2 3381z AnasaAuLLlsisuaas Solder pad height

b

J 1

] ] v
ANNNWNA 4.16 AN P-value IB9NITNARDLANRALNANYINAL 0.000 91t A

UfjiasanuRgau H, wuhe Stencil aperture 1 2 szaizdanasiarafL1ee Solder pad

'
o o =

height aginailtlad1Aty NTzAUANNTNU 95%

o

= o

ANNSUNIMAFALANLLTTU P-value HAWINfU 0.765 @Tﬂﬁuﬁﬂuwmgm

v
o

Weenanazagiinaniilslsuans Solder pad height aan Stencil aperture %3 2 szeizdl

S & o
AMULANAINAU NTTALAINNLTANY 95%
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Boxplot of 10.5 mil Diameter, 11 mil Diameter
Two-S5ample T-Test and Cl: 10.5 mil Diameter, 11 mil Diameter

0.00275
Tuwo-sample T for 10.5 mil Diameter w5 11 mil Diameter
n Mean Sthev  SE Mean 0.00250 4
10.5 mil Diameter 192 0.001543 0.000214 0.000015 5
11 mil Diameter 192 0.002207 0.000210 0.000015 c
<
£ 0.00225-
&
Difference = mu (10.5 mil Diaweter) - wu (11 mil Diameter) E —
Estimate fop difference: -0.000264 %
o difference: (-0.000306, -0,000221) S 0.002004
“Tést of diffefence = 0 (w3 not =): T-Value = —-12.19 T @
P-¥alue = 0.000 IF = 351 %
o
9 0.00175-
plot ¢110.5 mil Diameter, 11 mil Diameter
| 0.001501
Test for Equal Yariances: C4 versus C5 . .
10.5 mil Diameter 11 mil Diameter
95% Bonferroni confidence intervals for standard deviations
Cs N Lower StDew Upper
10,5 mil Diameter 192 0.0001922 0.0002143 0.0002419 H H
11 mil Diameter 1592 0.0001881 0.0002097 0.0002367 StenC” % Openlng Area

_ - Mean: Significant
F-Test (Normal D].stx:lb
Test statistic = 1.04) p-walue = 0.765 ; ) .
Variance: Insignificant

Levene's Test (Any Contimaous Distribution)

Test statistic = 0.13, p-walue = 0.718

AN 4.16

HANTNAGBUANNAFIUIRIFAULST Stencil aperture

KPIV#3 : Printing Force

wWaLeuNaTed Printing force 2 s2Au LAun 326U 3 kg, WAZIZAU 8 kg.
PN AROUALELINUAIUIL 192 T ANNTLRANIAINAMLLANANSANNANIRAL AL AN
wi91/99142949 Solder pad height

muuﬁgmzﬁwﬁumwm@ummﬁlﬂ (Mean)

H, : Printing force ¥ 2 svi lifluasariaagae Solder pad height

H, : Printing force 14 2 96U AnasaALadenas Solder pad height

annAzIUdmILNIMAgaLANLLIL (Variance)
H, : Printing force %4 2 9261 Tllnasiananuuilsilsauans Solder pad height
H, : Printing force W4 2 926U AnasiaAauuilsisuaes Solder pad height

AVNNINT 4.17 A1 P-value 189n1INAZALATRALNANYINGL 0.245 Aatiily

o

HuAngIuNesnaiazagLinAeatuas Solder pad height aannsld Printing force 4 2

49

o

= ! [ dl o -ﬂl oI/
FEALNAIMULANAINNY NTTALAINNLTANU 95%
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A miunimmeasuANLLIls P-value AN 0.237 Autiu delaifindngau
~ ~ ! \ 3 _ <
iNeananazaglinAduulssauzes Solder pad height aann1sld Printing force ¥4 2

FLAUNANNLANFANNTYN NILFLANNITANY 95%

Two-Sample T-Test and Cl: Print Force =3, Print Force =8 Boxplot of Print Force = 3, Print Force = 8
0.0028
Two-sample T for Print Force = 3 w3 Print Force = &
n Mean Sthew SE Mean 0.0026
Print Force = 3 1592 0.002207 0.000210 0.000015 °
Print Force = & 152 0.00Z231 0.0001%%Z 0.000014 Q
< 0.0024 4
=
T
Difference = mu (Print Force = 3) - mu [Print Force = 8) E = 2N
Estimate for difference: -0.000024 g 0.00224
95% CI for difference: (-0.0000&64, 0.00001&) §
T-Test—waf-difference = 0 (v35 not =): T-Talus = -1.16 = 0.0020
P-Value = 0.245 HDF = 379 ﬁ .
&
. - 0.0018
Boxplot of Print Force = 3, Print Force =8
0.00164 . .
Test for Equal Yariances: C4 versus C5 Print Force = 3 Print Force = 8
95% Bonferroni confidence intervals for standard deviations
C5 n Lower Sthew Upper
Print Force = 3 192 0.0001881 0.0002097 0.0002367 1
Print Force = & 192 0.0001726 0.0001925 0.0002173 Prlnt Force

F-Test [Normal Distribution Mean. |nS|gn|flcant
Test statistic = l.J.9

Variance: Insignificant

Levene's Test (Any Continuous Distribution)

Test statistic = 1.93, p-value = 0.168

WA 4.17

HANNINARAUANNAFIWIRIFLLS Printing force

KPIV#4 : Printing Speed

WIBLIARUNAT8Y Printing speed 2 s2AU TALA 9261 20 mm./sec. WAL TZAL
40 mm./sec. 1 lINARILALTUNUAUIL 192 T ANNTURANIANAMAULANANIEN
AlRAtLAzANALLsIuIes Solder pad height

mmuﬁg’]uaﬁﬁumwmm@umLa?q'ﬂ (Mean)

H, : Printing speed ¥ 2 svi lifluaseriaagae Solder pad height

H, : Printing speed 14 2 5v61 AuasaA12Aa189 Solder pad height

anNAzIUEMILNNIMAgaLANULLILII (Variance)
H, : Printing speed 714 2 561 laifinasaninuulsilsuaas Solder pad height

H, : Printing speed 14 2 5v61 Auasianuuilsilsauaas Solder pad height
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ANNAINA 4.18 A1 P-value 199N19INARDLARALINANYINTL 0.092 satiueialy

a o

HuAngueswaazasiinAefnues Solder pad height annnsld Printing speed 714 2

49

o

SLAUNANNLANFANNTYN NILFUANNITRTY 95%

A miunmaasuANuLsla P-value AL 0.264 AU falaiiudngiu
= = ' . 14 . . :j/
iNeananazaglinauulsisauses Solder pad height aannsld Printing speed 19 2

o = A A o
TEALNAIULANANNNY NITALAINNLTRNU 95%

Two-5ample T-Test and Cl: Print Speed = 20, Print Speed = 40

Two-sample T £or Frint Speed = 20 w3 Print Speed = 40 Boxplot of Print Speed = 20, Print Speed = 40
0.0028
i) Hean Sthev  3E Mean
Print Speed = 20 192 0.002231 0.000192 O0.000014
Print Speed = 40 192 0.002266 0.00020% 0.000015 0.00264
£
Difference = mu (Print Speed = 20) - mu (Print 3peed = 40) £ 0.0024
Estimate for difference: -0.000035 3 ’
95% CI for difference: (-0.000075, 0.00000&) k=
est Ut difference = 0 (v3 not =): T-Value = -1.69 s 0.00224 o |
P-¥Value = 0.092 )DF = 379 T
g
[=}
) _ . _ @ 0.0020
Boxplot of Print Speed = 20, Print Speed = 40
) i 0.0018
Test for Equal Yariances: C4 versus C5 . .
Print Speed = 20 Print Speed = 40
95% Bonferroni confidence intervals for standard deviations
cs n Lower sthev Tpper
Print Speed = 20 192 0.0001726 0.0001925 0.0002173 Prln
Print Speed = 40 192 0.0001572 0.0002087 O0.0002356 tspeed

F-Test (Normal Distrib Mean |nS|gn|flcant
Test statistic = 0.85\ p-wvalue = 0,264 i . .
Variance: Insignificant

Lewvene's Test (Any Continuous Distribution)
Test statistic = 0.85, p-wvalue = 0,358

NN 4.18

HANINARALANNAFIUIBIAIULT Printing speed

ANNNINARALANNAFIULBI KPIVs 714 4 FanLdnsuLlsNdenansznusia Solder
. 1 A o 0 o aa ¥ ! . £ o
pad height AgMNNUEANATUNINADRA 14w Solder paste type Wa¥ Stencil aperture [3UN
¥ A 1
naaassulsilleanuuunimaaedsieds Full factorial design Weunszavuilade (Factor

level) Mnnnzanludunaunisliuilge (Improve phase)
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4.4 Aumpaun15Usuge (Improve Phase)

IyduneuilldiinseenuuLnimaaeauty Full Factorial F4n1wi 4.19 iilemn
sziuiladafimunzaniigadviuin i luntsiud genssusunisiieandaunnsesdi
Antu TnafnvuaReulavesnnmaaes fail

(1) 4utlade (Factor) iauladnmnd 2 tlade Ao 16ia1ee  Solder paste

wazStencil aperture

2) lunsaziladauisaanidlu 2 s (Level) lawn

- 41im299 Solder paste Wiy EM814 waz HM531
- Stencil aperture utiaiflusess 10.5 mm. uag 11.0 mm.

3) Twsazszaviladaninimaassdn (Replicate) 10 4N

[creoe Foconioivesn ] T ——
Create Factorial Desi Create Factorial Design - Desig x| P
Type of Desigry Drsigre. Fures Reschution Fand 0]
& Zedervel factorial {def sk gevratons) (2 to 15 Facters) -
™ gebeved Factorial (specky germrstors) (2 to 15 Factors) Factor Name Type Low High
1 Plachatt-Burman desion (2 ki 47 Facters) A Solder Paste Text jEMSH HM531
S R in B Stencil Open | Numeric | 105 11
[ Mumber of center poinks per block: -
Mumber of factors: [2 v Display Sovaikabln Designs. . [o =]
= =l Busiioer of rephustes for correr points: [1 =
Optiers... neude.. | Pasriber of Blocks: 1 =]
) Help oK Cancel
el o | Carcel el | o | Cancel |

Full Factorial Design

Factors: 2 EBaze Design: 2, 4
Funs=: 40 Replicates: 10
Elocksa: 1 Center ptz [(total): 0

A11 terms are free from aliasing.

AN 4.19

N1TANLULNITNARXRY Full Factorial

(4) dNNAFIUIDINIVARRIEMTLNANTENLLRTATHNAN (Main effect) An
H, : HA199 Solder paste Wazszty Stencil aperture MHNANIZNLFA
IaLNNIBIUDY Solder pad height
H,: 1A189 Solder paste Warseely Stencil aperture Auansenuse

IaLNNIBIUDY Solder pad height



61

wazannAg Ui miLananaiansendnaladunan (Interaction) R
H, : 1HA199 Solder paste Wazszely Stencil aperture lddsnanseny
f9u1U (Interaction effect) Aani1sinadaunwTasaas Solder height
H, : 1Hn289 Solder paste Wazsvely Stencil aperture gaNANTENLTINAL

(Interaction effect) AEN1NATALNNIBILRY Solder height

Factorial Fit: Solder HT versus Solder Paste Type, Stencil Open Area
Estimated Effects and Coefficients for Solder HT (coded units)

Term Effect Coef SE Coef

Constant 0.002031  0.000045
Solder Faste Type 0.000089 0.000045 0.000045
Srtencil Open Area 0.000428 0.000214 0.000045
Solder Paste TypevStencil Open Area 0.00001Z 0.000006 0O.000045
S = 0.000Z84565 PRESS = 3.601506E-06
R-Sg = 39.50% E-Sgipred)] = 25.43% RE-Fgiadi) = 34.56%
Analysis of Wariance for Solder HT {coded units)
Source DF Seq S5 Adj S8 Ady MF F b2
Main Effects Z 0.00000191 0.00000181 0.00000096 11.79 0.000
z-Way Interactions 1 0.00000000 0.00000000 O.00000000 0.02 0.895
Residual Error 36 0.00000292 0.000002Z92 0O.00000008

Fure Error 35 0.00000252 0.00000252 0O.0000000&
Total 39 0.00000453

Estimated Coefficients for Solder HT using data in uncoded units

Term Coef
Constant —0.00717050
Zolder Paste Tvpe —0.000z1350
Stencil Open Area 0O.000855000

Solder Paste Type*Stencil Open Area Q.0000z4000

Pareto Chart of the Standardized Effects
(response is Solder HT, Alpha = 0.05)
2.028
[ actor Name
Solder Paste Type
Stencil O pen Area
B
E 4]
IS
AB'J
T T T T T
0 1 2 3 4 5
Standardized Effect

AN 4.20

NAN13ILATIZT Full model 284 2 fladeuansaA@dg (mean) 284 Solder pad height

NANTIIATIZWEININA 4.20 1T UN193AsZiwuL Full model @9tlsznavisineica
a1n 2 tla’euan (Main effect) 32139 tHiALAY Solder paste fiUseely Stencil aperture WAL

NagINa9Tiaaadilads (Interaction effect) annAn P-value lumn374 Estimated effects and
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coefficients Wud1Tlade(Ta9szaza09 Stencil aperture NladATYNINARA (significant) fa
ANLRALU84 Solder pad height 7szAUAMNTENW 95%  WBNNNUTLEAUINGLATIZHAIN
wun sl tladenfAnudusstaiansdndadatdulnansenuadaldadAty Ton

B TYEIZU84 Stencil aperture WU

Factorial Fit: SD_1 versus Solder Paste Type, Stencil Opeaning Area

Esztimated Effects and Coefficients for SD_1 (coded units)

Term Effect Coef SE Coef T
Constant 0.000z251  0.000001 329,58
Zolder Paste Type -0.000z270 -0.00013%5 0O.000001 -177. 52
Stencil Opeaning Area 0. 000000 0.000000 0O.000001 0. z0

% = 1.520855E-06  PRESS = 3.70079%E-11
R-3q = 100.00% R-Sg(pred) = 99.95% R-Sg{adj) = 99.99%

Analysis of Variance for 3D_1 (coded units)

Source DF Seq 55 Adj 55 Adj MS F P
Main Effects Z  0.00000007 0.00000007 0.00000004 15756.64 0,006
Residual Error 1 0.00000000 0.00000000 0O.00000000

Total 3 0.00000007

Estimated Coefficients for AD_1 using data in uncoded units

Term Coef
Constant 0. 000z44066
Solder Paste Type -1.34991E-04

Stencil Opeaning Area 5.09787E-07

Pareto Chart of the Effects
(response is SD_1, Alpha = 0.05)

0.0000174

Factor Name
A Solder Paste Type
B Stencil O pen Area

T T T T T T
0.00000 0.00005 0.00010 0.00015 0.00020 0.00025 0.00030
Effect

Lenth's PSE = 1.369311E-06

AIND 4.21
NANT99LATIZY Full model 284 2 tlasguanfaamaunulslsau (variance)

2484 Solder pad height

NANTTILATIZWFININA 4.21 1T un199tAszsiuuL Full model @9tlsenavsiasiia

a7n 2 tla’guan (Main effect) 3e1iN9tHiAT8Y Solder paste MUz Stencil aperture A%
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NAaTINAR9Taa8i]ads (Interaction effect) annAN P-value lumn374 Estimated effects and

coefficients Wudntlade Fasnfinaas Solder paste AladAtun19adA (significant) Aamay

wilstsaua99 Solder pad height N3zduAaTaii 95% luann1euilaminiairsizdann
1 a 9 v

o dld a ! o i// = 1 N o 0 o dl <3
uHUNINNLle tladeniAnuduasalanintladeiulinansenuatetiadn 0 NN

AaTTinueg Solder paste Ui

Factorial Plots: Main Effects Plot, Interaction Plot and Cube Plot

Interaction Plot for Solder HT

Main Effects Plot for Solder HT
Data Means

Data Means

Solder Paste Type Stencil Open Area 0.0023-|

0.0023

0.0022-|
0.0022 ]
0.0021
& 000214 §
g " = 0.0020-]
0.00204 '/
0.0019-
0.0019
0.0018

0.00184 105 11.0
EM814 HM531 105 11.0 Stencil Open Area

al

Cube Plot (data means) for Solder HT

(0002197 (0002301

The Best Condition:
Solder Paste:HM531

Stencil Opening area = 11 mil

000186

HM531

Solder Paste Type

AN 4.22

NIMNLAAINANTENLUDNITARENAN LAZHNANTENUFINTZUINITA]E

AT 4.22 neuaaHAnTENLIRtAdEvAn (Main effect plot) wanal
WinIEiaees Solder paste Wavszeza89 Stencil aperture AEANITNUADANLRAED
Solder pad height Aa1afiu nanqAe 1laree Solder paste wuulvidd (HM531) uazsses
984 Stencil aperture TE T (11.0 mm) danaliFnledgaes Solder pad height Qﬂ%u
TuanusAinT N uandEANIENLIINIEd e de (Interaction plot) WUIEUTIE e NTETINg
AaAnYed Solder pad height anniladeFasatinaes Solder paste Lazszely stencil

= o 14 o Y @ 1 ?:/ o 1= o o ]
aperture HANMNTUARNILNU me‘lumummZﬂ%ﬂiuuuﬂm unanu LazaINNIIN

Cube plot 53119 2 fladadsnana wsaanAeridunismnmnzanngnesoulsinldlu



64

NMIMAREY (Response Optimizer) AINIWH 2.3 wudinisldaiinues Solder paste 1
HM531 uazN196szazaes Stencil aperture Miszez 11.0 mm. uandivinliAeaeaes
Solder pad height §AiIn1 0.0023 %y @aiiludAnatspuinszy 3ludeiuuaenizaas

NARATUN (Specification)

ResponseOptimizer:

Stencil
11.0
[11.0]
10.50

—

Solder P
HM531
HM531
EM814

Optimal High
Cur

[ — : @1
n 0.95576 [ow

Weight | Importance

Response Goal
€7 Solder HT
()
c10 sp_1

Lower
0.0013

Target | Upper
0.0023
00001

0.0001

=
g
3
e
Py
&

Target =]
Minimize |
Wininize ~] Composite
Desirability
0.95576

Desitabllty functions for differert goals - how Weights affect their shapes

Minirize the Response

Hit 2 target value

Maxirize the Response

Weight

1
d 1

1]

1R

Weight

10 in {

Weight

Lowver

Target  Lpper

oK Cancel

Solder H
Targ: 0.0023
y = 0.0022
d = 0.94550

sD

Minimum
y = 0.0001
d = 0.96093

The Best Condition:
Solder Paste:HM531

SD_1
Minimum
y = 0.0001
d = 0.96093

Stencil Opening area = 11 mil

AN 4.23

navluansAmNnzaNngaaassouls (Response Optimizer) Aldlun1smaanas

4.5 AUABUNITAILAN (Control Phase)

mumwﬁlﬂum?ﬂﬂizﬁuﬁ@ﬁﬂﬁ%’@ﬂﬂﬁumum@ﬂ?‘uﬂgq A2 1tine9  Solder
paste 1 HM531 Uazsvely Stencil aperture 11.0 mm N1Useyna I LNITLIUNITNANATS
Tunni 4.24 dunnsuauinaunaneuwaznasnisdiulganszuaunisuanaeasinia
mmmugﬁmuaumvﬁﬂ (Xoar chart) wudnA1laAtIes Solder pad height &eng
UsulgaiiAn 0.00242 Hn sauiediayafinszanaationas uazdailisarnuanunsnses

nIzUauNIiA 2.43 aagandniusneiinuualdn 1.33 fanmi 4.25



Before VS After Improvement

Before After

0.0030 H

UCL=0.002780

0.0025 + -
X=0.002416

LCL=0.002053

Individual Value
o

0020
0.0015 -
0.0010 = Cpk before - Cpk after
improvement =  |ervadq improvement = 2.43
0.95 (Parameter per DOE)

‘After improvement shown mean shift up to nominal and
variation reduced ”
NNA 4.24

a = | o o a
WHUHAILAN (Control chart) WBeRtLKNANaULAZMAINTLF UL TNz LIUNNINER
1995 I#N

Process Capability of After
LSL USL
Process Data i i s\ ithin
LSL 0.0013 - Overall
Target * | |
usL 0.0033 | | Potential (Within) C apability
Sample Mean  0.00241625 | | Cp 275
Sample N 192 CPL 3,07
StDev (Within) ~ 0.000121143 | | CPU 2.43
StDev(Overall) 0.0001221 | | Cpk  2.43
| | Overall Capability
I I Pp 2.73
| | PPL 3.05
PPU 2.41
| | Ppk  2.41
| | com _*
| |
| |
| |
T T T T T T T
0.0015 0.0018 0.0021 0.0024 0.0027 0.0030 0.0033
Observed Performance Exp. Within Performance Exp. Overall Performance
PPM < LSL 0.00 PPM < LSL 0.00 PPM < LSL 0.00
PPM > USL 0.00 PPM > USL 0.00 PPM > USL 0.00
PPM Total 0.00 PPM Total 0.00 PPM Total  0.00

AN 4.25

[ % [ %

ddﬂl a o [
ATUTVIAAITHNATNITOLBAINTELIUNITHA lﬂ'ﬁ\‘i@ﬂ‘l/\l‘ﬂ”lﬂ@\iﬂ’]?ﬂ?ﬂﬂﬁ;\i
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waflunisidnaquaunszuauaann andaInisliulge asinniaiudesyaan
A1 145 4 llaFaununiacuan Xbar-S AN 4.26 AMNUHUYRAILANTNLIN
ARAY (Xbar) 999 Solder pad height @g#l 0.00241 HauaANLRREUBINIINITAEIFN
o

v 1
(Sbar) a7l 0.0001 saniedayannsetlureuanauan laiin1sGeedalugluuuiuan

k1l

Idudnszuauniafianuiialng daflunistiududntloym Solder pad height out of

spec. esunsutlalFanasizennallainnsruqunisuanagas idnanudinusnenng

o a
ALY
0.0026
UCL=0.0025731
§ 0.00251 \
s ‘ | A b _
< 0.0024] | TR e f 2 ) | ‘ X=0.0024112
E Y | f|
@ \
0.0023 |
LCL=0.0022493
T T T T T T T T T T
1 17 33 49 65 81 97 113 129 145
Sample
0.00024 UCL=0.0002477
‘ I
3 0.00018 ! ) I , [
o [ B B
g ‘ _
 0.00012 ' ‘ ‘ J §=0.0001258
= | l ” Y ’ i ' 4‘ " »
€ 4 b b/
© f
& 0.00006 )
0.00000 LCL=0.0000038
T T T T T T T T T T
1 17 33 49 65 81 97 113 129 145
Sample
.
=
NN 4.26

[ [ %

ddﬂl a o [
FUTIAAIMNANNITNURINTEUIUNITNR lﬂ'ﬁ\‘i@ﬂ‘l/\l‘ﬂ”lﬂ@\iﬂ’]ﬁ‘ﬂ?ﬂﬂﬁ;\i





