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ABSTRACT

This research aimed to reduce defect in an assembly process of electronic parts on printed
circuit boards. According to the data from a case study factory, it was found that the current defection
rate was 1.34%. Also, the bridging problem was ranked the highest with high defects of 8,188 parts per
million (ppm), which accounted for 59.02% of the whole production process.

Research methodology was comprised of; Pareto Diagram used to prioritize the occurred
problems and the Cause and Effect Diagram used to identify factors affecting the problems. The Design
of Experiments (DOE) was then set to find a level of appropriate factors influencing the process output
regarding 3 manufacturing processes; solder printing, electronic component placing, and solder melting
between electronic parts and printed circuit boards. The statistical design of experiments was divided
into 2 parts: the fractional factorial design 2°" and the full factorial design. The former was focused on
analyzing factors affecting bridging in solder printing process. The latter was used to examine factors
affecting bridging in a process of electronic component placing, in addition to a process of solder melting
between electronic parts and printed circuit boards.

The results indicated that the levels of the appropriate factors to control the height of the solder
paste at 125 micrometers in the solder printing process were at a pressure of 8.75 kilograms, a distance of
stencil removing at 2.0 millimeters, and area specification for placing electronic components at 0.0
millimeter. The optimum values of those 3 factors were implemented in the production testing for 6
months. The final outcome revealed a significant reduction of bridging defect to 2,180 ppm, which
accounted for 36.63% of all problems. The total defective rate of all those processes decreased to 0.52%,

which accounted for 61.19% of the defect reduction from the original process.

Keywords: defect reduction, bridging problems, printed circuit board, design of experiment
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= a AA o I Y
ADUNUYLNIINNT IR aed TUMIAIURUNNIZUIUMT anBAIEURINIT 1L
auguanaulanIugy HeuAUT A UNDAANINHT 0ATINADUVAINF 1IN A UALAE
Y1 A A g’z a a st[ A R a I Aaa
nUMUNsEUIUMI IenasimuguiiuRaauralnarurs ol Fwwugiinuguiluuwugin
mngaudmsunmsliulyud lunszuumskdaldnduganzdnduazaeTumsnuniumu
H Y v H 9
FINIMNTHUANNTZUIUMINUGIN Byaafesamvenszuaumsaui ldagutiuauaa
v ¥ 9 o A Ao 3 Y} ' v A
M3lsuas Tesnsdmivumugiiniuauezianyazstludunsvuaasvewavesmnsian
auly FavziivouvansAIURNAIUUU(UCL : Upper Control Limit) 1Az U IUAMIAILANA LA
(LCL : Lower Control Limit) trazdoyanis avzgniiuiinasluaiswausisarisimuald
) a [ a' a 1 1 d' g‘/ o o o a a = Y 1 d‘
autiumsia easanamaulaiumasduiums I luisnalasaslion Tuedelsmesy
9 o Y o 1 4‘ a = o [
Tavhmsud lv ldiunaneuiznads mnaveaudssuauun Tasuaaidnyuzv0HLAILAL

[

4311 2.20

Xbar-R Chart of Data

UCL=52.52

w
14
N

wu
=]
L

.
@
L

X=47.7

Sample Mean
£
&
)

3

LCL=42.88

T T T T T T T T T T
1 4 7 10 13 16 19 22 25 28
Sample

UCL=17.65

R=8.35

Sample Range

0 LCL=0
T T T T T T T T T T
1 4 7 10 13 16 19 22 25 28
Sample

311 2.20 uaAIENY VYR IHUYTAIUAY

Y

A ] & F) Ax a e
Taounugiaunuinad nnnugdoyaninsuaniand (Normal Distribution)
z%l (Y 1 ~ o 9 2 o & o o
TaggunuueamsuanuezduegnuARdoLAzaNEUZNMINTZIBVD oya BT uTudmiums
@ 9 Y A& aa A 9 o ~
WeuaMssaNuMeldszauauFeiunNana Wensiumsuanusuesvoya Taona livedl
4 1 1 1 4

pensznou 3 @au'laun idugguédnais (Control Limit: CL), 1§ UUDUIYAAIUANUY (Upper

Control Limit: UCL), Lﬁ’umamﬂmmmmdn (Lower Control Limit: LCL)

43



2.6 MINIANNAFIUUAZD NN INATO

[

mimﬁmmmmi’mﬂua iy asdlumsnaaeaiumsUsuiammsaseni oy

)

a A

Tugdunuvesnundaldide Tosdulugiluunvesdunlsidesmsnigal nieiidesmsmao

[ a o KR

2 & Aa 0 o = o o A A Y o
@1QH‘LAﬁ‘SJiJWMHﬂﬁ’Ji]EJiNLﬂuﬂlumauﬂuﬂﬂnﬂ’nnﬁiﬂmﬂmnﬂjm%1L1Ju’EJEJNEN‘ﬂi]W]ENﬂWiuﬂ

v J

Aa @ 1% ' @ {9 A Ay
TUUAI Y LW’E]Gh/i@'Jﬂﬂll'ﬂQl’ﬂuﬂ:]’lllﬁllwuﬁigﬁj'lﬂ@jllﬂiﬁ@@\iﬂ@ﬁ’ﬂﬂ W%ﬂﬂﬂﬂlﬂuﬁﬂﬁ@ﬂﬂﬂ’li

v
=

o ¥ 1 ' a a o I a
U muuﬂmﬂﬁ’m ﬁiJiJﬁj;Wu"U’éNﬂﬁ’J%EJ@%}’JEJﬂTifJ’E]ﬂLL‘U‘UﬂTﬁ‘V]ﬂﬁ@ﬁﬁ]%ﬁ@%ﬂuﬁuhﬁjﬂu%

=)

Sy |

o a o aa 1 @ 4 Z v ' o w
swaunsafignl lamovanana diuiaglszasanmsnaasiu wweliineasmsuimas
[ A 9
wiheg linsedesmssznios lsninmsnaaes
2.6.1 UszinnupauungIu
a a o I a { @
2.6.1.1 TUNATIUNITIVY (Research hypothesis) 1T uanuagIunvesnludnyue
9 ~ = [ v @ A [ o A I o 9
sUuvvestenNNLaAIdIANNFUUTVoIR ) NANEINUMA NI TsAAnzU TaelEn1H

Mt ladreansndeanuning Ia Ingns

a

a2 aa < H H
2.6.1.2 ANUATIUNNADA (Statistical hypothesis) (T UANUAFIUNUABUINATEN

&3

=

o J aa A Y Y as aal) YK 1 a
Aewiludydnvaimeadaunu el annsonadeus 135 neana 1a 1aEenNauNATIUMS
ada fcmuﬁgmﬁ 30U 2 LUDAe

2
1) AuUATIUINEIRY (Null hypothesis) 1TULNUA Y H,auuagiui

EL

Woudganual ludnpas hinaawnnuuanaiesiu vie luduiusiusgninnguaie igiserhun

a

wmu

£

a A - . ~ I o [ 4
2) AUUATIUNNLADN (Alternative hypothesis) Lmﬂugﬂuamuaﬂym Hﬂu

A = T A Y a 9 '
gﬂllﬂﬂﬂ’ﬁﬂ@ﬁaﬂﬁnuﬁﬁ’]u H 0 e Hlﬂglmﬂu@ﬂu!ﬁua !W’fﬂf”!ﬂﬂﬂj']nml’]cl,i]sluﬂ'ﬁﬂﬂaﬂﬂ LB

AUVATIUIN
H,:u)=u (2.4)
gj/ a 9 Y1
mammaumgmuﬂﬂmw
H :u #uU, (2.5)
A
Nio
H,:u >u, (2.6)
H,:u, <u, 2.7)

9 ¥ a v o X
lumsnagevzdesasauuagiy H waz H duasy

H,:u, =u, (2.8)

44



H, :u, <u, (2.9)
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[ [ (SIJJ 1 Y] dd' 1 9 9 d’ 1
aﬂymzﬂtymamwmmzagiugﬂgmummTawz1Jﬂﬂiwnumiwaaumammiauwama
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9
A A v @

seninan leFuazyadiuFousovunAuiFiFousoondl AIUAITPONILULNITNAADITI
[ o 2 d’d o w ! dy
mwuﬂmimmmmmmﬂizmumiwmmamumMu
¥
35.1 ﬂWif]’fJﬂ!L‘U‘Uﬂﬁﬂﬂaﬂ\H‘ﬁ@\‘lg]}u
Y
autumsmmsnageuauuagadosdunnnszurumstgiug ldanam

3 a o o ]
ﬁ\‘llﬂuLﬂTﬁ1]']fJGI,‘L!ﬂ']3ﬂ'JTJﬂlJﬂﬂ!fl']W"’llf)\iﬂ'i%‘]J'JUﬂTiWNWTaﬁﬁﬂﬂﬂ% Iﬂﬂﬂ'\ﬁﬂﬂﬁ@\?ﬂ\iﬂ1ﬂ’lﬁ

U Qq

a o

v Aaq Y v Aada o 1T aAaa = = o 1
Wy laviziians Ianugevedlavzians MR UGl nUINANNZINTEADLANAIN
EY H ]
Auraenszal laaminaaedt@uiumsi 3 szaumsaanunazdunaraveIvoudolsenn
[ . . Aa X Y A g @ A
M3802993(Bridging) NNy uveanszuIumsnelanszuiumsni)uiagiiv uazienivina
a1 lumseenuuunminaaes iz auTasfruaauuagiuninsanugeveslany
o = a J* o oA o o & v A J @
Jan3nnmsnui lanzianinszauanugalsuatanee) AulnansenuaelSnuvesanvas
[ AA o [ =) I ] o dy Y Y] g}/
Tymmsdarsiidadivveudaiuruls Tashimsnaaeuiosdulasnagounislsuag
a o o { a o ! [ o 1
ANGIVBINTNUN Tanz1anI NNIzUIUNISHANTIIUNAIVAY 3 T2AD A A ILHUIVD
9 1
IC1501 AANNGIUSUAIA TN NTZAD 115 pm. £ 5 um., 125 pm. £ 5 pm. 182 135 pm. = 5
T 1 [ gl.z o v K D v v A d’
um. TagluuaazanlSuaimageuimnnmstiuinfSnavesdanvasTynda199sNnunAI 09

a52900U lanzian3on 11UA (Screen Printing Inspection : SPI) taadlua1519% 3.2

M3199 3.2 MInadoumdaaIuyedlynan1aINIzAUAINGS 3 38AL NNUANYUY

Mymaaneslunszuiumsnae

CRTT Al Setting Hi  91MIUNG I daaau
(um.) Input (%‘L!) Bridging (39) Bridging

1 115 pm. £'5 pm. 2000 20 0.0100

2 125 pm. £5 pm. 2000 S 0.0025

3 135 pm. £5 pm. 2000 30 0.0133

M : Joyanindadivvoudetigiu & ¥2990MATEVINIATOI SPI
A o 1 1% a L%’ A ) = ] = o [
WnsandadivvesfymaarasnavieshuFeuneuny Tasdsunadadiu
youyniana9asvesllszyinsnguusnegn 0.0100 naz lddadiuvealynianieasves
= A 1 o w dy Y v o &
Usz1nIDNNJUIUYRYN 0.0025 1AL 0.0133 MNEIAY NNATDUILDIAUNDNAINMIUTUAT

{ [ Y [ 1 @ Y { (2 ?z}/ o
fl]'lﬂﬂ'li‘ﬂﬂ’ﬁ'ﬁ]‘ﬂﬁigﬂ‘ﬂ 125 pm. £ 5 pm. Gl’ﬂWﬁﬂlﬁ]ﬂﬁﬂﬁﬂ]um@ﬂﬂiyﬂ'lﬁﬂ?ﬂ%iu@ﬂﬁq@ AIUUNM

&3



MINAADUANVLANANVDITAGIUVDITYNIEAITNILAVAIVAN 115 pm. + pm. HazdaaIY

[ { [ 9y 1 o 1
Yol HIaA1INITZTAVAIVAN 125 pm. = pm. TasldnsnaaeunnuuanaveIdadIuYes
a2 9 .

IR YNITNATDULULY 2 Proportion Test 910 1U51N51 Minitab 16 !‘ﬁfl“ﬂﬂﬁﬂﬂﬂ’NMMﬂﬁiNﬂlﬂﬁ

y 9 1
daauveslynmidniwsnnmsliuamades Nszauisdidy 0.05
.. P =P 3.D
H P =P, 3.2)

P, = dadavveudelymanieasi lannnszuiumsnaanldnnuganszan 115 um. £ 5 pm.

P, = dadmvoudodymanisesi ldnnnszuaumssaain 19nnugenseay 125 um. £ 5 um.

Test and CI for Two Proportions

Sample 4 N Sample p
1 20 2000 0.01o0000
2 5 2000 0.002500

Difference = p (11 - p (2]

Eztimate for difference: 0.007%

5% CI for difference: (0.00262096, 0.0123790)

Teat for difference = 0 (ws not = 0): Z = 3,01 P-Value = 0.003

Fizher's exact test: P-Value = 0.004

510 3.17 wamsnadeudadIuveudeaIY 2 Proportion Test

AINITIUIUAI0I1UNBYONTUNANITNAADd Tae 19 11511NT3 Minitab 16 tWOH1
{ @ ~ (Y] Qy I
Power of Sample Size 5241 0.8 Tagyuia Sample size YpIMINAAIN ANy 1,733 Fuilu
o (3 1 A Y dy 9 a 1 A A 4
UIUAIDINNADINS TAsNIINAADIUIL 1FNUYANIIHANYDINAAT 2,000 VOTAAINULIA
a a I A =1 ~ Y 1 [ !
mMswannavedlsanunudsuanisaneNaz 15 1un1sNAaeUANVUANAIVDITATIUVD

H Y 9
PJymaaasinadunazansnsousunamnagonil la
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Power and Sample Size
Test for Two Proportions
Testing comparison p = baseline p [(wersus not =)

Calculating power for baseline p = 0.0025
Alpha = 0.05

Gample Target
Comparison p Hize Power Actual FPower
0.01 1733 n.s 0.200201

The sample size is for each group.

gﬂﬁ 3.18 YuU1A Sample Size 919 Power and Sample Size 0.8

a o o

3.5.2 MIBONLLUNINAABIVBINTZUIUMSNUN lanz1iang (Solder Paste Screen Printing)

Y P 1 o aa A oA
nnMInaasueruaz lsmslsuainnugaves lansians nuuuNINNAY

I % A o Y A ] ~
quﬂmma 125 pm. £ 5 pm. Wuanlsaevausaihnenm IS unadnvazveudons

v Y 9 Y
dngasanasileeiga astuIniidoyanug uvarin1iinisesnuuunIsnaaod Iy
% g’/ 4 a o o (% % 3’, 4 g’/ [ { o
ATzUIUMIUSUaUnT oy lavizaians Tagldladslsuaunseana s dadven ldriinsdnen
a S Y 1 g v o w a o @ ~ o

wazanzruauilediay lunszuaumsiun lavzans 11MIN1500NUUUNIINARDY

J - ) = 5-1 o o A o
nuUuWANSITaIAYTIU (Fractional Factorial Designs) 2, 13 g% ¥ WiadeNaziiinis

o 1 v A v A o %’ . A g‘/ Y o
20NUULUNARBY 5 Jadaiaziuaaz oo 2 52aU NSNS (Replicates) 3 139 1AGITABITIING

Y
NAABININUA 2°7 x 3 IMIND 48 MINAADI IAsaAIMImIHuaTzaUlated 11T uNAaednn
A Y . o [ Y o =K

A15199 3.3 uaz 19 1351053 Minitab 16 lunsesnuuussdmsulaiunnrwanisnaaselae

HAANaNY VYDA 3.19TasiMINARLIVFUMUAINUUB Run Order

H o 1% v o [ a o [
M35199 3.3 MIMMUATZAUTIted InTUNAad lUNTLUIUMINUN laviziinns

1998 s2Al(level) WY
Low(-) Hi(+)
A: Pressure Spec 7 12 Kg.
B : Print Speed 50 100 mmy/sec.
C: Separate Speed 0.5 2.0 mm/sec.
D: Separate Distance 0.2 2.0 mm.
E: Print Gap 0.00 0.10 mm.
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11 Minitab - mewaasedi_FULLPAPER.MP) - [Worksheet 1]
ﬂ File Edit Data Calc 5tat Graph Editer Tools Window Help Assistant

TICRL LI Mil02d ABBOEEEE CEE B
[ [ -Ix
+ C1 c2 Cc3 c4 C5 Cco c7 c3 c9 Cc10

StdOrder | RunOrder| CenterPt| Blocks A B c D E Y

1 iz 1 1 1 iz 100 0.5 2.0 0.0
2 42 2 1 1 12 50 0.5 2.0 0.1
3 41 3 1 1 7 50 0.5 2.0 0.0
4 G 4 1 1 12 50 2.0 0.2 0.1
5 21 5 1 1 7 50 2.0 0.2 0.0
6 24 G 1 1 iz 100 2.0 0.2 0.0
7 2 7 1 1 12 50 0.5 0.2 0.0
8 10 g 1 1 iz 50 0.5 2.0 0.1
9 29 9 1 1 7 50 2.0 2.0 0.1
10 7 10 1 1 7 100 2.0 0.2 0.1
11 37 11 1 1 7 50 2.0 0.2 0.0
12 48 12 1 1 12 100 2.0 2.0 0.1
13 3 13 1 1 7 100 0.5 0.2 0.0
14 46 14 1 1 12 50 2.0 2.0 0.0
15 47 15 1 1 7 100 2.0 2.0 0.0
16 20 16 1 1 12 100 0.5 0.2 0.1
17 23 17 1 1 7 100 2.0 0.2 0.1
18 11 18 1 1 7 100 0.5 2.0 0.1
19 18 19 1 1 13 50 0.5 0.2 0.0
20 33 20 1 1 A 50 0.5 0.2 0.1
21 1 21 1 1 ¥ 50 0.5 0.2 0.1
22 9 22 1 1 7 50 0.5 2.0 0.0
23 43 23 1 1 7 100 0.5 2.0 0.1
24 8 24 1 1 12 100 2.0 0.2 0.0
25 5 25 1 1 7 50 2.0 0.2 0.0
26 17 26 1 1 7 50 0.5 0.2 0.1

<

Current Worksheet: Worksheet 1

519 3.19 ANHAULAITNIINNITOONUVUNITNAADY Fractional Factorial 2571 ﬁ)’JEJ Minitab 16

Y

4 1T Ay A o
3.5.3 M3oenuuuMInaasdlumsINgnsalasuunn NG iasunseNgUnyel
ad a 4 o
21anNNIoUNa (Pick and Place) HAZNFELIUMTHaON laziians (Reflow Soldering)
4 [ v
v ldnuhmnediuainnugeueslanziinnin 125 um. £ 5 um. #ild9nns
&’ 1 2 U adg a <
naasaiiosduinldlumsesnuuuminaasludIuusInIzUIUMITINTFUAIUDAANTO TN
=== Y 9 P T | v Ja < a d
AUUUAUNET taz My ldanuieulumsvaon Tanziianiereuasviginsaioannsolnd
AVIITUULHUNTT TAgnN15NTNUUUMNTNAADIILL General Full Factorial ¥945LAUNT I
Ja A oA o A Y
(Mount Level) 9ilnsaiaidnnsetind® 3 52AUAe 0.0, 0.3, 0.5 mm. uazzluuvvesnnuionly
' 9 ]
m3yvaou lanzlians 2 LUY AoLUUY Soak Reflow La¢ Linear Reflow NN13%1141 (Replicates) 7 5
Y Y ] ]
A511ABLABINININARBININUA 3 x 2 x 5 1171 30 MInaasaieszaufadenasam

Yo [ [ . . Y ~
TS uvesdnyugTynan1993(Bridging) Yosniqga
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Y o [ Y 2 J ad a Jo o
ﬂ]‘ﬂ\i‘ﬁ 34 ﬂ"lﬁﬂ']ﬁuﬂﬁgﬂﬂell@\?ﬂ%ﬁ]ﬂiuﬂﬁ’ﬂﬁﬂfuﬁ'ﬁuﬂLaﬂ‘ﬂiﬂuﬂﬁﬂUEﬂLLUUﬂ'\ﬁﬂﬁﬂMIﬁﬁ%ﬂﬂﬂ%

11998 A1 5201
1 2 3
szanlunisna 3 0.0mm. 03mm. 0.5mm.

2 U ad a J
FUTIUBDANNITDUNT

(Mount Level)
siuuumvasy 2 Soak Linear
Tavizaians Reflow  Reflow
(Reflow Type)

Minitab - MOUNT LEVEL VS REFLOW TYPE.MP) - [Worksheet 1]

@ File Edit Data Calc 5tat Graph Editor Tools Window Help Assistant
: = ] A pro—
EE & dBme e H T AL Q% | IBBROHE BN

. elddrrelarer | X

+ 1 c2 c3 c4 c5 ca c7
StdOrder | RunOrder I;tType Blocks | Mount Level| Reflow Type | Bridging Point
1 29 Ya| Wi ~Jh| UC osT 1
2 1 2 1 i 0.0 1
3 2 3 1 1 0.5 1
4 14 4 1 1 0.0 2
5 24 ) 1 1 0.5 2
6 21 6 il 1 0.3 1
7 13 7 1 1 0.0 1
8 2 8 1 1 0.0 2
9 28 9 1 1 0.3 2
10 27 10 1 1 0.3 1
11 25 11 1 1 0.0 1
12 30 12 1 1 0.5 2
13 8 13 1 1 0.0 2
14 11 14 1 1 0.5 1
15 10 15 1 1 0.3 2
16 23 16 1 1 0.5 1
17 15 17 1 1 0.3 1
i3 20 18 1 1 0.0 2
19 22 19 1 1 0.3 2
20 6 20 1 1 0.5 2
21 7 21 1 1 0.0 1
22 4 22 1 1 0.3 2
23 26 23 1 1 0.0 2
24 19 24 1 1 0.0 1
25 17 25 1 1 0.5 1
26 18 26 1 1 0.5 2
<

Current Worksheet: Worksheet 1

51N 3.20 aNHAULAIT1N9INNITOONUUUNITNAADI General Full Factorial @9])381 Minitab 16

Y
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3.5.4 NMIAATIZHRNANINMIOBNUUUMITNAADI
1 Y
NNITOBALLUNITNAADY 1o lANaINNANITNAADININLAATUDIULE
Y
o [ ao . a 4
dvsuanuIteiiez 19115050 Minitab 16 TumseonuuumMInaasaz aszyina lasly Tag

MINNTUININATOVANUNOLNBIVDWUVTIa09 (Model Adequacy Checking) Tasld n3vl 4

4

in 1 MINITUINAINNITAATIEHANUULTUTIU(ANOVA) Lag N5 P-Value ¥99113989

v
v AaA

Mnsnaaed s linsiundaseniionsnanazdina IaeasaaenIsUIUMTUALHITLAUNT

v v
= =

AUANNIEAUMHIZAN 1INNMTMHUATITENUNANTLNUAUNTEUIUMINANDE1IN

Todhnny
aa A o o Y 2
nada e linaasaazmvualdlunszuiumswan
1< [ [
3.5.5 manudeyanaimsdiulge
g‘/ a [ Y ad ld‘ 9 [
A HaYeIN13l5ulT9a2835 s Inda ladedeadruguainms

poNUUUMINAass lasmstiuinHananvenszIuraInslivljahFeudisunanaalu

P4
=1

v 9
pAafaTuLazIMIBusumanadaudIagnamsduiuanuniug
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YN 4

HaN1SAUUUNITIVY

Y v [
mﬂmumumsﬁwmmmzmmﬁ’agaﬁsammiuwﬁ3 Tagldduiiumsdnynszuiums
< 9 A a ds! 1 = A 1Y Aa oA A o a
mmmziamamayaﬂmﬂmmmﬂsuuﬁmmmmmmauﬂuﬂg°1J@1qmiumzmuﬂmwammums
a J Y . . Ja d a Jd
’JLﬂi”lz‘lri‘Vf”Ifﬁn’iﬁ]GUE’JQﬂiy‘ﬁTﬂ”l’iaﬂ’Nﬁ]i(Bndgmg)sllﬂﬁﬂizU’mﬂﬁﬂ’izﬂ@UQﬂﬂimmaﬂ‘ﬂ’i@uﬂﬁaﬂ
1 AAaA a [ saR 1 A A ~ Y o a 4
uuuwuw%uiuim@ammwammmwmmu;umiwawwuﬂmummﬂmqﬂ NIDUNINITUATIEN
Tymnnnsguiumsiay aomsealienann iieszyTatevesnszuiumsni lemaiilding
ad a 4 [
ﬂaummaxmmLﬂsﬂﬁau‘luﬂizmumsﬂizﬂamwaamﬂmauﬂaamuuwuﬁ%ﬁmﬂﬂizmumi
Y a o @ ~ .. 4
melu 3 aszurumsldun AFTUIUMSNUN lan1iani (Screen Printing) ﬂizmummnqﬂﬂim
ad a 7 1o AaAA v A .
2EANNIDUNTUULHNUNEU(Pick and Place) Lmzﬂizmumiwaauiwzu@ﬂi(Reﬂow Soldering) (g

9 v Y
@i’uuummmm‘s@uu@mumﬂmsaammuwamimaaﬁﬁﬁwamimammuﬁmma"lﬂﬁ

=

o a d %
4.1 HaNII09NLUUNIINAADN Zk X ﬁlud?HT@QﬂiZU?Hﬂ1§WNWIﬁT‘i$Uﬂﬂ§

S A

4 ! a o @
Iﬂﬂﬂ?iﬂﬂﬁ@ﬂlﬁ@ﬁ@%}uﬁnﬂﬂﬂ‘ﬁ 3YDINTTUIUMSNUN lanzliang NANNFIVD

e

= o

Tanziians(Solder Paste) N3gAY 125 pm. + 5 pm.ag 1S unaveudodnga daiudaiwiuls
[ ) a 4 4 o 4
ADLAUDINDAINNNGIVOL Tanz1ANs YoINTZVIUMTNUHUNITINTONIUDNTNAADUND

(% [ g’/ A a o @ ~ o Aq ¥ & @ 1 =
‘Vi'lﬂi]i]ﬂﬂ?]llﬂllﬂTi‘]JiUﬁQLﬂi@QWMWTﬁW%Uﬂﬂﬁ(Screen Printing) nldsuadadiuveude

'
= o

Uszianmainatlynaa1393 (Bridging) sngamaniunmnsnaaslumsnidadeveants

Pudunteafiuni Tansdamsfidemanseny TaenssmuateselumsdsusaunssafiunTans
Y '

Aq ¥ Y v A Y a 4 o A o A
A ﬂi%ﬂgﬁﬂﬂ u‘I/NS‘]ji]%EW] ﬂﬂ?ﬂﬂTﬁ'}Lﬂ‘i'lgT‘iMWVIWﬂW‘ifJE]ﬂLL’U‘]Jﬂ1iﬂﬂﬁ@ﬁlW@1’i1ﬂ%ﬂﬂ1ﬂ

9
a2 o @

dawansgnunumsliuasnszuaumsesniiiedidaan lgdmsummniunuimuiz ey a9
uanaluasnain 4.1
Y38 A Aedavousanalutia(Pressure Spec)iiivualylaofivualdaroarn
o A g oA =< 1 ¥y A 2 g
manzaumelunszuIuns luszADusINAGNALN 7 Kg. B3 ¥9u53naganien 12 Kg. duilu
1 d‘ (% FY a ] d' 9 ) (% a 1 Y] [} L] 9y a
andsulFlumsnaavesrrehlFaudmiomsnaanazegluszaviasansline ldinannu

= 1 o1
LﬁﬂﬁWﬂLLﬂQﬂﬂiﬂ!ﬂNﬂ



o o <3 { o o J {
938 B Aetfadeanuiivesnistia(Print Speedyniviuald lasiviualdaroain
1 3 A Y A a a a A X 1 3 A
wzaun1elunszuIums IuENANNEATUAUN 50 Hatiuas/AUIN DI FIA1WEIN 100
HaawasAun
[ (% <3 { o o ]
938 C Apadenui5IM 18R N (Separate Speed)Niniualy laafviualdluga
3 A Y A Aa a a == 1 <3 Y A a a a a
ANVTATVAUN 0.5 VAN AUIN DI FRANWTIANIBN 2.0 Vaawa s/ AU
1998 D Ao1lad852e2 518N 1A (Separate Distance) N UA 1% Tagfuariiaves
a o ] 3 A [ a A = ] 3 A Aa A
MIOALULANH 1% 1UFANUTINTLAV 0.2 Tadiuas D9 ¥29A10577 2.0 Hadiwns
[ [ 1 U 1 a J o ] 1 o
Y998 EAotlad8%0931952 MV URUNAVLAUAF D (Print Gap)iviualy lag
o a (% ] a I3 A 1 a [ o
MHUUANTLEZMTUUDAHNAUVBUA ULV UANWLAZ AV AUHUI95 I Fanu Tasfiviualy
Tugeszezi 0.0 Jaamns 99 ¥I95282N 0.1 Haawas
1ngUuUMINaaeINoeniuude 151N Minitab 16 #111UNT0DNUUUMINABDS
1 A & d @ ?:j/ A a o v A A [
Tuaaui geilumseonuuumsnaaeelunszuiumsdsvaunsosnumn lavizdans lagontave
v ¥ A a s A o a Y = 1 51 A v
YsununsesiimoatiumInaasIdegunumsnaasauuaneissarain 2, Lilady
A [ @ = 1 @ o A @ o ¥ . A ZJJ v
Nzihmseenuuunaaed 5 Jedetaziunazszautaten 2 s2aU 191 (Replicates) 11 3 ATIIZAD
Y
MMINAREINWHNA 27 x 3 1M11U 48 MInaass Tagsiiminaasuuuguiiazuuumsnaass i

AWE1AY Run Order TufinAwean g Iaainmsia spI luansad 4.2

d‘ % o A a o v A
M11319N 4.1 ﬁi}ﬂmazizﬂuﬂ%ﬂuﬂ1iﬂﬂaﬂﬂﬂ‘i%ﬂ’JHﬂﬁWNWIﬁﬁ%U@ﬂi

11998 sea(level)
1 (Low) (1) 79 (Hi) (+1)
A : Pressure Spec 7Kg 12Kg
B : Print Speed 50 mm./sec 100 mm./sec
C : Separate Speed 0.5 mm. 2 mm.
D : Separate Distance 0.2 mm. 2 mm.
E : Print Gap 0.0 mm. 0.1 mm.

o % 9y A [ d' 1 1 o =1 9 [ @
ﬂWﬁuﬂﬁ’Jllﬂ‘iﬁuﬂflﬁﬂﬂﬂﬂﬁ\‘]Waﬂﬂﬂ’ﬂh’q\‘i"lﬁ]\ﬂaﬁZﬂﬂﬂ‘illﬂl,l,ﬂ ﬁ%’ﬂﬂ AB,C,D uag E
o @ A o AadAy Y a 4
uag ﬂTl’iu@Gl’JLHJ3GI13JﬂfJﬂ’ﬂ1JQQIﬁﬁgﬂﬂﬂiﬂllﬂﬁﬂﬂﬂigﬂﬂl.lﬂﬁwuw

o 1 A ' = o =
U"IﬂWVIUlﬁ}ul‘iJﬁlﬁalumiNﬂﬂ@ﬂLL“]J‘UﬂTi“I/IﬂﬁENﬂ\MTﬁN‘VI 4.2
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v 1] 9 1]
A1519h 4.2 ‘]J‘Llﬁﬂﬂﬁﬂ?i@@ﬂll‘ﬂUﬂ?ﬁﬂﬂﬁﬂﬂlﬁﬂﬁWﬂﬁ]ﬂﬂﬂ?ﬁﬂﬁﬂ@lﬂlﬂ%ﬂﬁ(Screen Printing)

ti‘d v % =
NuHa ﬂ‘]Jﬂ'JﬁJQ’\?GU’ENTﬁﬁg‘Uﬂﬂi

StdOrder RunOrder CenterPt Blocks A B C D E Y

Pressure Speed Separate Separate Print Hi

Speed Distance  Gap  (um.)

12 1 1 1 12 100 0.5 2 0.0 119.0
42 2 1 1 12 50 0.5 2 0.1 116.7
41 3 1 1 7 50 0.5 2 0.0 134.4
6 4 1 1 12 50 2 0.2 0.1 111.0
21 5 1 1 7 50 2 0.2 0.0 124.4
24 6 1 1 12 100 2 0.2 0.0 121.1
2 7 1 1 12 50 0.5 0.2 0.0 108.7
10 8 1 1 12 50 0.5 2 0.1 115.5
29 9 1 1 7 50 2 2 0.1 130.3
7 10 1 1 7 100 2 0.2 0.1 124.2
37 11 1 1 7 50 2 0.2 0.0 122.3
48 12 1 1 12 100 v 2 0.1 127.3
3 13 1 1 7 100 0.5 0.2 0.0 121.6
46 14 1 1 12 50 2 2 0.0 116.2
47 15 1 1 7 100 2 2 0.0 116.3
20 16 1 1 12 100 0.5 0.2 0.1 127.9
23 17 1 1 7 100 2 0.2 0.1 124.7
11 18 1 1 7 100 0.5 2 0.1 125.3
18 19 1 1 12 50 0.5 0.2 0.0 112.9
33 20 1 1 7 50 0.5 0.2 0.1 112.2
1 21 1 1 7 50 0.5 0.2 0.1 126.2
9 22 1 1 7 50 0.5 2 0.0 131.9
43 23 1 1 7 100 0.5 2 0.1 131.1
8 24 1 1 12 100 2 0.2 0.0 109.3
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StdOrder RunOrder CenterPt Blocks A B C D E Y
Pressure Speed Separate Separate Print Hi

Speed Distance  Gap  (um.)
5 25 1 1 7 50 2 0.2 0.0 123.6
17 26 1 1 7 50 0.5 0.2 0.1 123.9
34 27 1 1 12 50 0.5 0.2 0.0 111.6
25 28 1 1 7 50 0.5 2 0.0 131.7
40 29 1 1 12 100 2 0.2 0.0 111.5
4 30 1 1 12 100 0.5 0.2 0.1 110.1
28 31 1 1 12 100 0.5 2 0.0 118.4
31 32 1 1 7 100 2 2 0.0 129.5
13 33 1 1 7 50 2 2 0.1 124.7
45 34 1 1 7 50 2 2 0.1 127.0
14 35 1 1 12 50 2 2 0.0 117.2
19 36 1 1 7 100 0.5 0.2 0.0 119.9
22 37 1 1 12 50 2 0.2 0.1 111.1
44 38 1 1 12 100 0.5 2 0.0 119.8
39 39 1 1 7 100 2 0.2 0.1 123.8
36 40 1 1 12 100 0.5 0.2 0.1 108.8
30 41 1 1 12 50 2 2 0.0 119.3
26 42 1 1 12 50 0.5 2 0.1 117.6
32 43 1 1 12 100 2 2 0.1 115.5
16 44 1 1 12 100 2 2 0.1 116.4
38 45 1 1 12 50 2 0.2 0.1 113.8
35 46 1 1 7 100 0.5 0.2 0.0 111.8
27 47 1 1 7 100 0.5 2 0.1 136.4
15 48 1 1 7 100 2 2 0.0 128.3
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o 9 Ay ¥ .. A ~ o
iﬂﬂﬂ'liu'IGU’EHJ”'Qfl]'lﬂﬂWi‘I/]ﬂﬁﬂ\iﬁ\igluGﬂi'l\i‘ﬂhlﬂi]'lﬂI“]JiLLﬂilJ Minitab 16 (WBIATYNNT
a o o v . . { o o o <
M3 VATIZH IAsaonAId. Stat>DOE>Display Design Lﬁaimm@méﬁ'eymﬂmmu Standard order
. . <3| . 4 o o a o o
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9 ! 9 ]
Plot for Y) 114 4 nsliilen1snadeumisuuain lasdoyans 4 Nou'lvazldasivdouni
< a { 1 £
iiganovesmanaaes ¥asiadeu €, uazanuiluli/Idandeauuaguiuansselii
4.1.1.1 MIATINABVNINTL8AUUVUNA (Normal Probability Plot) Y941
duAnA1 Tasga1NN15NTZ918AIV0ITOYA FIN1TNTLIBAIVOITOYATNITNTZIAITOL
9 A X Yy Yy A @ a o A kY 9
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anpuzdoyanegnidosdsraiiumsnszneadluglunulnd Tasvelianuzifuglunums
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4.1.1.3 MIasaoUANUIudase(Independent) 910N314 Versus Fits ¥0331/9
) 1 % 1 Y A v A d a 1 g
4.1 MUINVUNDNMINTENWAIVOIGIUANMMInIzeaInilunuudasy liilugduouy
1 Y I 1 [ 9 =1 I a [} Y] g}J 9 9 1 3 @
pineutaasldrunauananianuiudaszasnunsmnuuinuazaivay liiludnyuy
o a . (] I'd { a
yoagiuuud Inahndlasuladuniie seglunusinlddoyanasu 14
4.1.1.4 S19UAIUABAIUAIUANA (Residual Plot versus Order) A1A214AAIA
A ) I 1 1 [~ A o ~ [l
nasuveteyailumsnsznenuugunun ludlugduuumsnszaeiganu Jyduou’ll
] 1 I { 1 o a T o
uuou liawsodszna Al ugduuuimiveu naasndiuanseiivaszaonuausn 19
a Y
wosanla
1 4 I 4 1
nsdneuuLazdeaaaauion lun1siiu Normal iiiesaindoyasguudu
< a '
uerasldmumsuanuasuulngd wagnsduuNUULaZYIE19 Versus fits LEAINITNTZ Y
Aestoyanu gy naainNuulsUsIunaaznguma Nl @34 Versus Order HAAIAIAIINY
4 1 1 3 % o . ¥ = .
amandounnugy ludugduuulamyuriisdany sawsolddoyaiilumsinsaiae i)
18 wazousn P-value 1l
a L4
4.1.2 ANANUN515IUANOVA)
a J ~ ° . Y Y1
1INMIAATIZHANNOREUDWUTIe991nn 5 4 in 1 udraglIdmwans
AN Y a VA A Y Y o @ a d A
naaoan 18 Tanuindedoaunsalddoyadimsumsinsizianuuilsidsiu (ANOVA) tite
a Ay Yo Y 1% <3| A N v oA
nadoumauuagiui lamualindatsladluaugiawmanennugevesTanziansan
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NISUIUNTIWUN

AUNATIUMTIVY:
=

1) 1998 A Unadonugaved lansliang

2) 1998 B Unadanugaved laviziiang
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3) 1938 C UwadionnugIved lanziiang
4) 1938 D UwanenNugvedlansiians
5) 1a98 E Unanannugavedlarziians

=~

6) 398371 AB UHaADANUGIVd lariziians

2

7) Ta38371 AC UHanaANUgIved lavizans

2

8) 11998371 AD UWaaonNgIved lansiang

2

9) 298391 AE Unananugaued laviziians

)

10) 799839 BC UWasoanugeved lavziiang

2

11) 1998593 BD UHanon1ugaved lansiiang

=)

12) 7998393 BE Unadonnugaued lanziians

2

13) 1998391 CD UnaneANNgIved lanziang

=)

14) 7938393 CE Unanonnugaued lansiians

15) 1998394 DE Nnasianugevad laviziians

AVUAFIUNNADA:

1) Hyy : O,=0 WA i i=7,12
H, : O, 70 Ui

2) Hyy : B;=0 waf1j j=50,100
Hy, - B,#0 wwen j

3) Hye : Y,=0 9f1 k  k=0.5,2.0
He @ Y 70 119 k

4) Hy : 0,=0 MM m m=02,2
Hp, : 0,70 UNMl m

5 Hy : €,=0 N0A1 n n=0.0,0.1
Hy, : €70 UNA n

6) Hys : (0P), =0 mna1i,j =7, 12uagj=50, 100
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Hy : (0B), 0 wnan ij
7) Hype : (QY), =0 01 i,k i=7, 12182 k=0.5,2.0
He @ (0Y), #0 v ik
8) Hynp : (000),, =0 NAA i,m  i=7, 12482 m=0.2,2
H,, : (00), 70 1WA i,m
9) Hy, : (OLE), =0 WA i,n  i=7, 12182 n=0.0,0.1
H, : (0LE), #0 uNel in
10) Hyye = (PY), =0 mns1 i,k j=50, 100 18z k=0.5,2.0
Hye : (BY), #0 vwe jk
1) Hyp : (BO),, =0 90A1 j,m  j=50, 100 1Az m=0.2,2
Hy : (BO),, #0 1wl jm
12) Hye - (BE), =0 mAA1 j,n  j=50,100 182 n=0.0, 0.1
Hy : (P€), #0 v jn
13) Hyp ¢ (Y0),, =0 N0e1 k,m  k=0.5,2.0 4az m=0.2,2
He - (Y0) F0 1 km
14) Hyy : (YE), =0 M0A1 k,n  k=0.5,2.01182 n=0.0,0.1
He @ (Y€)w #0 pum kn
15) Hype : (0€),, =0 9f1 m,n m=02,2uazn=0.0,0.1

Hpe (68)“ #0 1191 m, n

N o Ay ¥ N N Yo ~
Nﬂ’JLﬂﬁ'lz‘l/iﬂil'llluﬂiﬂiﬂluﬂvlﬂﬂ@ﬂ3ﬂ E‘T'lﬂJ'IiﬂlLﬁﬂQﬂTi’JLﬂi']%Whlﬂﬂ\W]15']\11/]

A = & a L4 [ @ [ A 1 G
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H a 4
M5199 4.3 N13IATIZH Estimated Effects and Coefficients for Y (coded units)U®

a o* v A
ATTUIUMTNUN lareUans

Term Effect Coef SE Coef T P
Constant 120.463 0.7099 169.68 0.000
A -9.533 -4.767 0.7099 -6.71 0.000
B 0.575 0.287 0.7099 0.4 0.688
C -0.192 -0.096 0.7099 -0.13 0.893
D 6.225 3.112 0.7099 4.38 0.000
E 0.867 0.433 0.7099 0.61 0.546
A*B 2.217 1.108 0.7099 1.56 0.128
A*C 0.417 0.208 0.7099 0.29 0.771
A*D -1.133 -0.567 0.7099 -0.8 0.431
A*E -0.308 -0.154 0.7099 -0.22 0.829
B*C 0.008 0.004 0.7099 0.01 0.995
B*D -0.508 -0.254 0.7099 -0.36 0.723
B*E 2.883 1.442 0.7099 2.03 0.051
C*D -2.292 -1.146 0.7099 -1.61 0.116
C*E 0.033 0.017 0.7099 0.02 0.981
D*E -0.717 -0.358 0.7099 -0.5 0.617

S=4.91848 PRESS =1741.79
R-Sq =70.14% R-Sq(pred) = 32.82% R-Sq(adj) = 56.15%

A a d ' a J a1 Y I 4
1NNITWN 4.3 NITAATISUHNAVS WU VSWIITUIAT R-Sq UAUNINY 70.14 Lﬂ@il“]ﬁu@]
= A [ Y I 3 > 0 @ a £ v A A (o
1ag R-Sq(Adj) ¥AUNINUY 56.15 iWosigua AsuMsnagoy ﬁuﬂﬁ&’ﬁﬂ‘ﬁﬂlﬂﬂﬂWﬁ@ﬂﬁuGﬁﬂﬂﬁ‘U
9 . é ] 1 [ g’/ d‘ o AaAa a 1 w a % é =S
1873 R-Sq(Adj) FIUUeNNTeNT 5 Naaeslansnaneawlsoaszuazalsnusal
o o @ g’/

1Y J 3 14 A ~ A A J 3 JAaAa A
ﬂ’)”lllﬁﬂJWl!‘ﬁGluigﬂiJ 56.15 1Wosisua AsiuIElaIuNanDdn 43.85 1WosIFUANNENTNan

v A Ao ] 3’, dy = v A v Sld'
Jadeounds iownswldlumsnaasaisil Feenvazannnilee liaunsoniuguldous
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d' a J a o v A
M9 4.4 MsuazEaNulsdsou (ANOVA)‘U’ENﬂi%‘U’Juﬂ"liWiJWIa?i‘z‘Uﬂﬂi

Source DF Seq SS Adj SS Adj MS F P
Main Effects 5 1569.04 1569.04 313.81 12.97 0.000
A 1 1090.61 1090.61 45.08 0.000

B 1 3.97 3.97 0.16 0.688

C 1 0.44 0.44 0.02 0.893

D 1 465.01 465.01 19.22 0.000

E 1 9.01 9.01 0.37 0.546

2-Way Interactions 10 249.66 249.66 24.97 1.030 0.440
A*B 1 58.96 58.96 2.44 0.128

A*C 1 2.08 2.08 0.09 0.771

A*D 1 15.41 15.41 0.64 0.431

A*E 1 1.14 1.14 0.05 0.829

B*C 1 0.00 0.00 0.00 0.995

B*D 1 3.10 3.10 0.13 0.723

B*E 1 99.76 99.76 4.12 0.051

C*D 1 63.02 63.02 2.61 0.116

C*E 1 0.01 0.01 0.00 0.981

D*E 1 6.16 6.16 0.25 0.617
Residual Error 32 774.13 774.13 24.19

Pure Error 32 774.13 774.13 24.19

Total 47 2592.83

a J [ ‘d'd v o w a [ H
msansziihsenihisdirganraninianaass lagia13a1910a1 P-Value 91 14910
a 4 o ]
NaATIZHANLTUTIUANOVA)UBINANTENUINTIV8H AN (Main Effect)llagHanssnuam
[ { o a 4 1 ' v o w . . § o
19985 9% (Interaction Effect) N9£1111WgaUA1NUANA19081901T 1A 7Y (Significan) NIz AL
1 1 =W Y 1 1 [ v A v 1 2’, =
0.05 Tg¥1NAIHMINAT P-Value UA1UD8NIT & =0.05 LEAAIINTI08HaNHI 0998 N U U

aNTNANUANNGIVRI Lanz1ians 919913199 4.4 wansznuvealaTeniinIInaaeIny Il

~ o o ] g’./ Aaa A [y o = 1 v A
mmﬂ%ﬂwaﬂmmLmmmﬁwaﬂummqwaﬂammﬂsag 2 1998 A0 A : Pressure Spec 1134
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Tun15na 1ag D: Separate Distance 5282 UDINTUONIINTZHIN Stencil NV UHUAFD TasTiaiu
WEUVUNINTFIUYBIANINGIVOL Tanz1iani 4.92 pm.
uaNIINIZE AT NIHANTZNUIINA1T 1 ANOVA 1d2863a1n50901nns 1l (Pareto
Chart of the Standardized Effects) iagn 519 (Half Normal Plot of the Standardized Effects) Lﬁ’ﬂﬂﬂ% Y
A o a o v A [ @ t4 Y o
nHanuAuUMWMINUA lavziians lagazuaasdyansal « M« Tiimiuiladey A : Pressure Spec
u591un13nA 1Az D: Separate Distance 5202 UYBINTLINIINGE N1 Stencil NUMAUNFT Iuilu

9 o

taseitinansznuiugammmsfindTanziansodaiiiod iy

Pareto Chart of the Standardized Effects
(response is Y, Alpha = 0.05)
2.037
A Factor Name

A A

D+ B B

BE - c c

D D

CD 0 0
AB A
AD
£ ]
£ ped
5l
BD |
AC
AE A
(o
CE A
BC |

T T T T T T T
0 1 2 3 4 5) 6 7
Standardized Effect

‘lJﬁ 4.2 N5 Pareto Chart of the Standardized Effects "UENﬂ'Ii‘WiJ‘WIa“H £1iAn3

Half Normal Plot of the Standardized Effects
(response is Y, Alpha = 0.05)
Effect Type
98 4 ® Not Significant
W Significant
Fact N
954 mA Aa or Aame
B B
904 [« [«
HD N N
£ 851 £ E
Q
O 8
a 704
60
504
204
304
201
10
0 T T T T T
3 4 5 6 7
Absolute Standardized Effect

311 4.3 N33 Half Normal Plot of the Standardized Effects YOIMINUW lariziiana
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- v AA ) a
mmw!gﬂ‘w 4.3 ﬁ'ﬂJﬁﬂLL’ﬁﬂx‘lLﬂ@il%uﬁﬂl@ﬂﬁ%%ﬂﬂﬂNﬁﬂi%ﬂﬂﬂﬂﬂmﬂW‘WﬂﬁWi\lWIﬁﬂg

1 A o v

tansedNied Ay Izl @ =0.05 Ailave N significant W98 A tazilade D muda
a o 9 J .
4.1.3 MIUAIILH In33a519gunaur (Aliases Structure)
d’ o = v . . . 5-1 é
WONININAADIVUUNANDIS #1198 IU Fractional Factorial Design (2V )
a3 1 [ Y a P = [ a 1 . A
iWumsnaasslinsuneldine Usingmasiviiawaueionitouasnionguedaiel (Aliases) n3o
4 [ a [ [} . H 1
AouM128 (Confound) MuedanIsUuAUNITBAARHaULEN lieen Havzlinali Effect N laNA
dunuwseisoniiil Inssadagudaurls insuen Aliases Tao1sa19nng Ao
Y [ I [ 3 1
4.1.3.1 $11J9381an(Main Effect) 11U Aliases f1 3 Way interaction Y1 11/ 160
Y
19 I [ [
Effect Wiiluvoalavanan
YR I [ { [ Y]
4.1.3.2 §1199839% (Interaction) (3]1 Aliases 1) Interaction N3 Order Tyl
A ¥ g . ! A~ 9 '
09721 Effect 1113]1 Interaction U4 Interaction N3 Order UD&NN
Y v - < . o . Aa Voo ]
4.13.3 911998523 (Interaction) 13190 Aliases N1 Interaction N3 Order tN10u 141
Y
Uiiasatl
Y a P v . . ~ <
1) 910AUINOUNTIDINNITUEN Aliases YOI Main Effect tNGIWDN
asoen e
[ [ I~ 1 o
2) Mianuinount liiieawe nludwsouen Aliases 18 do9¥i1ns
NAABUNUDN 1 1N1VDINTNADDIAUAY
¥ 7 A a U d‘d 1
910 Alias Structure ¥941J998 A 11ag D @enNia1saladenianuanaig
GEANTIRLAGE!
Y A I
A+ C*B*D*E nguof 1 17U Effect Y99 A
{ 3
D+ A*B*C*E ng¥oh 1 I Effect 409 D
Y
muummma;ﬂwmw 11990 A : Pressure Spec uselumsna uag D: Separate
Distance 382UDIN1ILENIINTENIN Stencil AVURURNTUNHAADANUFIVDI JaKz1ianI 0g13ll

o

HedAynNadanszay o =0.05

G

[ v A a o o
4.1.4 MIM5EAVTIVBNNINEAUVDINTLLIUNMTNUN LaKiziians
mImszautedeuz auiioanlynin156a2995 (Bridging) ioeadlag
o v aa [ A [ Y a 4
iuaithrinenugeues Tanziani NszAUAMUGINTZAY 125 um. + Sum. Tagldmsansizd
)
ﬁj 2871154053 Minitab 16 fvgll 28W9AY¥Y Stat>DOE>Factorial>Factorial Plots>Main Effects Plot 189

o (% (% d' [P} o [ d‘d A [
Vﬂﬂ'ﬁﬁﬂﬂfﬂ%ﬂ‘ﬂllll11Wﬁﬂi%ﬂﬂ@@ﬂlmguﬂimW%‘]j%ﬁ]ﬂﬂhwaﬂﬁgﬂ‘ﬂﬂﬂﬂ%%ﬂ (A: Pressure) a1
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v o o a 4 v o a £ o A
11998 (D: Separate Distance) 115 UM5AATIEHIAzuAAIMTULsEaNnTmmz Tatenlinansznuy

YOINTNANDIAIAT NN 4.5 wazaumsh 4.1 wiounaaens 1wl Main Effects #ag1/i 4.4

! ¢ '
A15199 4.5 ﬂ'l’s’fiJ‘]J33ﬁ‘l/]‘ﬁGUENGIQIJ’B)Qm’ia\‘lfﬂﬁG]ﬂﬁ%%ﬂﬁlluﬁ\mﬁﬂizﬂﬂﬂl@\iﬂﬁgﬂﬂu

mynu lavziians
Source DF Seq SS Adj SS Adj MS F P
Main Effects 2 1555.62 1555.62 777.81 33.75 0.000
A 1 1090.61 1090.61 1090.61 47.32 0.000
D 1 465.01 465.01 465.01 20.17 0.000
Residual Error 45 1037.21 1037.21 23.05
Lack of Fit 1 15.41 15.41 15.41 0.66 0.420
Pure Error 44 1021.80 1021.80 23.22
Total 47 2592.83

Estimated Coefficients for Y using data in uncoded units
Term Coef

Constant  134.772

A -1.90667

D 3.45833

o a £ a o v A Y o dy
ﬁllfﬂi’ﬁllﬂi%ﬁ‘]ﬂ‘ﬁﬂlﬁ]ﬂﬂlﬁ]\‘iﬂizﬂjuﬂﬁwNWTaW%Uﬂﬂillﬁﬂﬂqﬂ JU

Y = 134.772 - 1.90667(A) + 3.45833(D) 4.1)
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Mean

Main Effects Plot for Y
Data Means

125.0

122.5

120.0

117.5 4

115.0 4

12

0.2

2.0

‘IJ‘?I 4.4 1319 Main Effect GU’ENﬂﬁ]i]El‘ﬂlll?lﬁﬂi”ﬂﬂ@]@ﬂluWﬂﬂ’NNﬁ\W@\‘lTaﬂ Jans

VT4 Minitab 16 eTia

Optimizer ﬁwnwsmazﬁuﬁm‘i’aﬁmmqw’%uTamﬁﬂﬂimzﬁu 125 um. £ 5 pm.

Optlljmal I-(I{ gh
1.0000 |ow

12.
[8.7526]
7.0

2.
[2.0000]
0.20

Composite
Desirability
1.0000

Y
Targ: 125.0
y =125.0
d = 1.0000

311 4.5 n319 Optimization Plot Llﬁﬂﬁﬂm”lﬂ‘ﬂﬁ]‘ﬂﬂﬂﬁlﬁﬂﬁmﬁﬁﬂl’ﬂﬂa‘ﬁ 2TARS R 125 um, £ 5 um.

%1ﬂﬂ‘iTI/\lﬂTi“rﬂﬂTi/]H’iiﬂ"ﬁiJeUf]\iﬂi ‘U’Juﬂ15ﬂﬁﬂﬁﬂ1iﬂ’31hﬁﬁﬂl'ﬁ)\ﬂaﬁ 21anNg

L‘ﬂﬂfi’iﬂﬂ“ﬂ 125 pm. =5 pm. "‘]NHJuﬂ’Nll’d\iﬂlﬂﬂﬂﬂ]ﬁWﬂWiﬁﬂ’N%iuﬂﬂﬂﬁﬂ W llﬂﬂWfﬂi‘]Jﬁ‘U
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115909 (Pressure Spec) T8 A 91 8.75 Kg. 11a2 5282 11194N15L8N1N (Separate Distance) 11938 D

< Y14 <
N 2 mm. i]%zlﬁﬂ"mlﬁiﬂgﬁuﬂfjﬂ

Qy a Aa d
4.2 wamsm)mm‘umimaawmniz‘u’Jumianwdmmﬁnﬂ5aunaawmm'u

A o A
W"’U‘U!!ﬁgﬂ5$‘lJ'Juﬂ1§‘ﬁﬁi’)NIﬁ‘ﬁ$Uﬂﬂi
Tuaiun2 L‘?’Juﬂ"l'iE]’t‘]ﬂ!,!f]J‘]Jﬂﬁ‘ﬂﬂﬁ@\‘lﬂ]@ﬂﬂﬁ$‘1J’J‘l!ﬂ1551ﬁ1|5ﬂ%1mﬂi%ﬂ’)uﬂﬁﬁwﬁ

) 9 v

1 v H Y
Tanzans ﬁTﬁi‘].lﬂﬁT]ﬂﬂﬂﬂLﬁﬂ‘Vﬂﬂi]ﬂﬂﬁﬁﬂﬁﬂﬂiy,ﬁ”lﬂiiiﬁlﬂﬂi]"lﬂﬂi%ﬂ?ﬂﬂ"li’ﬂﬂ‘lfﬂﬁ?ﬂ

a <

ad v o

srannselindnunszuaumsvaoy Tanziiani Iasldniseeniuunsnaaeuuy General Full

Factorial \iNe 915 0152aDTa98d 11505 vlganszurumaiieaalSuianisaniees

L da X . . 4 .4

(Bridging)inavy Tasnvuatladslunisesnuuumsnaasdluaisian 4.5n3dununveants

viaowTanzaians 2 31UV Ao Soak Reflow 118 Linear Reflow 1% 1A J38n0UaU0d Y Ao
a Y a2 ad A < S | 1 ~

Pmnamainatlymmsaaisesnsuaiudannsedndunuruiiai hanld ldldluaiseh

PONUUUMINAADIAIAITIIN 4.6

v Y
15199 4.6 52UV I UMTOONLVUMINAADIVOINTZVIUMTINTFUTIU

ad a Jo v A
ﬂlaﬂﬂﬁﬂuﬂﬁﬂﬂﬂﬁgﬂ'JUﬂ'liﬁa'f]llia'ﬂgﬂﬂﬂi

SIERT F2A 55A1
1 2 3
v
A - 5ean UM UaIu 3 0.0 mm. 0.3 mm. 0.5 mm.

mount

adg a J
2INNIDUNT (Mount Level)

B oy : JUMUUMIHABNTaE 2 Soak Reflow  Linear Reflow

17913 (Reflow Type)

mruadliau 2 99s Aetlivsndwwaneanugeved Tanzaians laun Jade
A o Mount Level,
B reow:  Reflow Type
o [ A o (2 3 . . A a 49!
mruadlsmuaeiuudnyasTynin1san1393(Bridging) itnady

o 1 A 1 = o =
UWﬂWﬂUlmﬂﬁlﬁiuﬂﬁNﬂ’ﬂ@ﬂLL‘]J‘]Jﬂ"Ii‘I/IﬂaENﬂ\WHﬂ\‘WI 4.7
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A19199 4.7 TUNANANITODALLUMINAADI General Full Factorial 1ag1% 12511153 Minitab 16

Y : Bridging
Std Order Run Order Pt Type Blocks Mount Level Reflow Type (Point)

29 1 1 1 0.5 1 6
1 2 1 1 0 1 1
5 3 1 1 0.5 1 4
14 4 1 1 0 2 1
24 5 1 1 0.5 2 7
21 6 1 1 0.3 1 1
13 7 1 1 0 1 1
2 8 1 1 0 2 1
28 9 1 1 0.3 2 1
27 10 1 1 0.3 1 2
25 11 1 1 0 1 0
30 12 1 1 0.5 2 5
8 13 1 1 0 2 2
11 14 1 1 0.5 1 3
10 15 1 1 0.3 2 2
23 16 1 1 0.5 1 3
15 17 1 1 0.3 1 3
20 18 1 1 0 2 1
22 19 1 1 0.3 2 1
6 20 1 1 0.5 2 7
7 21 1 1 0 1 2
4 22 1 1 0.3 2 2
26 23 1 1 0 2 1
19 24 1 1 0 1 0
17 25 1 1 0.5 1 6
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Y : Bridging

Std Order Run Order Pt Type Blocks Mount Level Reflow Type (Point)
18 26 1 1 0.5 2 3
3 27 1 1 0.3 1 0
12 28 1 1 0.5 2 3
9 29 1 1 0.3 1 2
16 30 1 1 0.3 2 1

o 9 Ay ¥ .. A ~ o
%Tﬂﬂ1‘iu1ﬂlflyaﬂ1ﬂfﬂiﬂﬂﬁ@\?ﬁ\?cluﬂ1i1\ﬂ/]ulﬂiﬂﬂ1ﬂil,l,ﬂill Minitab 16 (WBIATYNN
a 4 A o v . . v Y o w I

N13AIIEH 1Ag1aonA1de Stat>-DOE>Display Design 1agAod9aa1a1ugiuvy Standard

. 2 A o o~ 9 Y v o w a 7 3 Y
order for design Lﬁﬂﬂ@um@ﬁ]ﬂliﬂﬁﬂlﬂyﬁiﬁﬂi@uﬁWﬁﬁUﬂﬁ’llﬂﬁWg‘ﬁﬁﬁJ"Uuﬁ@uﬂ?ﬁﬁlcﬁiﬂﬁllﬂiﬂ
o v W g)} o o a . . 4 o a 4
audau191niu 14 198194 Stat> DOE > Factorial > Analyze Factorial Design BN ANTITH

o A 9 o v a Jd o A o w
ﬂgﬂi'lﬂ{(]ﬂiﬂ/qﬂ\igﬂﬂ 4.6 uamayammmmiwwmmﬂm 4.8 AU

@ ay 1 ad a 4
4.2.1 ﬂ'l'i‘ﬂﬂﬁ@'ﬂﬂ')'lﬂJW'E)LﬁEJ\ﬂI'ENﬂWiWﬂafNeU@Qigﬂ‘ﬂ'ﬂﬂ"]fuﬁ?uf]!aﬂﬂ‘if]uﬂﬁlmg

JUuvUveeFuDY0e Reflow Soldering

Residual Plots for Bridging Point

Normal Probability Plot Versus Fits
9 2 °
L]
o
90 1/ o /4
g E ®e
8 50 S o2 -
5 g e .
a o 5 ~ .
10 A .
1 S hd
1 2 4
Residual Fitted Value
Histogram Versus Order

o
-

Z\v/\xw)\/\lﬁ/\q/\A %
AR

-2 =il 0 1 2 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Residual Observation Order

Frequency
N
Residual
o

N
-

o
N

U

3111 4.6 n519 4 in 1 Chart 32@1N135919 Mount Level az3iuiiuued Reflow Type
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a I 4 ) [
ﬂ'linl]']im'lﬂ'J'l‘JJWE]LﬁEJ\‘]"U'E'Nﬂ'lﬁ‘ﬂﬂﬁ'f]\uﬂLlﬂ']fl'@]i')i]ﬁi’]ﬂLﬁ@ﬂﬂ%?uleWiWUﬂW

) AN Yo = a ' ' Y . Ay ¥ 9
"llE]iJ"a‘VI"lﬂ‘l/nﬂﬁﬂﬂﬁf]ﬁllﬁhllﬁjpu’g13“]JLL‘]J‘]JﬂIEJx‘1’ﬁ’J‘L!G]ﬂﬂN (Res1dual) m”lﬂmﬂmay,amimam

I [ 1 1 A I Aa
douduldmumndnms g — NID(0, o) AemidauanAniimsuanuastnfuazitludaszdae

1 { 4 1 (3 e o
Awndodn Indgud naz 0° Anuutlsisniianineda (Stability) 9931 IdFayannmsnaassgnios
uaztyedold Taen151911/51tnT1 Minitab Function : Stat > DOE > Factorial >Analysis Factorial
a 4 { 1 {

Design 21A51ZHANUNDIHEI91ANT 1N 4 in 1Graph NuAAIEIUNAOVDINA (Residual Plot for Y)
y A ] [ A v ~
N34 nslionsnadou Tasdoyand 4 Roulvezldasrvaeuanuiissnovoimsnaaoy

42.1.1 MIATIVADUNITNTZ10AVULUNA (Normal Probability Plot) 3111
Y ~ 1 ' Y @ 9 = @ 9
AUUNUDI31N 4.6 AMUBITILANAN TABYIINMITNTZILAIVOITOYA FINTNTZIBAIVDITOYA
~ o Y a X Y1 Y o a
Imsnszaealseuduaswuulng Fuaaslanaiuanmeiiminszneduuulnd

42.12 8alaunsy (Histogram) 91031 nsdudoaravecg i 4.6 Tagagdl

v 9 A

Y 3 o o A ' & T Y
anvazdugiuuumsnszneunuszsiinh tanyusveyanegniaesdarauilunsnszaieddlu
% a ya = 4
gUuunvesmsnszneamuulnAd I lgisananuweriiog I8
I a
4.2.1.3 M3asdeuauiludase(Independent) 91NN3 10 Versus FitsA 111U
' o 0 Y v A g a s ' ¥
WUNMINIENIEAIvRIdIUANA T MInsznemMilunuud sy Tuidlugduumiveunaasld
<] (B} Y A 3 a 1w éy/ 9 Y 1 a3 [ o
wuNdenalauiludaszaenunauInazaway ltludnvazvesgiunud Tnahn
Ay v L o sq Yy A Y
Wasulaaumiie Jseglunusinlddoyanasan 1
42.14 @19 UAIUADAIUAIUANAIN (Residual Plot versus Order) Ai1AI1NARTA
A 9 < 1 1 1 a3 A o = [l
wasuveteyalumsnsznenuugunu luilugduumsnszaeigsanu Jyduun
[ ] a3 { o [ 1 = 1 Y
udueu luawnsodszana ldiugiuuuiinngls uaasihdiuandniivaszaonuaunsaly
a Y
wansanla
1 4 [ 4 1
nadetuazeaaaaeu lumsilu Normal iilosandoyasguidi
[~ a ' @
paasIdirumMIuInueuDUNA Hazns MUY NUUMEZ AN Versus fits LAAININTZIION
Yooy auLUGN HaaINAMTUT MR NI A 91 Versus Order LARIAINIIY
4 1 [ % o : £ a 1
amandounuugn Tudlugiuuulavuunildanu Feaunsolddeyail lumsiasanaelu1d
1 1 d' 9
11AZ® A1 P-Value 91 19
a L4
422 Insizranulslsiu (ANOVA)
a p ~ ° . v Y
MNMAATITHANUNBIvEDDTIa0301N5 W 4 in 1 udraglIdmans

Ay ¥ VoA A Y Y 9 o a J A
‘V]ﬂﬁ’éN‘Vlllﬂ Nﬂ?WiJUWL‘]f’E]i‘I’E]ﬁnﬂﬁﬂi%“ll’E]HE"IETTHTUﬂ1ﬁ’)tﬂ§1$1’i‘ﬂ’NiJ!LﬂﬂJﬁ’Ju(ANOVA)LWfJ
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a Ay Yo Y 1% < A 1 o Aa o
nadoumauuagiun lamuualilaeladluaumgiawmaneswiulsunagainasnyaue

TynIMIdaa21993(Bridging) U ULAUN T

AVVAFIUNITIVY:

A A

1) 7998 A UrasolSananatariinan1993(Bridging) UULHL NG

2) 1998 B Unaaolsuamsnatynin1san1993(Bridging) UUUHUNE

3) a18 AB UHagolTmamsinatyrin1san1993(Bridging) UMHHU N

AUVATIUNWADA:

1) Hy, : O0,=0 A1 i i=0.,0.3,0.5
H, : 0,70 11 i

2) Hy,
Hy : B#0 v j

3) Hys : (0P), =0 90A1 i=0.0,03,0.5 uagj=1,2

HlAB : ((X’B)ij ?EO UNﬂI’] i’j

B=0 oA j=1,2

Y a d @ a
ﬂ151\‘lﬁ 4.8 MINMsAATIEHANULLTUTIU (ANOVA)7£a1UN15IN (Mount Level) ag¥la

yoagiunumsIianudou (Reflow Type)

Source DF Seq SS Adj SS Adj MS F P
Mount Level 2 80.6 80.6 40.3 27.48  0.000
Reflow Type 1 0.533 0.533 0.533 0.36 0.552
Mount Level*Reflow Type 2 0.867 0.867 0.433 0.3 0.747
Error 24 35.2 35.2 1.467

Total 29 117.2

S=1.21106 R-Sq=69.97%  R-Sq(adj) =63.71%
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m3dnneisefiiisddyannamsnmsnaass laefiansananal P-Value i
18 nwadtnsizinunlsls1u(ANOVA)UeIHanTE NV 1N 99 8% &0 (Main Effec)itas
wansznuINTasu3au (Interaction Effect) iitofigarianuuanaisedaiivd iy (Significant) i
521 0.05 Tagn1AA1 P-Value 919913519 ANOVA Ua11leenin o = 0.05 uaainiladsnanves
sAUN321199nsal (Mount Level) 30 3Uuunvesmsliaiuiou(Reflow Type) ioniwany
fﬁmauﬁﬂumwmiﬁmw3(Bridging)ﬁ'Lﬁﬂéﬁuuuudmnﬁmmﬁtﬁmiwﬁwamﬁmammﬂmsn
# 47 mwaagumsiseidaed

4221 T8 A : SERUMTNIFUAIBIENNT TN (Mount Level) 1A
P-Value = 0.000 fif11foon31a = 0.05 el rarseunfgiuing H,, uazsousuauudgiu H,, 11y

a 1 o a

ADIZAVYDINITIN (Mount Level) Honswaaeiiuaumanaanyuzdyrninsaniens

aa

(Bridging)U04n 32 UIUM oI NNNdAYNINA0ANTZAY & = 0.05

g

4222 1998 B: Juunvesmsviasn lanziiang (Reflow Type) UA1 P-Value = 0.552
AN o = 0.05 Sevns URNNATINN Hy ozl fiasaundgu H,  viufegiluuumsvaoy
Tanz1ians (Reflow Type) ilidnE waaodi1uaunisinaanyaz yn1n15aa2995 (Bridging)Uo 4
nszIUMsee T ad Wamea A2 & = 005

4223 1959391 AB : 3fUMIINTUAIUDIEANTO TN (Mount Level) A1
sUnuvvesnisvasu Tangaians (Reflow Type) UA1 P-Value = 0.747 HA1M1NN21 =005 39

' y
YOUTUTUUAIIUIN H 4 LLaZﬂgLﬁ‘ﬁﬁMN@ﬁWH H s uuﬁ’ﬁ)@‘ﬂ‘ﬁWﬁi’)ﬂJ"Uf]\ﬁ%ﬂﬂﬂ1§’)1\1°]fuﬁ’)u

ad a J (% o = ' 1
giannsoiind (Mount Level) nu jUuuuvesnisnaonlanziinns (Reflow Type) lilinano

TUIUMINANTAAI3(Bridging) Y9N3 UIUMIDINVNsTAYN NADANTEAL o =0.05

=1

[} a Q‘{ v A d‘ [ Y A é 1 1 [ g’/
msnadel dulsednsvosmsanaulandsuuai R-Sq(Ad) B9Uavon Y9819 2
Y

o Aaa A 1w a o X~ v o J @ J 3 J o
Wnnaaosloninanenwdsoasziazaulsmuaaianuauiusszay 63.71 Wosisua A

S A A A Jd 3 A A v A Ao ) dy 9
TUFAIUNADDN 36.29 Lﬂaiwuﬂwmmwamﬂﬁmaauwm"lwmm"lﬁ”lumimamu INUDYA

)

A

Y 9 o o 4 A @ v AA A [ @ 2 J

‘Vlllﬂ M snasa lagiaonminz Jateran NN UUFIA U908 A : 5TAUNTINFUTIU
ad a 4 o [ | Aaa 9 .. (% dy
2LANNIDUNT (Mount Level) MNTNADANIANANTAVDINANITNAADIAIY Minitab 16 AU

[ { % I~ J
Stat>DOE>Factorial Plot>Main effects Setup Llﬁﬂﬂﬂﬂg‘ﬂ‘ﬁ 47 5991005 MM U T o2 VR

Mount Level #5282 0.0 mm. 92 1¥a1vessuiuanymz ynin13aa1993(Bridging)tiooga
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Main Effects Plot for Bridging Point
Data Means

Mean

v 03 05

Mount Level

517 4.7 n379 Main Effects Plot L@RI52AUN13N15219(Mount Level)inatlayvinioonga

U

4.3 WamImrivaszauadaNminza

o w

ANHAVDINTANUUNITAINAIALAITODNUVUNAADIVDINTEVIUMTUTZNOU

v 9
Y

Aad A o 1T AanAaA dy o Y = o A o Y a
1J52n0VI9ITDANNITBUNTAIVUUHNUNFINE U NIH VAU 1N 1wdfavenyi inawa
ATENUABNITZUIUMTINO MY UAT I d 11T UNTZUIUMITNARUDILAALNTZUIUNT N T

a 1Y 3/} . 1 a o [ Qy 1
ATZUIUMIHAANSNNINUAF IAUANTZVIUMINUN Lan AN THas NIz UIUNTINTUAIU
ad a J . % o (% v . . a2
srannselindaeinansznunuTuILanHa TN TaA995 (Bridging) U9anTLUIUMNTHAR

a o [} =1 19 d'
43.1 NILUIUMINUN Javiziianuazifavenvuizay

iaue liimuasmaud lu laslddadsnmngaulumsmsmmuanszuiums

“le

14
4.3.1.1 Y99o A : Thvousesnalutha(Pressure Specynsotlavalumsawusanaly

4 a o v A R g o &2 v @ A &
aveunsesiu lanziians yuilutledolinansznunumanugevesTanziians iy

=

dumngliinalyinisaaees Taadhmuneanugeanilinulgminisdaisestdesigae
Aoan13AugIves TanziiansogluszezAuge 125 um. £5 um. TA89IANANITHIATN
v Y
HNZAVINNTOONIUDMINARB MMMz duudrvzivualunszuIums 1A
1A @ a @ o ¥ o & Y1 dy ¥ A a o v A
pgNiszal 8.75 flansu aaumsliuaes lgmiilunmsasmveunsosium lanzians

4.3.1.2 11298 D : 9985282 H19M518AIN(Separate Distance) 130199852 8LH

a 4 . A a o o A & [ dyd o
ﬂJﬂQﬂﬁﬂi’JﬂLL“]J‘]JW?JW(Stencﬂ)ﬁll’fNLﬂif’NWilWIaﬁzﬂﬂﬂi "]N‘]ji]ﬁ]ﬂullﬂﬁﬂigﬂﬂﬂﬂﬂﬁ"mq\ﬁlﬂﬂ
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7998 B : 99821015 2v039n1511A (Print Speed) H30n110521un1s5

9
% (%
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[ 1 U
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A
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minaasuivg lulinansznunuyminsaarssvesnszuaunsi uaie Ihiugduuums
o = v ¥ =2 o vJq 9 a @ S a
MAUNAIIRe) asiudsmvualnlsgluuvvesguugilumsvasylansianiuuufe?

A0 Soak Reflow

4.4 wamsaniumsdiuilya
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A g’u 1A a = A a Uy o U Y
TLYLLINT 6 LADU INLIALAD Y UQUIIU D ADUNHAINIYU WA, 2558 IQEJ m')i]f]ﬂ'l’l’iu@ﬂ'liﬂl!@]ﬁg
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Javy mmsliud
A : Pressure Spec 8.75 Kg.
B : Print Speed 100 mm./sec
C : Separate Speed 2 mm./sec
D : Separate Distance 2 mm.
E : Print Gap 0.0 mm.

Y] g’./ 1% { Qy 1 ad A o [
msdSuasszaunldlunszuaunmsiuaiudiannseiind laen1snaugy s2aU
v W Qy 1 4 4 v @
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9
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~ 1% = A 1 o A A C4
E‘IJVI 4.10 ﬁﬂi&lmgﬂl’ﬂ\ﬂaﬁ$‘ﬂﬂﬂiﬂﬂﬂ']iLG]f’f)‘JJﬂ?)Q‘]JﬂimUuW“BUTﬂﬂﬁﬁJy‘im

d‘ = t:l a dy (% 9 a 9 [ d‘
M1919N 4.10 ﬂ%ﬂJTmmﬂﬂlﬁﬂﬂlﬂﬂﬂluﬁﬁﬂfﬂi‘l]ﬁ‘]J‘]J?Qﬂﬁﬁll’)‘l!ﬂ?iWﬁ@ﬂ’)ﬂﬂﬁ)ﬂﬂﬂlﬂh'ﬁﬁu

o 9

=
nIUe DU

Nguiey  AINQIAN ANIAY  AUE1EY gaiau WgAIned  5IW

NUIUBDANTHAN 24,796 26,326 17,000 7,740 3,000 4,640 83,502

Fu)

Suvruaun i 182 123 69 39 10 15 438
Flulan

Y o 2
VO HUA(TU)

DATIAIUVDAUTON 0.73% 0.47% 0.41% 0.50% 0.33% 0.32% 0.52%
Tishu e
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:'l o = 1 Aaa A g a ] o @ @
MINN 4.11 NUIUIAVDIUTIUULNUNEU °nL‘}Juﬁummmmeuaﬂymzﬁmmwmmsﬂi‘uﬂgq

1.6-58

Hadeilym n.A-58 @.A-58 N.8-58 @.A-58 W58 3
Bridging 85 51 23 17 1 5 182
Insufficient Solder 59 41 13 11 4 4 132
Missing Part/3 Solder 15 8 7 7 0 0 37
Misalignment 5 17 12 0 1 0 35
Floating 9 4 4 6 0 2 25
Non Wetting 6 3 8 2 1 0 20
Dirty on Board 4 4 4 2 0 2 16
Over Component 3 9 2 0 0 1 15
Tomb Stone 4 9 1 0 0 0 14
Side Terminate 3 4 0 1 0 2 10
Damage Component 3 1 1 0 1 0 6
Over Turn 1 3 1 0 0 0 5
Other 0 0 3 0 0 0 3
Total 197 154 79 46 8 16 500

3

U

Defect by After Improvement
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A 4.11 uwugiinus TaswnuveadeinundsnmsdSuljesdremnmangau
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a Y 1 o [ y a 2
vinunugins Tauaaslinsuniuuvesdnsuzveudoinadulunszuiums

adg a J T ) Y . . Ay
UsenourvsadannseinduntHUNG VeI IT01TyHIN15aA2993 (Bridging)og3osas 36.40

£ A a ) a4 Aa X a = A a
GINUJ@L'IEEJ‘UW]EJUﬂUﬁﬂﬁ’)uGUfJ\1LﬁEJ‘VILﬂﬂﬂluﬁluﬂigﬂﬁuﬂ1i!ﬂuiugﬂﬂ 1.2 Vllﬂﬂ‘ﬂiyﬁ']ﬂ1i

v . . d‘ﬂl = 1 =
23995 (Bridging) 3080 59.02 WAL WUIUDILTYY

Ao

a

U

F2

QA o U
HUTAN

A A a d%' = Y
ummmﬂmﬂﬂmummﬂuu

v H Y
maed 4.12 PSnaveaudelugduuuaeaimevulunszuiumnaanaimsysuilys

watetlaym Panafgym daaau daaIvazay
(FRU9) (ostdue)
BRIDGING 182 36.40 36.40
INSUFFICIENT SOLDER 132 26.40 62.80
MISSING PART/A Solder 37 7.40 70.20
MIAALIGNMENT 35 7.00 77.20
FLOATING 25 5.00 82.20
NON WETTING 20 4.00 86.20
DIRTY ON BOARD 16 3.20 89.40
OVER COMPONENT 15 3.00 92.40
TOME STONE 14 2.80 95.20
SIDE TERMINATE 10 2.00 97.20
DAMAGE COMPONENT 6 1.20 98.40
OVER TURN 5 1.00 99.40
OTHER 3 0.60 100
TOTAL 500 100
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H,:P =P, (4.3)
H :P>P, 4.4)

v

¥ 1 v C Aa X = ' o
P, = mmummﬂaﬂmwmiamwa (Bridging) Tllﬂﬂ"llumaﬂsllﬂﬂﬂig'i_l’JLlﬂ”l'iﬂ’EJuﬂ”li’]JﬁJﬂE\i

De

P, = daaiuvetly1iin13dan1993 (Bridging) MNAYLIRASUDINTEUIUNMIHAINTUTVI3

[ o’d’ 9 (% - - 1 [ 1
HA WS N ara19nms 1% 11sunsy Minitab 16 nageuaNuuanaNdag ety
4R399 (Bridging) L1ereaa 9317 4.13 A1 P-Value 1 1M1 0.000 Woenitszauiiodn (or=0.05)
9
dawald ldansasensvauyag H  laduivmneniuinsnavesdeannilymdaiees
. . A a dy P (% [ UL 1 o
(Bridging) NN A WA 8Y0INTZUIUMsHAIMTUT U Fanszurumsiinniosnintgmidaaices

v
9 v A

. . A a di@’ 1 [ ] = % A v 9
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Test and CI for Two Proportions

Sample z N Sample p
1 4308 S5Zel147 0.008188
2 13z 8350z 0.0021&80
Difference = p (1) - p (2}

Eztimate for difference: 0.00600824
95% lower bound for difference: 0.00567324
Test for difference = 0 (wv= > 0): Z = Z29.50 P-Walus = 0.000

Fizher's exact test: P-Value = 0.000
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Create Factorial Design - Factors x|

Factor Name | Type | Low High

A A | Mumeric | 7 12

B B MNumeric v | 50 100

[ o Mumeric | 0.5 2

D D Mumeric | 0.2 2

E E Mumeric | o 0.1
Help oK | Cancel

~ A v o
5UN ¥.3 M5aenszAUTIteN1se0nNuUUNTNAADY

U

4. MIDONMIVBNLVUNINATBIUUGUAIZUN 0.4

| Create Factorial Designs - Options X b
Fold Design Fraction
{* Do not fold % Use principal fraction
" Fold on all factors (" Use fraction number:

" Fold just on factor:
¥ Randomize runs

Base for random data generator: ﬂ

| W store design in worksheet

I Help OK | Cancel

~ A 1
E‘IJ‘VI V.4 MIADNNITNAADILUU TN

5.1@0n Stat > DOE > Display Design 1¥n15naa0 101313099038 Run Order for Design

v d'
A3 v.5 uag .6
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m Minitab - rsweszedi 1.MP) - [Worksheet 1)
J@ File Edit Datz Calc| Stat Graph Editor Tools Window Help Assistant

J = | = | F g| Basic Statistics » *3 1Y | @
Regression 3
Il = ANOVA v : :[v|‘X|Q| [»TOON
hd el E2 DOE 4 Factorial N4 &y &
StiOrdey [Rundr Control Charts 4 Response Surface U E
4 2 Quality Tools 4 Mixture 3 0.5 2.0 0.0
: ji Reliability/Survival 3 Taguchi » E: ;E E;
2 & f::‘;:':: : Eul Modify Design... 2.0 0.2 0.1
5 21 = il Display Design...  [JEX0 0.2 0.0
6 24 Tables 12 100 20 0.2 0.0
7 2 HopparaSics i’ 12 50 0.5 0.2 0.0
8 10 EDA > 12 50 0.5 2.0 0.1
9 20 Power and Sample Size » 7 50 20 2.0 01
10 7 10 1 1 7 100 2.0 0.2 0.1
11 37 11 1 1 7 50 2.0 0.2 0.0
12 48 12 1 1 12 100 2.0 2.0 0.1
13 3 13 1 1 7 100 0.5 0.2 0.0

ﬂﬁ 9.5 fﬂim’ﬂﬂf‘ﬂﬁLiENﬁ”Iﬂ‘]J‘IJﬂQﬂ?i@ﬂﬂl!ﬂﬂﬂ?iﬂﬂﬁ’ﬂ\i

771 Minitab - nosaazadi1.MP) - [Worksheet‘l***]
@ File Edit Data Calc Stat Graph Edrtor Tools Wlndow Help Assistant

n é é{:‘ K I.,f i ;L“"®(? ) _)@E.@::::

@t e X

+ c1 c2 c3 ca—2) oD ce c7
stdorder| Runorder (Jeniél:P—t} Bocks | A | B @ D E |

1 12 1 Iy 1 12 100 0.5 2.0 0.0
2 42 2 1 1 12 50 0.5 2.0 0.1
3 41 3 1 1 7 50 0.5 2.0 0.0
4 6 4 1 1 12 50 2.0 0.2 0.1
5 21 5 1 1 7 50 2.0 0.2 0.0
6 24 & 1 1 12 100 2.0 0.2 0.0
7 2 7 1 1 12 50 0.5 0.2 0.0
8 10 8 1 1 12 50 0.5 2.0 0.1
9 29 9 1 1 7 50 2.0 2.0 0.1
10 7 10 1 1 7 100 2.0 0.2 0.1
11 37 11 1 1 7 50 2.0 0.2 0.0
12 48 12 1 1 12 100 2.0 2.0 0.1
13 3 13 1 1 7 100 0.5 0.2 0.0
14 46 14 1 1 12 50 2.0 2.0 0.0
15 47 15 1 1 7 100 2.0 2.0 0.0

507 1.6 mtmualiiGesd1dun13NAa09914 Run Order for design

o A @ 9
6. 1’]’]ﬂTi“V]ﬂ'ﬁf]\W]1“@151Qﬂ1ﬁ%1ﬂﬂ’]3@@ﬂllﬂﬂ Lléjﬁﬂuﬁﬂwaﬂ'ﬁﬂﬂﬁﬂﬂ Tﬂﬂﬂﬂuﬂlﬂy‘a

Mnmsnaassasluges C10 lumsisheonuun 13Tag Minitab 16 fagilii 2.7
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m Minitab - nsuasasdil MPI - [Worksheet 1%%]
J@ File Edit Data Calc 5tat Graph Editor Tools Window Help Assistant

|zl sme-- B 1 145029 | CRROHE N COE B
I & & - B2 Jx[a]x TOON = L]
+ Cc1 c2 c3 C5 c6 c7 c8 c9

c4 c10
StdOrder | RunOrder CenterPt| Blocks A B C D E Y
1 12 1 1 1 12 100 0.5 2.0 0.0 119.0
2 42 2 1 1 12 50 0.5 2.0 01 1167
3 41 3 1 1 7 50 0.5 2.0 0.0 1344
4 6 4 1 1 12 50 2.0 0.2 0.1 1110
5 21 5 1 1 7 50 2.0 0.2 0.0 1244
6 24 6 1 1 12 100 2.0 0.2 0.0 1211
7 2 7 1 1 12 50 0.5 0.2 0.0 1087
8 10 8 1 1 12 50 0.5 2.0 0.1 1155
9 29 9 1 1 7 50 2.0 2.0 0.1 1303
10 7 10 1 1 7 100 2.0 0.2 0.1 1242
11 37 11 1 1 7 50 2.0 0.2 0.0 1223
12 48 12 1 1950 12 100 2.0 2.0 0.1 1273
12 3 13 1 1 7 100 0.5 0.2 0.0 1216
14 46 14 1 1 12 50 2.0 2.0 0.0 1162
15 47 15 1 1 7 100 2.0 2.0 0.0 1163
16 20 16 1 1 D302 100 0.5 0.2 0.1 127.9

JU7 4.7 mstiuiinnanouauealunI3 1 Minitab

]
= a

o v < ' % ) A
7. YSutoyalviiiu Standard order for design NOUNNATINILAATIZH VoY IABIADN Menu

U

a 4 v {
msunznuaneisea Stat > DOE > Factorial > Analysis Factorial Design @Ngﬂﬁ 9.8

m Minitab - nsweazedi1].MPI - [Worksheet 1]
J@ Eile Edit Data Calc| Stat Graph Editor Tools Window Help Assistant

|@ WG| % ma@| Besicoutisic oo | CERBOEE vl QOB B |~ 2
N Regression 1
“ Z] ANOVA K . :IT|X|QQHRT,DO\,UUMI| |
S c1 2 O Create Factorial Design... _‘
StdOrder) Rl Control Charts L Response Surface +| H_ Define Custom Factorial Design... +
i ii ] Quality Tools % Midure | @ Select Optimal Design...
5 W s Reliability/Survival ’ Taguchi F| PY Pre-Process Responses for Analyze Variability...
4 & M.ultwanjate ’ o, Modify Design... @ nalyze Factorial Design...
5 21 NS ; B, Display Design... AV Analyze Variability...
6 24 \ i\ 12§ 100 | %F Facterial Plots...
7 2 A\ MNonparametrics 3 = iZ ! = 50— g
8 10 X DA Voo s IQF Contour/Surface Plats...
9 29 Powerand SampleSize | 7 55 |&" Overlaid Contour Plot...
10 7 10 D _fl N —]_T — 7| —100-.’ =L ;esponse Optimizer...

A A a L4 ~
gﬂ‘ﬂ 9.8 ﬂmaamwmsamswﬂmﬂmamgmuuﬂﬂmma
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A [ v A 9 a d o ~
8. LZ‘]@ﬂNE‘]@]i’)Uﬁu@ﬂlm8ﬂfjﬂﬂi]‘t]8‘l/l§l@\1ﬂTi?LﬂiTgﬁﬂﬂgﬂ‘ﬂ .9

Tl Minitab - msvanssf orksheet
[ Elle Edit Data Calc Stat Graph Editor Jools Window Help Assistant
EH& tme - B HEOCTH ERBO o GQEE B~ 22L& W o 2
I EEIY RN dlx[allx TEoN = 111]
+ ca | 3 | ¢4 | ¢ | €6 € | ¢ | 09 | co | cil | cl2 ci13 | ¢l4 | 15
StdOrder| RunOrder CenterPt| Blocks = A | B | ¢ D | E | Y | | | | |
1 1 || Analyze Fact | Analyze Factorial Design - Terms X
2 2
: 3 Eo ¥ Responses: Include terms in the model up through order: | 2+
4 4 ¥ Avallable Terms: Selected Terms:
5 5
6 5|
7 7|
8 8|
9 9
10 10
11 11 Terms... | covariates... | predicton... |
12 12 Graphs... Results... | Storage. .. | T 1nclude blacks in the model
iE 13 &I Weights. I™ 1nclude center paints in the model
14 14 _
15 15 Help 0K Cancel Help Cancel
16 16 . ., . S . |

517 4.9 madennaneuauoaznguiady

= a = [ A
9. fﬂim@ﬂﬂmﬂﬂiW\lﬂﬁ‘l/lﬂﬁﬂ‘].lﬂ’ﬂllW@LWfNﬂQgﬂﬂ .10

3

1

A
N

J @ Edit Data Calc Stat Graph Editor Tools Window Help Assistant
J@n|é| pREe oo @l LAY CeReNEeR BRI B/ A2k
Jl—_ll'\'ké’-l-@«'-’” ZIIXIQ\ kTEIO\ L1 1]
c4 C5 c1io Cci1 Cc1
Stdl)rder Ilun{)rder CenterPt| Blocks A B C D E Y
1 1 & Loy w02 01 1262
2 2 0.2 0.0 108.7
. N\ - = | > Z N
3 3 Ci0 ¥ Responses: 0.2 | 0.0 121.6
4 4 A n 2 0.1 110,
= 5 BZ ' 0.0 123.6 |
o 6 Analyze Factorial Design - Graphs x|
7 L Effects Plots |
8 8 S g&dn%:je; ¥ Normal ¥ Half Normal ¥ Pareto
C3 CenterPt .[0.05 |
e : ¢4 Blodks ik l
10 C5 A
10 5 B Residuals for Plots: f
1 1 Pt 7L @ Requar ¢ Standardized  { Deleted
@B D
12 12 Graphs... | o Residual Plots |
13 13 Select ci0 ¥ " Individual plots
Weights... | i ]
14 14 Histogram
5\ Mormal plat ]
L= 15 152 | I Residuals versus fits |
16 16 e e — I~ Residuals versus order [
17 17 26 1| 1 7 & Four in ane
18 18 19 N 1 vry 1_'P ] IZ I™ Residuals versus variables: [
19 19 36 1 1 7
20 20 16 1 B 12 ek |
21 21 5 1 1 7
22 22 37 1 1 12 Help Cancel
23 23 17 1 1 7

9.10 ﬂﬁlaﬂﬂﬂ'I‘ill.’s’fﬂ\‘lwﬂﬂﬁﬂﬂﬁf)ﬂﬁ}’wﬂi'lw
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Residual Plots for Y
Normal Probability Plot Versus Fits
99 - -
10
0 L]
£ 3 S .« ° s . .
g i oo —
-9 [ . . s L]
10 -5 ® s . .
.
1 -10 °
-10 -5 5 10 110 115 120 125 130
Residual Fitted Value
Histogram Versus Order
20
10
15 _
Ll A Ll
L 5 b AL A LR w1
g g PRV Y Y
0 ] -10
5 0 5 10 1 5 10 15 20 25 30 35 40 45
Residual Observation Order

31U .11 n319 Residual Plot Y0IHANDLAUBY

11. wamsnageusiens nus Taasgi v.12

g

1

=
N

Term

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

BE

AB A
AD 4

DE

BD 4

AE 4

CE
BC

2.037

Factor Name
A A
B 8
c c
D D
£ E

T T T ) T 7

1 2 3 5 5 6 7

Standardized Effect

4.12 N51¥ Pareto Chart of the Standardized Effect OL = 0.05
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9 a a é é 1Y d‘da a 1 [ d'
12. minaapumenilnauaznansrtiavesiladenionsnanonanauauod AN 1.13

nazg1li v.14

Normal Plot of the Standardized Effects
(response is Y, Alpha = 0.05)
9
Effect Type
® Not Significant
95 mD W Significant
90 Factor Name
A A
80 B B
C C
o 7 b b
T 60 E E
§ 50 1
& 97
304
20
10
51 A
14 T T T T T
-7.5 -5.0 -2.5 0.0 2.5 5.0
Standardized Effect

g‘ﬂﬁ .13 N5 Normal Plots of the Standardized Effect Ol = 0.05

Half Normal Plot of the Standardized Effects
(response is Y, Alpha = 0.05)
Effect Type
98 ® Not Significant
W Significant
Fact N
954 mA Aa or Name
B B
901 c c
mD b 5
€ 851 E E
o
O 80
7}
a 04
60
50
40
30
201
104
0 T T T T T
3 4 5 6 7
Absolute Standardized Effect

519 4.14 519 Half Normal Plots of the Standardized Effect O = 0.05

U

13. Fam s Ianaae 15103y Minitab Taaa3n v.15

QU

Factorial Fit: Yversus A, B,C,D, E

Estimated Effects and Coefficients for Y (coded units)

Term Effect Coef SE Coef T P
Constant 120.463 0.7099 169.68 0.000
A -9.533 -4.767 0.7099 -6.71 0.000

140



B 0.575 0
c -0.192 -0
D 6.225 3
E 0.867 0
A*B 2.217 1
A*C 0.417 0
A*D -1.133 -0
A*E -0.308 -0
B*C 0.008 0
B*D -0.508 -0
B*E 2.883 1
C*D -2.292 -1
C*E 0.033 0
D*E -0.717 -0
S = 4.91848 PRESS
R-Sg = 70.14% R-Sqg(p

Analysis of Variance £

Source D
Main Effects
A

B

C

D

E
2-Way Interactions 1

A*B

A*C

A*D

A*E

B*C

B*D

B*E

C*D

C*E

D*E
Residual Error

Pure Error
Total

PR RERRRRPRPRRRORRREREEOE

Sw W
~N NN

Unusual Observations f
Obs StdOrder Y
20 20 127.900
33 33 112.200
47 47 116.300

.287
.096
112
.433
.108
.208
.567
.154
.004
.254
.442
.146
.017
.358

= 1741

red) =

Seq

1569.
1090.
3.

0.
465.

249.
58.

IS

99.
63.

774

774,
2592.

or Y

115.
120.

0.7099 0.40 0.688
0.7099 -0.13 0.893
0.7099 4.38 0.000
0.7099 0.61 0.546
0.7099 1.56 0.128
0.7099 0.29 0.771
0.7099 -0.80 0.431
0.7099 -0.22 0.829
0.7099 0.01 0.995
0.7099 -0.36 0.723
0.7099 2.03 0.051
0.7099 -1.61 0.116
0.7099 0.02 0.981
0.7099 -0.50 0.617
.79
32.82% R-Sg(adj) =
or Y (coded units)
SS  Adj SS  Adj MS
04 1569.04 313.81
61 1090.61 1090.61
97 32208 3.97
44 0.44 0.44
01 465.01 465.01
.01 9.01 9.01
66 249.66 24.97
96 58.96 58.96
.08 2.08 2.08
41 15.41 TH4 1
.14 1.14 1.14
.00 0.00 0.00
.10 ST 3.10
76 99.76 99.76
02 63.02 63.02
.01 0.01 0.01
.16 6.16 6.16
4\~ AN (ASTS 24.19
13 774.13 24.19
83
Fit SE Fit Residual
600 2.840 12.300
767 2.840 -8.567
700 2.840 -8.400

124.

56.15%

F
.97
.08
.16
.02
.22
.37
.03
.44
.09
.64
.05
.00
~I\3
)
.61
.00
.25

= NG
oo N

OO NP OOOOOoONRE O
eNeoNololoNeoNoNolNololNoNoNoNolNoNeNol

St Resid
3.06R
-2.13R
-2.09R

R denotes an observation with a large standardized residual.

Alias Structure
I + A*B*C*D*E
A + B*C*D*E

14

1

P

.000
.000
.688
.893
.000
.546
.440
.128
771
.431
.829
.995
.723
.051
.116
.981
.617



3

A*C*D*E
A*B*D*E
A*B*C*E
A*B*C*D
C*D*E
B*D*E
B*C*E
B*C*D
A*D*E
A*C*E
A*C*D
A*B*E
A*B*D
A*B*C

+ 4+ + + + + + + + o+

1 2.15 msumsInnzdanulsisiuvag Tnssadagueands

14. mitﬁﬂﬂlmqu!,l,ﬁmﬂiﬁl‘lNﬁ%ﬂdllﬂﬂﬂﬂﬁ"ﬂa Stat > DOE > Factorial > Factorial Plots
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m Minitab - msnasoadil.MP)

J File Edit Data Calc| Stat Graph Editor Tools Window Help Assistant

J é =] | §| b4 § Basic Statistics (3

o BB O:

B e

ElEEE

J li Regression
—

ANOVA »

T TAXI][xTooN - bt

DOE 4
Control Charts

Quality Tools
Reliability/Survival
Multivariate

L4

»

»

3

Time Series 3
Tables 3
Monparametrics 3
EDA ]
»

Power and Sample Size

IIH
aQ 9

Eactorial 13

O Create Factorial Design...

Response Surface  » “: Define Custom Factorial Design...

Mixture L4 - Select Optimal Design...

Taguchi ¥ PV Pre-Process Responses for Analyze Variability...
%n Modify Design... @ Analyze Factorial Design...
?}5, Display Design.. AV Analyze Variability...

A ~
.16 ﬂ'l’im’ﬂﬂlill;}ﬂi'lwWaﬂlﬂ\ill?\lﬂ%ﬂﬁﬂﬁ
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15. A5 lnamsnaaeaveazszAUTadranaAs i v.17

Main Effects Plot for Y
Data Means
A D
125.0
122.5 4
c
[
Q
= 120.0
117.5 4
115.0 .
7 12 0.2 2.0

d' ! d' ! v v v zi’ Ha A ' d' . .
:.!"]J‘VI .17 ﬂ'lmﬁﬂﬂl@ﬂwﬁﬂigﬂﬂlma$5$ﬂﬂﬂfﬂ"ﬂfJ’l"iﬁﬂ (ﬂ'lﬁ/]ﬂﬁ@\‘luhliﬂﬁlﬂﬁwai'nﬁ’] Significant)

16. IAONUYUYDINITNINAADUAUDINANGA Stat > DOE > Factorial > Response Optimizer

m Minitab - mewasssiil.MPJ - [Worksheet 1 77]
|@ File Edit Data Calc| Stat Graph Editor Tools Window Help Assistant
— | 2 : I+ e e | m 2
|B~n & % By /| Basic Statistics 3 |®?m‘"@@®ﬂ%’l§l% GE' @]fd-i%
= - ; ® = 2T — FE —————
I B AN NS N V2R
e ———— ANOVA 3 - mir sme as
+ - [
=T TP EyS—— !
StdOrder | RunOrc
| TN LControl Charts h ResponseSurface  + H_ Define Custom Factorial Design... F
1 4
— 5 Quality Tools Dl Mixture >‘ W Select Optimal Design...
—3 3 Reliability/Survival 3 Taguchi >‘ PY Pre-Process Responses for Analyze Variability...
WACECIINNGS | ] AN | D |
— Multi it 13 v
P 4 Tl Aa | &1, Modify Design... | [H] Analyze Factorial Design...
— Time § v
5 5 e | ﬁ, Display Design... ‘ AV Analyze Variability...
— Tables e T T
6 [ < 12 50 KF Eactorial Plots...
_7 7 Monparametrics 3 7 100 n) 077/ QL __ F/) -
_3 s DA 4 o ™ @ Centour/Surface Plots...
F
T g 9 Power and Sample Size » 7 50 |6" Overlaid Contour Plot...
E N N  Responsc Optimizer..___________|
o 10 s 1 1 12 50 L, Response Optimizer...
11 11 1R 1 1 7 inn ns 20 n1 17252

=

= A S
3'1]1/1 .13 MIADNUNYVINAADUTUDINANG A
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17JTﬁﬂ1Wuﬂ%01M%@LW@W?ﬂT%ﬂQNﬁ@@UﬁH@Qﬂ@%Q@@Ngﬂﬂswl9uﬁgwﬁaWﬁﬂ1ﬂ Qgﬂﬂ

4.20 Az v.21

[ File Edit Data Cale Stst Graph Editor Tools Window Help Assistant

BH S ¥ LRI S LEp@yavn ODE B | & -E-=Edd @

[ ] r  =x

. a 2 c3 ca cs c6 a c8 co c10 c11 c12 s c4
Stdorder | RunOrder | CenterPt| Blocks | A B c D 3 ¥

| Response Optimizer - Setup e

Select up to 25 response variables to optimize
Avalable: Selected:

1

2

3

1 ao v Target [ 0] 125 130 1 1
5

6

7

8 J

9 << Desirability functions for different goals - how Weights affect their shapes

10 < Minimize the Response Hit a target value Maximize the Response
1

12 Weight Weight Weight

2 1 ot 1 o1 0 Uoooa
14 Setup... Options... " 1 ‘\ d 1 1 d 1
15

Help o | conel | . 10 10 o 10

Response Goal Lower | Target | Upper = Weight = Importance

16 a

Target Upper Lower  Targst  Upper Lowver Target
17 7 207 T T ”
18 18 19 1 1 12 Help Cancel
19 19 36 1 1 7

< 0 ' Aad
3ﬂ7]%19fﬂiﬂ1ﬁUQm61“%%1uﬂ1§ﬁ1ﬂ1ﬂﬁﬂﬂﬂﬁuﬂﬂﬂﬂﬂQQ

U

Response Optimization

Parameters
Goal Lower Target Upper Weight Import
Y Target 120 125 130 1 1

Global Solution

A 8.75262
D = 2

Predicted Responses

Y = 125 desirability = 1.000000

Composite Desirability = 1.000000

~ v J U A A
gﬂﬂ5&20NﬁﬁWﬁMBQﬂTWﬁﬁﬂﬂﬁuﬂﬁﬂQWQQ
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; A D
Optimal High

C 812'86 2
1.0000 (or [8.726] [

oty
SISt

Composite
Desirability
1.0000

N

Targ: 125.0
y =125.0
d = 1.0000

A v J J Aaa
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MINAROIVDINTLUIUMNT Pick and Place TIWAUNTZLIUMNST Reflow Soldering At
MM300AULUMINAABY General Full Factorial a8 1% Minitab 16
1. Léllgl)mﬂﬂiﬂiuﬂi Y Minitab 16 1880 Menu: Stat > DOE > Factorial > Create Factorial Design

795190 v.22

u

=

Minitab - Untitled - [Worksheet 1]

@EHE Edit Data Calc| Stat Graph Editor Tools Wmduw Help  Assistant

EH S Basic Statistics 'S 7 AREO Y% @ E £ |28
Regression '—_| *
ANOVA

* T N - T l!

D

-
(=]
=

[

- Lontrol Charts 3 Rasponsa Surface Define Custom Factorial Design...
1
| 2 Quality Tools » Migture 4 Select Optimal Design...
5 Reliability/Survival » Taguchi 4 Pre-Process Responses for Analyze Variability...
— Multivariat 4 LA
4 R S Modify Design... Analyze Factorial Design...
— Time Series 4 - - N PP
5 Display Design... Analyze Variability...
— Tables s eay -
6 Factorial Plots...
[ 7 Nonparametrics 13 S
- s EDA b Contour/Surface Plots...
5 Power and Sample Size Owerlaid Contour Plot...
= o Response Optimizer..,

‘l.lﬁ .22 ﬂ"limf)ﬂﬂ']if)f]ﬂLL’U‘Uﬂ?’iﬂﬂﬁﬂ\illﬂﬂllv\lﬂ’ﬂﬂliﬂﬁ

Y
2. Lﬁﬁ]ﬂﬂTi@@ﬂLlU‘UﬂTﬁVIﬂﬁ@QLL‘U‘U General full factorial design mﬂuuﬂ@umﬁmmﬂ%ﬂ
Y
(Number of factors) § LAVVBILAAZT] Y (Number of Levels) 1aZ911421A59 (Number of
. U d'
replicates) Glumamammgﬂm 9.23
@ FME Ed\t Data Cal: Slat Graph Editor TDDIS Wmd\:vw He\p Assistant

#H[E: melo Bt AE ST ERBonE T @EE B
[ N =t SRl A a4

+ | cn I c\\N & 4 | ¢ | ¢ yer s | o =T c11
\ PN T N\ = o 7 Vi 7
\\ N\ N~y S 2 |
1 |[create FactofialD 5 || Create Factorial Design - Designs x
2 =
3 || TveewfDesgn 1 Factor Hame Number of Levels
a ; 24evel factorial (default generators) {2to 15 factors) | Z 1 3
= 2devel factorial (specify generators) (210 15 factors) H . e a 5
(" 2-evel spit-plot (hard-to-change factors) - (2to 7 factors) i -
© || Plackett-8urman design (2to 47 factors) [
7 || @ Generalful factonsl design (20 15 factors) N
5 I
Number of factors: 7 - Display Avaizble Desgns... | |
9 | humber of replcate 5 -
o Designs. _ Factors..._|
n opras._ | _memta._| || | Bosconreictes
| Hep | ok | cocel
13 Help Cancel
14 T T

gﬂ‘ﬁ ¥.23 M3ABNNTOBALULNTNAABILUL General full factorial design
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A [ A Y [ A
3. szuﬁvaﬂﬂilsJuazmsmaﬂsmumsmammgﬂm V.24

Create Factorial Design - Factors

Factor Name Type Levels
A Mount Level | Numeric | 3 0
B Reflow Type | Mumeric j 2

Level Values

0.3 0.5

Help Ok | Cancel

317 v.24 m3@enszaufaTeniseenuUUNINAGEY

4. MIDONMIOBNUVUNINABBIUUGUAIZUT 0,25

Create Factorial Designs - Options

[¥ Randomize runs

Base for random data generator: ’

[+ Store design in worksheet

Help l 0K | Cancel

A A 1
gﬂ‘ﬂ V.25 NMIINDNNITNANDILUUTY

: . 9 o = 3
5.190n Stat > DOE > Display Design °lﬂm‘imaawwmmaﬁ’faya Run order for Design

931N v.26 118z M3Eeedoya Standard Order AI3UN ¥.27

Display Design *

How to display the points in the worksheet

Order for all points in the worksheet:
{* Run order for design
(" standard order for design

Columns not to reorder...

Units for factors:
(" Coded units
{* Uncoded units

Help | OK | Cancel

37 4.26 M31ANMIFEINNUVEINTOONUVUNTNAGOWDY Run order for design
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Display Design -

How to display the points in the worksheet

Order for all points in the worksheet:
(" Pun order for design
{* Standard order for design

Columns not to rearder...

Units for factors:
" Coded units
{* Uncoded units

Help (0] 4 Cancel

31 ¥.27 msdmualiGeadiun1snAaesa1y Standard Order

6. imsnaavInuas i ldninmsesnuuy udiufinnaminaaes Tasffoudoyaninns

NAA09aaluTo9 C7 (Bridging Point) Tugsrsioonuuy 13 1as Minitab 16 fagili v.28

711 Minitab - MOUNT LEVEL VS REFLOW TYPE.MP) - [Worksheet 1]
@ File Edit Data Calc Stat Graph Editor Tools Window Help Assistant

EH & 4 B@m o oo E| #5072 ABEOHERE
| E J»’-r-F?T-'i |XI'?‘
\|

S (oy7/e JAsd ror _Fes ) NCes((O)) W

| stdorder| Runorderi PETy| Blocks | Mount Levelje@ Tgpe‘?rflt:lging Point
A 29 1 1 1 0.5 1 6
2 1 2 1 1 0.0 1 1
El 5 3 1 1 0.5 1 4
4 14 4 1 1 0.0 2 1
s\ 24 5 1 1 0.5 2 7
6 \| 21 6 1 1 0.3 1 1
7 | 13 7 1 1 0.0 1 1
F 2 8 1 1 0.0 2 1
9 28 9 1 1 0.3 2 1
10 27 10 1 1 0.3 1 2
11 25 11 1 1 0.0 1 0
12 30 12 1 1 0.5 2 5
13 8 13 ! 1 0.0 2 2
14 11 14 1 1 0.5 1 3
15 10 15 1 1 0.3 2 2
16 23 16 1 1 0.5 1 3
17 15 17 1 1 0.3 1 3
18 20 18 1 1 0.0 2 1
10 7 1Q 1 1 n3 7 1

77 ¥.28 mstiunkaneuanolua1519 Minitab
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1 I 1 2
7. USudfoyalilu Standard order for design NOUNNATI

Jnszulaneiioa Stat > DOE > Factorial > Analysis Factorial Design

519 ¥

U

8. lnenmanouaUBarnquilateNAeINIT AT

i

1

=
N

m Minitab - MOUNT LEVEL V5 REFLOW TYPE.MPJ - [Worksheet 1]

= a J Y A
Naznzrvoya lagidon Menu N3
Aag1li v.29

J@ File Edit Data Calc | Stat Graph Editor Toels Window Help Assistant

J@u|§|xg| Basic Statistics >|®?E|J@@®»@%‘@|J&|-g.§
Regression J ﬁ
[ =] I x[Qx TooN » L]
J ANOVA 3 . | .| Q J T : N : : :
+ -
dcjr-d € O Create Factorial Design... o
StdOrder| RunOrc
Control Charts 3 Response Surface » nn Define Customn Factorial Design... F
1 1 7
2 ) Quality Tools 4 Mixture 4 @ Select Optimal Design...
3 3 Reliability/Survival 4 Taguchi ¥ | PY Pre-Process Responses for Analyze Variability...
Multivariate 3 . )
4 4 — Ao Modify Design... @ Analyze Factorial Design...
Time Series S .
5 5 B Ep Display Design... AY Analyze Variability...
Tables L. )
6 6 0.5 ‘[x¢ Factorial Plots...
Menparametrics ] 1 1
7 7 0.0 ]
8 8 EDA » o0 E Contour/Surface Plots...
9 9 Power and Sample Size # 0_3' . ] lQ: Overlaid Cont.our Plot...
10 10 15 1 1 03 1 & Response Optimizer...

Bikdheet 1]

a 4
.29 ﬂﬁ'!ﬁﬂﬂm%&ﬂ'ﬁ'}!ﬂinWﬂ']'iVlﬂaf]\‘]!LU‘UllwﬂVlﬂGﬂa

[

i3

(A
@

W93 v.30

File Edit Data Calc Stat Graph Editor Tools Window Help Assistant

EH& see|o- Bl Ao r | CRBOIE R GREIB| A FE e 2| o
| S| w o ARl =Gl TE o)
+ a | c 3 | ca o~\| c6 €7, cs © | co | cu1 | c2 | c3
Stdorder| RunOrder| PtType | Blocks | Mount Level Reflow Type  Bridging Point | | | |
e LT R : | L .
1 F Design || Analyze Factorial Design - Terms x L
2
3 7 Bridging Point Responses: Indlude terms in the model up through order: - )
4 Cqdspgont, fivaeble Terimst Selected Terms: i
: ;x:;nntﬁvi >_>>| i;gnaﬂnw Type :
- =~ || F
8
9 << I
10 Cross, I
1 Terms... | Covariates.., | Prediction. | Defaut | [
12 Graphs... Restits.s’ | | storages I mnclude biocks i s ods ]
o N S i
15 Help o conced == et | |
16 N\ Y79, &
- = = 7 " :

.30 M3iaenHanoUdusaznguilivy
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= a = [ A
9. ﬂ"liLa’ﬂﬂ"lﬂ!ﬂﬂiW\lﬂWiWﬂﬁﬂUﬂJTNWE’)LWﬂQﬂQgﬂW V.31

m

J@ File Edit Data Calc Stat Graph Editor JTools Window Help Assistant

FH S sme[o-B 11 AFCH | CBRBOS

a1 @EE B

| |2k

I  HAewlrs+pz| S/ %x[Q[[x TOON © L]
+ Cc1 Cc2 c3 c4 C5 C6 c8 co

c7

c10

StdOrder| RunOrder| PtType | Blocks | Mount Level Reflow Type | Bridging Point

1 1 x | 1

2 2 1

3 3 C7  Bridging Point Responses: 0

4 4 ‘Bridging Point' | 2

5 5 Analyze Factorial Design - Graphs
76 6 C1  Stdorder Residuals for Flots:

7 7 C2  RunOrder ' Regular " Standardized ¢~ Deleted
—3 8 C3  PiType

C4  EBlocks

9 9 C5  Mount Level Residual Plots
——— C6  Reflow Type " Individual plots

10 10 C7  Bridging Point r

11 1 Terms... r

12 12 Graphs... ::

13 13 -
—_— Weights... ¥ Four in one

14 14 Q -
—— Residuals versus variables:

15 15 Help

16 16 — - - & ¢

17 17 25 1 1

18 18 26 1 1

19 19 24 1 1

- Help oK Cancel t
- 2 s . ) _teo | [ o< | _ el |

~ A Y
iﬂ‘ﬂ V.31 ﬂ'lﬁLaﬂﬂﬂ15l!ﬁﬂﬂﬂaﬂ15%ﬂﬁ@ﬂﬂflﬂﬂ51w

U

= Sy ¥ ram =
10. nslmansnageuANUNBLEIN IA91N Minitab E’IJTI .32

3

il

=
N

Residual Plots for Bridging Point
Normal Probability Plot Versus Fits
= 2 °
L]
.
. 90 )Y, . o/
[}
8 s 3 ol-e :
o ] Ve .
(- & ] e 4
10 o 3
1 >~ S
1 2 3 4 5
Residual Fitted Value
Histogram Versus Order
e 2
£ E 1\/\ A/\A
g, S 1 A
g ﬁ VN v vv N \[ L\/\
LY =il
,, -2
-2 -1 0 1 2 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Residual Observation Order

4.32 N31% Residual Plot ¥DINAADUAUDY
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11. HamsmuImAImMananie11sunsy Minitab Taaegia 4.33

Multilevel Factorial Design

Factors: 2 Replicates: 5
Base runs: 6 Total runs: 30
Base blocks: 1 Total blocks: 1

Number of levels: 3, 2

General Linear Model: Bridging Point versus Mount Level, Reflow Type

Factor Type Levels Values
Mount Level fixed 3 0.0, 0.3, 0.5
Reflow Type fixed 2 1, 2

Analysis of Variance for Bridging Point, using Adjusted SS for Tests

Source DF Seqg SS Adj SS Adj MS F P
Mount Level 2 80.600 80.600 40.300 27.48 0.000
Reflow Type 1 0.533 93933 0.533 0.36 0.552
Mount Level*Reflow Type 2 0.867 0.867 0.433 0.30 0.747
Error 24 35.200 35.200 1.467

Total 29 117.200

S = 1.21106 R-Sq = 69.97% R-Sq(adj) = 63.71%
310 .33 MINMINATIZHEA NI 51

12. MmydenuynaninsMravonlaneiiea Stat > DOE > Factorial > Factorial Plots #1431)

TT’ Minitab - MOUNT LEVEL V5 REFLOW TYPE.MP) - [Worlcshaeﬂ’*"]
le Edit Data Calc| Stat Graph Ed\tor Tools Wmdow Ha\p Ass\stant

J | é| » Bn @ Basic Statistics 3 ® @ \\Il .@ E - =
f———— Regression 3 =N
T Ve, I
— ANOVA R —
f
StdO Run0
elr reome Control Charts 4 Response Surface  » M Define Custom Factorial Design...
1 J
2 2 Quality Tools » Mixture » O Select Optimal Design...
5 3 Reliability/Survival 2 Taguchi ¥ | PV Pre-Process Responses for Analyze Variability...
Muli t 3
4 4 (ARIEEE S T Modify Design... [H] Analyze Factorial Design...
Time Seri R
5 5 ime 2enies @ Display Design.. AV Analyze Variability...
6 6 s ' 05 % Factorial Plots..
Nonparametrics v
7 7 o 0.0 -
5 8 EDA N 0.0 1 @ Contour/Surface Plots...
9 9 Power and Sample Size ¥ 0.3 |QF Overlaid Contour Plot..,
r
o 10 15 1 1 03 1 |L Response Optimizer..,

= A =t
319 v.34 madenynsminavewaneiea
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File Edit Data Calc 5tat Graph Editor Tools

Window Help Agsistant

|sd & tmr|lo @ || & -2 B i
J| :ll'”—&—l—lﬂ"” l|x|q||—T:|c>\ mm|
c10 c11
StdOrder RunOrder PtType Blod(s Mount I_e'vel I!eﬂow Type Brldglng Point

d > | Factorial Plots - Main Effects X
2
3 ¥ Main effects (response versue levels of 1 factor) Setup... | i C7 Bridging Point Respanses:
4 I Interaction (response versus levels of 2 factors) Setup... | U Bridging Point!
3 I Factors to Indude in Plots
6 Type of Means to Use in Plots Available: Selected:
= % Data Means P
5 " Fitted Means >

E3S
° 2> |

Help 0K Cancel H

10 —I | ;I
11 11| 14| 1] 1] 0.5 <<
12 12 28 1 1 0.5
13 13 1 1 0.0 Select |
14 14 4 1 1 0.0
15 15 17 1 1 0.3 Help | oK | Cancel |
16 16 30 1 1 0.3 =T T T T T

A A o Ama a ' 3: A o ) J v
i‘lJ‘VI 9.35 ﬂﬁmE]ﬂ‘]ji]i]EJ‘VIMﬂﬂ‘ﬁwalﬂ1uuLWﬂﬂ1ﬂ15WﬁﬂﬁﬂﬂwWaﬂizﬂﬂﬂlﬁ)\nma%i%ﬂﬂ

U

13. A5 mlnamanaaedvedazszaUITenanuazHan TR UAUDIAIF 1N V.36

1

=
N

Main Effects Plot for Bridging Point
Data Means
54
4 4
=
2
14
0.0 03
Mount Level

0.5

9.36 ANUNAYVDINANTENUVDITIVINAAUARLTLAU
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MInagaunszUINMIHaIMIUsulzalasmsnaaevanunagiv
TagmsleuieununnA1veImMaaa IUHAAS UM UANT 8948 2 Proportion Test
1@® Minitab 16

1. 5uaulal1/511n33 Minitab 16 1890 Menu: Stat > Basic Statistics > 2 Proportions f14

31

=).

.36

1] Minitab - Untitled - [Worksheet 1]

@ File Edit Data Calc| Stat Graph Editor Tools Window Help Assistant

= S i= ZS Display Descriptive Statistics... (
’—_| Regression L4 %5 Store Descriptive Statistics...
ANOVA v 2% Graphical Summary... [
i Iil - o " 12 1-sample 2. =
S m—— L ST
2 . 2t 2-Samplet...
= Reliability/Survival 3 4 Paired t..
Multivariate 3
A Time Series »| 1P 1Proportion...
3 Tables 3 2 Proportions...
6 - 1 .
= Nonparametrics 5P 1-5ample Poisson Rate...
3 EDA b! s 2-Sample Poisson Rate...
9 Power and Sample Size *| 52 1 Variance...
10 °§¢; 2 Variances...

§ 1 1w a o J ' Y
iﬂﬁ .36 ﬂ’lilﬁ'ﬂﬂﬂ’liﬂﬂﬁf]ﬂﬂ')’lllllﬂﬂ@l’l\ﬂl'ﬂ\iﬂ’lﬁﬂﬁ']uWa@]ﬂmcﬂﬂﬂw5ﬂﬂﬂﬁﬂ

U

2 Proportion test

S 1 4
2. @enuuumsnadouiugiiuuves Summarized data ttaz lddeyanaosmsnfiouiiovasly
M31903317 ¥.37 Tay
A o a o J ' Aa X
Events A9 31U IUHAANMNUNNIDINAATY

. A [3 a o PR 1 1A =
Trials 1D mmuwa@ﬂmmmwmimmaxﬂqummﬁ'fmmfm

2 Proportions (Test and Confidence Interval) x

£ Samples in one column

Samples: 1

ibstripts; i
" Samples in different columns
(+ Summarized data
Events: Trials:
First: 4308 526147

Second: [1827  [e3sez
Options...

317 4,37 ueraansi@ongiuuunsnAdo UL Summarized data
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3. MnuA Options oM UATIBazBYA luMINAdaUAIIN v.38

2 Proportions - Options >

Confidence level: | EE0]
Test difference: 0.0
Alternative: greater than

[ Use pooled estimate of p for test

Help | QK | Cancel

§ 1 { 1 T o U a o 4 J
iﬂﬁ .38 !Lﬁﬂ\?ﬂ?ﬁi%}iuﬂ'li‘1/]ﬂﬁ@ﬂﬂ??ulmﬂ@’lﬂﬂlﬂﬂﬂ’lﬁﬂﬁﬁuNa@]ﬂﬂ!"ﬂﬂﬂ‘Wi’EN

U

o Aa 1 LY 1 a 1Y o 1 {1 4
4, mguumimﬁaummmﬂmqmmﬂm@muwamﬂmmmwmﬂmﬂﬂﬁﬂu OK Lﬁ@

9 '
L’]ﬁiEJ‘lJLﬁEJ‘]JNa"U’E)\‘lﬂ’JWiJl,mﬂG]N“Uﬁ]\‘]’J%ﬂTiﬂﬂﬁfNLL‘U‘UG]HJETJ“?] V.37 UASITUTAIND

1331

=).

.39

Test and CI for Two Proportions

Zample Z N Zample p
1 4308 5Ze6147 0.008188
z gz 83502 0.002180
Difference = p (1) - p [2)

Estimate for difference: 0.00&600824
95% lower bound for difference: 0.00567324
Test for difference = 0 (v= > 0): 2 = 29.50 P-value = 0.000

Fisher's exact test: P-Value = 0.000

~ = 1 A "o =\ /9 o 1
g‘ﬂ‘ﬂ v.39 taaswam sl euneuA IR VoM aATIUNAANUNVNNT B9
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enasmsszbevlfinnudmivlrlunszuiumswan (WORK INSTRUCTION)

a o Y] ..
1. NTZUIUMINUH Janzans (Solder Paste Screen Printing)

Doc. No. WL XK Project No. Pa
FACTORY i &
Title SOLDER PASTE SCREEN PRINT Project Name Rev.
XOOUX MOOX 300X, Xo0XX
PATHIMIHANEE THALAD Customer Checked By | Approved By -

w3nsdinuazailnsal

1. methaazA 13 RUBBER) 2. iwinathanzi

SCREEN PRINT CONDITION AND PROCESS PARAMETER

*  Special Characteristic (SC)

UM AdBIAIIAUAN NN

SOLDER PASTE BRAND/TYPE. = NO..
STENCIL THICKNESS = Mils mm.
SOLDER THICKNESS SPEC. = mm.
AAIAY Min 1IN F1 Max = mm

SUPPORT PCB

SQUEEGEE TYPE

[PRINT MODE PRINT/PRINT
[FRONT PRINT SPEED (mm.'s) mm./s
[REAR PRINT SPEED (mm./s) mm./s
[FRONT PRESSURE (Kg.) Ke.
[REAR PRESSURE (Kg.) Ke
SEPARATION SPEED (mm.s) mm./s
SEPARATION DISTANCE mm.
[PRINT GAP (mm.) mm.
AUTO CLEANING BOARD
This document isPROPRIETARY and CONFIDENTIAL
DOC-MEOXXX/ C
Ref_WIXXX-0XX
Doc.No. :  WIXOOOGXX Project No. Pa
FACTORY NAME = - =
Title SOLDER PASTE SCREEN PRINT | Project Name Rev.
000K MOO X YOI, X
PATHUMIRANES J0000C THALAND Customer ‘Checked By - ‘Appwvﬂi By
e

Sokder |

a3MUuUI a9 Stencil = xx

pecial Characteristic (SC)
‘ N3 UMM A0 I IIANAN A TIAY

Spec ﬂ’ﬂ&lg’\i : 125 +/-Sum.

AITGIV0IAE D

AMIMG (H3) | Solder volume

Rogn &b 1N [ -

15da
s | mmane

CNXXX
ICXXX
ICXXX
CNXXX

Al e~

REMARK : TiiyiinisiaazAioiu
@univifuuAnALase

This document isPROPRIETARY and CONFIDENTIAL

DOC-MEXXX/C
Ret._WIXXX-XK

2 1 ac a 4 ] .
2. NTTVIUMITINFUAIUDANNTOUNTAIUULKNUNY (Pick and Place)
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FACTORY NAME Doc. No. WIXOOX-XX Project No. Page
Title PICK & PLACE Project Name Rev.
00X MOO X KX 300K
PATEUMTHANEE XXXXX THAILAND P = i

Junoumslfian

~

w

asnaeuginsaimndnzdeslian PAD vie unasy

Tunsdififiuuesa Setup, F

S

[

AoammmoninannaivazjiiRam

Special Characteristic (SC )

n

nmmsiidesniuguanyue

PLACEMENT SPEC CONTROL

Tasnaeugunsaiiiivmnd deahindua, hifiam, hifiadunnis newilase IR

st #38 Machine Finetue 9200 imsidiou IDENTIFY dag1l

Tiwinmahmsasavaeuiurmezdosldasumniuoniauiiszyly Work Guide fouldos IR

LOCATION

LOCATION : Placement Level
LOCATION : Placement Level
LOCATION : Placement Level

REMARK : Tuns@iite: Mark " 5,

F,N avhieinvzdeafluvaiaii

1." 5" >>>up’A SET UP
2" F " >>> uniA FIRST
’
- R Machine Finetue " tfiniu "

This drawing and/or information there on is confidential and proprietary

DOC-MEXXX /B
I Y = .
Y] [V
3. NITVIUNMTHABUUDN lane1ANT (Reflow Soldering)
FACTORY NAME | Dee.No WIXXXX-XX Project No. Page
e e e Title IR REFLOW TEMPERATURE Project Name Rev.
300U MOO X 3000K , 3000
PATHUMIHANEE SO0C0C  THALLAND
Customer - Checked By - Approved By
PROCESS RECIPE Model Name... SOAK REFLOW
1. IR REFLOW : SOAK |2. IR REFLOW : LINEAR P
Conveyor Speed : 35 Inch/Min Conveyor Speed - 35 Inch/Min
Zone|  Top Bottom |Zone| Top Bottom iy Y
7= n,
1] Bsec | wbsec 1| s0ec %0 °C A W
2| ssec | 1ssec | 2 | w0 | 100 %
.
3| woc | w0°c | 3| m5°c | 5% 7
4| 16s°c | 165°c | 4 | B5°c | 135°%C ) B
s L N
5| moec | mosc | 5 | 155°c | 150C
6| wsec | wsec | 6 | wsec | ws°C
7| wsc | 15°c | 7 | 180°C LINEAR REFLOW
a0
s | wo°c | 20°c | s | 20°c | 200°C
HEREEREEIERREER .
10| 2oec | 20°c | 10| mo°c | 240°C 8y -
1| 2s0ec | 205 | 11| 260°c | 2609 L A N\
12| 2s0°c | 2s0°c | 12 | 2s0°c | 250°C i -
» e
Conveyor Width n. Conveyor Width : ... em. //
PCS: .. BCS: ... : .
Run Taudadld Tulazioun Run Tnuda 4 Tulngon
o v b T e am aW om W e we
Lidlaldlulasiau (\,) Tagasuquaandiau Aasiaant 3000 PPM
TagArflsnzauAIs Set A1 2andiauil 1500 PPM-2500 PPM
This document isPROPRIETARY and CONFIDENTIAL
DOC-MEOXXX/ C
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4. NITVIUNMIATIVFTDU (QC INSPECTION)

XXX/X MOOX XXXX, XXXX
PATHUMTHANEE X

FACTORY NAME

THALAND

Doc. No. : WIXKXX-XX Project No. Page
Title QC VISUAL INSPECTION Project Name Rev.
(Customer - Checked By - Approved By
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Abstract
This research aims to reduce defect in the assembly process of electronic parts on Printed Circuit
Boards. From the data at the case studied factory, the current defection rate was 1.34 percent. The

bridging problem was ranked as problerm number with high defects of 8,188 ppm (parts per million) or
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accounted for 59.02 percent of the whole production process. Research methodology started with
using Pareto Diagram to prioritize the problems. Next, the Cause and Effect Diagram helped identify
factors affecting the problem occurrence. The Design of Experiments (DoE) showed the factors
influencing the process output regarding 3 manufacturing process; solder printing, electronic
components placing and solder melting. The statistical desien of experiments divided into 2 parts. Part
1 focused on analyzing the bridging from solder printing process by a Fractional Factorial Design 2"
Part 2 examined the electronic components placing together with the soldering process by a general
Full Factorial Design. The results indicated that the appropriate factors to control the height of the
solder paste at 125 micrometer in the solder printing process were pressure at 8.75 kilograms, a distance
of stencil removing at 2.0 millimeter and area spedification for placing electronic components at 0.0
millimeters. The optimum values of 3 factors were implemented to the production testing for 6
months. The final outcome revealed a marvelous reduction of defect to 2,180 ppm or accounted for
36.33 percent. The total defective rate was decreased to 0.52 percent accounting for 61.19 percent
reduction from the original process.

Keywords: defect reduction, bridging problem, electronic part assembly on printed circuit boards (PCB),

fractional factorial desien, full factorial desien
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4.1.2 JATIZNNTTVAABIA Minitab R16

Factorial Fit: ¥ versus A, B, C, D, E

Estimsted Effects and Coefficients for ¥ (coded units
Term Effect Coef 5E Coef T P
Constant 120,463 0.70%2  1e%.63 0.000
4 -9.533 -4,7a7 0.7098 -5.71 0.000
E 0.575 0.287 0.70%8 0.40 0.688
[ -0.192 -0.098 0.7099 -0.13 0.893
D B. 225 3,112 0.770ss 4.38 0.000
E 0.867 0.433 0.7099 0.61 0.546
A*R 2.217 1.108  0.7089 1.56 0.128
A*C 0.417 0.a0a 0.7052 0.28 0.771
] -1.133  -0.587 0.708% -0.80 0.431
L*E -0.308 -0.154 0.70%3 -0.22 0.829
B*C 0.008 0.004 0.7099 0.01 0.995
E*D -0.508 -0.254 0.70%3 -0.35 0.723
B*E 2.883 1.442 0.7099 2.03 0.051
C*D -E.E98 =-1.148 0.70%3 -l.61 0.1lls
C*E 0.033 0.017 0.7099 0.02 0.9581
D*E -0.717 -0.356 0.70%3 -0.50 0.46l17
5 = 4.91348 PREZS = 1741.79

R-5q = 70.14% E-Sgipred) = 32.92% R-Sgiadi) = 56.15%

SUH 8 uamsansianzidvndnarosdadslunmvean
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Analysis of ¥ariance for ¥ icoded units)

Source DF SegSS AdiS5  AdiMS  F P

Main Effects 4§ 1569.04 1569.04 31381 1297 0.000

240ay Interactions 10 24866 24966 24497 103 0440

Residual Errar 32 77442 T3 24.19
Pure Error 32 77413 77413 2419
Total 47 259283
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MNormal Plot of the Standardized Effects
(response is Y, Alpha = 0.05)
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4.2.2 WATIZWN1TNAAB41N Minitab R16

Analysis of Variance for Bridging Point using Adjusted SSfor Tests

Source CF

Seq S5 Ad S5

A MS FF

Amslss it EnTaEadmng Uizl we. 2559
MFIIAINTILAREMNTT ALFIFINTIIMET AT Inendsueuunu
7-8 NINgIAY 2559 wauliu

UFuaalif Placement Mount Gap # 0.0 mm.
nszurunInasulansianildguuuy Soak
Reflow WuULAe

Mount Level 2 M0E00 RBOEOO 40300 2748 0.000
Raflow Type 10532 0832 0823 036 0582
Mount Level*Reflow Type 2 0867 0867 0433 030 0747
Errar 24 35200 35200 1467

Total 28 17200

S=121100 R-Sg=69.97% R-Sgladl=G371%
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dnasedaiiioddn Inoseduiviliiat gwiiay
TanAaseAuraINIIaTsEdu 0.0 mm.

7199 5 wamalFnawsadiinatundinaliulse

Main Effects Plot for Bridging Point
Diata Mears.

H 3
L
1 —
0.0 03 o5
Mount Level

gﬂ“ﬁ 14 wawan3 1w Main Effect Plot @ina37u7u Bridging

4.3 HAN1INAADIHANUIIUTIBUNBUUAT HAINS
UFuusa

mnﬁb'uﬁﬁﬂﬂ%'ﬂﬂﬁmmuauﬂﬁ:mum'ﬂmﬂﬁwmﬁ
naaasimuaduasgulmilidunszuiunsuay
nanoslfifiuiaat 6 ideu Aeduusidiou figuiou -
woAAnou 2558 Aslluanisvaaoiiléni Tnsaaunu
tlafonsruunsdel

nszvIun TR lansdanIAluAuAIAIINga
WWmane 7 125 um. + 5 um. TaguFuusanail 8.75 Ke.
LATTEDE YDA Stendil 7 2 mm.

nsrUIuMsIeEUAILBIENNsolnd fmuanis

180

foums | wWasns
I0ANT Uiulgs | Uiudss
Frauuasainput) 526,147 | 83,502
F1uanueiaOutput) 519,120 | 83,064
Yield (%) 98.66 99.48
Defect (%) 134 0.52
Puradyninig 4308 182
#A2995(Bridging)
TuTaIlywinig 8,188 2,180
ﬁ'mwa(Bridg'mg)ﬁLﬁﬂ%u
(DPPM)
Bridging {dppm)
10000 S158
8000
6000
4000 5180
2000
0
before After
= Before ®Afier

301 15 vlRsuifisudndiuneadvaniymnisdemens
(Bridginglriauuarwdniulsa

15199 5 wanslinsivirsuauvende
Usziannisdanassudulymiuniignanaunde
{lea 36.33 Weidus Fuhldnmruveadgumiomn
Tunszuiuns anaeann 1.34 wWeddus widaifios 0.52
wadidiud viednluanvaadoa 61.19 Wesidus

4.4 MIBUTUHENISEDTA
ndayavoaide(Defeciiounisuiuuye
NTzUILNMILARaIN1TUFUUTINTZ UL TELN T
msvaasaievadavmLAgulaoly 2 Proportion-test
fiszfuanandadiu 95% (o = 0.05) #a91ninguszadd
n1s3dudeanisiivaade (Defect) asaslaaiinis
mﬂauﬁuuﬁg’mwuﬁ%’ﬂﬁqﬁ



Hy: P,< P, (3)
Hy: P, >P, @)

-y = W a1
P, = Wediuavendeiiliainnszuiunsudntaunis
Uiulsa
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Test and CI for Two Proportions

Sample H ¥ Savple p
1 4108 526147 0. 00B1EE

2 gz 23150z  0.0021B0

Difference = p |1} - p (I}
Estimate for differesnce:
95% lower bound for difference:
Teat for difference = 0 (we > 0):

0.00600824
0.00567324
Z = 19.30 p-velu= = 0.000

Figher's exeet test: P-valus = 0.000
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