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ABSTRACT

The objective of this research was to solve the tombstone capacitor effect problem in
Printed Circuit Assembly process by applying the six sigma technique. The study of previous data
for Denali model showed that the Tombstone capacitor problem occurred up to 48% which equaled
to 1,154 DPPM with acceptable output (yield) at 98.4%.

The research methodology composed of 5 steps starting with defining the problem and
measurement phases. The researcher indicated and investigated the causes of problems at Solder
paste printing process, SMT placement process, and Reflow oven process. Measurement system
and process capability were also analyzed and assessed in the next phase. The causes of problems
were analyzed with statistical tests. The Design of Experiment (DOE) and Redesign techniques
were later used in the improvement phase. Finally, in the control phase, the process control plan
was assigned for maintaining the result of improvement.

The result showed that the six sigma technique can reduce the tombstone capacitor problem
from 1,154 DPPM to 314 DPPM or 73% and acceptable output (yield) at 99.66% for the Denali

model in Printed Circuit Assembly Process.

Keywords : Six sigma, Tombstone capacitor effect, Print Circuit Assembly Process.
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DPPM Defect (DPPM) DPPM | DPPM | DPPM | DPPM | DPPM | DPPM | DPPM | DPPM DPPM
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Machine

Too high N2 flow r:me\ \

Too fast ramp rate of reflow profile

\ Dirty sbenci.M dan
Aperture shape \ Operator handling when transfer
Too low solder height
Too high snap off height flex from printing fixture to pallet
o0 high print force

oo fast print Speed

E nv ]r(_] NIMNEN [Too height temperature setting of reflow

SMT M/C
Misalignment of printing

Room temperature is not within Poor solder quality

specification. Solder paste qualityis unmet o0 wide spacing between pad
Misaligment of component placin

Too long solder paste /
lifetime
Solder paste ty
'{00 long solder paste thawing time
Measuremen
Component loading direction in % flux in solder pas Pad small

reflow Unbalance pad size

Method Material
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4.5.3 M3 IATTHANNUANIBIASHANTEND (Failure Mode and Effect Analysis)
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A15199 4.2 Wﬁﬂ?i%LﬂiT%ﬁﬂ’)ﬂJUﬂWfﬂx‘ilLﬁ%Nﬂﬂi%‘ﬂﬂ

Process Potential S
Potential Potential Causes Current
Description/ Effect of RPN
Failure Mode of Failure Control
Function Failure \%
Too low Solder Paste
Unbalanced Force | Tombstone Defect | 8 WI 384
Height
Unbalanced Force | Tombstone Defect | 8 Dirty Stencil PI 32
Too High Snap off
Unbalanced Force | Tombstone Defect | 8 WI 32
Height
Insufficient Solder
Tombstone Defect | 8 Too Fast Print Speed WI 32
Volume
Insufficient Solder
Tombstone Defect | 8 Too High Print Force WI 32
Volume
Misalignment
Tombstone Defect | 8 | Misalignment of Printing WLPI 16
Printing
1. Machine .
Small Melting
Tombstone Defect | 8 Aperture Shape Drawing 144
Area
Small Melting Too Wide Spacing
Tombstone Defect | 8 Drawing 288
Area between Pad
Misalignment of
Unbalanced Force | Tombstone Defect | 8 WIPI 192
Component Placing
Too High Surface
Tombstone Defect | 8 | Too High N2 Flow Rate WI 224
Tension
Too Fast Ramp Rate of
Unbalanced Force | Tombstone Defect | 8 WI 192
Reflow Profile
Too High Temperature
Unbalanced Force | Tombstone Defect | 8 PI 32
Setting of Reflow
Component Loading
2. Method Unbalanced Force | Tombstone Defect | 8 PI 32
Direction in Reflow
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{ a 4 1 1
GﬂiNﬁ 4.2 HAaMIAUATITHANNUNNIDUASHANTENUY (71D)

Process Potential Potential S (0} D
Potential Causes Current
Description/ Failure Effect of E C E | RPN
of Failure Control
Function Mode Failure \% C T
Poor Solder Too Long Solder Paste
Tombstone Defect 8 3 PI 4 96
ability Thawing Time
2. Method
Poor Solder Too Long Solder Paste
Tombstone Defect 8 3 PI 4 96
ability Life Time
Poor Solder
Tombstone Defect 8 % Flux in Solder Paste 1 Data sheet 2 16
ability
Unbalance
Tombstone Defect 8 Solder Paste Type 1 PI,Drawing 2 16
Force
3. Raw material
Unbalance
Tombstone Defect 8 Pad too Small 1 Drawing 6 48
Force
Unbalance
Tombstone Defect 8 Unbalance Pad Size 1 Drawing 6 48
Force
Operator Handling when
Misalignme
4. Man Tombstone Defect 8 Transfer Flex from 1 PI 4 32
nt Printing
Printing Fixture to Pallet
Room Temperature is
Poor Solder
5. Environment Tombstone Defect 8 Out specification. Solder | 1 WI 4 32
abiility
Paste Quality is Unmet.

VINMTUAAINANITAATIZHAINUNNIBILAZHANTENUNY I ToUNNT 0904 6

9 1 d‘d d’ o a 9 J [ d‘
VOUNNIDINUAT RPN-Score 410N 100 ﬂzuuum@mmummﬂ"lmm“lﬂmmi”lm 4.3
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{ o w a d 1 { o
M5199 4.3 waagUdwuazuuulumsinizideunnieuaznansznundiAgy

A UK RPN-Score
1 AMGUBIAE 0§ IR (Too Low Solder Paste Height) 384
2 2823 NINFUBIHUNUN (Too Wide Spacing between Pad) 288
3 §a31ms InavedluTaswui 1910 (Too High N2 Flow rate) 224
4 Lﬂ%i’fN’JNﬂEJNIWLﬁullij@N (Misalignment of Component Placing) 192
5 sanmanlasunlasgangiveanieseunsii (Reflow Profile) 192
6 é’ﬂyngmmmiuﬁuﬁﬁm%’uﬂmmﬁ’a (Aperture Shape) 144
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1 % % { % a 0’ % 4
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Aa [ H [ 1 o a a wua <3
Taglszmnumnisdeniinandounnioaniinl RPN 110011 100 mduiumsdgiansud lud
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1o Y awv Y o a ' ' I L
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Pareto Chart of FMEA

F 100
80
60

Percent

L 40
L 20

Cauzes

Count 334 283 224 152 192 144 % 96 48 48 32 32 32 32 32 32 31 0
Percent % 14 11 0 10 7 5 5 2 2 2 2 2 2 2 1 1 4
Cum % 1% 33 44 34 63 71 75 3D B3 B BT &R S0 51 53 M 56 100

319 4.24 uwua s Talsganud U RPN
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4.5.5 MFTUALHITUUNTIA (Measurement System Analysis)

A o ¥ Ay a s A v a E- o & Y
ﬂ'liWﬂgu']sll’f]u‘]ﬂﬂUlﬂil'n!ﬂi']gTTLW’f]ﬂ'ﬁﬁﬂﬁuGlﬁ]uu Nﬂj'lilﬂ'llﬂu@ﬂﬁﬁijﬂﬁﬂﬂ

" 9 1 AN Y

! o o ) A Y A " A )
nounveyamaniuansnii Il lumsesurenszuiums 1dnseli uazilosnindoyanla
~ o & 9 ] [ o YR 9 a 9 ] o
uaudluazdosdiuszuunsiai InssasllssiiunnugnasaazaNuUN U UBITLU

@ 1 A o Y 9 v A 9 A [ P [ W v
msda nounvzihdeyamldlumsdadula dminwanmsdsziiueglunusineonsylyld
9 Y [ I Y1
dvamaurguazuniymiszuumsiald laneu

a d [ 4 [ A
4.5.5.1 MIIATNLHIZVUMIIAUDANTDINTIVOAIUIIA (AOI Inspection)
a 4 [y 4 [ vAa
MINATILHIZVUNTIAVDUATBINT 1A VDA Tula Tun1suenue

S A =\ [ va z a I A [ A o A 9
VDIANTDVDUTIUUVOA TUNAUY D2 IUATIZHHIUATDIATIVADVOA TUNATIUIY 6 1AT04 Tae e
Qy o a” = Y =) Qy A A o a
FUNuAsgIUsIIu 30 Fudalsznev ldreand 15 Furaznunnailyinuda Tauanhg
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9905 15 sulumsnaasuniodas 2 asauazazins1zvpacu ldsunsuda Tulansenii

J a [ {
Attribute Garge R&R Report 1Aginaiann1siiassszuuns IaazgNaziuy Consistency Hag
. [ d‘ 9 =\ = [ [ 9 d!

AU Efficiency V0IUAALIATO 92ABITAZUUY 100 AZUUUTRZEBNTUTTLUMSITIA 1A B
YoUANMINATOUILUVUMI IAVDUATOINTIVADUOA 1UITA LUAAIAINITIIN 4.4

U

A3 17 4.4 WANIANY Gage R&R V94UA309A5219d0U0A Tualumsasrvduilym

Sample part AOI#1 AOI#2 AOI#3 AOI#4 AOI#5 AOI#6
S/N | Master 1 2 1 2 1 2 1 2 1 2 1 2
1 A A A A A A A A A A A A A
2 A A A A A A A A A A A A A
3 R R R R R R R R R R R R R
4 R R R R R R R R R R R R R
5 A A A A A A A A A A A A A
6 A A A A A A A A A A A A A
7 R R R R R R R R R R R R R
8 R R R R R R R R R R R R R
9 R R R R R R R R R R R R R
10 R R R R R R R R R R R R R
11 A A A A A A A A A A A A A
12 A A A A A A A A A A A A A
13 R R R R R R R R R R R R R




M13199 4.4 HaNSANY1 Gage R&R V09AT0IATINTOUOA T UM sas193 Uil (de)

Sample part AOI#1 AOI#2 AOI#3 AOI#4 AOI#5 AOI#6
S/N | Master 1 2 1 2 1 2 1 2 1 2 1 2
14 R R R R R R R R R R R R R
15 A A A A A A A A A A A A A
16 A A A A A A A A A A A A A
17 R R R R R R R R R R R R R
18 R R R R R R R R R R R R R
19 A A A A A A A A A A A A A
20 A A A A A A A A A A A A A
21 A A A A A A A A A A A A A
22 R R R R R R R R R R R R R
23 A A A A A A A A A A A A A
24 R R R R R R R R R R R R R
25 A A A A A A A A A A A A A
26 R R R R R R R R R R R R R
27 A A A A A A A A A A A A A
28 R R R R R R R R R R R R R
29 A A A A A A A A A A A A A
30 R R R R R R R R R R R R R
Yoyanual

A HUNED9 UAATUINIATIIUMINAA (Accept)

== A a o a 4 .
R e unnailgmgualaunnidnes (Reject)
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Amribute Gage RER reporn

Apprarsal Consistency and Efficiency Popraisal and Precass babavior
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I t —-—E'r 2 'I':l E—|— N = = |
BT
" Back
_._Ipm.:liﬁmrh______-_____
1 I_I Consistency 1000 100.0 100.0 0.0 1000 {[e1] J
z F A — T —— 1 — T — 1T —i—
3 s pajuct 0 o 1] 1] [} [}
4 o (0°TF LIS R | S | I | I | | L —— | E—
] Efflehuncy 100.0 100.0 100.0 100.0 000 100.0 J
& Poore I_ el |
T Group Conkaemey— — —— - - ——— — = ———— e —m— oo —_ . 100.00% -
k] Groyp affichngy —-—----—----— - - e e o e T T

! a J @
517 4.25 91901UMTAATIEHIZVUMTIARY Attribute Gage R&R Report

§ a 4 [V
1N3UN 4.25 UAAIIIWNIUMIUATIZHIZTVUNMTIARIY Attribute Gage R&R
Report WUI1A1 Consistency 1182 Efficiency U9410303039900U0n IuliAuaaziniotagi 100
2 ¥ I A o PN A = Y
AZLUUF AN TR UINAT0IRTI VR TUIANY 6 1AToslanuasalunmsasnduLas
a A = Yy = a A o 09: [ oazl =R AaA
mMIuenuezvearIoveuds laedalidszaniain 100%  asiuszuUMTIauIdaa
~ A o o A o = A4 o 9 Ay g )]
anuansafisawenazii lifanannnszuaumsidimsane o doyan 1 1014 ums
a o :Il 1
T luduneuae 11
a d (Y] 4 o
4.5.5.2 MINATZHILVUNITIAVDUNT0INNNGIVOIALN)
4
TUADUMITIATIZHIZAUHUMITAAT BUNUIATFIUNANTLUIUMNT
Y 4
a o a o o o 1% @ I o
HaAsIuIU 20 Fu Tagldwiinauda 2 au imsiaauas 3 sou s manzidusoums
k4 4 1
Ja Mavua 120 A59 Joyannmsinezihuinszidreadamoasragouanuiiiodiiyves
v [ 9 .. ] Aad o a 4 Y] 1 d‘ 1 A v
AnuAuulsans o Taglgldsunsy Minitab 11528 3591M5uAT IRz deA R AeaZ AN Y
a a S &2 a Y o I
(X -~ R) TunsAngzy 35tz ausonenauiunlseonilu Repeatability 110
o v Y o o - L & 3
Reproducibility panniula Lmzmmmclumimwaﬁ)z@,mmﬂaiwm Contribution %4 1a#312'11

7 o Ay ' 2 v o o o y A
Lﬂm“ﬂ1Uﬂ1iﬂ®MiU@§T}u@ﬂﬂ31 2 % “]N“U’E]llﬂﬁﬂﬁ'Jﬂﬂ’JTJJE:fJQEU’ENG]gﬂ’NJENWHﬂQ'Iu Iﬂﬂlﬂﬂﬂi@\i

TANNNGIVOINLNIMAAIAINIT N 4.5
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M3197 4.5 Yoyan5IANINGI09AZ N (Solder Paste Height)

Sample EN.1980 EN.10565

Trial #1 Trial #2 Trial #3 Trial #1 Trial #2 Trial #3

1 4.46 4.52 4.39 4.53 4.48 4.34

2 4.48 4.41 4.46 4.48 4.42 4.49

3 4.34 4.38 4.38 4.20 4.30 433

4 3.92 3.92 3.90 3.86 3.94 3.92

5 4.68 4.70 4.81 4.74 4.74 4.66

6 4.17 4.44 4.21 4.17 4.19 3.94

7 3.88 3.79 3.73 3.74 3.67 3.68

8 3.36 3.31 3.20 3.20 3.23 3.16

9 3.59 3.72 3.68 3.66 3.59 3.55

10 3.18 3.13 3.12 3.13 3.14 3.19

11 2.99 2.84 2.91 2.99 3.00 3.04

12 4.01 4.08 3.99 4.13 3.98 4.10

13 3.62 3.50 3.57 3.62 3.70 3.61

14 3.69 3.71 3.72 3.76 3.76 3.75

15 3.37 3.37 3.36 3.45 3.39 3.44

16 5.16 5.18 5.16 5.13 5.16 5.15

17 4.93 4.96 4.93 4.98 5.00 4.97

18 4.80 4.74 4.72 4.80 4.74 4.71

19 4.69 4.78 4.81 4.78 4.80 4.74

20 4.60 4.61 4.57 4.60 4.62 4.59
Min 2.9900 2.8400 2.9100 2.9900 3.0000 3.0400
Max 5.1600 5.1800 5.1600 5.1300 5.1600 5.1500
Stdev 0.6274 0.6623 0.6589 0.6458 0.6473 0.6328
Averg 4.0960 4.1045 4.0810 4.0975 4.0925 4.0680

nasnnladoyanmsiannugevesaznivesminau lnslfinTesianugevesnzna

Y { o 1 < 0 a J 1 .. :
ﬂi‘]_ll!é}'lﬂ\iﬁ'lﬁ']\iﬁ 4.5 slluﬁi‘)uﬁ@Ul‘]JHJufﬂﬁu’]WﬁiJ’]'JLﬂﬁ’]zﬁW’]‘L!Tﬂﬁllﬂﬁll Minitab “d]);\‘]llﬁjﬂaﬂTi
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naaoenag 426 wazgili 427 Tasmsulaanuwmevesnsmlsuiudeserunsilums

muasudoyanou
Gage R&R (ANOVA) for SH
Rapored by
"\:i'-i:_‘-ll;f_i ) :f;.'i“'!*'
Componenta of Yaration
PR I {_ T
S E R L= L hre-h 3 o -':,_:: LR § LA
ﬂDﬂdw?ﬂnha S by Bperatons
E:: N \fﬁ] ﬁf\fb umeo2Mm N I
. 7 Tzl '
'E as &l"{. M’ e ! -
Mnas Chart by Operators e
! I: dperaten * Party Interaction
: S i 1 fr“q% \—‘::
? ' gy i - I\JR'“ .‘1’
3 L T AT AP T EE TR T eTTEr

‘I_Iﬁ 4.26 ﬂﬁ‘VI’Juﬁﬂﬂﬂlﬂﬂﬁﬂ"ﬁiﬂﬂ’ﬂﬂﬁﬁli’)ﬂﬁ ﬂ’J

91nn31031/9 4.26 W11 N34 X-bar Chart HANWUANANAUVBINUNIINIA
4
P NUUHIAY LAZVINUNUMNLTAIDNTNATINTZHINWTNNUUAS FUNUUAAIIINIINNIU IR

12a 1 Y Y { 1 ay 2 { o S [l
‘luﬁamwaimﬂu%mm ﬂ‘nﬂﬁwaamzmwwmm LN %uqmﬁummﬂamgﬂu"lﬂama

H ' ' F4
qu hlllfl?j’]JlJl,‘]J‘]J‘ﬂL!ﬁL!“L!fJ‘L! HazNIIMNWAIATEHINNUNNUNNARDY LAAIIINUNITUTITOIAY

Tiuangararig
Gage R&R
tContribution

Source VarCoup (of WarQompl,

Total Gage RsR 0.004560 1.09 |

Repeatability 0.003601 T.&
Eeproducibility 0.000959 0.23
Operators 0.0ooo000 0.o0
Operators*Parts 0.00095%9 0.23
Part-To-Fart 0.412597 95.91

Total Variation 0.417157 100. 00

Study War $5tudy Var
Source stdhew (3D (6 * D) (%3]
Total Gage R&R 0.067526 0.40516 10.45
Repeatability 0.0s0007 0.35004 9.29
Reproducibility 0.030987 0.18580 4.79
Operators 0. 000000 0. 00000 0.o0
Operators*Farcs 0.030987 0.15550 4.79
Part-To-Part 0.642337 3.85402 99,45

Total Variation 0.5453877 3.87526 100.00

31U 4.27 wamsAIw Gage R&R tazns mlununmon 1usunsy

91113109 4.27 WANINATOUNLIIAT %Contribution MINU 1.09% HUIWAIINI
1A 9 A [ o A o A A v A & o
Ao lannmiesiannugevesaznitianuiuulsiiiesniniesiamies 1.09% Funun lu

@ 1A 1 @ 09.: 1 4 @ M 1 7 @
msgousUsgNioonil 2% auiunaasiunieeiannugeesaznieglunasiisensyla
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o a d
4.6 YVUADUNMTUATIZY (Analyze Phase)
9 [ 1
MINTUADUNTIANA (Measure Phase) WUNAWHANdIHansznUasilymIAiinsdny
6 aungFalsznouliae
1. A7NGIV0NZNIDE TUAIA (Low Solder Paste Height)
] 1 1A 4
2. ITYLVNITHINFUDAUNUNUN (Width Spacing between Pad of Stencil)
o Hq 9 .
3. 9051m3 Inavee luTasun 19110 (Nitrogen Flow Rate)
4. 1n59919n0u Tl uy lias (Misalignment of Component Placing)
Y ! a ] 4 o
5. oamsnlaoun)asguiinliod195IA152U0UAT0I0UAZN) (Fast Ramp Rate)
[ 1A d o o )
6. ANBULYDIFVOWNUNUNAHMSUI1ANZAT (Aperture Shape of Stencil)
a 4 QS/I o a L= PIEY= a 4
HUINNNTAATIEHH UM BRI IEHNazaung TasldI5n159ns1svinUY 2
i a 1 @ IS A a Ao a o a J
Proportions tefgatNilvdelalluaungiuis s ldinailgmgualaunihdnes Taslu
dy ~ ] A o v 1 A @ J A g
msnaassiiaziigajanmeaionaunsesiledeais q Nasdeesn llnounseilumsnsounniz
o A 1 a o a o ] v o w
PJavenuwanemanailymyualaunhdmes sgralisdinmy
4.6.1 MIMMIUMIBENIN]FINN15NAADS (Power and Sample Size)
3 o (% 1 . Ay Y v Y A
VINTUADUNMITUITIUIUAIDEN (Sample Size) N lana1 13 Tuaden 3.6.1 a2
o a v 1 =) d‘ a dg} d‘ o = = v Y o 1 =
Mmsnansandaaivveudesinavuieiwnlisumneunu Taglddadiuveudoves
Uszmnsnquusnegh 0.001154 (Idnndeyadadiuveudeilgiing uazlddadiuveudoves
= ' 2 VA 2 g o 1 a Ao Y £ o @ ll
Uszmnsdnnguunileagh 0.000346 (Fuudadruveudeauihvient]d) Feswiudedis
{ a ua a I ' s & Y
Tumsnaaesdfivauansnlfia laeTwazdu )18 lundrsvgmans salumsnaaesiii
4
Tanwoiindeeglugie 12,000- 14,170 Fuleeldlisuunsy Minitab u5aelumsfiuan

3 a o @ 1 a {1y ¥ v {
nniuAnsansuaed Tasiasanainanul wan lduaaadegii 4.28

Power and Sample Size
Test for Two Proportions

Testing proportion 1 = proportion 2 {versus not =)
Calculating power for proportion 2 = 0.000346
Alpha = @.85

Sample
Proportion 1 Size Pouwer
8.801154 12880 08.627911
8.881154 1308608 8.662641
lg.g01154 14178 A8.7868621

The sample size is for each group.

71/ 4.28 wanmsnadeumsmSIuAIe1e Taeld Tisuunsy Minitab 538 lumssuow

1NgUN 4.28 UAAIWANITNATOUMIMIVLINA019910ANN Ny IRvINIA

@ 1 ~ Qy Y1 o w ~ B 1 v A [ Y o 09/’
A108190 14,170 Fuvz ldmsidevesmsnaaoun 0.700021 Fvogluszavivousula asiuly
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v
YououNNI0d 2 Uszrns ludunoune'lil
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4.6.2 ﬂ]ﬁ?!ﬂ'ﬁ]%?‘i"fljﬁﬂﬂWi‘@ﬂu!g@QﬂTqu\‘ﬁlﬂQﬂgﬂ? (Solder Paste Height)
d' i o o v o 4 o
ﬂiUUWWWWUﬁ’E) Lﬁammﬁqu’mmmqwmmmﬁawmwuwmmawu
[ 1 a o o a I'd 1 1 r; o 9 a ) [ a (A ]
LURNUINAT WU'J'l‘iJﬁ?J"lﬂ!ﬁgﬂ’Jﬁa\iﬂWiW‘lJW@Eﬂlaluﬂ'l@]? Vﬂﬁlﬁﬂiiﬂﬂ!@%ﬂ?ﬁﬁﬂﬂ"lﬁWiJWiJﬂiiJ'lmllﬂJ
osj ' a M o a o’ogjl o [ Y 4 o a 4
MTﬂWﬂﬁ?ﬂiuU"I\‘]ﬂiQW‘]J'JTTJ?N"Iﬂ!ﬁzﬂ?ﬁﬁ\iﬂ?ﬁWNWﬂ\iﬁ@\‘]N\iuliJWnﬂu!ﬁﬂ“Vﬂﬂ'ﬁWNWWﬁ'lﬂ
o % dyl as/' o I 1 v A 9 aA [} Y I
GH'JIM\?LLQ%NﬂWULﬂﬂ‘ﬂﬂJUWTH‘UfJEJﬂﬁﬂ W UINs 122198 A AT WU ﬁ?ilﬂﬂﬂ%?ﬁ?ﬂiﬁ@%ﬂ?iﬂW%

Aanusuanas denaldussdganuesresdanzn sy hiruzusidgasznindingMnugves

v a 9

] a 4 1 Jd v ] a -4 A o ] a 4
UAUNUW TUSI9aen VBT AN UUHUNNN (Stencil) waﬁmiuﬁmmmwwuwmguwuwuw

v

a 4 o 9

d?' a v ] 3 A Y A ] 9
mﬂﬁuuuazﬂimmmmvlwnwm"lﬂummmwamﬁuu@ammalluammm ﬂmm"lwu”mu

& 2 o q v 3 Ay 1a o A
ﬂi’)miLWNﬂ?WﬂQ’QﬂJ@Q@%ﬂ’ﬂﬁNWﬂ"UHI@EJ‘Vl]llliJﬂiiﬂf]ﬂﬂﬂﬂﬂllijﬂﬂl@ﬂ@%ﬂ?l‘i/ll,mﬂSﬁ‘iJ

HHININIAATIEHIZRINMIAIVANTNANUFIV0IEMNTEAVA NN 1A
AINITNN 4.6 INOMIFNANUFINNINZANE1HTUMIAIVAY tNoaadn1Izus e luduga

{ ! 1 a o a 4 ]
(Unbalance Force) Waanalagassomanailyminualauanhdmes uazy19augaves

~

o Y o Y A a ] a . IS ] @ & a
G]Zﬂ?]‘]/lﬁﬂﬂ'lﬂ'lﬂuﬂuhﬁlgﬂ 3.0-7.5 Wa Iﬂﬂ’l’iu’)ﬂllﬂ (mils) WunueInseozn1eE 40 WY

U

ALY 1 Yaatuas

{ v Ao o a g a 4
A1519% 4.6 ﬂ'ﬂllq@ﬂl@ﬁ@l%ﬂﬁ‘ﬁﬂWﬂWiﬂ'}UﬂﬂJﬂUﬂ?ﬁlﬂﬂ‘l]ﬂluﬁﬁﬂllﬁIGIUﬂWTJW“])'LG]ﬂﬁ

Solder Paste Tombstone | Expose Solder | Excisive Solder
Input | Output
Height Capacitor Pad Capacitor | Pad Capacitor | % Reject
(mils) (pes) | (pes) (pes) (pes) (pes)
4.5%0.5 960 906 5 49 0 5.63
5.0+0.5 14,170 | 14,146 24 0 0 0.17
5.5+0.5 14,170 | 14,152 18 0 0 0.13
6.0+0.5 14,170 | 14,159 11 0 0 0.08
6.5+0.5 14,170 | 14,161 9 0 0 0.06
7.0£0.5 2,400 | 2,310 4 0 86 3.75

MUNBMe : FaNugIueIazniihimniuguluilagiiufe 5.030.5 da

1% { (R o A a I
iﬂﬂli\lﬁﬂ'li‘ﬂﬂa@ﬂﬂ\wni'lﬂﬁ 4.6 W‘]J'JHf'J\?ﬂ’Nll’Qf\iﬂl’f]\‘l@Zﬂ’Jﬁ 6.5i0.5 ua uJu

4
9 o Aw ~

1 Ao ] a o a s Y v o =2 A o
Glf'N‘VlVl'lcl,ﬂﬂ'lilﬂﬂ‘]JiUUW'I‘](I”Nﬁi@]uﬂ’]ﬂ’l%m@iuﬂﬂﬁﬂ ANUUANTIVYLUASNUITUINUADANTINIT

e

NATDUANVLANANVDITNANUFIVINLNIN 6.510.5 Ua wufTeumennurInnNugIves

o [ o A a 21} a [ dy
SN ‘]Ji]ﬁ;‘]JLlﬂi’) 5.0%0.5 Ua Iﬂﬂ@]ﬁﬁﬂﬂ@ﬂWNﬂ?iﬂﬂﬁﬂﬁﬂﬂu
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H: P<P,
H: P>P,
o a a s A o
P: i’]G]i’]ﬂ’liLﬂﬂﬂiyﬂ’luuﬁi@uﬂ’lﬂ’]“m@@ﬁ Lll'f]'ﬂ’]ﬂ’liﬂ?ﬂﬂmﬂﬁ’]mqq

YBINEAINYIIANVGY 5.010.5 U
[ a a s A o
P, sanmunailaymigualaunihdees eninsaIuuANNgY
YDINEAINFIIANVGY 6.5+0.5 Na

wamsmudIudre Tsunsutun ldnadeaisnan 4.7

{ a 9 ] [} q'/
GﬂiNﬁ 4.7 WaNIINATDUANUAFIUUVDUNNIBIVDITINANNGIVDIALN

Sample X N Sample p
Solder height at 5.0+0.5 mils 24 14,170 0.001694
Solder height at 6.5+0.5 mils 9 14,170 0.000635

Difference =p (1) - p (2)
Estimate for difference: 0.00105857
95% CI for difference: (0.000264557, 0.00185259)

Test for difference =0 (vs not=0): Z=2.61 P-Value =0.009

A o Ay Y ° ~ ~a o
ANAMINAARY 11i1A1 P-Value  #laniimsulSeumiesuduainiiy
AANAIALLUN 1 YOINMINATOUANNATIU (L) NIZA 0.05 9LWUIIAT P-Value HA1wn &9
L v A A
N lumsaadulone
A1 P-Value<O Mot graseuuagiu H, (Accept H,)
1 =< 1 (% =\ d' a a
1 P-Value>0L nuned lutivanguiisanoNazdfasaunagiv H,
NHAMINATVN IANVI1A P-Value 1M191 0.009  Fa1ip8n31 0.05 17U

@ a a S A o o A
wneeoasimsmeilyrigualauanhdmes lotinminuguanugwesnzNINFANES

D.

a (Y a o a ¢ A ) M
5.0+0.5 Jawnnnoasimanailymgua launnhdmesiloiimsaiuguanugavesaznii
FNANUGI 6.5£0.5 HavgniisdAyiszauaNuFeu 95%

a d 4 a Jd
4.63 M3NANTHYOUNNIBI U509 5203HIITTHIIFVOMHUANN (Width Spacing

between Pads of Stencil)

Y ] v
AA v

U @ o & { 1 a o a J

Padwonilatenitaiinadomsnailygmigualaunindaes Asiuiivewnznd

1 a J 1A oA o M) a .
14 Terminal NA1IABBITZEZTENINLNUNNNBWINIZIH TH T IAW0A2 NIV A Terminal

tooasdanaliigenald Terminal lifioaneiiiomanizuseliauaa (Unbalance Force) Tugag
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1 1 a 4 1 o 4 ! .
PONUUY  52UZTENINFVOIHUNLHNTZozANAUNBITz oz NIz auiga Tunsoa NI

520232 INANNFAADT VDO WHUNUN FIHANITNAADUITAINIA1T19N 4.8

~ =) ~ J 1A d v a a 4
A1TNN 4.8 WﬁfﬂﬁlfﬂiEJ‘UL‘V]fJiJi%8353%31Q§%®QLLNUWNWI‘1UﬂWiLﬂﬂﬂmyﬁWﬂ”NﬂIGlu mihgines

Pad Spacing After Input | Output | Tombstone Capacitor | Solder Ball %
(mils) Printing | (pcs) (pcs) (pcs) (pcs) Reject
7 Y 480 471 0 9 1.88
8 14,170 | 14,162 5 3 0.06
9 14,170 | 14,163 7 0 0.05
10 14,170 | 14,161 9 0 0.06
11 @ 14,170 | 14,159 11 0 0.08
12 14,170 | 14,156 14 0 0.10
13 14,170 | 14,152 18 0 0.13
14 14,170 | 14,151 19 0 0.13

1 a 4 ] a c’d‘ 9 v A a
N8R - MIBONUUVIELIENINIAMINTIMI VB IHL NN 1FTlagiiuae 13 Ua

VINHAMINAADIAINTIINT 4.8 WUTINTDONIULILELILHINUDIHUALIA
g Hauaze davmlimanailymmualauahdinesdosas udeznuinszozszninagveaury
fiiit 8 Hasudawaldifailym Solder ball Fudithanen Tnthunidsa ity lidu
wasgufigndiiinue ﬁ’qﬂzué’ﬁﬁ%’mmzﬁmm%‘\Lﬁaﬂﬁwmimaaummxmﬂ@hwmmi
PONIULIZELITHINVOLALRNITT 9 TaulSeuifeuiunmseenuuuszesszningve sy

a 4 [y % a us/‘ a @ Y
nun a flagiiufe 13 Ua TasAsauuagIumMInaaeeaail

H,: P<P,
H: P,>P,

s A 1 v 1 a o~
P: i’)@]5"Iﬂ']§LﬂﬂﬂmWTﬂNﬁIﬂUﬂTﬂV]jm@ I NITYSUNITHINIUDIUNUNNNN
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Y] a a 4 d' 1 1 1 a n'd'
P,: E]G]i1ﬂ1i!ﬂﬂﬂﬂluﬂ1‘1(lvﬂﬁIWUﬂWﬂWﬁm@i NITYSTNITHINIVDUANUNINN
Jyee 9 a

wamsaudIudle Tlsunsuituni ldnadan1snan 4.9

{ a 1 1 1A 4
A1519% 4.9 Waﬂ13‘ﬂﬂET’E)‘UﬁuﬂJﬁjWH%@UﬂW‘iﬂﬁﬂJﬂi‘i%ﬂ%ig‘ﬁ"JNE"UfNLLNuWZJW

Sample X N Sample p
Pad spacing 13 mil 18 14,170 0.001271
Pad spacing 9 mil 7 14,170 0.000494

Difference =p (1) - p (2)
Estimate for difference: 0.000776288
95% CI for difference: (0.0000850629, 0.00146751)

Test for difference =0 (vs not=0): Z=2.20 P-Value = 0.028

AHANITNAADY (01181 P-Value  Nlan1iinsulssuieuiuainiiy
AAWAIALLUN 1 YoIMINAFoUANNAIU (L) NT2AD 0.05 9LWUIIA1 P-Value HA1wn &9
L v A A
nan lumsaaaulane
A1 P-Value<OL naned s fraseaunagiu H, (Accept H, )

A1 P-Value>0L unens ilivanguiisane Nz rasaunagiu H,

v
o
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Input | Output | Tombstone Capacitor
No. | Aperture Shape | After printing %Reject

(pes) | (pes) (pes)

1 14,170 | 14,154 16 0.11

2 14,170 | 14,152 18 0.13

3 14,170 | 14,148 22 0.16

4 14,170 | 14,150 20 0.15

5 14,170 | 14,147 23 0.16
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Sample X N Sample p
ANy IUUVAN 1 16 14,170 0.001129
ANy IUUDAN 2 18 14,170 0.001270

Difference =p (1) - p (2)
Estimate for difference: -0.000141143
95% CI for difference: (-0.000947182, 0.000664896)

Test for difference =0 (vs not=0): Z=-0.34 P-Value =0.731
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Input Output Tombstone Capacitor
Yamaha Machine % Reject
(pcs) (pcs) (pcs)
Before Calibration 14,170 14,149 21 0.15%
After Calibration 14,170 14,154 16 0.11%
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Sample X N Sample p
Before Calibration 21 14,170 0.001482
After Calibration 16 14,170 0.001129

Difference =p (1) - p (2)
Estimate for difference: 0.000352858
95% CI for difference: (-0.000487937,0.00119365)

Test for difference =0 (vs not=0): Z=0.82 P-Value=0.411
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Nitrogen Flow rate Input | Output | Tombstone Capacitor | Poor Solder
% Reject

(SCFH) (pes) (pes) (pes) (pes)

1500+50 14,170 | 14,144 26 0 0.18%
1400+ 50 14,170 | 14,148 22 0 0.16%
1300+50 14,170 | 14,152 18 0 0.13%
1200+50 14,170 | 14,154 16 0 0.11%
1100£50 14,170 | 14,146 13 11 0.17%
1000+50 14,170 | 14,144 11 15 0.18%

Wweme - oas1ms InavesluTasouil4ilagiiufe 1500550 SCFH  (Taginiine SCFH

W18 Standard Cubic Foot per Hour)
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A13199 4.15 HaMINATUANNATIUTIUANIT 098 1MT Tnaves luTasnunly

Sample X N Sample p
N,=1500+50 SCFH 26 14,170 0.001835
N,=1200+50 SCFH 16 14,170 0.001129

Difference =p (1) - p (2)
Estimate for difference: 0.000705716
95% CI for difference: (-0.000189984, 0.00160142)

Test for difference =0 (vs not=0): Z=1.54 P-Value =0.123
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4.6.7 M3INZHVDUNNID IV 9N M 31auuilasgaunigil (Reflow Profile)
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Input Output Tombstone Capacitor
Reflow Profile % Reject
(pcs) (pcs) (pes)
Ramp 14,170 14,243 27 0.19%
Soaking 14,170 14,156 14 0.10%
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M13199 4.17 wamInaaeUauuATIUYRIORIIMI)asu)asgurgl (Reflow Profile)

Sample X N Sample p
Ramp 27 14,170 0.001905
Soaking 14 14,170 0.000988

Difference =p (1) - p (2)
Estimate for difference: 0.000917431
95% CI for difference: (0.0000324701, 0.00180239)

Test for difference = 0 (vs not=0): Z=2.03 P-Value = 0.042
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KPIV
Factor Unit
Current New
Solder Paste Height 510.5 6.5%0.5 mils
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Interaction Plot (data mean) for Tombstone Capacitor defect
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Product Denali Number of sample 20 pcs.
Replicates 3 time Number of Operator 2 Person
131971 n-1 Yo GR&R Solder Paste Height FCOF WD
Sample EN.1980 EN.10565

Trial #1 Trial #2 Trial #3 Trial #1 Trial #2 Trial #3

1 4.46 4.52 4.39 4.53 4.48 4.34

2 4.48 4.41 4.46 4.48 4.42 4.49

3 4.34 4.38 4.38 4.20 4.30 4.33

4 3.92 3.92 3.90 3.86 3.94 3.92

5 4.68 4.70 4.81 4.74 4.74 4.66

6 4.17 4.44 4.21 4.17 4.19 3.94

7 3.88 3.79 3.73 3.74 3.67 3.68

8 3.36 3.31 3.20 3.20 3.23 3.16

9 3.59 3.72 3.68 3.66 3.59 3.55

10 3.18 3.13 3.12 3.13 3.14 3.19

11 2.99 2.84 291 2.99 3.00 3.04

12 4.01 4.08 3.99 4.13 3.98 4.10

13 3.62 3.50 3.57 3.62 3.70 3.61

14 3.69 3.71 3.72 3.76 3.76 3.75

15 3.37 3.37 3.36 3.45 3.39 3.44

16 5.16 5.18 5.16 5.13 5.16 5.15

17 4.93 4.96 4.93 4.98 5.00 4.97

18 4.80 4.74 4.72 4.80 4.74 4.71

19 4.69 4.78 4.81 4.78 4.80 4.74

20 4.60 4.61 4.57 4.60 4.62 4.59
Min 2.9900 2.8400 2.9100 2.9900 3.0000 3.0400
Max 5.1600 5.1800 5.1600 5.1300 5.1600 5.1500
Stdev 0.6274 0.6623 0.6589 0.6458 0.6473 0.6328
Averg 4.0960 4.1045 4.0810 4.0975 4.0925 4.0680
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Product

Defect

Denali

Tombstone Capacitor

Number of sample

30 pcs.

Number of inspection 6 MC.

M1599 N- 2 LAAINANTANYT GR&R V99A509A5 2190 U0A TUlA Tumsasavsuilyn

Sample part AOI#1 AOI#2 AOI#3 AOI#4 AOI#5 AOI#6
S/N | Master 1 2 1 2 1 2 1 2 1 2 1 2
1 A A A A A A A A A A A A A
2 A A A A A A A A A A A A A
3 R R R R R R R R R R R R R
4 R R R R R R R R R R R R R
5 A A A A A A A A A A A A A
6 A A A A A A A A A A A A A
7 R R R R R R R R R R R R R
8 R R R R R R R R R R R R R
9 R R R R R R R R R R R R R
10 R R R R R R R R R R R R R
11 A A A A A A A A A A A A A
12 A A A A A A A A A A A A A
13 R R R R R R R R R R R R R
14 R R R R R R R R R R R R R
15 A A A A A A A A A A A A A
16 A A A A A A A A A A A A A
17 R R R R R R R R R R R R R
18 R R R R R R R R R R R R R
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M3 N-2 LEAAINANITANHET GR&R VBUATDIATINAOVOA T lumMIni193 Uiy (ao)

Sample part AOI#1 AOI#2 AOI#3 AOI#4 AOI#5 AOI#6
S/N Master 1 2 1 2 1 2 1 2 1 2 1 2
19 A A A A A A A A A A A A A
20 A A A A A A A A A A A A A
21 A A A A A A A A A A A A A
22 R R R R R R R R R R R R R
23 A A A A A A A A A A A A A
24 R R R R R R R R R R R R R
25 A A A A A A A A A A A A A
26 R R R R R R R R R R R R R
27 A A A A A A A A A A A A A
28 R R R R R R R R R R R R R
29 A A A A A A A A A A A A A
30 R R R R R R R R R R R R R
Tyanual
A ===> Accept.

R ===> Tombstone Capacitor.
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{ 9 1 [ q'/ 1 { .
Gl'liNﬁ n.3 ﬂlayjamiqnmmmqwmmmizmwmimamﬁmmqq 4.540.5 mils.

Solder paste height of Capacitor (mils)
Product Date Time | EN
Sol HI | Sol H2 | Sol H3 | Sol H4 | Sol H5 | Sol H6
8.00 4.30 4.20 4.46 4.61 4.32 4.25
10.00 4.23 4.11 4.56 4.75 431 4.44
12.00 4.37 421 4.35 4.60 4.51 4.27
Denali | Feb’08°10 1980
14.00 423 4.09 426 4.46 432 423
16.00 4.11 4.23 4.14 4.31 4.23 4.18
18.00 431 4.25 4.10 4.11 4.23 4.34

M3197 n-4 JoyamsguInNNNFIVEIRZNITLNINMINAABINAUEGY 5.0£0.5 mils.

Solder paste height of Capacitor (mils)
Product Date Time | EN
Sol H1 | Sol H2 | Sol H3 | Sol H4 | Sol H5 | Sol H6
8.00 4.54 4.63 4.72 5.11 5.23 4.98
10.00 4.58 4.97 4.88 5.03 5.31 4.79
12.00 4.78 5.12 5.34 5.23 4.89 4.93
Denali | Feb’09’10 1980
14.00 4.77 4.55 4.78 4.96 5.01 4.82
16.00 5.42 4.98 5.23 5.37 4.67 4.76
18.00 4.65 4.58 4.86 4.94 4.61 4.78

M50 -5 JoyamsguInA1INGIVeIRNZNITZTHINMINABBINAIINEY 5.5£0.5 mils.

Solder paste height of Capacitor (mils)

Product Date Time | EN | Sol H | Sol H | Sol H | Sol H | Sol H | Sol H

1 2 3 4 5 6
8.00 5.45 5.32 5.45 5.23 5.33 5.56
10.00 5.56 5.01 5.46 5.13 5.23 5.09

Feb’10” | 12.00 | 1056 5.67 5.54 5.23 5.36 5.42 5.39

Denali
10 14.00 5 5.34 5.45 5.63 5.67 5.41 5.51

16.00 5.55 5.36 5.67 5.46 5.71 5.34

18.00 5.32 5.46 5.39 5.42 5.34 5.26

101




{ 9 1 [ q',z J § .
Gl'liNﬁ -6 GU’EJiJ"'ﬁﬂ1i’qn’)ﬂﬂ’J'lll’(ij\‘lell@\?@3ﬂ35$ﬂ310ﬂ15%@ﬁ@\1ﬁﬂ31%’q\1 6.0£0.5 mils.

Solder paste height of Capacitor (mils)
Product Date Time EN Sol H | Sol H | Sol H | Sol H | Sol H | Sol H
1 2 3 4 5 6
8.00 6.34 6.07 6.12 6.11 5.80 5.72
10.00 5.65 5.78 5.66 5.67 5.88 6.08
12.00 6.01 5.71 5.59 5.62 5.71 5.66
Denali | Feb’11°10 10565
14.00 6.23 6.11 5.87 5.92 5.77 5.89
16.00 5.59 5.78 5.64 5.74 5.82 5.71
18.00 5.98 6.01 5.45 5.67 5.67 5.53
M3197 n-7 JoyamsguInnNNFIVeIRzNITENINMINAABINAUEGY 6.5£0.5 mils.
Solder paste height of Capacitor (mils)
Product Date Time | EN
Sol H1 | Sol H2 | Sol H3 | Sol H4 | Sol H5 | Sol H6
8.00 6.67 6.43 6.69 6.45 6.53 6.53
10.00 6.23 6.41 6.46 6.37 6.29 6.35
12.00 6.55 6.57 6.37 6.27 6.54 6.61
Denali | Feb’12°10 1980
14.00 6.43 6.27 6.33 6.45 6.28 6.36
16.00 6.50 6.47 6.53 6.39 6.41 6.48
18.00 6.34 6.45 6.38 6.29 6.31 6.46
M35197 n-8 JoyamsguInANNFIVeIATNITENINNITNAADINANUEGS 7.0£0.5 mils,
Solder paste height of Capacitor (mils)
Product Date Time | EN
Sol HI | Sol H2 | Sol H3 | Sol H4 | Sol H5 | Sol H6
8.00 6.89 7.02 6.98 7.12 7.15 6.99
10.00 7.03 7.14 7.32 6.91 7.02 7.01
12.00 6.77 6.84 6.89 7.11 6.75 6.88
Denali | Feb’15°10 1980
14.00 6.64 6.59 6.75 6.66 6.78 6.71
16.00 6.94 6.83 7.04 6.87 7.11 7.04
18.00 7.05 6.99 7.02 6.83 6.91 6.69
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Serial No. Y9387

A case study company
Operator

Transtec
Date 27/1/2010

: 4 Jd
A5 190 N-9 LEAg Accuracy sllﬂﬁlﬂ?f’N'J']\Tﬂ@?JIWLﬁuVIﬂf’)illﬂ1§ﬁf’)lllﬁf]ﬂ (Calibration)
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Xe Ye Re
Head Angle
Average | 3 Sigma | Average | 3 Sigma | Average 3 Sigma
Odeg. 0.004 0.022 0.003 0.015 0.094 2.155
90deg. -0.004 0.020 -0.004 0.005 0.431 0.863
Headl 180deg. 0.003 0.017 0.006 0.012 0.397 1.277
270deg. 0.003 0.006 -0.003 0.010 0.519 1.559
Total 0.002 0.019 0.001 0.016 0.344 1.526
Odeg. 0.004 0.021 0.012 0.030 0.959 2.432
90deg. 0.004 0.027 0.003 0.014 0.586 1.532
Head2 180deg. 0.003 0.017 0.011 0.022 0.334 1.461
270deg. 0.007 0.042 -0.011 0.005 -0.063 1.453
Total 0.004 0.026 0.004 0.034 0.484 2.024
Odeg. 0.004 0.006 0.006 0.014 0.205 0.733
90deg. -0.004 0.016 0.002 0.009 0.038 0.666
Head3 180deg. -0.004 0.010 0.001 0.010 0.373 1.337
270deg. -0.009 0.013 0.000 0.002 0.052 0.666
Total -0.003 0.019 0.003 0.012 0.169 0.896
Odeg. -0.003 0.017 -0.007 0.016 -0.483 2.401
90deg. 0.006 0.021 -0.002 0.007 0.409 0.901
Head4 180deg. 0.003 0.015 -0.001 0.024 -0.302 0.978
270deg. -0.007 0.054 0.002 0.026 -0.079 0.743
Total 0.000 0.031 -0.002 0.020 -0.136 1.718
Date :Feb’16’10

Data By : Transtec Company.




Multi 1 Head1
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Serial No. Y9387

A case study company

Operator
Transtec
Date 15/2/2010
A15197 1-10 HaA Accuracy vounsosrney Tniuindimsaouiion (Calibration)
Xe Ye Re
Head Angle
Average | 3 Sigma Average | 3 Sigma | Average 3 Sigma

Odeg. 0.000 0.015 0.001 0.010 0.048 1.294
90deg. -0.004 0.011 0.000 0.009 0.174 0.947
Headl 180deg. 0.001 0.010 0.001 0.011 -0.037 1.606
270deg. -0.003 0.013 0.002 0.011 0.010 1.798
Total -0.001 0.013 0.001 0.011 0.049 1.453
Odeg. -0.002 0.017 0.002 0.012 0.219 1.197
90deg. -0.002 0.014 0.001 0.014 -0.186 1.577
Head2 180deg. 0.000 0.012 -0.002 0.014 0.008 1.512
270deg. -0.002 0.012 0.002 0.011 -0.136 1.463
Total -0.002 0.014 0.001 0.013 -0.024 1.507
Odeg. -0.003 0.013 0.005 0.017 0.137 3.359
90deg. -0.002 0.012 0.000 0.009 0.145 1.572
Head3 180deg. 0.000 0.010 0.002 0.013 0.190 1.143
270deg. -0.001 0.014 0.003 0.011 0.178 1.216
Total -0.001 0.013 0.002 0.014 0.163 2.015
Odeg. -0.002 0.011 0.004 0.010 0.040 1.207
90deg. -0.004 0.013 0.001 0.014 0.274 0.963
Head4 180deg. -0.003 0.011 0.000 0.015 -0.065 1.260
270deg. -0.001 0.015 0.002 0.013 1.036 15.329
Total -0.002 0.013 0.002 0.014 0.321 7.764
Date : Feb’18°10

Data By : Transtec Company.
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Multi 1 Head1
w o w
— - =] = o
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51/#1 n-2 uaag Accuracy Yo unTIIREN TN UindInI a0 U (Calibration) uuuns
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A S A A (% CZ .
M151990 N-11 1“1J°1Ju‘1/]ﬂ‘ﬂiy‘ﬁ11/]@5’35]W1Ji]1ﬂ!,ﬂiE]QG]?’J%@'@UEJG]IM?JG] (AOI Inspection)

Product........cccecvvrvennnne Preamp.............. Flex....coceuen.e. Date......cccveuee Line............... Team..........
Component on flex
BRG Expose Lifted Alignment Missing Tomb stone

Shift PT Outp 5
Input e

Time No. ut Re Ca R e

Capa Ther Con Capa Ther Re Con Capa Ther Re Con Die Fix Cov Posi Capa Ther Re Con Ther
Ther pa e

By Process Engineer

107




Summary evaluate for reduce Tombstone problem on Denali model.

By : Terapong B. Process Engineer FCOF ==>> Project Leader.
By : Thawatchai T. Manternent Engineer FCOF ==>> Member.
By : Anucha K. Quality Engineer FCOF ==>> Member.
By : Boriphand H. Production FCOF. ==>> Member.
~
ATNWN N-12 ﬁ'iq‘]JWﬁﬂ']ﬁﬂﬂaﬂﬂ
Evaluate Data AOI Inspection
Evaluation Date
Solder height Pad Spacing N2 Flow rate Input Output Tombstone Capacitor Other reject concern % Reject
Apeture shape MM placement Reflow Profile
(mils) (mils) (SCFH) (pcs) (pcs) (pcs) (pcs) (%)
1 Feb’08°10 4.5+0.5 13 - Before Calibrate Ramp 1500+50 960 906 5 Expose solder pad capa= 5.63
49
2 Feb’09°10 5.0£0.5 13 B Before Calibrate Ramp 1500+50 14,170 14136 24 0 0.17
3 Feb’10°10 5.540.5 13 - Before Calibrate Ramp 1500+50 14,170 14142 18 0 0.13
4 Feb’11°10 6.0+0.5 13 B Before Calibrate Ramp 1500+50 14,170 14149 11 0 0.08
5 Feb’12’10 6.5+0.5 13 - Before Calibrate Ramp 1500+50 14,170 14151 9 0 0.06
6 Feb’15°10 7.0£0.5 13 B Before Calibrate Ramp 1500£50 2400 2310 4 Excusive solder pad 3.75
capa=86
7 Feb’17°10 5.0£0.5 7 ) Before Calibrate Ramp 1500+50 480 471 0 Solder ball=9 1.88
8 Feb’18’10 5.0+0.5 8 Before Calibrate Ramp 1500+50 14,170 14152 5 Solder ball=3 0.06
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& '
AITNN N-12 ﬁ;ﬂwamimam(m)

Evaluate Data AOI Inspection
Evaluation Date Solder height Pad Spacing Apeture shape Solder height Pad Spacing N2 Flow rate Input Output Tomb stone Capacitor Other reject % Reject
(mils) (mils) (mils) (mils) (SCFH) (pcs) (pcs) (pcs) concern (%)
(pes)

9 Feb’22’10 5.0+0.5 11 - Before Calibrate Ramp 1500+50 14,170 14,153 7 0 0.05
10 Feb’22°10 5.0+0.5 12 - - Before Calibrate Ramp 1500450 14,170 14,151 9 0 0.06
11 Feb’23°10 5.0£0.5 13 - Before Calibrate Ramp 1500+50 14,170 14,149 11 0 0.08
12 Feb’25°10 5.0+0.5 14 B Before Calibrate Ramp 1500+50 14,170 14,146 14 0 0.10
13 Mar’01°10 5.0£0.5 13 B Before Calibrate Ramp 1500+50 14,170 14,144 18 0 0.13
14 Mar’01°10 5.0+0.5 13 : Before Calibrate Ramp 1500+£50 14,170 14,142 23 0 0.16
15 Mar’04’10 5.0+0.5 13 Before Calibrate Ramp 1500+50 14,170 14,141 22 0 0.16
16 Mar’05°10 5.0£0.5 13 t - Before Calibrate Ramp 1500+50 14,170 14,141 20 0 0.15
17 Mar’06’10 5.0+0.5 13 i - - Before Calibrate Ramp 1500450 14,170 14,139 18 0 0.13
18 Mar’06°10 5.0+0.5 13 B Before Calibrate Ramp 1500+50 14,170 14,233 27 0 0.19%
19 Mar’08’10 5.0£0.5 13 - - Before Calibrate Soaking 1500450 14,170 14,146 14 0 0.10%
20 Mar’09°10 5.0+0.5 13 - Before Calibrate Ramp 1500+50 14,170 14,134 26 0 0.18%
21 Mar’11°10 5.0+0.5 13 - - Before Calibrate Ramp 1400450 14,170 14,138 22 0 0.16%
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= 1
ATNN N-12 ﬁj‘ﬂwaﬂﬁ%ﬂﬁ’ﬂﬁ(@i’))

Parameter Control

Data AOI Inspection

Evaluation Date Solder Pad Spacing Apeture shape Solder height Pad Spacing N2 Flow rate Input Output Tombstone Capacitor Other reject concern % Reject

height (mils) (mils) (mils) (SCFH) (pes) (pes) (pes) (pes) (%)
(mils)

22 Mar’11°10 5.0+0.5 13 - Before Calibrate Ramp 1300+50 14,170 14,142 18 0 0.13%

23 Mar’12°10 5.0+0.5 13 - Before Calibrate Ramp 1200+50 14,170 14,144 16 0 0.11%

24 Mar’15°10 5.0+0.5 13 B Before Calibrate Ramp 1100+50 14,170 14,136 13 Poor Solder=11 0.17%

25 Mar’15°10 5.0+0.5 13 - - Before Calibrate Ramp 1000+50 14,170 14,134 11 Poor Solder=15 0.18%

26 Mar’16’11 5.0£0.5 13 ) Before Calibrate Ramp 1500+50 14,170 14,136 21 0 0.15%

27 Mar’19°10 5.0+0.5 13 = : After Calibrate Ramp 1500+50 14,170 14,144 16 0 0.11%
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Evaluate by : TerapongB.

Section : Process Engineer FCOF




FULL Factorial Design :

Factors : 3 Blocks : 1
Runs : 8 Replicates : 2
Factorial design factor : Low High
Solder volum 5.0£0.5 6.5+£0.5
Pad spacing 9.0 13.0
Reflow profile Ramp Soak
Sample Size : 14160 pcs
A
AT1TNN N-13 ’ﬁ'a:ﬂNﬁﬂﬁ‘Vlﬂﬁ’EN
StdOrder RunOrder CenterPt Blocks A : Solder Height B : Pad spacing C : Reflow Profile Input Output Tombstone Capacitor DPPM
(mils) (mils) (pcs) (pcs) (pes)
1 1 1 1 5 9 Ramp 14,170 14,146 14 988
2 2 1 1 6.5 9 Ramp 14,170 14,153 7 494
3 3 1 1 5 13 Ramp 14,170 14,136 24 1694
4 4 1 1 6.5 13 Ramp 14,170 14,139 21 1482
5 5 1 1 5 9 Soak 14,170 14,153 7 494
6 6 1 1 6.5 9 Soak 14,170 14,157 3 212
7 7 1 1 5 13 Soak 14,170 14,141 19 1341
8 8 1 1 6.5 13 Soak 14,170 14,148 12 847
9 9 1 1 5 9 Ramp 14,170 14,147 13 917
10 10 1 1 6.5 9 Ramp 14,170 14,154 6 423
11 11 1 1 5 13 Ramp 14,170 14,135 25 1764
12 12 1 1 6.5 13 Ramp 14,170 14,139 21 1482
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4 .
M13199 1-13 agHaNIINAaDI(@D)

StdOrder RunOrder CenterPt Blocks A : Solder Height B : Pad Spacing C : Reflow Profile Input Output Tombstone Capacitor DPPM
(mils) (mils) (pcs) (pcs) (pes)
13 13 1 1 5 9 Soak 14,170 14,151 9 635
14 14 1 1 6.5 9 Soak 14,170 14,156 4 282
15 15 1 1 5 13 Soak 14,170 14,143 17 1200
16 16 1 1 6.5 13 Soak 14,170 14,150 10 706
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Evaluate by : TerapongB.

Section : Process Engineer FCOF




A3 N-14 FoYAANWANUFIVDIAZNINN 2 52 T9F29TUN 1-5 ifoumBIOU W.A. 2553

Data Solder Height (Control at 6.5+0.5 mils)

Date Time
Solder Height 1 Solder Height 2 Solder Height 3 Solder Height 4 Solder Height 5 Solder Height 6
8.00 6.4 6.41 6.39 6.46 6.44 6.4
10.00 6.39 6.39 6.37 6.3 6.43 6.38
12.00 6.4 6.4 6.41 6.43 6.42 6.43
April’01°10
14.00 6.52 6.55 6.47 6.57 6.49 6.47
16.00 6.54 6.49 6.5 6.54 6.57 6.52
18.00 6.45 6.47 6.51 6.49 6.41 6.43
8.00 6.49 6.5 6.47 6.48 6.51 6.55
10.00 6.35 6.41 6.3 6.38 6.35 6.31
12.00 6.33 6.35 6.36 6.29 6.31 6.32
April’02°10
14.00 6.45 6.42 6.49 6.4 6.39 6.43
16.00 6.53 6.5 6.58 6.48 6.55 6.5
18.00 6.42 6.43 6.42 6.45 6.47 6.44
8.00 6.37 6.4 6.43 6.37 6.39 6.43
10.00 6.61 6.57 6.57 6.63 6.55 6.57
12.00 6.42 6.45 6.47 6.39 6.44 6.47
April’03’10
14.00 6.35 6.37 6.38 6.35 6.34 6.33
16.00 6.42 6.46 6.39 6.42 6.45 6.41
18.00 6.47 6.48 6.5 6.51 6.47 6.48
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A5 N-14 %’ayammmmqwmmﬁmﬂ 2 %2 T19IIUN 1-5 IADUNBIBU WA, 2553 (A1)

Data Solder Height (Control at 6.5+0.5 mils)

Date Time
Solder Height 1 Solder Height 2 Solder Height 3 Solder Height 4 Solder Height 5 Solder Height 6
8.00 6.5 6.48 6.51 6.43 6.47 6.49
10.00 6.43 6.4 6.39 6.46 6.46 6.43
12.00 6.33 6.33 6.37 6.34 6.35 6.3
April’04°10
14.00 6.57 6.5 6.52 6.56 6.54 6.55
16.00 6.43 6.41 6.46 6.42 6.41 6.39
18.00 6.51 6.53 6.51 6.56 6.55 6.53
8.00 6.39 6.37 6.43 6.42 6.41 6.39
10.00 6.56 6.55 6.6 6.51 6.52 6.55
12.00 6.44 6.47 6.45 6.51 6.43 6.42
April’05°10
14.00 6.54 6.5 6.55 6.57 6.5 6.49
16.00 6.34 6.37 6.39 6.37 6.35 6.39
18.00 6.35 6.31 6.37 6.42 6.35 6.36
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Source VarComp (of VarComp)
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SEmammamsSnszEsnoudonaildlumnaaes (Power and Sample Size)
Gududalysunsy Minitab mmfmﬁaﬂmg Stat > Power and Sample Size > 2

Proportions mm‘fuﬂau%’agaﬁmﬂiﬁéfmmimvﬁm Proportion 1 values = 0.001154, %09

Proportion 2 values = 0.000346 1122599 Sample Size=12000, 13000, 14,170 ud3Aan OK Iy

1aAHagn5ueans 1M Pareto Chart of Cause LaR4A31/91 A-5
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25
.l |
= |
o [ |
|
Proparion 2: [0, ooBane Options...
Help ' k| cancel |

{-: MINITAB - PAWER AND SAMPLE sﬁﬁ

J File Edit Data Calc Stat Graph Editor Took Window ﬂl\p

FECIEIEE T R E R Y N EIELTEER:
Session v

Testing proportion 1 = proportion 2 (versus not =)
Calculating power for proportion 2 = B8.800346
Alpha = 8.085

Sample
Proportion 1 Size Power
8.801154 128688 0.627911
8.801154 13868 0.662641
8.801154 14178 8.7868821

The sample size is for each group.
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9
o
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ABSTRACT

The objective of this research was to solve the tombstone capacitor effect problem in Printed Circuit Assembly Process by
applying the six sigma technique. The study of previous data for Denali model showed that the Tombstone capacitor problem
occurred up to 48% which equal to 1,154 DPPM with acceptable output (yield) at 98.4%.
The research methodology composed of 5 steps starting with defining the problem and measurement phases. The researcher
indicated and investigated the causes of problems at Solder paste printing process, SMT placement process, and Reflow oven
process. Measurement system and process capability were also analyzed and assessed in the next phase. The causes of
problems were analyzed with statistical tests. The Design of Experiment (DOE) and Redesign techniques were later used in the
improvement phase. Finally, in the control phase, the process control plan was assigned for maintaining the result of improvement.
The result showed that the six sigma technique can reduce the tombstone capacitor problem from 1,154 DPPM to 314 DPPM or

73% and acceptable output (yield) at 99.66% for the Denali model in Print Circuit Assembly Process.

Keyword : Six sigma, Tombstone capacitor effect, Print Circuit Assembly Process.
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