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Abstract

This thesis outlines the effort of hard disk test time reduction. The Self Run Stress Test
(SRST) is focused since this sub-process test has consumed test time significantly. For a
particular model (such as a 320 Gbytes one), the SRST test can take up to 36.2 hrs (or roughly
76% of the whole test time). In principle, the SRST scan all bits and under squeeze condition.
Obtained tested results are collected by the database systems. Fairly obvious, any improvement in
test time could have great impacts in raising up the productivity as well as cutting down many
concerned costs. In this study, we have relied on the past tests results. Our method employs
Statistical Process Control (SPC) and Process Capability Analysis (PCA) as major keys for test
time improvement attempts. Algorithm verification was made upon the collected data of a
specific product types (i.e. 320 and 500 Gbytes models). By applying the said method to major
time-consuming sub-processes, the test time could be reduced at a considerable level. Minitab
program was used as a mathematical analysis tool. The obtained results have convinced us the
possibility and benefits of test time reduction by considering only few time-consuming sub-
processes.

Data sources of 3 kinds were examined. Those are: that of 320 Gbyte modes for 2 test-
code version and that of 500 Gbytes model. The sub-processes D036, D028 and D029 play
notably test time consuming. Applying our method to 320 Gbytes model (test-code V1.0), the test
timed could be reduced by 12.11%, 17.47% and 32.37% respectively. The rests also give similar
results. Upon the obtained results, be believe that the test time reduction could be of benefit in

both term of cost saving and productivity enhancement.
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2.2 Yoyanazszianueateya (Data and Data type)
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2.2.2 Yoyaria1f33a4 (Quantitative or Variable data)
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1) nageudrenasamaou laadidlununi/ni (Normal quantiles plot)
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{ J I 1 I @ { A
yostoyanguuliminsznesouanatuiuedils iWludauthgnislasunlasainlaen

NTTUIUMIHTOAINAUTY HUINNITAIVANNTZUIUNTAIGITNMITNINEADA LAAINS
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ponuuudeTUsunsudiuiy HuTdsunsulszandlFamnersumeada auudlioyad
sduniimmsnssnesadainaaduzlii 221 wieansunusvesdeyaguiimam 100
Frod Aundsvestoyaniiu 26177 nazaudeuunasgufiauiiiu 1206 aindaedad
duanazfiunminsznevesnswdalaunsunaziduIdslinnudrlndmsnszneuuuilng

° Aa I a . . .
ldmsiszinaezdradamsunuasvestoyailununind (Normal distribution)

Histogram

204 Mean 26177

StDev 1207
k=i i R

] 100

Frequency
=
O

24000 25000 26000 27000 28000 29000 30000
Sample

siii 2.21 Wa'emaﬁimmimawammaﬂn

Probability Plot
Mormal - 95% CI

0999
Mean 26177

- i StDev 1207
: N 100
A0 0,446

0.35:4 P-value 0,277

Probability

o001 T T T T T T T T T T
22000 23000 24000 25000 26000 27000 25000 25000 30000 31000

Sample

ﬂ‘ﬁ 2.22 ‘ﬂﬂfff’t’)ﬂﬂﬁllﬂﬂllﬂ\‘l"ll@\‘i"llﬂhalﬂuﬂﬁﬂ‘i NeuVVlna (P-value = 0.277)
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1 I Y 1w = Y 1 1 I A
Llﬁ'ﬂQLﬂUﬂ"Iﬂ’J"I?JHTi]%HJu]lﬂWI"IﬂU P-value = 0.277 3301010011921 UKT0 P-value <

[
S 1 =

1 1 a a
0.005 uaasnFoyanguantinmsuanuas liiduuuin@ (Non-normal distribution)

Q

] 9
avuHuiinIuguoyaguIRITEAUAUN NG £36 WIBAILANNIADIAIUAD

AUV ULALATUANAWEUMIVBIAMANUDEUUUIIATIIY MINTUMTN (2.9), (2.10) 1Ay

E4
=

.11) ennsoam lfdunnaniugylagail
mﬂfimnﬁﬁﬁmmmjuﬁ’mEiqﬁ"lﬁ’“ﬂﬁ X =26177, & = 1206
USL = X +36
— 26177 + (3% 1206)
= 29795
M51ZRLIU USL = 29795
CL=X
=26177
ms1zazi CL = 26177
LSL = X -3&
— 26177 — (3x1206)
= 22559

INSIENS WY LSL = 22559

Individual Chart
31000
1
4 [ |
R UCL=29795
29000 4
22000
@ 27000 -
= =
> 26000 X=26177
25000 4
24000 )
23000
LCL=22559
22000 = T T T T T T T T T T
i 11 =21 31 4 sS51 &1 71 81 91
Sample

5171 2.23 raosaumugiiniuguandoyadiodis
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VNURUNTAIVANNTLVIUNITVOIVOYAN UL A1WI1TDTIADINITHINIUAIY
aan d 1 Aw < 1 Aw
Tsunsuditinnvag Idaminanrunuduuwilu UCL (Upper control line) ttazA1MnAAILAN

1 I @ o ] 1 1 [ H o [
dMuarailu LCL (Lower control line) 9 19@ualsnanasnuua Idaumdunsiuia uagwunii

v
= 1 a

] Y
doyanilsganogueninaniugy wulillonude unNIe9UeINTZUIUMIABNTZUIUMNT T1)

U

= 9 Y v A

Unanamnsonsz lasnaeudymazyimand v ldyiui

a d
2.5 MIUATIZHANNTINITDUBINTZUIUNIT (Process capability analysis) [2]

9
o 9 o s ]
1umiﬁmmiﬁ’mﬂmmwmmmzmumiuu mimzﬂuﬁ’mﬁ’uwmﬁﬁumﬂmumq
(% v A A ﬁl A 1 d' Yo = d' [ =
AUAVATUNTIDIATOIUDHN N e RS UNIIVDIANVAINITOVDINTEUIUNTNUIVONDING
1INNITBOALUUNTLUIUNITAING? @ﬂi’)ﬂﬂuﬂWiﬂlUﬂMﬂizU’JuﬂWiﬁﬁﬂﬂ@ﬂﬁﬂNfﬁl”lﬂfﬂi

auauaszuIums ae1¥lumsdaauladuiumstSulsad lvlamaela

A s A & A ) ’
NITUIUNT (Process) ﬂ@@\iﬂﬂi%ﬂﬂﬂﬂuuuauﬂﬁzﬂﬁﬁiN‘lJ’fNLﬂi@Qi]ﬂi Q‘]_]ﬂiﬂ!

as % a @ A Y a a . . . .
15015 I99AU gazwinaunne lnanisnan (Unique combination of machine, tools,

methods, materials, and people engaged in production)

'
I} [

Y v
ANNAINIID (Capability) ﬁammmmmw’ﬁuagﬂuammuzﬁw’%ﬂﬁmﬁau
4 o da @
Lﬁalﬁ'miqwaamﬁmmifmw (Competence, based on tested performance, to achieve

measurable results)

9
Y

ALY AUAINITOVINTZUIUMT (Process capability) HUIWAINIT ANUAULLS
aa Yo o a [ Ja a d% A
Iﬂﬂ‘ﬁiill‘]ﬂ@]‘ﬂllﬂiﬁﬂ1§3ﬂellﬂ\1NﬁG]ﬂm“ﬂﬂlﬂﬂﬂ]u%Tﬂﬂﬁgﬂﬁuﬂ1§mﬁﬂH1 (The measured,
inherent variation of the product turned out by a process) Tae# Juran and Gryna (1993, p.393) &
veneaNnunuan 1331 aAnvauson 1a5un157a (Measured  capability) 9211180981
A Yo A P =2 g o Ay Yo
ﬂ'J']il’(3”1]']5'061]’f]Qﬂi$ﬂ3ﬂﬂ15ﬂ1ﬂiﬂﬂ1ﬁ'ﬂi$£ﬂuW'llﬂl’f]iq]lach'\uﬂuNﬁi]'lﬂ'lﬂﬂ13'3ﬂ\11u1/]llﬂiﬂ
MINANINATLUIUMINANYT LAZANUAINIT IABFTTUYIA (inherent capability) WHUNED
-'3 a [ PPN { ] g
ANuaiuauoveIHANf UM NNAA Iaa1nnszuIumInednielddn1aznmIalIugy wenanil
AauladeensofnyIienueInuEINT0v0INTTUIUMT 18910 AIAG (1995, p.79),
Amsden et al. (1986, p.133), Kane (1989, p.267), Mitra (1998, p.378), Western Electric Inc.

(1984, p.34) 118 Wheeler and Chamber (1986, p.125) [2].

W’5\‘]ﬁ]1ﬂ“ﬁUlﬁ}ﬁEJ"I‘JJﬁx‘]ﬂﬁﬁJﬁiﬂﬂ“U’fNﬂ’NiJﬁ"m"Iii]“lll’iNﬂﬁz‘]_l’J“Lllﬂ"lill,’s%lﬂ ﬁ']ﬁjﬂgiﬂllﬂﬁ]ZN"l
a a 4
LlElﬁJﬁQﬂ’ﬂllﬁll1EJﬂ1§’JLﬂi1$Wﬂ3111ﬁ"liJTiﬂﬂJﬂﬂﬂiS‘]JfJLlﬂ"lﬁIﬂfJ Montgomery (1996, p.431-

a 4
432) MITUATIEHANNTINTOUDINTEUIUNIT (Process capability analysis) NUNEDINT
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a % ' Jd o ] < A ?

Ysziiuanuduulsvesnszuiums (@1veglugivealanduanuiiesiluneeszyns
1 2 a 4 o yw

31N39 A9 tazdSHIUNIINTZIEVRINTUINLDY) HazIATIEHANNAULTUAD

Y o A a o 4
Yamyvuavsoadnveinannmm

2.5.1 MINTLAYVINTEUIUNIT (Process spread)

a g‘/ o a3 1 A {
lumsisgiliumavesnnuanninvesnszuaumsuu ianusuiued1eoinizdos
UszanuAININgZ18909n32UIUNITAIINS IFToyaguisIusn Idmduiiunseyuua
Y Yy 9
% " v 1 a I'4
N15N3291090INTZVIUNT NIUVUBEAUAANBIIZ oYL IUAIYTZNIUVINTINIADITAY
o A 4 ' o @ AN o 2 ° ) ' a J Y @
szauanurelwmla dmiunsain lddunuzihlddszunammsiiimesareszaunim

4 o o
eI 99.73% Auaadlugili 2.24

[
[ X N J
[ X )
[
(]
pad

X

@ NITDPNTU

LSL 99.73% USL
X 36 X X +36
< 60 >

517 2.24 MIBYIUANUANNTDVBINTZTVIUMSNINTOYATN [2]

U

1NN 2.24 agiSeninaduuu NHAAIUANAIUUY (Upper specification  limit:

aov Y 1 1 a o Y 1 . . . . <
USL) HAZIZITUNNAAA LA NNANIUANAIUAN (Lower specification limit: LSL) aadl

AUHNII §1EINTTIUTINToYaNInINNszUIUMIHARegn18lAdn 1925 ITUA 92
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J [ a [ P [ U [ U 1 '
oy 1a1 padnyuzveIHaafman IannszuIuMsaInanIzlianyaz guogizHag

Ao Y 1 Y Y Ay 9 A &
N ﬂﬂ'l‘llﬂllﬂ’]ua'm !lagv\lﬂﬂﬂaﬂﬂmg’nuﬂuu@aﬂﬁgﬂﬂﬂ'l']ﬂlslfﬂuu 99.73%

fufu idfe USL=X +36
tag LSL=X -36
M5 1ZRZIT MINTLIBVDINTTUIUNT = USL— LSL
= (X +36)— (X —36)

= 60

N d o
lunsainlimamnusiuswdeyarainnszuiumsmelaaninzaiuay uagsiing
Usgiliurannuiunlsuesdiiing1ane3snelunquieazisonnINTL10UBINITTUIUNS
9 v
A “MINTLIIBAIVDINTZVIUMIUUUTZOSTY (Short-term process spread)” Faszunla
Y o, Y 9 a a oA & 9 an Yy o
A S, MTeYalMITIVTIVTRBINGUIDLIRAYY FIaWToNIUdOUTANNA lAnIeTd Ta
UNN WIBIIVTINABUHUYHAIUANNESIUNgudoe Tiinw 20 nau azamTalszuIma

64 180N
R R
6 =— (2.12)
d,

A o 9 Pt 4 ] 1 ~ dg! (Y 1
lil@ﬂ’lﬁuﬂslﬁ d2 HJH!W\Iﬂl,@']’f]5ﬂ’l§ﬂ5ﬂﬂ11Uﬂ15ﬂ§$N1mﬂ'ﬂ§JHJENLUHII’I@?@WH VUDYNUNQY

CPRIAN

) [ A A <3 1 o

dwsulunsaindnmanusiusmdeyamimnnszuaumineldaniizaiugu uam
MU T2 UNAANNEULTUDITIA08 198D 1R8I VLFTENNITNTZAIWUDINTZUIUNTI
“MINTTIUAIVOINTLUIUMITUVUTL8LE1I (Long-term process spread)” H1szunas ldaean
~ A owva Y o 9 ddy o A o =3 o Y "9
6.7 wazlumalgiauartiuteyalunsaitiineziiiuiuunn sauzihlnlssunamaig

ANMTBAVUNIATITUVOITIAI08 19N 1Ay

(2.13)

A ° 9 a ?
Tagh n=NUIUVIYADFT (Xl) MuA
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2.5.2 AFHUAAININEIN5O (Capability Index) [7]
a g’; v A d' v g}J g o R K 1 d'
Tmm’smmmuumsmﬁu%mfnmJ1JizGlfmsuuuﬂazmmmmmmmmmuﬁuaq
1 ] { Y a 1 9 { (B}

Uszmnseglusineonliinanie lu msizdminvuiavesanudeanu linaznnnse
9 ~ < ' ' A 9 a Y S0 Yy A a oa =
‘HE]EILWEJ\?hliﬂGHﬂJ vim'm]guaﬂmammwEJEJulemmgmﬂmgﬂummmiﬂgmmmﬁ'"lwu‘ﬂ

@ aadq ¥ g v o ~ 9 A A @

G]'Jﬁ'ﬂG]“I/ﬂﬂﬂﬂ‘l!@]ﬁl')ﬂﬂ’ﬂll!ﬂﬂ\‘]&ﬂﬂﬂl’E]\‘lGUE]%!Q%Wﬂﬂ5$5]ﬂﬂim@!‘ﬂfl’ﬂﬂ“umu1ﬂﬂl’f]ﬂﬂ31h
A A Y a Yy a ' v A oo
mmmumaﬂmﬂmgm 159N “AFULTAIANUTINITNUDINTZUIUNT (Process capability

index)” 130 C, Tagtamlaa

~ A Y a
ﬂ31NLUﬂQLUUﬂﬂaN1ﬂLﬂﬂ

p

anudeauuveslszang

= = 9y a
ﬂ?lTJJL‘]JfN!']JuTIFJE]ZJGL‘HLﬂﬂ

| anuideauveszanng

d' a o kY v A
3UN 2.25 uaAaLIANAAYEIMIT IANINIENBAIBATI C,
luadmnssumsnda Kntowanudeuvuivenliinalugdyesvuiaaiy
A Y o . . Y a
AaIAIAADUDY TaN (Tolerance)  VOIVOMNUAMNIE (Specification) HaziinIzleINAIY
H H b H
Weuuuvealszrng luglrnmivesvinannuleuuunasgu Aaiulnuaumsi (2.14)
18111091

USL-LSL

P 66

C (2.14)

' ] < o Y 1 ES < o 1 ay ¢
uaed13 lsimumsdanisnszaniealsal C, Wwumsdanimsnsznielaeild
o =R =R VoA I [ g’; VoA I a 9 A =
Milteamnalsvziuveatszying auiu minainalsezsiluiildeghainanalsves
dommuammzudaziinanliannumineranain l1e dwaasdiedielugli 2.26
ad o & Y A = Y o = & 1 A <
Tunsaitl Suiludesinisanvinavesnnuideunuaismsmiedemnaiseziluves
=) v an ddyl v A o 1 v A o ! .
Uszans uazSendrada lunsdiin “axil C, » (dge k Tuariinnnmial “Kurtosis” Ty

A8 ' A
NUUANNHUIYINTSUIUNIT “La@u"lﬂ”)
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LSL=10 USL=20
C, =2.00
C, =2.00
15
C, =2.00
C, =1.20
17
C, =2.00
Cy =

Y o Y

31 2.26 naaafSeuiiien C, uag C,, (USL naneda inavesdomuuammeauu:

Upper Specification Limit 1tag LSL #1894 NHAYIV0MHUARNIZAIUE1: Lower

v 9
Specification Limit) wazluiiidmuald 66 =5

v v A A o =R =K 1A <
NITIAATULTAIAIINTINITDUDINTSUIUNIT LiJf]ﬂ'luﬂﬂﬁﬂWﬂﬂ’J‘iﬂZlﬂusllﬂ\?ﬂi%"lﬂﬂi

[ _ A o 9
(1) Boyuulaaie X aziarsan ldasd

Y, Ao USL - X
iemisdandanugummIsAIUIY; C,, - (2.15)
lo
Y, Ao ' X —LSL
emisdaidanugummsAIua; C,, SR (2.16)
(o2

Tagdde «u” wag “r Tudall C, uaz C, mNeINAAR MUY (Upper limit) was
A v 1 o w [ I 1] 4 a [
WAAAIUEI (Lower limit) lagd1dy uazavsil of Fudriinldlsziiuinmnszaeuss
] y a = 1 1 a o 1 :7 1 a3
sznsoanuonyianeanliinanis 11 F9enU ¥1na C, voannalaiadinaugda o
= A A I 3’1 1 Yo aov 9 3’/ Y o
wnuedInIsnAINAsIziiuvelszansiueg IndnunnAA LU UYEITO MU UARNIY
] YR~ A 9 v a 1 ~ Y a
110NN DU UMIFBANNHNIE 1M NI 1IUNMTNTLeUedlTEInTazinuIsnean 1vina Tu

[

a y ¥ o ¥ 2 a o A Y
NHNAATHUU AN UHUINUITUAYU Cpk Ul@')’l
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Cu = min(C Cp,) 2.17)

pu?

a @ ) ¥ 2 o q ¥ ¢
ﬂ’]ﬁ')iﬂi’]gﬁﬂ’]ﬁﬂigzﬂ']ﬂsll@\im@y.aﬂjﬂﬂ'l Cp LA Cpk H u@ﬂﬂ’]ﬂﬂgm'ﬂﬁﬁjlﬂi’lgﬁ

Yo =K d‘ Y 9 a = [ 9 o 9 [

Vlﬂ’iﬂﬂﬂﬁﬁﬁumﬂ!ﬂﬂ’)ﬂﬂﬂﬁﬂi$%WﬂﬂlflﬂﬂlﬂyaquL‘NHE’EJ‘UL“V]EJUﬂ‘iJGIIfJﬂTﬁuﬂmWTZLlﬁ’J N}
o 2 o T A 3 A A [ Y o

AWITOTUNT VDI A UIVDIAINAIT 2 UUe915211nT BN UNUAINANVDITO MU UA

9 1 A
RNITAWNAIND

9 [ 4 I [ ] Y o

1) 4 C,=C, mimszuven)szynsogasemnanvestveimua
AN
9 VoA I y 1

2) M C,>C, mnasvzituvealszmnnsazided (Offset) l1/anaArnana

VIR MU UAR WY

4 a @ 1 '
Tasmsauman lavinmsinsigdamaumsaiuuazaie Ingaasziawse
] Y
aniiumsdfiamsud lvldaoeu
% 1 o a N o H a 4

ludedraiadenisadunugiaiuauidiuuisziidoyan lduinsizim

v Y
ANVAWITOVDINTZVIUMS duuANNTzUIUMIegNelddnzaugu Tuniivzdiaosde

aa d 1 AaA o { a 4
Tsunsuitiunuareamuananduald lugli 227 vaawanmsinsizianuawnsa

A 9 aa o
51]?)\1ﬂ'i3TJ’JUﬂ?i’ﬂulﬂﬂTﬂT‘iJiLLﬂﬂJiJULWI‘U

Process Capability

LSL USL

Process Data Potential (Within) Capability
LSL 22559 Cp 1.22
Target % =y CPL 122
usL 29795 CPU 122
Sample Mean 26177.2 ] Cpk 122
Sample N 100 CCpk 122
StDev(Within) 990,651

|

S|
T
|
|
|
|
|
|
|
|
|
|
|
|
|

T
|
|
|
I
I
I
|
I
I
|
|
|
|

23000 24000 25000 26000 27000 28000 29000 30000

Observed Performance
PPM = LSL 0.00
PPM = USL 1000000
PPM Total  10000.00

Exp. Within Performance
PPM = LSL 12995
PPM = USL 130.11
PPM Total  260.06

q‘ a 4 9 aa o
i‘lJ"ﬂ 2.27 amiwwmmmmiammﬂizmumimﬁﬂmmuummu
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~ k) Yy = = 9 1 ~ ~
rad lauaaslddedil ¢, = 1.22 dldmsdsznamanudsuviuinasgiu
9 v
HUDIZEETU LAz dadINYRUFINAAINMINHUANNANIVANNIZVIUNS PPM (Observed
performance) 1A1U5z11% 1.00% H1AA91nMTUszuAIANUDEUUUNIATIIU &5 UD

32881 PPM (Exp. Within performance) Nalszana 0.0026%

Process Capability

Procesz Data — Wiithin
. 12559 —— Crerall
Target
USrE 29795 Patential (Within) Capabiliey
Sample Mean  2B177.2 Cp 1.22
Sarnple M 100 CPL 122
StDew(Within] 990,651 CPU 122
StDev(Dveralll 120973 Cpk 122

copk 122

Crwerall Capability
Pp 100
PPL 1.00
PPU 1.00
ppk 100
Cpri +

22000 24000 25000 ZE000  ZF000 22000 29000 20000

Obzerved Peformnance Exp. Within Parformance Exp. Owerall Peformance

FPM = LSL 0.00 FPM = LSL 12995 PPM = LSL  1290.86
PPM = LISL 10000.00 PPM = LISL 130,11 PPM o= LISL 129199
PPM Total  10000,00 PPM Total 260,08 PPM Total 278284

ﬂﬁ 2.28 3!ﬂi1”ﬁﬂ311]ﬁ11lﬁﬂ"ll’é]\1ﬂi°"]J’Juﬂﬁllﬁ@\‘ilmﬂi‘”El“’ﬁuﬂﬂlm‘lji‘”ﬂ“’fﬂ’l

a P ~ A ]
TumsTanigdanuansovednszuaumslugln 228 Bazuaalimums
Y
wWisumeumsUsziiuanuansouuus e du (Potential within  capability) nusziiiu
[ =3 v < LY [
ANUAINITIVBINTLUIUMTUUVTLELEN (Overall capability) WutReInunve lamdaaiu
v Y
VDUTYNITINANUNTSUIUMTINADIULUY PPM (Exp. Within performance and Exp. Overall
~A A a ~ 3 I~ v A o
performance) MANMANDINGN 2.28 NI UABUIAANVAINITOVDINTEUIUMTUVUILBLH)
] Y
P, =100 LAz AT NV AFINILAAVUNUATEUIUNS PPM (Exp. Overall performance) =

0.2%

a d v Y d’ L a

253 ﬂ153!ﬂ§1$“r‘iﬂ'ﬂuﬁ1u1iﬂﬂli’)ﬂﬂi%‘ﬂ'ﬂ-&f’ﬂﬁﬂ‘ljslli’lidﬁ‘ﬂfnﬁﬂ§$%1ﬂ"l3~l!ﬂu!!ﬂﬂﬂﬂﬂ

9 A A A ° a L= [l 1 1 =1 I
UDY awqmmmsamzmm:}ms1314ummhlmmuaummllﬂamzumsﬂizmmﬂu
a 9 9 = 13 a 9y 9 Aa
LL‘]J“]J‘]JTW] ﬂ'l‘l’i'lﬂsllﬁlialjﬁllfﬂiﬂ§$ﬂWﬂhllllﬂul,!flJ‘]J“]Jﬂ@]LLﬁ’Jﬂ'li‘Vﬂﬂ’NiJﬁHﬂiﬂﬂlﬁ]iﬂlﬁ]gﬁll‘ﬂﬂmu
o q ¥ a a Y = 9 Ay Yot < A =
i]$‘1/l'li1’ilﬂﬂﬂ’3'lhﬂﬂwa1ﬂi]1ﬂu@Elhlﬂi]ui]\‘iiﬂﬂ “VﬂﬂGUE]qu,ﬁ‘Vlvlﬂllﬂ1§ﬂ§$iﬂﬂlﬂuuﬂﬂﬂu‘”] N

1 ' < s
HUUBUIFY UNIINILIBUVVADN (Log  distribution), miﬂizmmmﬂmua (Weilbull
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v Y
distribution) mmmmWﬂﬁ‘lJ'inWmmmmmmﬂlmﬂizummiﬁ%ﬂlm!ﬁﬂﬁ%mﬂﬁuﬂu
v o 0 X Aana & A A o ¥ 9 R S
NITUIUNITIAIINTIINTSINYAINA I %ﬂﬂmﬂﬁmummumﬂﬁam"mmlm 611!1/]1!%31!']Lﬁu’ﬂ
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o

< = s A . A A YA a A

UDAL-ADNY 130 “Box-cox transformation” [8] ez lvnaninzlndveanszuiumsiie

2 o "y Y~ " g a & A v ' B

NuAe8199yandIin1snzae hidlunuulnd Mg ideyasgnisldnisaruguues
Xt < a 2 1 o o { I

aszuIumMsrani Tematnevyu ldmudu svualdaunmsn 2.18) Wuaumslumsuilas

] ] s .
HUVUDAY-ADNY (Box-cox transformation)

A
X —1
X(k) _ ! if A=0 & .
i = A W 1<i<n (2.18)
In(xj), if =0
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v A
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usL* £.97EL | | FPL 077
Sample Mean™® 446634 PRJ 053
StDeulwithin® 0.831854 | | | Ppk 058
SO (Crverall® 0563434 | Cprn
|

3.00 3732 4.30 2,23 £.00

Observed Paforrnance || Exp. Within Perfarmnance | [Exp. Owverall Performance
PPM = L=L 0on PPM = LSU*F 227816 PPM = LSL* 1059569
PPM = LSL 10000.00 PPM = USUY 34767 37 PPM = USU* d0184.68
PPM Total 1000000 PP Total 4314553 PPM Taotal 5078137

d‘ v 7 a 4 v 9 PR 1 a3
i‘]JTI 2.32 WﬁﬁWﬁﬂﬁ’JLﬂiTgﬂﬂfﬂ?Jﬁ"lll"lifl*U@\‘lﬂi%‘]Jfluﬂﬁﬂ‘]JﬂJ@iJﬁ“VlllﬂTiﬂi%ﬁnﬂll?JL‘]JLlLL‘]J‘]J

U u

1nd



53

2.6 MIAONIUIUAIDENG (Sample size selection)
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o 10,000 2,500 1,111 625 400
AUNMIMIMUIUNIAINGNAI0E19UDI “N1 15 81U (Taro Yamane)” [26]
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3 d a 4
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Y
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250(s] O 0 11 w OOQC O O 5650s] 1 2 Tume Stamp

251[s] 0 0 11 w 001C 0 O  £16[s] 1 3 Time Stamp

216[s] 1 4 Time Stamp
220[s] 2 5 Time Stamp
220[s] 3 6 Time Stamp
220[s] 4 7 Time Stamp
320[s] 5 & Time Stamp
220[s] 6 9 Time Stamp

236[s] 7 10 Time Stamp

1065[s] 0 12 Time Stamp
1065[s] 3 13 Tume 3tamp
1065[s] 4 14 Time Stamp
1065[5] 5 15 Time Stamp
1065[5] 6 16 Time Stamp
1065[s] 10 17 Time Stamp

1066[s] 11 12 Tume Stamp

Imtighze DriveTemp 26 deg

Other TuneRtamyp Drive Temp 2% deg

Other Tume3tamyp Drive Temp 28 deg

Other TimeStamp Drive Temp 28 deg
OtherTimeStamp Drive Temp 28 deg
23W Al TrkCmpl DriveTemp 28 deg
Memory Access DriveTemp 22 deg
Memory Access DriveTemp 22 deg
Memory Access DriveTemp 22 deg
Memory Access DriveTemp 22 deg

Measure 2ER DriwveTemp 28 deg

1065[s] 8 11 Tune 3tamp Measure SER DrveTemp 30 deg

Initialize  DriveTemp 30 deg

Memeory Access DriveTemp 30 deg
Memory Access DriveTemp 30 deg
Memory Access DriveTemp 30 deg
Memory Access DriveTemp 30 deg
Memory Access DriveTemp 30 deg

Memory Access DriveTemp 30 deg
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Code | Counter Code | Counter Code | Counter
(sec.) (sec.) (sec.)
u 1 251 d 44 968 u 80 1
k 2 4 d 45 359 s 82 17
w 7 16 d 46 969 u 83 1
w 8 229 d 47 358 s 85 17
12 6910 d 48 968 u 86 1
d 14 6903 v 50 128 s 88 17
w 15 5 \ 51 127 u &9 1
T 16 2652 s 53 6715 s 91 18
d 19 6908 w 54 7 u 92 0
v 20 247 s 55 6739 s 94 18
w 21 8 v 56 13 u 95 1
P 23 138 w 57 8 s 97 17
P 24 860 v 65 1 u 98 1
P 25 359 c 66 4 s 100 17
P 27 360 c 67 309 u 101 1
P 29 359 c 68 2 s 103 17
P 31 363 c 69 2 u 104 1
v 33 128 v 71 153 s 106 17
d 36 25000 v 72 14 u 107 1
v 37 128 v 73 65 a 114 97
v 38 127 v 74 16 a 115 456
w 39 240 v 75 20 a 117 4484
42 358 u 77 251 ? 118 692
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N. V020 D036 Vo037 S055 Vo071 Vo073
1 256 24114 126 6505 171 31
2 257 26337 132 6855 148 45
3 243 25021 155 6981 174 573
4 356 26544 174 6587 285 30
5 249 26705 130 6991 146 108
6 243 25597 124 7002 139 32
7 265 24805 138 6859 159 166
8 247 25976 123 6847 136 65
9 724 26448 451 6894 223 106
10 363 26342 196 6816 208 142
11 262 27661 137 6592 164 68
12 229 27892 117 7062 124 33
13 261 25550 131 6689 146 58
14 256 27410 128 6725 145 81
15 252 26399 130 6564 151 78
16 233 28018 121 6266 147 27
17 247 26699 126 6590 150 146
18 279 27472 146 7001 158 227
19 361 27484 177 6931 218 400
20 256 25858 131 6893 147 94
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{ a 4 aaa Aa v Aaa <3
TdsunsuilFlumsinsigridoyadiuananldlunsisetieg g Tdsunsuiiiuny
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(Minitab software) 1Hudasnaansznsmuuuaieg o5unenmeana uazinszidoyalu
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Summary for DO36
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Probability Plot

0.993
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0.99 1 N 100
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0,95 4 P-Value 0.89
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A A J . Y A A <Y ' v
Box-Cox 130138121 “Box-Cox Transformation” LEAIAIYANUNITN (2.18) NAWANUAUNINU

flmfj' (Lambda = 0) Lﬂu

a

9 =

A o q Y < o a A
Eﬂﬂ“l/l“l/l'lﬁh/isll’f)ll“ﬁﬂﬂ’nu!JJ‘L!ﬂTiﬂi%ﬁ]WﬂLﬂuLLUUﬂﬂﬂNWﬂﬂ@ﬂ

M5190 3.4 Arededoyai Idgnui/ainie Box-cox transformation (Lambda=0)

U

Non- Transformation Non- Transformation
N N
transformation with Lambda = 0 transformation with Lambda = 0
1 31 3.43399 11 33 3.49651
2 45 3.80666 12 58 4.06044
3 30 3.40120 13 81 4.39445
4 108 4.68213 14 78 4.35671
5 32 3.46574 15 27 3.29584
6 166 5.11199 16 146 4.98361
7 65 4.17439 17 227 5.42495
8 106 4.66344 18 400 5.99146
9 142 4.95583 19 94 4.54329
10 68 4.21951 20 94 5.32301
Probability Plot
0.99
Mean 4,389
StDev 0.7661
0.95 - N 20
AD 0,260
0.9 4 P-Yalue 0675
0.8 4
> 074
g 06 4
| o5
| 04
& 034
0.2 4
0.1 4
0,05
0.01
51 3.15 nquiedadeya Vo073 nasninmaulasdeyaudimsnsyaeiiunuvilnd

U

(Normal distribution) P-value = 0.675
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I Chart of DO36
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USL= X +36

26150 + 3 x (1107) = 29471
CL= X =26150

LSL= X-36
=26150 - 3 x (1107) = 22829

< T @ 1 { o T A { 2’,
Arzmnumn Tsunsuauiu vseauaun 1aaa’ls (Default) voallsunsy
3.5.5 AFHANNAINTOVRINTZLIUMS
a o d‘dﬁldd 1w oA
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Process Capability of DO36

L=l LISL
Process Data — within
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Sarnple M 2000 CPL 1.30
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Ppk 100
*
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| |
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| |
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goNsuN 99.7 % vosunldni 1w veudenvzinallszum 0.3% nntiiswzih ldsmuaing

AuAN luIAazTUABUEDY LEAIAITUNIN (2.9), (2.10) uaz (2.11) Tuuni 2

3.6.1 msﬁmamﬁﬁ’ﬂmnqu (Calculation specification limit)
a Ay A ' Y = (R a
duuagiunveyalag Ngnguualraziimanszneaniunisnszasuuuilng
. . . 9 = ' s I y 13
(Normal distribution) melaan1zaivaulassisuinadilasaiulvynozdluuuuiu uan
[ Y A 1 a3 ad aan a A Y aaA 1
lurane lddiimsnszane ludunuuln@neiiimsninw nielditmineadanuanaig
[ o a o d'dy o ] 9 A [ I g‘/ [
nueen 1 mimuimmiinaniuguluiiivzendedisdoyaignguuuiuiuasudos D036
o Y o 1 A d 1 A al 1 ] ' ~ —
TIUTBYa N = 2,000 119819 NTlunguauanauuaNednieldannzaiugy Aunds X =
26150, MANUTLAVUNIATFIY 6,5 = 1107 @ WTONUFUNIAAIUANATUUY Upper control

limit: USL

FTAVAUNNA 1 &
USL= X +16
=26150 + 1 x (1107) = 27257

USL= X +26
=26150 +2 x (1107) = 28364

JLAUAUN NN 3 o
USL= X +36

=26150+3 x (1107) = 29471

[

sEAuRUN N 40, 5o, 60 2 lamnnanluaNlA MY 30578, 31685 LAy 32792

AaAY
Y ] v
1nnguAled 1 luTuAoUEes D036  IWoNIZAIUIMHINAANILANA UL (Upper
. . .. Yy 9 2 o ° ) S A Ao o w A

specification limit: USL) laudusnyiimsmmuaduarvauluaduaeudus fAlanudingno
Aq ¥ ] = v =~ Ay
AlFnalumsnaasusodaInINATUADY D036 FAAAIAIA15199 3.5 Hah 1aa1nNIg

o a v 1 g’; ] { gll gll 1 < ]
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szauqummmInuguoeniu 6 sza N lananliudrfeawa 1o f 60 ollumslsy

H Y H H
Wiainamuan Iz auiuLAazIuaougee azhoz 15 lumsnageunudoyaniio

U

9
c%

M3190 3.5 iduinanUAUIBILAaz U ugRe TuLAAZ STALAMN N

TunougeY o Aoy WAAAIVAY (Upper specification limit: USL)
AuNaY

Sub-process AT 1o 26 3o 4o 5o 6o
V020 273 31 304 335 366 397 428 459
D036 26,150 1,107 27,257 | 28,364 | 29,471 | 30,578 | 31,685 | 32,792
V037 139 17 156 173 190 207 224 241
S055 7,070 293 7,363 | 7,656 | 7,949 8,242 8,535 8,828
V071 162 30 192 222 252 282 312 342
V073 137 106 243 349 455 561 667 773

3.6.2 M3@enfinansAIVANTIMINZaN IS UTUAR LEDE

o { < Ao { o { @ o
aean3nd 3.5 Wuninanuauimuialanszauquan 1o 1w 60 s
9 H [
Ysuasiinanruguueaaztuaeuges Tasmsim lannmsmuiudsiuaasluais
~ o o ! 1A A A Yo a o N g
3.5 i lidneaeslSundammitmingauiga fezldmmuantaniugulunaaziunou

v Y ] '
808 onf19g19HaN 1a01nMIUS VLA ITUADUEDY D036 dnuaadlua1s1an 3.6

v v Y
M519N 3.6 WS sumeunalunslsuuaamnnaimns auuo v UAB UG08 D036

o FR drives FA drives Time saving Yield
ITAUAUMN Cpk
(units) (units) (%) (%)
lo 311 557 14.10 84.45 0.55
20 47 723 12.91 97.65 0.72
3o 13 918 12.11 99.35 1.01
4o 6 1,078 11.40 99.70 1.32
50 4 1,191 10.81 99.80 1.64
60 4 1,289 10.23 99.80 1.97




76

2 o ] k4 ] AN YA o <3 Y a a o A

FIA10819TUABUGRY D036 N Ialdenuvhimsuans sziu lanlumsinsaninaaiugui
) ?,’, 1 tg} g‘/ 9 Yo [y 1 Yy Y d‘ dl

wih 1 luduaeudos D036 Huurzdeslasumsdivuadld ldmnmingauiga Taons

a a [ P Yo A A (% a U [
wmsmmammwammmﬂmu uazLaa1ma&ma@aﬂumﬂ5mﬂaaum’smmmmw

1400 1,289
B FR drives FA drives 1,191
1200 1,078 —
1000 918 |
S 800 723 -
o
=] e
a—i 207
= 600 -
o]
400 311 -
200 - _ |
47 13 6 4 4
0 - | —
1 2 3 4 5 6
Quality level (O)
a
TJTI 3.20 L‘lﬁ'ﬁl‘ﬂlﬂﬂﬂﬁﬂﬁﬁu FR 11ag FA cl,ULWla“’i‘"ﬂ‘]Jﬂmﬂ'IW
[l Time saving
80.00
69.80
70.00 6392
5993 )
60.00 56.42 .
50.67
— 50.00
=
£ 1000
v
E
£ 20.00
20.00
10.00
0.00
1 2 3 4 5 6
Quality level (O)

i 3.21 uﬁaumﬂunmmaaﬂaﬂm“lmma%wmmmmw



77

Tuzd 320 Tauaaswasivesdadiunmsaanguaud wazdadiunsseus uaude
v )
1@ lumsiSuuaeinaniuguuesiunoudes D036 dadiuvesnl FR waz FA vziina

[ 1 a [ d $ I 1 H H o o {
Tagasanuamwaasuainlasy vazaauadenIzansnanad laaudIay wan laanms

(3

[ 1 3 1 1 1 < I o 1 { 1
Ysuuasrzuaasldiiulan g Fr swing nfle siludadiuiinguaudzgndasen i

Yo A1 Y Y

o a o P 1 v 1o 1 { 1
[ANLZREY m“lﬁ’wammmﬁ“lmuumu@ﬂ Hagn1n1 FA flﬂnﬂﬂ@] UUﬂTiﬂJ”IEJﬂ’JnJ'Nﬁﬂﬁ’JHﬁﬂQN

a [ Y o Y1 AN Yo A = Y
NULFYPNYIDNITULIDEAIY ﬂz1/1ﬂwmnam‘lmuummaﬂqmmhlﬂma

B Time saving
16.00%

14.00%
12.11% N
12.00% 11.40% 10.81%
10.23%
10.00%
6.00%
4.00%
2.00%
0.00%

1 2 3 4

Percents (%)

N
=

Quality level (O)

[

3 a s3 < { Ay vo '
51 3.22 nfieuiisunlofidudvesnannden lasuluuaazszaugunim

U

2

317 3.21 naluaasmsnFeuiisunaundsianauiienaasalSuuasinanugu

q

Y
U Y

MINZ AN 1A 1NASNAAA TUIAAZ IZLAVAUNNUBINNAAIVAN TN URAINAAAT U

2

' Y A o A A @ A 1 o ° 9 o A
amlndiReanulsznm 60 Wi se 1 91 Tus Aelineziiimsiualdssaugunininm
< A & ’ SA 1A ) o & s o
Tusfimwnainaaaslutuneudos D036 ndendiaIndiResny nazmuraniunlosidua
v A A a A 1 o A Y o a o 1
asinaaslugli 3.22 Taeinsanninnaunasnoutazrasi laimsmruainaaIugy m
S 3 S = o g’/ Y o a A A 1 1)
neSisudnanasegiszum 12% awiuvz Idhmsiasawavewraundsianassiuny
[ 1 a [ oA Yo A A o ~ ~ o Y o g‘; ] dy
numweIkannmah 15y ileminaniuguimingauivz Mvualdnuiuneuges D036 i
1 @ { = I a o P @ 1 @
aold avlunslzii 3.23 TilluwamsnSeuieunaasusinlasulunaazszauaunin oz
VoA Y] A dg! < Y a Y] P Yo a [ 9 [ g’/ g’/
wunnszauguami 3o 3uln lindasuan lasumuni 99.00% ud deaiuluruaou

T 2 A A v 9y A @ A SA P2 Y
898 D036 UIZIADANNAAIUAUATULUNTEALAUNTNN 30 ﬂﬂ@llﬂanﬁllhlgﬁll AIYLVAND

v
v A

Ja I o v 9 Y
mw”lﬂwm'immnﬂumﬂummu



78

Percents (%)

100.00%

95.00%

90.00%

85.00%

80.00%

75.00%

B Yield y
99 359 99.70% 99.80% 99.80%
97.65%
I I I I
1 2 3 4 5 6
Quality level ()

3N 3.23 Roudeunaasaainldsuluudassy ZALUNUNIN

—=Timesaving —@—Yield Target yield (99.00%)
09 359 99.70% 99.80% 99.80%
70.00 wu 07 6350 : — - ¢ 100.00%
65.00 = 103 98.00%
60.00 / ~59.93 96.00%
55.00 12 94.00% 32
/ 2572 —
o, | —
& 50.00 S0.67 9200% &
E / 2
o 4500 / 90.00% &
b
E 40.00 J 88.00%
35.00 84.2,:{ 86.00%
20.00 84.00%
25.00 82.00%
20.00 80.00%
L 2 4 5 6
Quality level ()

‘ljﬁ 3.24 LlﬁiEJ‘iJL‘i/'IEJ‘]Jﬂ’J'IiJﬁiJWH‘ﬁi”ﬁ’]NNﬁ@]ﬂm“ﬂﬂ]‘lﬂiﬂuﬁwnﬁﬂmafJ‘VlﬁﬂﬁN L‘Wﬂm’ﬂﬂWﬂﬂ

ﬂfmﬂmmﬂ‘fumuéaa D036

{ 4 Y { o o a @ P @
11U 3.24 iedenseaumuauguaMnszay 3o i ld ldnandusinldsy

< &£ dA 9 A 9/3‘1 9 A A 1A =
Wu 99.35% GNﬂﬂ’ﬂ’J'l’gQﬂ’J'lL‘]J'I’I'iiJ'IEm]lﬂGNUl’J ﬂizmmnmmaﬂmﬂmagw 59.93 U N3

A 9 A o JANYe Y ' v a o oAy Yo a
‘wim‘tunﬂmmawaemmmm"lmuuu Gl’ﬂ\‘i@li’]fl]ﬁ@‘]J'J'l‘ﬂfl]i]‘]J‘L!Nﬁ@lﬂﬂ‘l"ﬂ‘ﬂ]lﬂiﬂ&luﬁ'lﬂﬂ'liﬂﬁﬁ



79

< J

i - ° 2 A 1 Y 0
pghnloSIFud (Yield of production line) dahmsauthninelddisingenindegiiu vgeh
Y a [ '3 { Y] a @ ] Aa o 4
Idaanansznunurdasusinlasoludemsnaadis  sndred1amsideniinaniugu
v ) v
munzauiga luruasudosas lfe V020, V037, S055, V071 taz Vo73 naadluaisned 3.7
= = 2’_, 1 Aq ¥ A g 1 a o AN Yo Y 19 Ay Yo
FNUNTVNTUaU0sN I NaNTuavesnansusin lasviiseniuihuuen lamvua
% A Vo ' Y an Aany 19 AL Y o
11 srawnshag lihmsaruaunszuiumsgesaieismsiin 18 ualuiitlez Iavihmsnaaes
A v Y o q ¥ ' 91
ioudaldiulan wavesmsmuguanniom ldnszurumsdesldnmarlumsnagdou
v A Y a Yy 1 & 1 )
anadld nszvIumMINuzasanaaelaeseldun Yuaeutes D036 1arsoss Iaaly

o o o X Y v A g a o P Yo A A
ITAUAUNINN 30 uag 50 auaal mﬂﬂwwaammﬂuwammmﬂmu HagIauRaen

2 A

Y [
aﬂaﬂﬂﬂﬂ’nmumuﬂ%auq

D.

d' 1 Aw 9 d' Y A ﬁl o 1 c’:’/ [
131490 3.7 ﬂ"I‘INﬂﬂﬂ?ﬂﬂllﬂWL!‘UuVIUlﬂla@ﬂLW’OHWulﬂﬂ’)ﬂﬂuiuu@m%ﬂlu%ﬂuﬂﬂﬂ

Vunendos FLAUAUAIN AMNAAAIDAUA LY (USL)
V020 6 459
D036 3 29,471
V037 6 241
S055 5 7,949
Vo7l 6 342
V073 6 773

3.7 A3AUNANIINIUAN (Verification)

v A 1 @ [ o a

HAANS AN AT UNENAIINMIMMUATUILUMIAIDANNTEUIUMS HAITBN

o ! a o = . 1 ? ' a o sy Yo .
NMAAILYTA19) DINBY 112 1URAY (Time average) HADSTUADUEDY, HAANUNN AT U (Yield),

Y 1
AATIUNQUAIBYNINITDY (FA, FR, GA, t1ag GR), Maaaunlds (Power consumption) NN
] Y ]
1nd ldiinsdmuainantuaunutuaeudesiitsauleliuda msaiugunszuiums
Jd a I v A = Y I (Y 1 3’, ]
naaou SRST  vesarsaaan lutdgiiuisiauledny naasliviundiosavuaougoy
{ o a 4 { 4 o a o

D036 MmN insizHanninlfaianaundo 12% WeMuuaNnANIIAILANNTLUIUNT

= [ Jd a o =\ =\ [y
FINAMIDVOINTELIUMINAADVTAAAN A3 ML TINIT0aAADNHINIMIUTVF

?zlz [l A = Id A =R 3’, 1 AN Yo = 1

Tuduneudosdus saaztunsaidnu luduae i 9nnszurumsi laimsdnwinuii

9 [] ~ Y v K 9 o Y a AA o
doyauvedan lduin 13 luszuugwdeya arsvzldinannuaulennyananiisunn

v Aa \ [ a [ L 4 [ [ 4

lumsaaguly iemsliulzanszuaums nionumwueInannuei lueeAnTog19noLiiog

A Y Aa EdRl L4 9 a o 4 1 Y a 3
o vinailse Terinoosdns luauaunImvosnaanast nsaaalgnislunsnaana tag

A d'té’ LY o A o Y o
29 PvuednumMsITmMs ldsuldnuau

u



v

UNN 4

N1IINAadllacHa

Y

MINAABIHIZNA1INNITNITOONLUUNTNABINIUAUNTZUIUNTAIONTHHUA

a o d‘ 9 d' v 9 1 Y 1 9 d‘ 9 é
wnamugui ldunlunni 3 (de 3.6 JUuuumsaIgy) nngualredtoyan 1@ ¥
Us2noUAINGUUDINIUR LAZNGNVYBINUITY NGUAIDE19AT 2,000 FI9819 TAgazIiINIg
AMURUNIZUIUMIAIeNnAnIugNTUAIT 19N 3.5 TFNnanIuANAIMUY (Upper specification

< {1 [l a Aaw
limit: USL) lumsnuauaiufer aremananingesns lilinsnageuldnannuing

A Y] ] L o q ¥ a A
ﬂ’J‘]Jﬂil ﬂ’f]i‘lfl?ﬁ"l‘]/]ﬂﬁ@ﬂl!’f]ﬂﬂ NI L‘Wi”lg%87]111’“’3611!,11?1ﬂiﬂﬂiiuﬂlﬂﬂlﬂiﬂﬂﬂﬂﬁﬂﬁaﬂﬂﬂ

Y
v A

Y Y < Y o A
G]"Illllﬂﬂ’clfl ]'I,ﬂ@?JﬂLL‘]JUﬂ”IiVIﬂﬂ’ENﬂ’J']Jﬂ?JHJu 4 UUAWRAUANIU 1. LUVUITNDITNAADIUND K
A o 1 o Ay ¥ A I
i;mwmzfdmlaawmmuaﬂmmaziz@uammwﬂﬂ meﬂumim@mwmzﬁn“lumi

] g’; [ 4 I o w [ 1 4
FIVANNTZUIUNTUDUUAASVUADUEDY 2. L!,‘U‘]Jﬁ’ff’f]\‘lﬂ’li‘ﬂﬂﬁ@ﬁlﬂua’lﬂﬂ@ﬂWﬁﬁ@Lﬁﬂﬁﬁjﬁﬂ

[

- o 2 T N G 44 d da o
WiAAIUAUATUABUERENIHNANYNEoNNT 3. suuauleRnslaeu Tsunsunly
i =2 Yo ) Y o Z Y v
NATOU (Test code version) 19 Idmsinudoyayalvuudihiminaass MUt edy
I 1% d a J a J 9 Y o v 9
iWumsnaaesnuersaaaniuaug 320 nnglud 4. uazgaie ldhnsnaassnudoyaves
J A 4l a S =R [ 9 o v oA 9
g1saaaniuay 500 nnz lud Falunaazuuuvesnisnaasse: Idinauenadwinlaves
o A o v 9 o Y =
msnaassnIugunIzuIumsasniziuaueluidedall nazgahevznaasgiuuuie:
: < (o 2 :
i ldszgnaldlumsi@euTdsunsumieonazaruguszeznar lumsnagouvesiunoudos

VOININATDU SRST ﬂJﬂQ%W%ﬂaﬁﬁ

] ) A

~ < o < YR S '
g‘]J‘VI 4.1 Lﬂugﬂu‘uumsﬂmﬂaﬂﬂﬂuwauamamqmﬂum% mmﬂumnmmmgm

) 1 4 I a 1 Y g 1
ATVUNDUYDY Lﬁmﬂu@uwmmmm%’ﬂﬂﬂqmmm}u ‘H%’f’)@]i’l’ﬂﬁf’]ﬂL’JﬁTGIIf’NGIIuGlf’JuEJf’JEJ
9

£ Yo o ' A g o
HUN um%z”m%mauma@mwmmﬂummwmaﬂm

- NWNAAINAY .
BUNA 2, 0 LDIANA
— > veITUADUEDY —>
J 3 1 v 1 3 ) S 1
(NQUADONIINUA) | (o icicavion limit: USL) (NQUAIBENNHIY)

51U 4.1 pluuumsnaassnudeyadiodia

Y



81

4.1 mi‘nﬂaaaaﬁam@ﬂmmmummﬁﬁﬂﬂmqunszmumi (Specification limit

optimization)

g/} 1 d' 9 9 1 a3
sUMUUMIAILANNIZUIUMINATEY SRST lutuaougosh laut lautiseomiu
Y )
SLAUAUNINAILA 1o IUDY 60 LA9HINTNAADIUNDHIVAMUIZ TUVDINNANIVAY
o [} d‘ = d‘ [} 9 A
NTTUIUNT NARDIMHUATZAUAUNNIIN 1o 11)i5oeq auDiNszAuganefo 60 910
AT 4.1 HAAIHANTNAADUNDHIPANUIZTVUDINIUAILAN TASLEAAINANITNAADIND
Y 1] Y Y ]
TUADUGDEY D036 WM IIAMUIZANVBINNANILANTUADUEDET 32 IdA1TzAUAMININY
Y ] v v [l ] v
MU AUAUTUADUEDY D036 1UADNTZAUAMNINA 30 WaMINARRIFIdAIdIsIdu T
@ a Y] S [ . y { . . 1 I (% §
Nane AoNansuyN A5 (Yield), Naunashanad (Time saving) Hazlial C, Wudulsh
a a 4 i a 4 1 a @ P
151U NITAUINITNATIEHANUENITOUDINTZUIUMNT D IATIEHHANLI WAAS UK N
a @ Y ~ = &
gude luszinm 0.65% nuanudumvenamadeuianaundolszanm 1 27 Tag 1

Y
=

i H 1 Y H
2 Tuaf IAu8aensoiuens 1N sHan (Productivity)  1uAL 14 astiugamuzauiag

D-

e

A o

9
ﬁTﬂLlﬂ1%}Wﬂﬂﬂﬂﬂﬂﬂﬂigﬂﬂuﬂ1iﬂﬁﬂlu@’E]‘L!EJ'E]?J D036 U ﬂ@ﬂTﬁuﬂWﬂﬂﬂ]UﬂNﬁTuUu
. . . . A < v A ~ =1 a 9 @
(Upper specification limit) i 3o U189 Asiuaadlua1s1eah 4.1 WFeunieunain ldvesduls

9
AN Gluﬂﬁ‘Wi]15‘@1!1141@@]1,14%18’6’{11"]]6\1‘1/‘!ﬂﬂﬂ?ﬁﬂllﬂizﬂﬁuﬂﬁiu‘ﬂu@@uﬂ@ﬂ D036

' v :
Ms1ei 4.1 ﬂﬂaﬂﬂi%}ﬂﬂﬂluﬁﬂuﬂﬂﬂ D036 Lﬁﬂﬁ?fﬂqﬂmiﬂ%ﬁiﬂl@ﬁWﬂﬂﬂ’JUﬂﬁJ

JEAU | WReAIURY | _ , FA FR | naundesanas | Yield
) auna | eewa | Cy .

AUMN | AUDY (USL) drive | drive (1 T19) %
1o 27,257 4,000 2,246 0.55 557 311 1.16 84.45
20 28,364 4,000 2,676 0.72 723 47 1.07 97.65
30 29,471 4,000 2,905 1.01 918 13 1.00 99.35
Ao 30,578 4,000 3,072 1.32 1,078 6 0.94 99.70
50 31,685 4000 | 3,187 | 1.64 | 1,191 4 0.89 99.80
60 32,792 4,000 | 3,285 | 197 | 1,289 4 0.84 99.80

4 < o o w o <1 !
Lﬁﬂﬁlﬁlmgl}'lalﬁ]ﬂﬁ3WIuEU'E)\‘]ﬂ'J']llW3J1EJGUE]Qﬂ']ﬁ]”lﬂﬂﬂ']']ﬂﬁﬂ\‘]ﬂ']ﬁulﬁllﬂ FA (Fault

Y ]
acceptance) 192 FR (Fault rejection) 992UDINANBTUIEAT mﬂﬁi’"uu’mﬂqumamaﬂ"lﬁjm

A o (] = 9 I 1 = o (] 1 = Y 1 a
18 4,000 AU "lfﬂhlﬂl,L‘]JQL‘]JLlﬂQMQWLlﬂ 2,000 AI9YN LASNYUATULEY 2,000 ATDYI TUUA

d’ y X

' ' ° o v &
duvumsauguignadievubildgmiiunldaununszuiunisnaaen unnoe

U

Aa A A F) < Y 4 A a A
N52UIUMITUNA (Normal process) maauwmmm"hﬂuizUUﬂﬂzhlmmmwmmJaumma

J 2 o I 1 2 o T T A Aq Ya o < o I ¥
NRNAIUA 2,000 AIDYN LLASNYUIULTY 2,000 AIBYIN Lmlll?ﬂﬂﬂi%Wﬂﬂﬂ’J‘UﬂﬂJﬂﬂS%ﬂﬁllﬂ



82

A1 FA uaz FR aaaaaluaisned 4.1 a1 FA Swauaud@eiruinaniuau ua 1 ldanueds
1 o [ Y] I 1 {
wrUNszUIUMINagon SRST Tdinszuiumsdalinse ldsgna 1 Wudieanguaui
v 1 9 Y v
NrenamvesmsnadeuiamsomuinanIuauinfiuaIuluruaeugosm iy taz
o aA 9 a Aa o A o Y Y [ =
FR mnuauainldnamageumnusmiuinanivguiniinua udangnilesiniluanude
. 13 o Y [ o =
(Time out) uanazgmirliasvdevudinauniimsnadoudnson (Rework)
[ ] Y
lumsnd 42 uaaswanmsnaaouiomgamnzauvosnnanuaululaazIunou
LA A 4 2 . 4 4 2
g0y FuFuAeINUMIHIaimzanluduaoudes D036 Nuaadluased 4.1 duwes lu

9 Y o A o A o & 1 2 ~ v oA A <
ﬂ1ﬂq@1ﬂﬂ1ﬂ’]i!a@ﬂigﬂUﬂmﬂ']WWLWN']gﬁiJﬂUGUu@@uﬂﬂﬂuu”] N1LW8Q§$@UL@83%@%@@ f

9 a ' { { . . 1 o o 1
AN INVTUINAVEI A URAINAAAY (Time saving), MAATIUVOI FA uaz MdadIu

Y
v A v 1

A = a [ P Yo . = a 4
Y99 FR Neawadanaanaainlasy (Yield) 59u03msuasgdiayizian1inua1nnioves
{ Y 1 g [l 2 3 (J {q ¥ a {
NITUIUMT (C,) i I lundazvuneudes navinailudulsilalsznoumsiinsanies
A o A ) ' ¥ g Ay ¥ A o S
ADNTZAUAUMNNHNIZ TUVDITUADUGDINT 6 VUADUN IAADNUIMANDL LTAINAANT 1U

A a3 Ay Y A [ o w
A1T1NN 4.2 Llag‘wa@@ﬂi']V\Iﬂ’lﬂllﬂﬂ']ﬂﬁ’li']qslugﬂﬂ 42,4302 4.4 ﬂﬂ]’lﬂ@]’lua’]ﬂﬂ

v 9
A15191 4.2 Wamimamﬂ""mummmmnmﬂmmamumuﬂaEJ

" , L | Wieauqu aunaY
VUNDUYDY | LAY Y R , FA FR
ATUVU auna | eana | Cy anag Yield %
Sub-process | AMUNIN drives | drives -
(USL) (W)
V020 60 459 4,000 3,092 1.17 | 1,236 144 19.20 92.80
D036 30 29,471 4,000 2,905 1.01 918 13 60.00 99.35
V037 60 241 4,000 2,645 1.20 829 184 11.00 90.80
S055 30 7,949 4,000 2,987 1.00 | 1,022 35 14.77 98.25
V071 60 342 4,000 2,338 1.52 422 84 15.47 95.80
V073 60 773 4,000 2,066 1.30 202 136 41.90 93.20

Ed ’ ’
C, A0A¥ITIANINANNTNVEINTZYIUMS, FA ADTIMIMIMESRAUANAN Y, FR ADT1MIMaILAN Iiiuiiia

) A a o ' e o
AIUAN, A Yield ADAADINDIUIUNYUNIUANYNAADDN '21/

v
(Z [ =

A 1 R 2 3d 2
ﬁ]"lﬂg‘]J‘V] 42 nslunangaesnmdaaiu FA uag FR FINUUAIFIANITNAADINIS VDN

v
S A o

a Aa X P~ 3 a A1 A o
mmm‘wammﬂmmmwmﬁmﬂu Iﬂ‘(’Jﬂ'J'llINﬂWﬁ'lﬂ‘ﬂ?]'lﬂﬂ’f]i]'lu')u\‘lWULET‘(’J‘VIH'I?JTVW]ETB‘U

A 1 Y ~

@ (% Y Y '
NUNITAIUANNTESUIUNIT ﬂ%iﬂ%gﬂﬁﬂ@@ﬂﬁ%’aimwa@ﬂanﬂula‘t’liwuaﬂ%ﬁﬂimmaz

Q Q

v
(2 [ a =1

3’/ [} o 1 1 1 1 <] Ly @ y [
VUADUIDYUUITHINIIATFA  HAZAIUA FR NI UG IAUDHANAIADNO UHTIANIZ VDA

©

a A o @ 1 aq Y ~ A ~q 9 a a o 1
ﬂ’ﬂllWﬂ‘WﬁTﬂ‘V]‘VHﬂ'IiG]@ﬂijMQTH@IWLIJUMHLZ‘TEJLN@L’JQW] ﬂfﬂﬂﬁﬂﬂlﬂuWﬂﬂﬂ’JUﬂN °luﬁ:1u

1 dy o ° 1 a o P o .
A1 FR Hazii lduamawaanamn lasy (Yield) 99




83

v I Y a 1w 1 A Ay v 1 ) 1 <A
WaaW‘ﬁ‘VI@]@QW"ﬂ15'&”?’13“@ﬂllﬂn')ﬁnﬂaﬂ‘ﬂllﬂcluuﬁﬁzﬂluﬁ@uﬂﬂﬂﬂﬂflﬂ

Yo . A Y o o a o J 3’; ] Y a a o I
"lﬂTU (Yield) ma”lmn1miﬂmuﬂwmm‘uqﬂmmazmumuﬂaﬂum IﬂﬂWﬁ]'ﬁﬂﬂNﬂ@]ﬂmcﬂ‘ﬂ

FA drives B FRdrives
1400 1936
1200 022
918
E 1000 —— 279
3 4
o] 300
5 600 71— 122
400 —— 502
144 184 o 136
200 G . 1<
V020 D036 V037 S055 Vo071 V073
Sub-process
‘ljﬁ 4.2 FATIUYD FA 11 FR voduaay "UL!@]@‘L!EJ@EJ
B Yield )
100.00% 99.35% 98.25%
95.80%
5.00° 93.20¢
93.00% 92.80%
= 90.80%
S 90.00%
5
A
85.00%
80.00%
V020 D036 V037 S055 V071 V073
Sub-process
d’ a o s 1 2 l
g‘]JTI 4.3 Naf mcnw'lﬂiumml,mazmumuﬂaﬂ

a

I
AANUNN

Yo 1 = é a Yy 9 = o a o dy 1 =
11 JUIINNQUITUA G]NIﬂﬂﬂﬂG]Llﬁ’)ﬂ111!1]ﬂﬁﬂ'l‘l’iuﬂ‘wﬂﬂﬂ’)ﬁJﬂﬂJﬂi%U’Juﬂ’liuﬂQN\ﬂuﬂ

< A A Yo &y -4
‘VNVHJ@ 2,000 G]']'OfJ'N ‘VI‘Ll'lil'l‘VIﬂﬁfNﬂﬁ]“’ﬂ\‘lﬂ\uﬂuﬂ'luﬂ!‘ﬂﬂﬂqﬂﬂﬂﬁuﬂﬁﬂﬂlﬂﬂil‘ﬂ)’u% Iae



84

v a2 9o I3 Ao Y o Yo = U o Y I =

mondad Idihmsdvuafisanuguudaih i ununuduedugndmualdifunude

o 3A = o gﬂ 9 a a Y] S Yo 3 a = =\

wagiiufRenandnizdosgandell Faiuazdosinsanndadusiadsudufieedeosd
v 9

Hanszny Tagasanunanan luaon1sHan (Production line) 9n3UN 4.3 WuITUABUGDY
1 a o I o & 1 1A o v

V020 waz V037 mmaasmain lasuiiulinniovegn 92.80% waz 90.80% awd1aU 91A04

A ' o A A y ' 7 Y ' o q Y ¥ a8 a
wosanaug hnunadsianadluduaoudesiug dae Mezansarhld lalseantea

Y = @ a Ay = ' A o a
ll’lﬂ‘L!@EJL‘WEN‘lﬂﬂUWﬁNﬁ@TIG]ENQﬂJULﬁEJll‘ﬂ NOUNITNINUANTIAIVANUNITSUIUNTTIITI

60.00 B Timesaving

60.00

20.00 41.90
£ 4000
£
é 30.00
Y 19.19 1572
£ 2000 477 5.72
o 11.00

0.00

V020 D036 V037 S055 V071 V073
Sub-process

‘lJ‘ﬁ 4.4 L’Jfﬂmﬁﬂﬂﬁﬂﬂﬁﬂl@ﬁllﬁﬂ”ﬂlu%@uﬂ@ﬂ

. v 4 d 4.y 4 2 ,
Tuaeudos D036 1dnaundeiianaunniigade 1 #11ue sesauiludunoudes
A 4 v a4 - Ay v A oy
V073 naunduianadld 41.90 w1 nuenmileninillananndsanasneudiviion
1l v A S { v A Ay 9 o
Tavdszanaazegh 15 Wi asinaautfunslugli 4.4 Auuu aeidesms Tneieganaoe
{ 1 Z T 4 o Y
naifanasvednisnadeulundazdunsuges e lnisnszuiunsnadon SRST

Y H 9 v
Tagsrulnaianaamusuny LWiwazummwaﬁ"lﬁ’mwmmﬂmuﬂiﬁmmwmitm

[

a 4 S A A o a v v 2 A Y
WUATICHUINAANTNANTANICNIHUANNANIUAN W‘Uﬂﬂlu@lau‘ﬂm%mmmmim‘ﬂmma

' Y
a2 Q/ =

MTﬂVIgﬂ ﬂﬂluﬂﬂu‘c’lﬂﬂ D036 “I/Islﬁﬂ"lﬁ’J!L‘]JiWN‘] Glﬂa!,ﬂ‘c’lxiﬂ‘]_l‘ﬂLi"lﬁ@\iﬂTﬁJ"lﬂ“Vlﬁﬂ ﬁiJiJWﬁ"IL!

' Y o A A

ﬂﬂﬂ’31ﬂ1ﬂ1ﬁuﬂGlsb'g‘]_]LL‘U‘Uﬂ"I'iﬂ’J‘UﬂiJﬁ‘U‘IT‘H@'I@HEJ@EJ D036 uum%ziwwamwﬁﬂ umuﬂau

q
]

T = < o Yy 3 o A a o ZAY Y
YDYBUN ﬂﬁTﬂJTﬁanllﬂﬂ’Jﬂ f’ni]"l]gl,‘]JuLLan"l]1?]f’)\ifﬂﬁ‘ﬂﬂﬁ@ULW@W%]ﬁmTWaaWﬁﬂqﬂ

{ o 3 A . a o
gﬂLLllll!Lﬁﬂﬁ‘VI"Ifﬂi‘Vlﬂﬂ@Qﬂ!ﬁi’]ﬁ"li]‘ﬂlﬁlngﬁll (Optimum) VYDINNANIUAN

[ o Y v A YA ~ 9 dyw
NITUIUNIT uawwwwﬂﬁmmqwaslumi@mﬁu“l%llﬂﬂ mz%gﬂuuumm’mquuﬂu



85

3’/ ] Y Y 9 a 1 [ 4 ] Y o 9 ] Y
mumuaaﬂ@"l@mq AUNITNIITUINVBINAANTVOILUAaZAILYS ‘1/]111“!,1!1%1@31

a A

a { [ @ o a o <
Uszansnanaz lasumenasnnmstmuannaniuguiinnuiulyldunideaiissla wie

Y I 9 a 3 A ] o Aw a 1 H 1 9
ﬂ?L‘]J‘LlLL‘U‘ULﬁ'JS"IEJ%ﬁQ"] ﬂﬂ’f)llllﬁ"liﬂiﬂﬂ"lw1!ﬂWﬂﬂﬂ%%qﬂﬂjﬂﬂﬂﬂlullﬁﬁzmuﬁﬂuﬂ@ﬂllﬂlﬁﬂ

v Yy
A o 1

o i g’; 1 4 <} 1 @
untiupeudas D036 faliinanmely taziuneudesdug nausonaass lalAIeiU

ra—-]

9 A=

9 1 1 o 1Ad 3 ax Ao 1 = ) 9 ' =2
HUNAAND ﬂmzhlmg“lummmm Lmuﬂ!ﬂu]‘ﬁﬂﬁlmﬂ‘lﬁimﬂﬂllll!ﬂﬂilﬂ1iu1u11%h1ﬂﬂu N

b4
o/

"o A o ) o 2% A Y o v 9
llﬂﬁﬂﬂluﬁ@ujﬂﬂﬂﬂ ﬂﬁlfl]ﬂ/ﬂﬂWi‘VIﬂaﬂ\uLﬂ’J@NaaW‘ﬁ‘VN‘Villﬂ‘V]llﬂ ﬂﬂiuﬂii‘ﬂﬂaﬂﬂiuﬁ]ﬂ]@

ao 'l

£y ¢d a do 1'%
4.2 ﬂ1‘§1Ji‘1J‘1J§Q!’Jﬁﬂuﬂ1iﬂﬂﬁ?)1J SRST ﬂl@ﬁﬂ]iﬂﬂﬁﬂﬂ'ﬂiﬂi!!ﬂﬁﬂﬂﬂﬂ‘nﬂﬁ?]'ﬂ

vl

@ d a 1 ~ 1 a o
m3lfudyanalumsnaaen SRST vesariananyandod (Fuawy 320 Ang lud)

D) Ayya a & a A y Ayyva A =
ﬂl@gaﬂl‘l)ﬂ!ﬂﬂWﬂLWfJull‘]_]%1ﬂlﬂll°nﬂ@UWUWH‘JlﬂLﬂU"U?JiJ"aN'] IUBDIVINNISUIUNITUNIT

o A

. J a o ES {
1asunalas (Process change) lunszuiumsnagovasnaanasi ladnaueuiu doyala
I R & A Y o = a 1 (= A o Y a
Wunarreanian 1diins@ny Werswiluiinansznulag fegirldifans
A A a 1 ]
nasunlasllvesnszurumsnadon nieduuagiuinszuIumsegludn1izalugy
' { { I I S ] { a
(Stability) nazgiaesi ldin linudeyaluwuivuseudesimanlasuntlaslivn@y
] H 1] 9
sz ldiimslasuTdanadoy (Test code version) N1Flunseanadon JerildTuaoudos
d’ d‘ 9 Y o o a o 1
moelunsosnaaeunlasumlasaulidre Sminvznerenihmsivuanianiuguluua
? v 3 9 o a 7’y = v A, = Y gy )
azyunougoNIzAp NI IR IzHYoyan Ia Iniilehmslasuldanldnaaey Tunou
o A < . ' Y
msauiivanunmioud lanaumdrluiade 3.3) 81 (3.7)

'
A o

Y
1) rapnvunoUbdosNd 1R
Y

= 1 = <3 9 Jd a d A
Nﬁ"l]ﬁ]\‘lﬂTiﬁﬂBW]E]llﬂuL‘]J'Llﬂ1ilﬂ°]J"lJ@§ljﬂ"’lJ@Qﬂ1i‘1ﬂﬂﬁ@‘]J SRST 993315AAANIND

1 ~ [ o 1 Jd a Jo 1 a A 1 A A a 4 ()
FINLIATNUANANNUY T@EJ?L!GU'E—Nﬁ’li@@ﬁﬂﬂ\uﬂugulﬂﬂﬂﬂ TUNUNITNY 320 ﬂﬂghl‘]J@] uavoya

=

Y 1 v
algmibflumssmual¥idanaaouddlni aunghiinsnlasunlaslfanaaeunde 1

an

' S a I Y X
'J‘ﬁﬂﬁﬁh’i'iﬁ] GluﬂWiﬂﬂﬁfJ“U SRST "U’ENEﬂiﬂﬂﬁﬂ‘ﬂﬁﬁﬂiﬂﬁﬂi%ﬁl%i’)aﬂuﬂWiﬂﬂﬁﬂ‘Uhlﬂ “]NI@EJ

A 9 ' Yy Aq o = = 1 9 ] A = @
LﬂﬁElll,a'Jﬁ]$W‘]J'311ﬂﬂﬂﬁl‘lﬁflﬂﬁf)ﬂllﬂ1ﬂﬂaﬂUﬂ@El"llN‘UfJEJLufJ\?%WﬂﬂigﬂﬂuﬂWﬁNﬂWiﬂi‘Uﬂgﬂ

A

A v A ¥ A2 A4 2o o A
LWfJ‘ﬂilgaﬂ!’Jﬁﬂuﬂﬁﬂﬂﬁ@ﬂﬂgliﬂﬁlﬂ mﬂ611ayamﬂuuﬂumwamummwaamwam
Y

' H H v
uaoudosnldaulaacgl 4.5 udihmsnFeudieunugili 3.9 wwnuinvuasudes

A o w ~ 9 = 1 3’, [l I g’; 1
nanwdrglugdi 3.9 lTandeuld mananduasudos D036 sznaeunilurunoudoy



D038 unmwwszlFnannigamiounuuadAuA1auHIoA1Y (Counter) 1911

H Y X H
nlaeull dauduneudesdiduq Agaldsullmullsunsuldanaaeuru@eddu

86

v
%

A
HUN

[v2]
20000 &

2

Fail drives [J] Pass drives
16000 —— =
Sr],
/;;\ —
2
212000 ——
W
£ EZ + o
€ @3 2o 28 e 2 2
28000 —— Z oz 3 s s
L
)
[}
S4000
=
0
D038 5045 S043 D020 Dol4 Do12
Sub-process

Y

d‘ o v o g g’l ) d‘ d' a
M1I19N 4.3 Ll,fffﬂ\mW]1Jﬂ’ﬂllﬁ1ﬂmmﬂﬁ%uﬁﬂuﬂﬂﬂﬂlﬂﬁ8uqﬂiﬂﬂm&l

H < o w o W ?1’.1 1
31l 4.5 wasawus laaauanudingvesiuno Uy

Sui | Tuneudon (39145 0) Tuneudon (¥29609)
1 D036 D038
2 S055 D012
3 V073 D014
4 V020 S045
5 V071 S043
6 V037 D020

1 9 ] T 1
Tuasnan 43 nSeumsuiuneudosi lauionszurumsunmslasunilas i ld

o Ja o 1 g‘; ] 9 a L= d' d‘ 9
fﬂﬁﬂWWUQﬁl%’Wﬂﬂﬂ’)ﬂﬂﬂiutmﬁ%ﬂlu%@u&ﬁ]EJGIfNWﬂﬁi‘lﬂ’ﬂuﬂﬁlﬂﬁ&lu1ﬂillﬂﬁuﬂ1%ﬂﬂﬁﬂﬂ

A ’ o q ¥ ' A Yy Ry Ay 1A 2 ~
Wi@blll LWi’lgﬁ]31’]’]114"11119]@1!ﬂﬂﬂlﬂﬁﬂu&l,ﬂa\‘]ﬁ'lﬂblﬂﬂ')ﬂ “]N"U@N”ﬁﬂblﬂu'l%ﬂ\iﬂﬁﬂQHQWﬂgﬂﬂ

= 1 A g Y o v 1 =) v = ~ 1
4.5 ﬂ$W‘]J’J13Jﬂ’ﬂllLLGIﬂGlN‘V]!‘HuUlﬂ‘lfﬂlﬂui%ﬁ’n%ﬂ’sjwllﬁ]\iﬂuﬂ HAZNANUDINT UL ULNSILA

g ] v & g 1 4 { < 1 1 13 o w
YUnoUuyay D038 INTUU muﬁauﬂeaﬁuq ﬁmﬁﬂﬂﬁﬂ’NﬂJ!Lﬁﬂ@Nq‘lﬂﬂﬂ meﬁ@ﬂmnmﬂu

AnudIAy aunAgIungli 45 HinnuuanaeszniNaeangualedsliniesudinah



87

' Yo A ° A A A < 9 Y 1 [ I
mmwz”lﬂimmmmﬁmuwﬂa L’Jﬁ"lﬁ!ﬁﬂ‘ﬂ%%ﬁﬂaﬁﬂﬁ]zu@ﬂﬁﬁJUlﬂﬂ’Jﬂ Lmﬂfﬂﬂuliﬂﬂ
o 4 I YY & a & o q ¥ ' = o ]
AIWITANINITNAADI L‘Wﬂah*iUlﬂ“llﬂlﬂﬁ]ﬂix‘l"“ﬁx‘lﬁ]%ﬂﬂﬁﬂﬂﬂ’ngﬂlLUUﬂ’JUﬂNVI%%qu‘lﬂﬂl%ﬁm
a g‘/ 9 a 1 d' 1 dy A a 9J 9 1 d' ) (%
%Nuu%zmmwmmmm‘lmumuumnmmm"lﬂma NOUNISNINITAIUANNUNISUIUNIT
954
2) MYUANAAAILAY
[ d‘ Y 1 Y 1 o a o % 2’; [} Y o 1 an
Q‘VIllﬂﬂaW’Jll‘ﬂLLZ‘I’J’Jﬂuﬂﬁﬂﬁ’iuﬂWﬂﬂﬂﬁUﬂMﬂUﬂluﬁﬂuﬂﬂﬂ ADIUINTNNEDAUD
] @ [ g Y a I o A ) Y Ao
ﬂqumammuﬂ%ﬂumiwmimnﬂuwaﬂ ATNN 4.4 AIANTNATUIVTUNNAAIUAY
9 '
ﬁ}muummgmamumuﬂaﬂ W%1‘§m1%1ﬂi$ﬂ‘uﬂ‘mﬂTW"llE]Qﬂﬁﬂizui]ﬂlli]ﬁi}@y'ﬁ ﬁ1ﬂ1ﬁvlﬁﬂlﬂ
1 1 Y
maauﬁamgﬁ'uwﬂﬂﬂ:1uquﬁmmzﬁmmgmamumuﬂaﬂm"lﬂ

9
%

M3197 4.4 1duiinanIuauVBIAazI U UgDs luAAz STALAMNIN

2 . AN i uﬂﬂ’mﬂil (Upper specification limit: USL)
Tupouges | | P
AUNAY [SIRNISTAR!

Sub-process Rr—- lo 20 3o 4o 50 6o
D012 7,086 277 7,363 7,640 7,917 8,194 8,471 8,748
D014 7,079 277 7,356 7,633 7,910 8,187 8,464 8,741
D020 6,926 277 7,203 7,480 7,757 8,034 8,311 8,588
D038 13,280 524 13,804 | 14,328 | 14,852 | 15,376 | 15,900 | 16,424
S043 6,916 268 7,184 7,452 7,720 7,988 8,256 8,524
S045 6,924 264 7,188 7,452 7,716 7,980 8,244 8,508

o A o (% 1w Il { L] 1 1 1% {
MINAREIMHUANNIANIUANAUNGUAI8197 Tau nduiluauaszdugunni 1o
= v ¥ ) P Ay g a ° v v 9
lauds 60 nunInnIumsudesi laidenun A ldaingluuumsaiuguluiiden 3.6
9 v
AIANADAVDINGNAI081901UR HasnniuldidenszauguaniamisanIuguua)
Y Y] (d’ﬁ) ~ & Y] 1 ?f, (] ~ I
TnadnsndeamsmnnnganImiaszauveauaazvuneudos Tua1swn 45 1Wuwans
duy oA y s
naaoan lduazidenszaununwiangs
o a o % a’; 1
3) NATRUMUUANNAAILAUAVVUNDUEDY
1 o [ o 1 Ay ¥ 9 = ] I~ 1 =
MINNQUAI0E19 4,000 29819 NlANUToYaNT FaiseeniunquuesIud (Pass
drives) 2,000 @90813 LAZNYUYDINULTY (Fail drives) 2,000 #210819 1InguAIDd1alums
9 v
NATOUVBIAAZIUADUEDITMAONNIHIUNMTMUUATAAAIVANNTZVIUMS TULADZTZA

@ 2o A (% A o P Y LA Y Ay A
AUNN WcNmﬂuuﬂmmiLa’e']ﬂi$ﬂUﬂmﬂTWﬂﬂ11ﬁulﬂwaawﬂﬂmﬂmﬁ13J‘I/1S¥1’6Nﬂ1ﬁ A9LIA1




88

<3 J =

A A a [ P Yo A 14 A 1 3}/ ]
RAYNAAAINTING uazWammmm"lmumﬂaﬁwu@m mwaw"lﬁ'ﬁluLmazmumauaammﬂﬂu

U

M3190 4.5 ierhmsfmuaiinanIuauLad

3 v J ° a o 1 ] 1
ﬂ"ﬁ]\?ﬁ 4.5 HAANTNMIMUUANNANIUANVDIULAASUYUADUYDY

v . o | Wenuqu NaunaY
TUABUERY | FTAU ” - , FA | FR
AMUVU auna | e1ana | Cy RGN Yield
Sub-process | AUNIN drives | drives ~
(USL) (1)
D012 30 7917 4,000 3,886 0.84 6 108 0.59 99.70 %
D014 30 7910 4,000 3,889 0.84 6 105 0.68 99.70 %
D020 30 7757 4,000 3,756 0.83 6 238 233 99.70 %
D038 50 15900 4,000 2,568 0.94 11 1421 47.68 99.45 %
S043 50 8256 4,000 3,874 1.25 7 119 3.82 99.65 %
S045 50 8244 4,000 3,525 0.92 9 466 8.25 99.55 %

' 9 <3 1

v /d Ja o JA Yo 9 A A A
llﬂJ'J'll‘]J’E]iLGﬁuﬁW'ﬁﬁﬂm“ﬂﬂ mmmawnqeﬂﬁm LADTIHINWINTUUIAURAIN AN AN

1 g’/ 1 9 < (=1 ‘9}1} 1 ~Aq Y A S g’;
Gl,ul,Lﬁa$ﬂlu§‘]ﬂuﬂﬂﬂllﬁ'}%&ﬁu'ﬂﬂ"UHG]’E]HEJ’E]El D038 ﬂiﬂ!ﬁan@qﬂﬂﬂ 47.68 UIN dIUVUADU

A v A 9 ' = o o A ¥y 1 & !
YDYDU El‘*rmmmasluasmm 1ﬂlﬁﬂ1$ﬂﬂ8ﬂ1ﬂ15ﬂﬁﬂﬂﬂ ﬂ\?‘l/lﬂﬁ'l')hlﬂlla'l'ﬂﬂuﬂﬂuﬂﬂﬂ D038
v 1 1 A 1 ' = v = T v & I o

W‘U'ﬂflﬂ'lﬂ'ﬂi]Gl'l\‘lsll’f]ﬁl')a'llﬂaﬂi$W'J'l\1ﬂ'q1|\‘ﬂuﬂ lla$ﬂ€j11\ﬂulﬁﬂﬂglﬂﬂ muu?ﬁuﬂuwamiﬁ}

A o Ao Y () 2 Aqy Y < Y
UJfJﬂTﬂuﬂWﬂﬂﬂ')‘]_lﬂil!la"]ﬁn\l133@@%']u'JuQ'IULﬁfJV]GlGHL’Ja']u']u@ﬂﬂll‘l]hlﬂlﬂf)g L‘]Juwaalfﬁlﬂﬁ']

FA drives ] FR drives
12
1500 1,421
E 1000
2
=]
b= .
= 466
= 500
238
108 105 119
6 6 6 11 7 9
0
Do12 D014 D020 D038 S043 S045
Sub-process

[ U

v Y
517 4.6 dadIu FA taz FR ¥99uaaziuno U0y

U




89

aei 18 luduaeudes D038 Hanawnfiga sannwEed Iddaeen nandld e
dAaIUVDI FR drives ﬁﬁmu‘ﬁéf@ﬂ@:mwm‘é’maﬂﬂwhﬁ'u 1,421 970819 LagneunudaaIu
VO FA drives $1IufidanguauFoeniify 11 de1a ilesauiuugans 185 maudida
DN UAIF 1,432 920814 mﬂauwmmﬁwm 4,000 20814 mazaziu it uao
698 D038 fjﬂzﬁﬂﬁ’mﬁmmﬁwmmvhumamuqmvhﬁu 2,568 Foe danaaslumsadi

4.5 uazuaAIdAaIUYDI FA 1y FR Tugili 4.6

I a ] oA { % ) a 1
wavansraasuan 18 (Yield) Tugii 4.7 dednnuldlasninsanainnguaud

A Y o a o Y o Y = ' Aq ¥ @ 1
1o fl'lﬂﬂ’iuﬂwﬂﬂﬂ’JUﬂﬂJL!ﬁ’Ji}Z‘ﬂﬂWﬂqll\ﬂuﬂUW\?ﬁ’JH‘Vﬂ“KL’JﬁWH1HQﬂ@ﬂ@@ﬂth NWUINHAIN

1 g’/ 1 = a QU d‘ Q g
nmanuguluusaziuneudesinansuain 185 ugna 99.00% yu'll

B Yield
99.80%
99.70% 99.70% 99.70%
99.70% 99:65%
£ 99.60% 99.55%
v
9
5
A 99.50% 99.45%
09 40% I
99.30%
D012 D014 D020 D038 S043 S045
Sub-process

o oA

a Yo 1 g’; ]
4.7 NafA mmw'lmmmummumuﬂ@ﬂ

=).

ril

=

H g; 1 1 @ 9
1317 4.8 Tuduneudos D038 nuNawTalszndanarlumsnagonlagegaia
o H v A A Y o o v Y ' ~ ° 9
47.68 WM AIUTUABUEREDUY Taamasudldalsendanarldes limunznazivualy
A A o JyI A A ) I g v 2 o AN ¥ Y
NUIse Mg ldniimesiuaoudes D038 WMy Meviaannn lanlasuTlsunsyida
lé’ A = [ g’/ v = A 2’, 1 A Y
naaou Inivum WemesusuasineunuNumslasunlas llvesiunoudos taznainly
< [ { 4 H [
Tupszurumsnaaeunanad deuiumsasulaanlanaaenldlunuiniang azdnan

{ o 2z I @ { J a
uwamsit Idvhmsneiegiin e mszidlumsdSunlfouitmsnaaeueaiaaan Id lasass



90

B Time saving

47.68

Time (min.)
(PR
[am]

10 T
0.59 0.68 =32

I e — m W

D012 D014 D020 D038 S043 S045

Sub-process

= 4 4 vy '
5U7 4.8 NamasNanatvo UL TUAOUEDY

U

(Y] d a do a Jd
43 mylSulyanalumsnaaey SRST vesaiadaniuunng 500 pnzlua

1 Jd a s A = [ 9 @ [ [ Jd a St A
?HGU'ENa’lﬁﬂﬂﬁ'ﬂ‘V]Wﬂ@]blu'Q@]ﬁ’lWﬂiillll‘HﬁTﬂ?uﬂfJﬂﬂu HUUBUNFITAATNNUAINY

v
=

[ J a P { o
g ldnarlumsnageuuiunieriaaanniniuyios winuuIMNMUUAg 150

. 9 H
i 1114 18w sdunsoanaaey mnzaziunianudluly1dfzlscynd l9aun
a =3

S a Ji A s o
81iﬂﬂﬁﬂ§uﬁu 9 1uﬂﬁgﬂﬁuﬂ1iﬂﬂfffﬁﬂ SRST U93317AAAN %ﬂﬁ%fﬂﬂuﬂnﬂWiﬂﬂﬁﬂﬂi%}

2 ] @ J a S A a s A
NMTIAIUANIUADUIDYUBDINITNATOU SRST ﬂﬂﬁﬂiﬂﬂﬁﬂiuﬂﬁﬂ’ﬂuﬂ 500 ﬂﬂgll‘Uﬁ Lﬁf]

q Q

v
Y o v @

o oA =2 S = o An Y 1 9 v Y A =2
m’mﬁauwaaww"lﬂ ﬁ'lﬂ‘lJ"lluGI’E]uﬂTiﬁﬂ‘hl1ﬂ!,°])'uL@EJ’Jﬂ1J1/IM],ﬂﬂﬁTJiJ'lll,ﬁ’JGluT‘i'J“UE]VI (3.3) 29

1 Y 1
3.7) Fenntdludulidumadwin ldanmsnaaos

[

A g’/ 1 d‘ o
1) NUUNDUIDINTIATY

o

a 4

4 J a Jd o @ T
doyaNanIsNAoD SRST ¥0I813AAANTUAINY 500 nnglud ihdeyadiod
<3 3’, ] ~ 9 A g‘; 1 A o Y
waeamvuasUgeN 13I8 11U HseTUasudesn Iiar lunssuiumsnageuuu lag
o I { 1 g’; 1 <3 o w o w ' g‘; ' o A
‘Lﬂﬂ"ll’)ﬁ%ﬂafJ‘ll’ENLL@ﬁ%ﬂJu@@u&@ﬂNTWﬁ@ﬂWﬂﬁTGIEI"I@‘U?]’JHJﬁ'"lﬂfgllﬁﬁ%‘uuﬂﬂuﬂﬂﬂ @Nﬁllﬁ}
~ " 9 ~ 9 Y 1 3’, 1 9
uﬁm“lugﬂw 4.9 %31"!‘1_]31‘1]’611“61/]"1@&@'@\1ﬁlWLWH’J'IGU‘Llﬁ’E)ufJ@ﬂ D029 2z lEaImagauuIu
A I <3 = @ 1 1 = 1 =y o Y 1 ]
nga LLﬁgl'ﬂ‘L!ﬂ”liWﬂ’fW’lLlﬁﬂﬂlﬂﬂ'ﬂﬂuﬁ%ﬁiNﬂQNﬂuﬂ HAZ NN ULNY MM UAININA1
d‘ 2’, 1 = 1 dl d' Y 9 4' = v
VoI URAY TUTUAOUIDY D029 IAINNUANVOLIAURAIN 1 FADUVININ DN UND

? ' A Y
VUNDUYDYDU LA



91

30000 -
a Fail drives [J] Pass drives
25000
_ —
2 1
L
£20000 | La
L
£
£
= 15000
3 (=) = O
[an) [an]
& 23 & 2 SRS 7 =
£ 10000 | ol ‘ o &
;>
-4
5000 :
Vel
C_" W
(‘;‘l
0
D029 DolL1l S046 Dol14 S041 VOIs
Sub-process

H < o w o w g’/ 1
319 4.9 waeanus ladnuanudAgvoITUADUTOY

Y

2) MUUANNAAILAY
{ v A o A o 1 g’; 1 a
M1519% 4.6 HaaNF 1IN NMUIAFURNAAITLANMUDUVDILAAZTUADUGDY HATTU

INTZAUAUNINYDINITNTZLINUAIT OYAVRINGNIIUA 11AIN 14 T naasuieruduiing

9
v % 1

H Y H
muqm’ﬁmmzﬁmammmuﬁ@uﬂ@a ‘1/]ﬂﬁf)‘]_lﬂﬂnﬂﬂlu%ﬂuﬂﬂﬂﬁqﬁjlﬁﬂﬂﬂ'l HagNINg

v
= [

nadou Tagisunnszaunun i 1o llaudafszauguami 60 udniwan launarsan

v 9
M3197 4.6 Lé'uWﬂﬂmuQmaumazmumuﬂaﬂiuggmazﬁzﬂuﬂmn1w

" ' AW WAAAIUAN (Upper specification limit: USL)
Tupoudoy | | y p
MauNaY | WeuDu

Sub-process AT lo 20 3o 4o 50 60
D011 9433 208 9641 9849 10057 10265 10473 10681
D014 9262 208 9470 9678 9886 10094 | 10302 10510
V018 125 305 430 735 1040 1345 1650 1955
D029 17259 400 17659 | 18059 18459 18859 19259 19659
S041 8184 177 8361 8538 8715 8892 9069 9246
S046 8210 150 8360 8510 8660 8810 8960 9110

H 9 v
wiyamnzausgimuannanuguluudaguaeudeuiug msmuinldangluuums

v Y A 9 1 aa J (% ] [ g’/ Y
AAUNTZVIUMS TN 3.6 AIBAMNADAVOINGUAIBI1IUA a1 INUuliaen



[

FEAUA

' A I Ay v A @ A A
RN GlumiNVl 4.7 l‘]J‘L!Wﬁﬂ”IﬁVIﬂﬁ@Q‘VIulﬂllazlaﬂﬂigﬂﬂﬂﬂ!ﬂ']Wﬂﬂﬂq{q

9
3) ‘vmaa'uﬁmmwmmmmmumuaﬂﬂ

92

1 Q/ d’ { { % 1 g’/
amansonuauud liwadns ndesmsunigauvmilszauvoaaziuaou

9 J 1 Jd A 1 a J @ VoA Y 1 Y 9
UVBYANIDYINVDIFITAATNTUAINY 500 ﬂﬂ%ll‘]_lﬁ mwum"lﬂmammﬂauwumm

= 1 = o oA 9 ~ A A I 1 A A
iNi]zﬂa”l’mﬂNaaW‘ﬁﬂllﬂi]”lﬂﬂﬁﬂﬂa@ﬂuﬁﬁﬁﬂ 4.7 gansauluduamnaunasnanas oy

v 2 1 Y a A I = 1 ] <]
NUNVUADUIDY D029 ﬂziwﬂ1laa11ﬂaaa@aw1ﬂmqmﬂu 12826 UM Lmﬂfﬂﬂlliﬂ@nll

a [ P Yo g‘/ [} dy = 1 9 9 A " W 3 4
Wﬁ@]ﬂm“ﬂﬂulﬂiﬂsluﬂlu@ﬂuﬂﬂﬂ D029 U uanouvINUagndInNInNU 87.85 Lﬂ@‘ilcﬁu@ luag

a g}l [ A 1 ~ Y [ a [ P Yo 1 9 ~
NWIATTUINVUADUIBYD U NWUIUIAURAIAADIUDY LW]?HNﬁG]ﬂm“ﬂﬂllﬂiﬂﬂﬂuslﬂxﬂﬂﬂiﬂﬂlﬂﬁﬂ

1A sl o = Y ax °
6§Jl1/] 99.00 Lﬂ’f]il‘]fu@] %1ﬂﬂ1‘§ﬁﬂ‘ﬂW]’JEJ’J‘ﬁﬂﬁ'ﬂTH‘LlﬂgllLl‘lJ‘]JﬂWﬁﬂ’)‘]JﬂiJGlUﬂ1i‘ﬂﬂﬁf]‘U SRST

d a 4l a 4 9 ~ [ =] = g’/ [ 3’; = ~
VYDIFIIAATNIUAINNT 500 ﬂﬂgklﬂﬁ GI,WWﬁT]UliJHWW\‘]W'E]Glﬂ ININCUVUADUYDIVUADUIAYIN

Gl Y ~ =5 = a o o’d'hl Yo hl 1 9 U 2 l A <
W!,'Ja'll,ﬂaﬂa@aﬂﬂJWﬂLl@]ﬂﬂﬂﬁqt‘g!ﬁﬂWﬁ@ﬂmm% ATU c]Ji‘;]'E']‘Llsll'lﬂll'l'ﬂ AIUVUADUYIDYDUC) N

v H ) )
ldnaundsanasisanunsgmruannaniugulsluiuneudesiiueg

3 v J o Ao 1 g’; l
M9 4.7 HAaaNINITNIHUANNAAIUANVDIAASUYUADUYDY

" , L | wianuaw aURAY
TunoUoy | Al Y - ., FA FR
ATHUU DUNR | IDIANA Cpk anaN Yield
Sub-process | AMUNIN drives | drives B
(USL) (Um)
D011 50 10,473 4,000 | 3,977 1.36 2 21 0.21 99.90%
D014 50 10,320 4,000 | 3,976 1.35 3 21 0.21 99.85%
Vo18 60 1,955 4,000 | 3,393 1.61 12 595 8.38 99.40%
D029 60 19,659 4,000 | 2,935 1.13 243 822 128.26 | 87.85%
S041 60 9,246 4,000 | 3,946 1.78 5 49 2.09 99.75%
S046 60 9,110 4,000 | 3,652 1.51 27 321 9.03 98.65%

A [ 1 A Y @ 1 a A 1 a [ P
5UN 4.10 waasdaaiu FA 1oy FR NlwanuaIaRdeNanas LazANaANUNN

Y

Yo o v A < 2 ' ] T A A o ' =
blﬂfiﬂ@nﬂﬁ’lﬂﬂ mﬁﬁuclm‘ﬂumumauﬂaﬂ D029 9Z11UIAT FA Nﬂ’quq@]‘ﬂ 822 MDY HIVL

o Y = Y Y = 1 ?{, 1
mldanaunasanas Uszndanarld 128.26 1) uazar FR luduasudes D029

Fl
AIA

HUOUA

" o & R o QY1 A o JAY Yu sl JY A
qqmuﬂmﬂu 243 AU Tﬂﬂ%z‘ﬂﬂwmwammmw“lmumﬂammﬁuaﬂmmw 87.85%




93

FA drives ] FR drives
1000
822
800
E 595
Z 600
&
#
2400 32l
- 243
200
21 5 21 3 12 9o 27
0 L
Do011 D014 V018 D029 S041 5046
Sub-process
d‘ 4 1 \ g‘) )
E‘IJ‘VI 4.10 dadIU FA 11ag FR Y9duaasuunalgay
B Yield
99.90% 99 .85% 99 40% 99.75%
100.00% : 98.65%
95.00%
E
2 90.00% g g0
(=
85.00%
80.00%
D011 Dol4 V018 D029 S041 S046
Sub-process

d' a [ o Yo [ g’; [
ETJTI 4.11 Na@]ﬂmmmllmummgmamumuﬂaﬂ

g v dy o Y = Ty A o /A Yo S
Gll!‘llu@l@uﬂ@ﬂ D029 uﬂ$ﬁ1ﬂ1§ﬂﬂ§$ﬂﬂﬂ!3ﬁ1aﬂqﬂ 128.26 UIN !Lﬂﬁﬂﬁﬂuﬂaﬂﬂﬂ!cﬂﬂqﬂiﬂﬂﬂ

I =R ] ~ o 9 g‘/ ] dy Aa 3}/ 1 A 3
L‘]J@ilﬁlfu@’1]\1]’IJJWIlng‘Vl‘t]$ﬂ1ﬁuﬂ1%ﬂ1§ﬂﬁﬂﬂuﬂlﬂﬁlu@]®uﬂ@ﬂu NWAITUIVUABDUYIDYDU N

1 A A v Y Y Y v Ja g @ 1 a o s Yo < [ A
NUINLIDURAINAARIUI U DY umﬂwNaaWﬁmﬂuaﬂmuwamﬂmmw"lmuqa ﬂ"lmmnzmz

Y o a o 1 1Y 1% g’; = 1
GlGH’J‘ﬁﬂWiﬂWﬂuﬂWﬂﬂﬂ’JiJﬂm%uﬂ‘L! ﬂﬂuuiuﬂTiﬁﬂHWﬂ”ﬁﬂiﬂﬂgﬂl’mﬂuﬂﬁ‘ﬂﬂﬁ@‘u SRST



94

o 4 o a v 1 gﬂ ]
all’f)\iﬁ'lﬁﬂﬂﬁ'ﬂiuﬂ’ﬂil% 500 NN ul‘]_lﬁ‘ﬁ aaﬁ‘matﬂmuﬂwmm‘uqunaﬂmmamumauﬂﬂﬂ

=

[ 4 { <3 @ =
TignunsnlFauld uaaingiuluftimsAnudieismssug Aansamiumalddanunig

=\
y

B Time saving

=

140

120

100

=
= 80
E
L
g 60
F
40
20 838 903
0.21 0.21 2.09
0 [ | I
Dol11 D014 Vol8 D029 S041 S046

Sub-process

TJ"?I 4.12 L’Jiﬂmaﬂﬂﬁﬂﬁﬂﬂlﬂﬁllﬁﬁ”ﬂluﬁ@uﬂ@ﬂ

4.4 Mminaasuiudinved13feIie VR INITZTUIUMS (Sequential testing of sup-

process)

3’/ ] A Y A dy I 1 o = 1
ﬂlu@]ﬂu&’t’)ﬂﬂllﬂLﬁ’f)ﬂﬂﬂ‘ﬂﬂﬂﬂ\‘lutﬂuﬁ'lu‘ﬁuﬁ%ﬁ@gﬂWﬂiuﬂ”li‘ﬂﬂﬁi’)‘ﬂ SRST w93
J a 4 a g’/ 1 g’/ o Aa ] 1 4
J1IAATN “lummmqmimﬁamumua@ﬂmwuﬂ%a:mmumi"lﬂammmﬁm IUNTIUNG

9 Y
YoIMInado SRST aaiulunmsnaaesiiveldasassmsnageudrsnmsimuannaniugy

[

Y ) 1 Y H
VOILARLUUADUGDININTNATDUDE19ADILBUTUIINTUADUGDENBYAIALLTA (V020) DU

U

= % i o 9 Ay ¥ A v A I
ldeiuneudosdrinugaiie (vo73) #ildgnidenun asasei 4.8 uaaswanisnaasuily

[

§1AUDE19ABLIIBIVBINTZUIUMNS (Sequential testing of sub-process)

& { g < o a v 1 v 4
Gl,u"llUG]’ETL!fﬂi“VlﬂﬁfJ\‘l“ﬁﬁﬂﬂﬁtﬂuﬂﬁﬂ1ﬁuﬂ1"lﬂﬂﬂ’)ﬂﬂﬂﬂi%ﬂ’)uﬂﬁﬂfﬂﬂﬁﬂtﬁﬁ]ﬂ ﬁ’é)

(3

a ] Y @ ] { Y ] o o A 4
BUNA 'J'E]EJN\HUL"IBIHVI,‘]JTNWM?W 4,000 779819 NUUADUIRIEIAVTNILTN V020 llﬁjl’f)WW!@l\ﬂu
=

I~ @ 1 a Y v 2 ' [ ] v dy 9
ﬂlﬁaﬂlﬂu 3,092 A7981 ’f]uw.ﬁlsll'lhlﬂﬂ\ielluﬁﬂuﬂﬂﬂ D036 #9 l!agiumuﬁ@uﬂ@ﬂ D036 uhlﬂ

S r S
wnanmaediy 2,303 §re10 iTudunmih ldivuneusesde lises 1l atuney



95

1T o U

[l ) ~ Y o A o 4 9 A Yy =\
gougANIY V073 ‘1/1ulﬂﬂJfﬂiﬂ"lﬁuﬂWﬂﬂﬂ'JUﬂiJﬂﬁg‘U'Juﬂ']ﬁ 197161 qﬂq@ﬂTﬂﬂqﬂﬂgﬂJﬂTﬁﬂﬁﬂu

GA MUIUNUANAUNAD 1,699 #9819 LazATAAIN GR UIUNWFENAUNED 15 429814

M Y 1
3197 4.8 Nﬁfﬂﬁ‘ﬂﬂa’E)Qﬁﬂ’i’l!ﬂWﬂﬂﬂ’JUﬂiﬂHlL@ﬁzﬂluﬁ@uﬂ@ﬂ@m\iﬂﬂlﬁ@ﬁ

) FATIUTIUIUAIDE (Units)
MAUN | TupoUdey 2 y

BUNA 191N GA GR FA FR
1 V020 4,000 3,092 1,865 764 1,236 144
2 D036 3,092 2,393 1,843 686 550 13
3 Vo037 2,393 2,017 1,797 330 220 46
4 S055 2,017 1,862 1,777 135 85 20
5 Vo071 1,862 1,793 1,775 67 18 2
6 V073 1,793 1,699 1,696 15 3 79

GA ApTmIuauAnAuMae, GR ADT1IuIUAeinuMan, FA Aes1uauaudeiiuinnnIugy, FR A09111uaAN 1

HIUNIANIVAN

1 g/ [ dy o o % ~ 1Y
TuugazvunoUgosUeINIINAanItiay I InHadnivoIalsNinae FA uag FR o4
~ 9 3 [ 1 ~ o A A I ] 1
uandlualsnan 4.3 Muuu GA Fudaa uiuanInuINUANAUYa0 ttag GR Wudadaiu
1] 1 T Y 1
Maassiunudeiaunie WoruinanIUANYoLAAzTUADUEDY IFUNA L TUA1T19% 4.3

I Y Aa ~ o 1 =) 1 ] 1 =)
AMTATIN FA  1ag FR LTJHGIJEJN@W'@W’I‘V]IITJEJ@iJﬁUﬂtj‘iNWL!LﬁfJLLaguliJfJ’f)iJ‘i‘Uﬂi]ll\‘]']Llﬂ

o 1 g’/ v o 1 A Y o A ~
@I']iJﬁWWUGlULWIag‘;Uu@’BUﬂﬂfJ u1ﬂTﬂllﬂwaﬂﬂﬂ§1w9@ﬂllﬁﬂﬂclu§TJVI 4.13 oz 4.14

o v A FY ~ I =1 [, 1 dy
mwaaww"lﬂ”lumsnm 4.8 Wﬁ@@ﬂiTV\lllﬁﬂﬂlﬂﬂUﬂTﬁﬂﬁ’Ju GA 11ag GR 11!ﬂ3”|1/\|1!

[ 1

4 aq 2 . 5 o 2 y da o - o
1QdAdIUT0I GA Naundeluduasuges V073 sulluvuasugaineninismuuaing
I 1 { o ] 1 kS o l a
AR IUNGUAIATALMAD 1,696 AI9E19 VINNGUIIUANINUA 2,000 AIDEI N1GANAR
v A q9 = < 2 A o 24y Yo v ' i
e ldnunde ldmniigamsiziiuninedinaanuaii 1a509unA28 1azA1 GR 0
2 ' <3| ' { @ 1 1 2 @ l
TuAdUGDE V073 11 UNquIIIFeNANNae 15 429813 9INNGUITENIHUA 2,000 G961
= 2 A B < ~ A
naaalugii 4.13 BnmadnsniaiumsndeansifFeumeunmdadiu FA uag FR 910013
naaeINan MdadIu FA Aooq anaimuiuiunuimae ganeuainguanudezivae
' J ' 1 2 1 A I @ ' 2 ' 1
1A 3 110819 NVUADULDY V073 tazmdadiu FR (Jumsdaaiualuunasiunoudos A1 FR

dy o Y a [ S Yo . ) o o [ 1 = S 9 1
Hazildnansasin lasy (Yield anaiale m”lﬂﬂmamﬁﬂmumiqtymﬁmuﬂ DuLna



9
%

] a0 1 Y a Y] A Yo A
YUADUYDYNUANT FR mﬂﬂzmwaiwwammmﬂmumﬂa

4

96

<

s Y @ A
Siduatos awdnalugii 4.14

ueraIdadIu FA Hag FR 10111minaaedniugunssuiumsedneiio

Unit Count

2000
1800
1600
1400
1200
1000
800
600
400
200

B GA drives

GRdrives

1,843 1,797

1,777

1775

1,696

V020

D036 V037 S055

Sub-process

V071 V073

o 1

3UN 4.13 dad

9
IUUDN GA 11ag GR V9 asUUADUEDY

Unit Count

1400

1200

1000

800

600

400

200

1,236

FA drives

B FR drives

N
h
(==

144

220

70

18

-2
[F5]

V020

V037 S055
Sub-process

V071 V073

i 4.14

[

9
ATIUUDN FA (1aS FR UDLARSUUADUYDY



4 o 1 o w { 4 9
M13199 4.9 AMuammMaInuNnIeInaaou ldau

97

s , maamlilinne | ddauldane Maauh
Tupoudey | o oy
UIUAIBEN AN AN Usznida’ld
(Sub-process) e o o o ay o o
(naiaa) GIGRLE)) (M aiae)
V020 4,000 31.200 6.400 24.800
D036 3,092 510.180 448.340 61.840
V037 2,393 10.529 1.914 8.614
S055 2,017 89.554 79.873 9.681
V071 1,862 11.544 1.862 9.682
V073 1,793 26.895 1.793 25.102
U 679.902 540.182 139.719

9
cY

1 A A 9 1 [ ~ 1 [ ~ Jd a 4
ﬂ'llﬂ'ﬁ1!51'ﬁEJ‘V]]lﬂ’ﬁ"lll'liﬂW'lﬂ'l‘Wﬁ\‘]\1']1!1/]@1@'@@(11!&@?3361]1!@’8118@EJ Glummwaﬁmaﬂ

o =) [ ' = o Y v dy o w Aq ¥ o T
‘Vl'lﬂ'liﬂﬂﬁ@‘]ﬁ]%‘uiTﬂﬂWﬁQQWUG\@WHQ%’?INQ mwuﬂﬁlwmu ﬂ'lﬁ\i\?'luﬂsl“]f: 20 ’WW]/"]YJIII\?/

) X F) H
WHUIY e NIT IR IZTUADURENYNIININAADY A
WAAAIUANNIZVIUNT HIAIM

naziieMuuaANAAAIUAN

ANNTUIIUN

AINTAINTHUIIVLY

v
=

1
A

Y

'
Y A

19 1 1 Y o
Tunountn li'ldumsmnua

li'ldlFndanuauldnin 679,902 Alatad

PMIMIMUUANAAAIVAWNINDY 540.182

a v { o o w 1 g 1 @ J -
nladad Taegasnldmnummasnulunaaziunoudesaaaasmuaunsdiuaisi

[

° ' Ao ° o ' o J1 @ {
masan luldndaniugy = Suamdree1e x 20 Tadaerd T x NAURAY .,
o w ya o ° o ' o D =
ﬂ’]aﬂ\‘l']uslslfWﬂﬂﬂ'J‘UﬂiJ = TUIUNIDYN x 20 'NWW]’E)GD"JINQ X l?ﬁqlﬂﬁﬂ(w)

Masnunlszndald = maaanulyl

Jya o

TWNANIUAY — NTANTU

q

TénnanIuny

4.1)

4.2)

(4.3)

19 ¥ < 4 yigyo Ao o ' v o A
(”,ZJJ?GD'” nuONINe 'ZJJ 7@ﬂ7741!@Wﬂ¢7ﬂ?U@ilﬂi;’llimmjsum*‘l/uﬁ@ut’/@ﬁl Hag “?‘D’” OO

k4
I&mmuaiinanIUANNTZUIUNMTVONTUAD UG E)

{ 1 o w {y ¥ o ! 2 ' Y
iﬂﬂ@]'liN‘ﬁ 49 memmamuﬁ%mﬂmimmmimmazmumuﬂaﬁJ Naﬂﬁ%ﬂaﬂﬁllﬁﬂxﬂﬂ

< 1 1 { { 1 3’; [} o Y v o w {
HUNANAURASVDIMINATDUNAnad IuaazTUA gD T 1rlszvgamasanun

Y Y a v J o ' 3’; o 1 9
15 lunmsnaaouldlszuna 140 Alataa 1INNAUADE19NIUNIHNA 4,000 A2I9819 VoAU

v
v

1 9 Jd a S ¥
Llﬁﬂ\‘l'J1ﬂﬁ3Uﬂuﬂ1iﬂﬂﬁﬂﬂi}$ﬁ1ﬂ15ﬂaﬂﬂunu1uﬂi%ﬂ3uﬂ1i%ﬂﬁﬂﬂ?ﬂiﬂﬂﬂﬁllﬂ (Cost

. ~ A a 9 .. 1 9 A a [ A 9 A
saving) !LﬁZL'JaTﬂﬁﬂﬂﬁﬁWﬁJTiﬂLWiJWﬁWﬁG]Ulﬂ (Productivity) ﬁjuﬂl@ﬂﬂﬂﬂﬂﬂﬂﬂﬁﬂm“ﬂﬂqﬂﬂﬂ‘ﬂ

s 97.32%

Y ]

U

1 Sa A Y] [ = 1 g’z v A 1Y A
’é]ElNhliﬂﬂulﬂufﬂ'ﬁ‘ﬂﬂa@Qﬂﬂﬂl@ﬁyﬁﬁ’ll‘l?‘iu\‘llﬂWUH NIUNWSIDTIUNIT



98

o a { o { < 1 1 o ] {
ililszgnaldnuiziinai I8 ndifoadui ldnaass Nuzawnsaneu ldngudledei

MNABOY ANTOUNUANNEDAYOINTZUIUMITVOINgU sz INTHan I8

4.5 NINMINUNUIUAIBENG

3’, v Y A 3’, Y o ) 1 o [ A d
ﬂ”mmimammmmmﬂummwmumuu"l,ﬂmmimmmmﬂﬂqumamqmﬂu
o S a Y o ) v T ¢S a o
UIUTTAATNNINUA 4,000 §IDYN ﬂummm‘ﬁmuifauiam’fay‘aﬂﬁmaaummﬂﬁﬂ
] =& a Y ~ ] Y a 1 =
FIIN U T@EJ‘Wi]15mmizmumimaﬁﬂnwagmﬂiﬁﬁmwﬂﬂm“lwmigﬂaﬂuuﬂm
) 1 1 o [ I @ dy 1 o 1 A = . o
NIZUVIUNT ”lmmmqnmamwamﬂu AU 1) ﬂqnmamqmﬂuqmﬂ (Pass drive) 91UIU
@ ' R oA g = . . ° @ ] S a Jad
2,000 119919 2) ﬂqumaﬂnmﬂmmmﬂ (Fail drive) 911731 2,000 §290819 (815AadnN U
Y ) 9
ﬂqmmﬁm%zﬁmﬁmﬁau"lmmnﬂmmauﬂaa) Lﬁaclﬁ"lﬁ’ﬂ’fay,ammn,mazmumuﬂ@amu

o { < ' o o 2 v o v
mmuﬁﬁ’mmi ﬂzﬁmmm’fayjaﬂqmﬂm?rﬂmmuum i%}']fﬂw/nﬂﬁLWMﬂluWﬂﬂlﬂQﬂﬁjMﬁ’JﬂﬂN

'
a a

(Sample size) 1519zADINMIMINGNVOITOYAALUN Idu0e 1 UEY D1TIHY VzADI0gN181A

o

=) A A Y a v Y A
n1sAIuNN "lmeﬁLﬂaauuﬂmﬂizmumﬂm Vlﬂ%ﬂﬂﬂlﬂﬂNﬁﬂi%‘ﬂﬂﬂﬂﬂlﬂuﬂﬁiﬂﬂﬂiﬂ 1P
o Y ~ o o Y a s Y Aa 1 dy Y I
mTntimanldeuntasduszinlinmsinsizidoyaranaia lumsnaaesae 1 1 uns

= o R ' 9 s @ 1 9
NAaowf3suMNeUTIUIUNGNAIDE 1 1HNINTITY 2,000 4,000 1AL 8,000 @089 A1ElA

d' 1Y 1 9 o = d' Yo
Nau'lmmﬂanuam1mmﬁﬂumﬂuNamsmam‘n”lmu

—imMean —4=Std.
26660 1340

26640 ’

662

26620 1322 \ 310 26,607 1311
26600 \_>< P Pt
26580 oag S i -

26360 \ 1,290 26,571

1,284 e )

Mean

12
(=3
le
|
\
T
—
%)
(=]
(=]
Standard deviation

26520 1260

500 1,000 2,000 4,000 8,000

Sample size

v H Y
1 4.15 W suifieumnatazanliouwuinaguvesteyavesiunoudes D036 Tuuaaz

NANAIDY N



99

= 1 Y Aa o k) A Yo da! o
"]N@E)UI‘IJﬂ$‘I/Iﬂang‘]JLL‘]J‘Uﬂ’J‘]_lﬂ‘lJﬂDfJ‘INf‘lﬂﬂ’NJﬂiJﬂ"l‘Ll‘U‘Ll“l/lulﬂﬂWWuﬂ‘Uu%Wﬂ%Wu’Ju

Aoya 2,000 A10619 WA WTNNMNNADANMHUANIAAIUANAUTILIUNGUAIDE 19N 19

3 A @ Y o 4 1 a J A <]
wﬂammuauﬂmﬂﬂu'lﬂ ‘Vl'lﬂ']ﬁ‘ﬂﬂﬁ@\‘]nlua’]ﬁﬂﬂﬁﬂiuﬂﬂ’]uﬂ 320 ﬂﬂgll‘ﬂﬁ Glugﬂ‘n 4.15 Naon

Q q

1 oA = 1 1 @ 1 I Y Ay v
ﬂi"ﬂ/\lLlﬁﬂ\if’ﬂﬂaNLLﬁ%ﬂ”IL‘UENLTJH‘JJW];@”Iu L‘]J%EJ‘]JLTIEJ']JIHLME]%T‘IQ‘JJ@YJ@EJN L‘ﬂumamw"lﬂmﬂ

G
v

! Y g’/ 1 =< 9 A ~ [ Aaa g’/ =R [ A
MIgquupdvoyaluiuneuges D036 HvpyanumMsnlasunilasnmada nndluaunas
sazAndoauumasgIuiaaIMInizeaIvetoya 1519z Iathgduuumsaiuguaieing
AUVUNAADIAIUANNTZVIUNITEOY VINNGUAIDENTIUIU 2,000 20619 NaziimndIuIu
Ao 1 S T A o 1w 1 Iz
Wnanuguluudaziuaeugs TuN1ITNAABLVBLTN HASHDUINNTIUINGUAIDEIIUAN

1 1 o A o 9 @ ' Ao o Y v A Y
ANULANAN NN sANTIuIudeyadios i 1Flunsnaassszinldwadwinlaas

[ A a A =W 1 [ 1 9
ALY UDULIAN Wi@’)'liJGlJ’E]LLG]ﬂG]'Nﬂu'ﬂiﬂﬂi‘UN

FR drives 2,000 W 4.000 8,000
200 %
=+ =
- - L =
150 == )
£
$100 90 PETE— .
= ] « 76
= 67
-
30 e S e -
‘m ]
0 |
V020 D036 V037 S055 Vo071 V073
Sub-process

d' = ! U 1 dd‘ U \ J U )
sUn 4.16 !,‘]_r%fJ‘UL‘VIEJ‘]JﬂWﬁﬂﬁ”JLN1uﬂ‘I/IQﬂﬁﬂfl@ﬂﬂlﬂﬂlmﬁgﬂijwﬁlﬂfﬂﬂ

Y

] [] < 1 9 A o [ ~ Y o dy g’/
Lm@fﬂﬂlliﬂiﬂ’l"ll]ﬂZ]iJ"’U’E]?Jﬁ“I/I‘LlﬁJTI/Iﬂaf]Qﬂ‘]JE‘]_]LL‘]J‘]JﬂTiﬂ'J‘Uﬂ‘JJ‘VIulﬂﬂTﬁuﬂﬂluiuﬂﬁﬂ

U

o Ay Y P ' A o JAy Yo a A Y a
L3N WaﬁW‘ﬁ‘VIulﬂﬁ?ﬂ?ﬁﬂllﬁﬂﬁﬂ?ﬂﬂ?ﬂlﬂﬁWa@lﬂmm‘i’lvlﬂﬁll !,Laznmmaﬂ‘vmﬂm"lﬂ nInu

v J "W Y Y Y Y a ] A [ a o 1
paans 1 ldeuihnieudidennsaiae lae msdivlgannaniugunszuiuns ny
P ' '
W‘Ii13ﬂ3‘1!1!ﬁluﬂﬁ‘ﬁﬂ$ﬁWﬂuﬂﬂTWﬂﬂﬂ’JUﬂNﬂi%Uluﬂﬁ %Zﬁflﬂﬁ?ﬂﬁWﬂﬁﬂHﬂﬁqMﬁl@ﬂN‘ﬁ
9 1]
%zﬁmnmuﬂqmmﬂiwwﬂimwmﬁ"m 31ﬂ1ﬂ1ﬂﬁﬂ¢lﬂlﬂﬂﬂ@%@n@mdﬂ%ﬁﬂdﬁﬂﬂﬂu"ﬂ%@ﬁ@

A J Z/ A 1 9 A o vy Y o Ay Y 1
ﬂ’f)f‘ﬁllWiﬂllﬂuﬂQNﬂigGmﬂiVNﬁﬂJﬂ maﬂ’qm@naﬂmmmamuaﬂwNaa‘ww"lﬂ"lmwa

EY



100

Yy A o = Y o A Y a A Y o Ao A o Yo
ﬂgﬁl@ﬂuﬂ1§ﬂﬁﬂLﬂﬁﬂuﬂlﬂﬂ?ﬁu@ﬂ%gﬂﬂﬂﬁlﬁlﬂﬂ ‘ﬁﬁ’E]‘ll@ﬂ']ﬁuﬂWﬂﬂﬂ'J‘]JﬂiJVlu1ulﬂslslfﬂ‘]J
£y Yo o Vo
ﬂizu”mm’iﬂ’e)ﬁ"lﬂiﬂﬂﬁﬂiuﬂgﬂﬁlwuumm

v I I v o A o . o =
LLﬁﬂQNﬂﬁW‘ﬁ‘VILﬂuﬁﬂﬁﬁui]”Iu’JuNuﬂVIQﬂ@]ﬂﬂ@ﬂ (FR drives) Tagymalseumey

' ' o ' o o A 4 X o 1 { & ° {
Tunaagngquaiedii laihmaass aeiuaalugzii 4.16 Fedadmiiuswauaudngn

D.

= v o 1

(% dy = [ 1 a 1Y (d‘ Yo . = g’/
maaﬂm:maﬂ‘ummmNammmﬂmu (Yield) msmmJmmummﬂqmmﬂmwmﬂﬂ

e

o o I

1UINAADY HANITNAADINNATATIUIIUIUNUANYNAADON LA IVUHIANAANUN

U

Yo Y Aav 9 &2 1 Ay Y A =
"l,ﬂi']ﬁl"Iﬂﬂ"l’iﬂ’J‘]JﬂiJﬂiz‘U’Juﬂ"liﬂ’JEJWﬂﬂﬂ”I‘L!‘UL! mmﬂmmmiugﬂm 4.17 L‘LEEJ‘LIL‘VI?JTJLLE‘T@N

) A o 24y Yo ' "o 1 Ay Yo P S I T
lluﬂiuﬁﬂlﬂqwaﬁﬂm“ﬂﬂqﬂiﬂ Glull@]agﬂtjllﬁﬁﬂﬂ'l\‘lﬂhlﬂu’lll’l‘ﬂﬂﬁf]\? NNYRUAIBDYINITUIU 8,000
@ ] [ Y a @ P Yo A 0 ~ 1 g’; 1 [ [ ~
AIDYIN Elﬂclﬂﬂ'lwa@ﬂmcﬂﬂhlﬂiﬂﬂﬂ'quiiﬂﬂlﬂﬁﬂi]'lﬂllﬁag"llu@ﬂuﬂ@ﬂ UNUDNIMNISUIUNITY

@ 9 1 2 ] l ' AQ Ya o Y 13 A
ﬂ'lfl'ﬂigi]']EJG]jﬂlﬂﬂﬂlﬂy’aiullﬁagﬂluﬁﬂuﬂﬂﬂ ﬂgiuﬂfjﬁﬂiﬂ)’Wﬂ@ﬂﬁﬂﬂﬂqﬂﬂ ll@]ﬂlli@ﬂ'lﬁ‘ﬂ%%
a PR 1 Ao { o v I 1
lﬂﬂlﬂ@!ﬂ1imﬁﬂq‘lﬁl§l}@yﬂlﬂﬁ\ﬂua ﬂgﬂq@'ﬂflﬂuﬂﬂWﬂ@ﬂ?UﬂNﬁli’lﬂ’]WH@ HUNHUIIAIUIS

I=UAl

o Pl a o AN Yo
ﬂWiﬂﬂWWaﬁﬂm“ﬂﬂqﬂﬁﬂﬂJﬂTQ@]ﬁﬂ

Yield ——2.000 ——4,000 8.000
100.00%

98.00% //\\ f\

- N )N

92.00% y \ / \\'
N

90.00%

Percent (%)

88.00%

86.00%

V020 D036 V037 S055 Vo071 V073

Sub-process

Y a o P o 1 1 (Y 1
5171 4.17 WS suiiiounansuain ldSuveadaz nquaiodia

L'

9 Y [ A] A A o 1 A
Llﬁgq@‘i’l']ﬂulﬂLlﬁﬂ\‘]WaﬁW‘ﬁlﬂunﬁ’]Lﬂﬁﬂ‘V]aﬂa\i ATHIUIINAUIAURAINDUNTITAIUAN
9 ' A v A YA Y o q Y ¥ v
NITUIUNIT 'GT]Jﬂ'Jflﬂ']L'Jfl']LﬂﬁfJﬂ1ﬂﬁa\?1/]Vlﬂllﬂ']ﬁﬂ'lllﬂllﬂﬁg‘ll'luﬂ'ﬁllaﬁ ﬂ$W11WulﬂWﬁaWﬁ
3 1 A A [ g’; ] [ 1 @ ] A Y o L
Lﬂuﬂ']L'Ja'llﬂaﬂﬂaﬂa\iﬁluLWIa3"’1]1!@’E]ufJ’E')EJ‘U'E)QLW]ﬁgﬂﬁjuﬁﬁﬂﬂW\iﬂUlﬂu'lﬂJ']ﬂﬂﬁ@Q ZNUIA

d’ d’ Yo 1 Z/ 1 [ 1 (% 1 d' o s dl dl
nmmaﬂw"lmﬂmmazmumuﬂaﬂ UBUAASNYUAIVYNNUININAQDI ITUANIAURAYN



101

Y ] v
1nd1Reany en@1081UF U VUADUEDY V020 tag V037 AaNRasNanadlatnouazmIng

H Y 1 H
Tunna nqualegnimihmanes uaz ludunoudesdus dzudanegli 4.18

v Ya o Y A Aq 9 o '
ﬂ?ﬂgﬂ!t‘].]llﬂ?iﬂ?lllﬂllﬂi31]:]1!fniIﬂﬂGlGIfWﬂﬂﬂ?ﬂﬂuﬂ”IU']JU!L‘]J']J!ﬂllcﬂch]fﬂall VYN

Q

]
ra

v
U1 2,000 @20819 udnhminanuguuiualdnusuungualediaInaniinaa
o 1 d' d‘ o IS) d‘ Yo J g’/ [] é
2,000 4,000 1Az 8,000 A29819 tioNIMISSouiounai InsUvoLAaz VoA UEDY B9
v o Aq Y a A d a o s Yo 1 A A = 1 o
wunmalslumsnnsanidlundadsuaninlasunazamanadsnanaslinnuuanaianu
< 3 { o a o P o 1 I 1w '
randos Tu 'l lunuameiawnsosonsuld Aewdasmain 145y hitnzilungualedis vy
g & 1A y A4 X g Y1 v Ay Yo a o 19 1 Ao g
naziiunin iy nuaasldndoyan 1a5ulimanszaeaieglugrenmmua uan
= A v 9 Ao o Y a o A Yo Y I I
Hlemanmsnsznemidoyaszoonueniinaniugy sz ldnmaanusin lasuiosas niflu
A J3 o Y Y Y o
HAYOINITAIVAN HIONTZUIUMTAWITaAIUY Ianezih i ansoud lalau nazaz

1 $ $ 1 1 % 1 1 g}; 1 1 9 [}
nuNnauRdsNanasvoaaznguates e lutazTuaousesIz M InaReeny

Time saving ——2000 ——4000 8000
80.00

60.00

40.00 Yy, \
20.00 ¥ \\_; /;/ —

0.00

Time (min.)

V020 D036 V037 S0s5 Vo071 V073
Sub-process

= a 4 = ' ow
sUn 4.18 uﬁaumaunmmaﬂwaﬂawmgmazﬂqumamq

Y

4.6 mtlszgnalinufunszuiumsnaaey SRST vesasanan

@ 4 J a I { ) [
Jagiunsioanaaey SRST  wesg1saaan lagnaruaualellsunsuilddmsy
é 4‘ . aAad o a d' 9 %
NAFOU (Test code) FIUATDINATDU (Tester machine) ITHITNITAUUUNITNAVAYNUNT

9 1
NMUUANNANIUNUNITSUIUNTUBDNVUADUYDY Iﬂﬂ!ﬂ%i’)xﬁﬂﬂﬁ@ﬂllﬁ)ﬁﬁ%ﬂWWum’Jﬁiﬂ’JUﬂﬂJ

4 a . ?1}.1 < 1
NINANDY Lﬁi’)ﬂi%ll?]l!ﬂ"li‘ﬂﬂﬁﬂ']_l SRST Gl%}L'Ja"ILﬂu‘ﬁ@N]l%j NITUIUNTNATDUNISHYA LA



102

I 3’/ a { o g o g‘; [ H
AUNINIUANNINITZVIUMS SRST TuATNaztinaustlaziinisnIuguR Izt uaougash
v Y Y
agMeylunNIzVIUNT SRST NdAqN 1Y M sweu TsunsunaaaunIuANIUADUEDE A
d' o d' Yy 9 o 1 3’,
51U 4.7 paasmsihauvesldsunsuie i lamsiaumsaiuguoa luuaazvunou

808

- N
SunAToU SRST
(. J
v
- AUUUMST
Tunoudas
\4
AIUVIA
(Time count)

nauNY

9
nageuIUADY

doeso 1l

<
<

\ 4

[ ngaAnAgol ]

d‘ o g’/ o é g’/ ]
5UM 4.19 aestunoumsiinuves lusunsulunilsrunoudoy

U

] Y '
LL‘U‘]Jﬁhﬁ’t‘)\iﬂTiL%fJ‘L!I‘iJiLLﬂﬂJLﬁl’i]ﬂ’JUﬂiJﬂWiﬁNWu‘U’GQGUUGIfJuEJ’E)fJ Tael5u910

9 ' 9
NTITUIUMINATOU SRST !Gﬁ}Ti;fﬂ']ﬁﬁN'lusllﬂﬁeuuﬂ@uﬂﬂEJ“I?I!ﬁ"Ig]j’l’)QﬂTﬁﬂ'J’UﬂN LLZ%‘IIH@I’E)L!EJ@EJ

o

¥y ad o @ A o o g ] @
HUNTUNINIU Tﬂﬂﬁﬂﬂuﬂlﬂa"l (Counter)  IHIVNIAINITNNIUVDIVUADUYDY LLZ%}'J?J@'J
A @ dy v @ Y v a . A Yo A 14 o
m’sﬁmaumau%mu G]'JU’]JIlﬂu‘]JL'anLﬂH (Time out) ﬂ?ﬂﬂblﬂﬂ"lﬁu@ﬁii’)ﬂ?]llﬂmll? IENINT
I v A g 1 ¥ o 3 '
wqﬂ‘nﬂﬁamﬁ"suﬁ@mﬂmwamwmﬂ (Error code) uaxﬁ'm1ﬂmu¢1®uﬂaﬂuumﬂmmiﬂﬂ@u

v 9 9 v 9
nAMrUa LLE‘T@Q’JWJ‘L!@]@UEJ@EJL!L!NTL!fﬂiﬂ3Uﬂhl3ﬁ1ﬁﬂ1ﬂuﬂqﬂﬂﬂﬂlu@]ﬂuEJ@EJﬂﬂll‘]JﬂJ’EN



103

o { < o o
NIZVIUNIT SRST @Ng‘l]“ﬁ 4.6 L‘]J“Llll‘]_lU%Tﬁﬂ\?ﬂ”lﬁ'ﬂ"l\ﬂu‘ll@\1Tﬂﬁllﬂiﬂ@i?ﬂﬁ@ﬂﬂﬁ'ﬂﬂﬂ"ﬁ
Y
AUUUNINATOUVDIULARLIUADUYDYVDINTZVIUNT SRST

E4
Aav A

I~ =) ' d a s vy o A 1 ]
Qm’sﬁlﬂulﬂumiﬂﬂmmwwgumma1iﬂﬂﬁﬂﬂﬁu1%m1uu ﬂmﬂmﬂﬂum’mﬂu

=i [ A a S Y A o d"
msfnyIaznaaeInuiuniinaNg 320 uaz 500 anz lud d1ii TemaihgUuuumsaiuguil
L { 2’; a 2’; 1 o % J a 1
Tszgnalgaulaamnasauuagiu 1y luduae llewszawnsmi ldldnuasaaan;u
A Ay & < v 9 g '
ouq ndesmsniinnuiullIdneudiege msizIastuaoudosuesnisnadoy SRST o4

s a 0¥

=\ 9 Y] [ 1 d a S 2 a [ 4 d a S3 A
e°m@1ﬂaﬂuuﬂmmwmmﬂﬂu“lmmazgummﬁnmﬂﬁﬂ FINAANUNTITAATNNUAIININAY

Y o Y Y a3 a3 { ° v
u o115 mdu ldnezdumsanszi i aiusnaaaivesnanaasy SRST 94

L)

Jd Aa Y
a'li@ﬂﬁfﬂﬂ



v

=
Unn s

agﬂwam‘mﬂam!mz%mummz

A YR [
nnmsnaaedluund 4 laanuimsdsudsanarlunszuaumsnaaey SRST vo4
S a o g = A s
g13aaan lasseuauotuzuumndullls anudmeegnnlddnuinsizvideyanin
9 ~ YA o as
5YUUFIUIOYA (Database system) 1U15901UgATIMNTTY Wadl lAADEINITDT100995 NS
a aa a 4
AILANNTZUIUNITAGITNITNNEDA (SPC) AL IATIZHAMINAINITOVOINTZVIUNT
E ' = A s Y Ay Y o Aax
(PCA) ¥0IM3NATOU SRST Tuduaoudos F39nmsiniizivoyan laneremnirisnms
AUAUNILUIUNIAIGITNINNADA 11F109AN1TAITVANITLELIAUDINTNATDD SRST u
Y ' )
TUADULDY (Sub-process) DINHANITNAADIN lA NI 11815191M15AIVANNTLUIUNS
nagovIzyhldaunsnanszeznavesmInageuveunIoInadoUal Ia vinnatlutlgiiu
? ! g o q ¥ A ) e 2 A vy
YoIvUAUEREI U IR MInaasvveunIeanadey l¥iar Taes1us1vu 1eaan ludes
g’: 1 ~ 9 =\ < Y g’/ [ ~ 9
sonavedvuaougasi IgnamaasuuILg tazinnudull1dnduneudeslan fldnan
Y
NAFOUUIUIE INEINTOHIUNTZUIUNMTNATDY SRST 1@ 131zaziiuEdedesriinisan
dy a [ 1 ] I v @ dy
szeznanTal e lag lFimaiadinan MInaaolee Nt uauLUUA 18R UAIN MINAGDI
[ J A 4l a 4 [ J A LAl a a’d' d'
AugsaRanguALY 320 nng lud MsnaasenuasaaansunLg 320 nngludiionlaesu
] [} Jd Aa 4l a 4 v 1
TdsunsuTdanadouInid uazminaassnuasaaaniuaamug 500 nnglud ez ldnar

agUwanazdoiduonuz luriidose 1

(v ¢ a d a 4
5.1 ajdwamsnasesfuaiananuanug 320 Anzlua

9

{ ¢ ¢ a  2dy Yo b7
doyamilulidnanisnaden SRST vesgriaaani lasuuiu nelulszneu’ly
AMTAUNAYDITOYANINIY HALTIRDINMsHaAIHa Tudsisaulaneszo21Ia1909015

[ g’; [l X < o 1

nadovlunaaziuaoudos xanauisoiliisiinlunszuiumsnadon SRST  voq

s a 22 vy & . g Hq v A ' S a Ay v
gsaaaniy meluudrvuseudostuaonlanlsannuiga Tasnnjuvesarsaaani Ia
0 ] 3 { o o o { <
mnsanymdaddfimuduasundidynldnainudiegi 3.9 Hunslwus Tauaag
2 ' Ao o A Y = Y o Y ] ' ! 2 ~
Juneudosndinyiga lagnidenin uaniteyavesvunsudos lunaaziuaouiisauly
1111113 AATILHNTAIUANARIGTTNITNNEDA SAUADNITAATIHHIANUAINITOVE

9 X < o a o 2 ' { ' o o
NITUIUNTTIAY G?Nﬂmmmmwuwwmmammmwmmuaaﬂﬁclmmazimuﬂmmwm



105
= 4 A ° 2 ' & 0
naadluns1en 4.1 IWDNIENIUUATSYSLIAIUDINTITINATDUUDIVUADUYIDYUUS NINTT
A A o A A J a I 9 a .
NAADIUNDHINNAAIUANNIN VIS TN LiJl’i]a"l'iﬂﬂﬁﬂﬂgﬂﬂﬂﬁ@ﬂnlsb'!'}ﬁ%ﬂu (Time  out) Tu

@ o

) Y I Y I J a I [N . .
ﬂlumuclmtmﬂ%zaﬂmuazﬂmuﬂimﬂumm@ﬁmn"lnmumm@ﬁau (Fail drive) Wan1s

QU

9 ]
ﬂ’JUﬂiJﬂi%iJ’JUﬂﬁg]}’JﬂW ﬂﬂfsmﬂmmamumuaaﬂ mﬂi‘l’maumm%y‘aﬁﬁmmﬂa@w‘h

3 o 1 ' o [ { [
Idmuswaunguauandiumsagey Sesufeununguauded ludunsnaaeunaas
o 1 ~ ! P A G o
daadanlumsan 42 waaenlumsediegdn 4.2, 43 uay 4.4 dludadiu FA uog FR,
o a o A Yo . A A . . 1 g‘/ [l
MulIUNAAN NN 1AL (Yield) Lazaunashanad (Time saving) VoalAazIUADUEGDY

o w 3’; [l = 9 a A a3 J 4
audey luduneuges D036 au1Taaaaunasld 3,600 21H Aadlunlessudl s

a o A Yo A I g}J ] A Y
12.11% UazNandamin 183 1uAe 99.35% s0daauuiludunsudes V073 awisaaanannas e
a a g J 3 J [ a o S o 1 o
2,514 3% aatlunlesiFuddszina 93.11% uasz Iinaasaain lasuasedraduily 93.20%
v Y ) v v
Tua151991 5.1 HANTA0UDITUADULIDIDUY LAAIIAUNATADUNTAILAY HAZIIAUNTY
] v A o o o g‘/ a I A A ~
NAINIAIVAN TUADANIN 2 1ag 3 ANaIAY rasnntiuaaiuatedsnanag, naaaal
a 4 -4 o I o o v Y -4
Aatlunlosisua Tuaeduiin 4 waz s awday vazluaeduiganeudaaaosiguaves
a Y] s Yo [ g)/ ] A A I A d'sl a o g’;
HARAUNN IATVVBIUAALTHABUEDY A URAINAAAININY W UFINADIAT DI VU
[ AW Yo A =y I a =\ a =\
AUl D036 LAz V073 wah lasuinaunasanauiu 3,600 3119 uaz 2,514 31
o w 9 1 a % P Yo 9 A oA 1 ] [ A [ Y
AR UAZABIVONINANNUNN IATVILABINAINNINAT 99.00% 13Uy e 11
(% a [ oA Yo a . . [ Y S 3 d A [ A
AsznufuNansumn lasuluaensHan (Production line) na1laiuilesiFudnandumni
Yo A1 o A A @ D) A A
lasuniimduiiow9nlininsza1ea7 (Spread) vodoyags Wsolmanuulssiuga uas
d' d' a9 1 1 d‘ 1 aA Y A [ 1 =
nauRasNanaIliloaN 1z NAAURALYBINgNNIUANA InaReInUAgUIIES J1uuY

Y Y A Y1 a A a ' ' a
ﬂ’]ﬁﬂ'JTJﬂllﬂ3{1%“1@ﬂﬂ@iﬁﬂqlqaqlﬂaﬂaﬂaﬂﬂqﬂq Lllf’]ﬂ”ll'lﬁ"Ilﬂaf]ﬁ$ﬁ31ﬁﬁﬂﬂﬂq3~l\ﬂu3\|ﬂ'}1u

HANAN LN

d' A Y I ~ a o A Yo 1 g)/ ]
M1919N 5.1 ﬁgﬂwaﬂmﬂunmmaEJLLazNaGlﬂmmmulmumﬂmmmumumﬂ

Y v I ] ] ] v
VUABULEDY | NAUNAYABUNT | A URDIHAINS naundeNn naNanadnn Wann N

a a a a < J < J o
(Sub-process) | MU AWH) | Mg Aui) | aeasGuid) | dlundefisud | 185D (Yield)

V020 1,437 285 1,152 81.17% 92.80%
D036 29,705 26,105 3,600 12.11% 99.35%
V037 810 150 660 81.48% 90.80%
S055 8,016 7,130 886 11.05% 98.25%
V071 1,110 182 928 83.60% 95.80%

V073 2,700 186 2,514 93.11% 93.20%




106

4 { A g’; [] [ o [] ] 4 3 Qy [ g’;
Glulﬂ%ﬂﬁ‘ﬂﬂﬁ@llLlﬁlﬁﬁ]iﬁllgﬂmu@ﬂuﬂﬂfm"lﬂc] ﬁ]ﬁ/ﬂ\ﬂ‘lﬂl@EJNGI@Lﬁ’ENﬁ]HLﬁﬁﬂﬁu ANUU
=2 Y o a o I o w 1 A H 1 Y AY Y A
%\illﬂ’f)l’i]ﬂLL‘]J‘]Jﬂ"Ii‘I/Iﬂﬁ@QﬂWﬁuﬂWﬂﬂﬂ’JUﬂNL‘]Jua'lﬂﬂﬂﬂLu@ﬂﬂlﬂﬁ“ﬂuﬂ@uﬂﬂﬂﬂﬂﬁﬂﬂﬂllﬂ!,'d’f)ﬂ
o I ¥ A o 1 o ' = U A A
U Vlﬂﬁllﬂwﬁf]Tﬂflﬂa@\ﬂuﬁTiNﬂ 4.8 HAMFATIUVDINTUIUNYUIIUA LASNYNUTINNIY
3 A v Yo o w A
1u1t@azmu@au uamﬁmiugﬂm 4.13 ez 4.14 ?jﬂ'ﬂ1ﬂllﬂﬂ”lu'J‘Hﬂﬁ]\i\ﬂﬂﬂlﬂ\ﬂﬂiﬂ\ﬁ/]ﬂﬂﬂﬁ
A o Y Y a v 1o @ ]
MUFATTUNIIN 4.1) - (4.3) ‘ﬂﬂﬁﬁ'”lll"liﬂﬂﬂaﬂllﬂﬂizlﬂm 140 ﬂIa’N]G] ADVTIUIUAIDYI
g’/ 4 ] A o d a S A Y a I~
MNHUA 4,000 AIDYN (WITDUIUUDITNIAATN) Tlglﬁlf(luﬂ”li‘ﬂﬂa@\i gazAduaudseum

<3 o o 1 1
vsoAununzlszndaasldng 17,500 v (Fmualisimaeniae =2.5 un)

d‘ 1]
52 ajUwamanassvienasulisunsulaanaaevlvil
A [l J a d 0 a .
wonawuldlunszurumsnagey SRST vesarsaadan (Fuauy 320 nnglud)
ladsunlasullsunsuTdanagou (Test code version) julwi vildwanldainnisnaans
nlasundasaulidrs Taemmizdoyaay (Raw data) 11811 nuduaeudessieg uazia

~Aq Y ] g’/ [ < ~ [ [l < 3= A 9 A A Y @
W luuaazaunougosnilaou’ll uaedislsnammanaassnganedoyaauiu lailunan

Y
v v KR o

Y 1
muummmimammwu@Wﬂ@muquﬂmumuﬂaﬂwn wa‘ﬂ”lﬁ'mﬂmimam"lﬁlmmiu

%

{ @ I a d v 1
oM 4.2 midfvdyanarlumsnagon SRST vesasaaaniuTlsunsuldanagonlny
o w o v g’/ 1 Y A Ay YA [ A v
aauanudirgvesiuaoudos lauaaslugln 45 #ldidonun msdmuannaniuguues

g ' v d' ] @ =
uaaziuaougos Iauaainalua1sei 4.4 nazwdeadlunsuaaslugln 4.6, 4.7 naz 4.8
< [ o a o s Yo . A A . .
dudadiu FA taz FR, Miuiawaadaaif 1asy (Yield) naznaundoianaq (Time saving)

1 g ' o w { { < g l
YDIAAZTUABULIDIAINAIAY  Wansnaassnangauvuneuges D038 d1w1TaaANA

~ 9 Aa A A d J < o a o AN Yo A Y
maeld 2,861 il Aalunlesidudiszana 17.47% uazwannusin a5 Ao 99.45% 61mn
Aa Z ] A Y A A Y ] A o Y
HsavUAeudesdus udannasianasiosun lumuiziszdivualdgdununis

' ] ' ] v
A Tuas i 5.2 HAAIHAYRITUAD UGB Adll NAUNAINDUNTAIVAY LAZIIAT
magnainsnIugy Tuneduiin 1 uaz 2 Mud1AY LazuaasaIndsianas fuNahanaa

a

< P-4 o dA o w o ¢ Y MY /d I a o o
ﬂmﬂmﬂmmu@] 1uﬂaauum 4 118 5 AUANY 114ﬂaauuqﬂmﬂhlmmmgﬂmwmwammm

=

Yo g ' Y9 ¥ A A A I a A 2
71850 wunvuaeudos D038 A lHaundsianasnigaiiiu 2,861 i daudunou
' A A Y = o ] ~ ~ ' = ' A
gogdua Uaios Favzdung ldvninlugli 45 1Wieuisunnaundsvesnguaiuaiia
Indifesnunquaiuds sUuuunsatuguez 14 1daAeanndenaaasdininin eaian
MagUeIA0INgNIIUIANNLANA1IA UL wazwuInguaIuh ldiuinaassiinini
9 A A @ 9 o w dyd A Ao 1 a o s Yo 1
nisilsaudos Wielimsnszneaivesdoyad sutiiludanamzwaanuain lasuluue
g’; 1 a0 S < A 1 < ~ 9 1 ~
azvunugENA1o T FUANNINND 99.00% AvaziTlunasinmsnlasuldanadenlvl 7
] @ o 9 A Ay y Y a
werwaanawesmsnagevauruny lagildnandsi ldanasnnTaanadeunu@y

v vy ' 2 A Yy 9
ummwaiﬁmayjaﬁlmmawuﬁauﬂaﬂummuﬂiﬂmuuaﬂmﬂ



107

a Ay v A A o 24y Yo \ 2 !
M1319N 5.2 ﬁgﬂNﬁ“l/l"lmﬂul,ammaﬂuazwamﬂmmw”lmumml,mawumuaaa

Vuaoueey | NamauRoUMs | nawRasidIms | naunaoh natfianana HaRSuaTH

(Sub-process) | AIVAN (IUIN) Ay ) | aaas un) AulodiFua | 185V (Yield)
D012 7,190 7,155 35 0.49% 99.70 %
D014 7,194 7,153 41 0.57% 99.70 %
D020 7,144 7,004 140 1.96% 99.70 %
D038 16,375 13,514 2,861 17.47% 99.45 %
S043 7,248 7,019 229 3.16% 99.65 %
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4.8 0.0°8181  0.0°7787 0.0°7411 0.0°7054  0.C°6712 0.0°%387 0.0°6077 0.0°5782  0.0°5500 0.0°5232
4.9 0.0°4976  0.0°4733  0.0°4501 0.0°4280  0.0°2070 0.0°3869 0.0°3678 0.0°3496  0.0°3323  0.0°3159
5.0 0.0°3002 0.0%°2853 0.0°2711 0.0°2575  0.C°2447 0.0°2324 0.0°2208 0.0°2097  0.0°1991 0.0%1891
5.1 0.0°1796 0.0°1705 0.0°7619 0.0°3537  0.c°1459 0.0°1385 0.0°1314 0.0%1247  0.01184 0.0°1123
5.2 0.0°1066 0.0°1011  0.079591 0.079098  0.C'8629 0.078184 0.077762 ©.077360  0.076979 0.076617
5.3 0.076273  0.075947 0.0'5637 0.0'5343  0.0'S064 0.074799 0.074548 0.074309  0.074083 _0.073868
5.4 0.073664 0.073471  0.073288 0.073114 0.0 2949 0.072792 0.0'2644 0.072503  0.072370  0.072244
5.5 0.0’2124 0.072010 0.071903 0.071801  0.c1704 0.01613 0.071526 0.01444  0.071366 0.071292
5.6 0.071222 0.01156 0.01093 0.071034  0.c'9776 0.0%244 0.0%741 0.0%8264 0.0°7812 0.0°7385
5.7 0.0%980 0.0%598 0.0%235 0.0°5893  0.0'5568 0.0%5262 0.0%4971 0.0%697  0.0%437 0.0°4191
5.8 0.c%3959 0.0%3739 0.0°3532 0.0°3335  0.0'3150 0.0%2974 0.0%2808 0.0°2651  0.0°2503 0.0%2363
5.9 0.0°2230 0.0°2105 0.0%1987 0.0%1875 0.01769 0.0°1670 0.0°1576 0.0%1487 0.0%1402 0.0%1323
6.0 0.0%9248 0.0%1177 0.0°1110 0.0%1047 0.0°9876 0.0°%9314 0.0°8783 0.0°8281  0.0°7808 0.0°7361
6. 0.0°6940 0.0°6542 0.0°%6166 0.0°5812  0.0°5478 0.0°5163 0.0°4865 0.0°4585  0.0°4320 0.0°4070
6.2 0.0°3835 0.0°3613 0.0°3403 0.0°3206  0.C°3020 0.0°2844 0.0°2679 0.0°2523  0.0°2376 0.0°2237
6.3 0.0°2107 0.0°1983 0.0°1867 0.0°1758  0.071655 0.0°1558 0.0°1466 0.0°1380  0.0°1299 0.0°1223
6.4 0.0°1151  0.0°1083 0.0°1019  0.0'%9586 0.0 “9020 0.0'%8486 0.0'°7983 0.0'°7510 0.0'°7064 0.0'%645
6.5 0.0'%250 0.0'%5878 0.0'°5529 0.0'°5199 0.0 “2889 0.0'°4597 0.0'°4323 0.0'°4065 0.0'°3821 0.0'°3593
6.6 0.0'°3377 0.0'93175 0.0'°2984 0.0'°2805 0.0 °2637 0.0'°2478 0.0'°2329 0.0'°2189 0.0'°2057 0.0'°1933
6.7 0.0"1816 0.0'1706 0.0'°1603 0.0'°1506 0.0 71415 0.0'°1329 0.0'°1249 0.0'°1173  0.0'°1102 0.0'%1035
6.8 0.0''9719 0.0''9127 0.0''8572 0.0''8049 0.0' 7559 0.0''7097 0.0''6664 0.0"'6257 0.0''5874 0.0''5515
6.9 0.0''5178 0.0''4860 0.0''4562 0.0''4283 0.c 2020 0.0'3773 0.0''3541 0.0''3323 0.0''3119 0.0''2927
7.0 0.0""2747 0.0"'2577 0.0''2418 0.0''2269 0.0 2129 0.0''1997 0.0'"1874 0.0''1758 0.0''1649 0.0'"1547
7. 0.0'"1451 0.0'M1361 0.0'1277 0.0'1198 0.2 1123 0.0'"1053 0.0'%9879 0.0'%9264 0.0'28688 0.0'28147
7.2 0.0'27639 0.0'27163 0.0'%6716 0.0'%6297 0.C “5904 0.0'25535° 0.0'25187 0.0'24864 0.0'24560 0.0'%4275
7.3 0.0'24007 0.0'23756 0.0'23520 0.0'23300 0.C ‘3092 0.0'22898 0.0'22716 0.0'22546 0.0'22386 0.0'22235
7.4 0.0'%2095 0.0'21963 0.0'%1839 0.0'"1723  0.C “1615 0.0'%1513 0.0'21417 0.0'11328  0.0'11244 0.0'21166
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7.5 0.0'11092 0.0'%1023 0.0'%9581 0.0'%8975 0.0'°8407 0.0''7874 0.0'°7375 0.0'%6908 0.0'%6470 0.0'°6060
7.6 0.0"%5675 0.0'°5315 0.0'°4977 0.0'°4661 0.0'°4365 0.0'°4087 0.0'°3827 0.0'°3584 0.0'°3356 0.0'°3142
7.7 0.0'%2942 0.0'2755 0.0'%2579 0.0'°2415 0.0'%2261 0.0'%2116 0.0'*1981 0.0'*1855 0.0'°1736 0.0'*1625
7.8 001522 001424 0.0'1333 0.0'1248 0.0"°1168 0.0'%1093 0.0'1023 0.0'9579 0.0'8965 0.0'48301
7.9 0.0'47853 0.0'47349 0.0'%6878 0.0'%6437 0.0'%6024 0.0'%5637 0.0'%5275 0.0'“4937 0.0'“4620 0.0'4323
8.0 0.0'4045 0.0'“3785 0.0'3542 0.0'3312 0.0'“3101 0.0'#2901 0.0"2715 0.0'2540 0.0'“2376 0.0'42223
8.1 0.0'42080 0.0'1946 0.01821 0.0'1703 0.041593 0.0'1491 0.0"1395 0.0'1305 0.0'91220 0.0'“1142
8.2 0.0'11068 0.0'%9991 2.0'°9346 0.0'°8742 0.0 %8177 0.0'°7649 0.0'57155 0.0'%6692 0.0'96260 0.0'%5855
8.3 0.0'%5477 0.0'%5122 0.0'°4791 0.0'°4481 0.0 4191 0.0'°3920 0.0'*3666 0.0'°3429 0.0'°3207 0.0'52999
8.4 0.0'92805 002624 0.0'2454 0.0'2295 0.0°2146 0.0'%2007 0.01877 0.0'%1755 0.0'*1642 0.0*1535
8.5 0.0'°1436 0.0'°1342 2.0'°1255 0.0'°1174 0.0°1098 0.0'°1027 0.0'%9601 0.0'°8978 0.0'%8395 0.0'%7851
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Abstract

This paper proposes HDD test time reduction, by using
statistical process control (SPC) and process capability analysis (PCA).
Algorithm verification was made upon the collected data of a specific
hard disk drive type. By applying the method to a major time-

consuming sub-process, the test time could be reduced by 12%.
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Abstract— This paper proposes a product test time reduction.
Our method employs statistical process control (SPC) and process
capability analysis (PCA) as a tool. Algorithm verification was
made upon the collected data of a specific product type. Box-Cox
transformation has been applied to those data sets that hold non-
normal distribution. Minitab software package was used as a
mathematical analysis tool. The obtained result has convinced us
the benefit of non-normal distribution to normal distribution data
transformation. By applying the method to major time-consuming
sub-processes, the test times could be reduced considerably.
Proportionally required power can be saved. This study is of
benefit not only in term of manufacturing cost reduction but also
productivity enhancement.

I. INTRODUCTION

Under the highly competitive environment of many
commercial products especially in the IT market, the statistic
process control is now widely used for the purpose of process
improvement. In conventional case, data with normal
distribution are considered. For the case that data with non-
normal distribution are to be analyzed correctly and the
obtained results should consistently hold their true
representation, a special technique must be deployed.

At the present days, hard disk testing is generally a time
consuming process with high inventory cost. Clearly,
improving the test time is not only reducing the manufacturing
cost but also increasing the productivity. The challenge of the
work is that “Can we improve the test time while maintaining
the customer’s satisfaction with minimum unit reworking?”” In
some particular cases when the pre-recorded data have shown
their non-normal distribution: -what is the best way to analyze
data with such features? The rest of this paper is organized as
follows. A general process of hard disk testing will be given in
the rest of this section. The concerned mathematics is outlined
in section II whilst section III elaborates of SPC and PCA. The
experiment set up is given in section IV together with some
obtained results. Finally, the work is concluded in section V.

To get the understanding of applications of SPC and PCA
in hard disk manufacturing, let’s first have some understanding
of general hard disk testing process. Some industries perform
the hard disk testing based on the following steps

1) Functional test, microcode installation, and parameter
adjustment for read-write optimization, take approximately
10% of the total testing time.

2) SRST test; i.e. inspection of media surface and record defect
locations under squeeze condition, takes approximately
76% of the total testing time.

3) Final test; test the performance function based on customer
requirements, takes approximately 14% of the total testing
time.

Each main process mentioned above actually includes 10-
15 sub-processes. One may notice that SRST test is the most
time consuming step that takes 3/4 of the total testing time.
Thus, we are focusing at this step to see how well SPC and
PCA can help.

II. MATHEMATIC BACKGROUND
A. Basic Statistics

On one hand, statistics is the method to collect the minority
of data or samples to predict the majority of data or populations
that one cannot work out all.

Data |::> Tools |::> Information |::> Decision
Fig. 1 Statistical data analyzing process
Frequency H Population
X /
Sample
Value

Fig. 2 Population and Sample

On another hand, statistics is another type of tools that
interprets raw data to be important meanings and allows people
who are in charge making decisions which are unnecessary to
be always according to the meanings [1], [2]. Fig. 2 shows the
close population data distributions compared to sample data
under correct data collection conditions. The parameters
explained populations called “Population Parameters” include,
W ; population average, and o ; population standard deviation.

Parameters explain samples called “Sample Parameters”



include, X ; sample average, and §; sample standard

deviation.

Available of data groups are conventionally used to explain
“Sample” or “Populations” to achieve the most points of view.
One technique that generally applied to explain data is a term
called “central tendency”. There are three basic statistics
parameters available to explain this term; namely mean,
median, and mode.

Mean (average or arithmetic mean) is depicted as shown in
eqn. (1) above. It is widely used in most cases.

— Ix
X=- ; X, (1)
Median and mode are also applied when data are needed to
be analyzed in order to verify that they have natural deviation
because these will affect the central tendency value. Tendency
can be considered as data quality respected to the size of
deviation or “Dispersion” by measuring various statistics
parameters include “Range: R ”, “Standard deviation: s and

“Variance: s*” which are given below in eqn.(2), (3) and (4)
respectively [3].

R- “max ~ *min @)
N I SR
= (”_l)l';](XI ) (3)
2 AN 2
- (x,-X) (4)

Finally, to confirm the data dispersion we need to test for
the normal distribution. Using probability p(x) plot when x

is the sample value, n is the number samples, and i is an
index. Probability value can be calculated as following steps.
First, the data are ranked from least to large, also insert the
number of step for each sample. Probability can be computed
as given in eqn. (5). Scattering plot can be performed between
probability and data value (for instance; x-axis for data value
and y-axis for the corresponding probability). This method is
suitable for data with small to moderate sample size. When the
sample space is getting large, the process is quite tedious and
time consuming. Moreover, the distribution moves toward
normal distribution.

i-0.5

p(x)=——,i=123,..n Q)
n

B. Normality Test

As mention in the previous sub-section, the plot should be
imposed on randomly selected samples. According to the plot,
parameter that defines the normal distribution is the P-value.
This value simply indicates how big the number of sample
points lines up around (within an amount of discrepancy) the
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straight line of normal distribution. P-value > 0.05, implies
normal distribution of tested data whilst P-value < 0.05 implies
non-normal distribution of tested data.

Probability Plot

Narmel - 93% 1

Probability Plot
Howma - 95% C

e
W @
N e
o e
Pate

Percent
Percent

-0 0 1000 20 100 0

a) Non-normal distribution b) Normal distribution

Fig. 3 Probability plot of non-normal data (P-value <0.005) and normal

distribution data (P-value = 0.400)

C. Non-normality with Graphical Summary

Quite frequent that some particular processes may hold data
with a non-normal distribution, but with well-understood
probability distribution. One good example shown in Fig. 4
represents a data set of sub-process V073. The graphical
summary shows the data that highly skewed to the left.
Apparently, the distribution is non-normal.

Summary for VO37

Anderson-Daring Mormality Test

e ASquared 38132
Peialue = 0.005

Mean 5213
StDew 11,600
Watiance 134,553
Skewness £.2847
Kurtosiz E0.4060
™ 2000

Minirnurn 0,232
15t Quartile 1017
Median 2117
3rd Quanile 4717

Maximurn 154,167

95% Confidence Interval for Mean
4,705 5722

95% Confidence Interval For Median
1983 2,239

95% Confidence Interval for StDew
11251 11571

95% Confidence Intervals
‘

Fig. 4 Graphical summary of non-normal data

III. STATISTIC PROCESS CONTROL (SPC)

The objectives of applying statistics the production process
control are to improve and to monitor the processes when
stability and/or controllability are taken into account. A
controlled specification line can be defined if the measured
data show normal distribution property. Let CL, USL, and LSL
be control line, upper control line, and lower control line
respectively, specification limits can be termed as:

(6)
()

USL =x +30

CL=X



LSL =% -3c )
LSL Nominal usL
I
-30 ,u +30
4—— Process variation —_—)

Fig. 5 process control standard at 6G level

The bound of X+3c or 60 control is widely used as
standard one. It offers confidence interval of 99.73%.

A. Process Capability Analysis
Capability index (Cp) is a parameter indicating the control

range. It implies data deviation of populations compared with
the allowed deviation. Mathematical expression of the
capability index is given in eqn. (9) below.

 USL-LSL
P~ 6o

)

When samples are considered instead of population, X is
used instead of p. C, is now termed as C . Its lower and

upper limits are given with respected to mean x as follows.

USL -x
Cpu = (10)
3o
c x-LSL (i1
pl 3o
In practice, the lower one is preferable. Therefore,
C g =min(Cpy .C ) (12)

B. Process Capability Analysis with Non-normal data

Some to be controlled processes may hold data with non-
normal feature. When data follows a well-known distribution
type, but non-normal distribution, such as a Weibull or log-
normal distribution, calculation of defect rates is accomplished
using the properties of the distribution. Parameters of the
distribution and the specification limits must be input to the
procedure. Alternatively, those non-normal data can be
mathematically transformed to the approximated normal
distribution and calculate the process capability using the
assumption of normality under the specification limits.
Commercial package such as Minitab do provide this function
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as its standard. It also offers the calculation of the defective
part per million (DPPM) of the transformed data. In the
background Minitab uses the transformation tool so called
“Box-Cox Transformation”.

Box and Cox [4] proposed a family of power
transformations on necessarily positive response variable x
given by

) oD A=0
x M = s A0 for 1<i<n (13)
In(x;), if A=0
This transformation depends on a single parameter A that is

estimated using Maximum likelihood estimation (MLE) [5].
The transformation of non-normal data to normal data using
Box-Cox transformation is available in most statistical
software packages. Apparently, we can deploy this technique
directly to evaluate PCA.

IV. EXPERIMENT

Data from SRST hard disk tester have been studied. 4,000
hard drive units of which 2,000 are pass drives and the rest are
fail drives. The “pass” and “fail” criteria are not classified by
our model. Instead, they are classified by the current
manufacturing criteria that are less related to SPC or PCA. Fig.
6 shows experiment steps of this research. Minitab package is
used for data analysis. Upon the analyzed result the control
parameters can be decided. The control model then can be
verified to term out the process capability and performance.

|::> Record extraction |::>

Fig. 6 Experiment procedure

Data retrieval Analysis

¢

Control Model

Verification

In this study, we are working backward. For the process
data we do analysis those data to see whether the process is
stable and under control. We use PCA to check if we can cut
down the test time. And if PCA is applicable —what effect it
produces upon its application; i.e. FAR and FRR. Therefore, no
action is taken to the real process. However, this study should
demonstrate the possibility of test time improvement.

A. Data Retrieval and Extraction

A database file generated by a tester usually contains
several information reveal the testing parameters and results.
Common to all and of our interest are testing steps and
corresponding times spent for such steps. Although the actual
process involves many step sequences, only few time-
consuming steps are selected. These are shown in Fig. 7 where
the process step and its corresponding average test times are
plotted.
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Fig. 7 Pareto chart of major sub-processes

Drives are classed to Pass and Fail according to the time
limited set for the tester. For a particular testing step “D036”,
as a case, individual unit test times is shown in Fig. 8 below.

Individual Value Plot

1400

1200

1000

800

600

Time (min.)

400

200

Pass Fail

Fig. 8 D036 individual unit test times (min.)

Refer to the said figure, we can clearly note the variance
and range of data in each groups. The fail group holds larger
variation. Regarding this observation we can use the data of the
pass group to define the statistic parameters.

The extracted data were tested for their normality by
examining the P-value. The obtained results are shown in table
I (second row). Those with P-value less than 0.005 are assumed
to have non-normality distribution and must be transformed for
SPC and PCA applications. After transformation (with A =0)
the corresponding P-value is shown in the third row.

TABLE 1
NORMALITY TEST OF THE DISTRIBUTION (P-VALUE)
Proc. V020 D036 V037 S055 V071 Vo073
Before | <0.005 | 0246 | <0.005 | <0.005 | <0.005 | <0.005
After 0.180 0.246 0.012 0.194 0.031 0.400

B. Simulation of Process Capability with Non-normal Data
and Result
Distribution of the raw-collected data (V073) is shown in
Fig. 4 in the previous section. The non-normal distribution can
be clearly observed. With Box and Cox transformation defined

133

by eqn. (13), the new distribution is shown in Fig. 9 where the
transform parameter was setto L =0 .

This transformation estimates the DPPM to be 68,000
pieces or 6.8%. The process capability ¢ ok of 0.53 is obtained

as USL was set to 66 (USL=12.48 min.). The control is set to
one side specification (using only upper specification limit).

L

Process Data
*

Process Capability
Using Box-Cax Transformation With Larbda = 0

usL*
transformed data
T

= Within
- Cetall

* o

usL 1243
Sample Mean 521323 A
Sample M 2000
StDew(Within 576343
StDew(Overal] 116012
After Transformnation
Lsi# X
Targer*
usL* 252413
Sample Mean®  0.525163
StDev{Withing®  1,07654
StDev(Overall® 1.16231

| Potential (ithin] Capability
- | = S
| CPL L
CPU 053
| cpk 053
| Ciapk 053
|
|
|

Dverall Capabilicy

*

ST T T T

Exp, Within Perform ance
PP = L5t i
PPM = UsL* 57312,98
PPM Total 5731238

Observed Perfarmance
PPM = LSL

PPM = USL £9500,00
PPM Total  £3500,00

Exp. Cuerall Performance
PRI = L5L* 3
PPM = UsL* 71910,71
PPM Total  71910.71

Fig. 9 Process capability of Box-Cox transformed data

Box-Cox transformation parameter can be made varied as
shown in Table II. By comparing the process capability indices
and defective part per million (DPPM) for each lambda, the
optimal one can be selected.(explain more: what is Observed,
within and overall)

TABLE II
Cpk TYPE SIZES FOR PAPERS AND DPPM CHANGES ACCORDING TO
TRANSFORMATION PARAMETERS, LAMBDA

Process capability (V073) according to
Lambda Box-Cox Transformation

n) Co DPPM (Total
Indices Observed | Within | Overall
2.0 0.26 6.80% 21.93% 31.56%
-1.5 0.29 6.80% 19.03% 26.69%
-1.0 0.35 6.80% 14.70% 19.65%
-0.5 0.44 6.80% 9.4% 11.60%
0 0.53 6.80% 5.53% 6.82%
0.5 0.57 6.80% 4.42% 9.95%
1.0 0.44 6.80% 9.18% 25.42%
1.5 0.21 6.80% 26.56% 41.85%
2.0 0.01 6.80% 49.33% 49.84%

C. Spec-Limit of Each Sub-process

A main objective of applying specification limit to each
sub-process is to reduce the test times. With defined control
level, the obtained time-saving of each sub-process is shown in
Table III below. Many sub-processes hold the time-saving of
about 10% or more. For example, V073 can save 25% and
D036 can save 14%. However when we look into details, V073
have much less impact. This is because the average test time of
V073 is only 5.2 minutes whilst that of D036 is 435.8 minutes.



Outcomes (yield) of each sub-process can be computed based
on the fault rejected drives and the total number of pass drives.

TABLE III
RESULT AFTER THE APPLICATION OF SPEC. LIMIT TO THE SUB-PROCESS
L. Time Time
Proc. | Quality Spe?. Limit saving | saving | Yield
Level min. Cpk min. % %
V020 6o 7.65 1.17 19.19 | 6.73 92.80
D036 3o 491.2 1.01 60.00 | 13.77 | 99.35
Vo037 60 4.02 1.20 11.00 | 7.56 90.80
S055 3o 13248 | 1.00 1477 | 021 98.25
V071 6o 5.70 1.52 1572 | 941 95.80
Vo073 60 12.48 1.30 41.90 | 24.57 | 93.20

Applying only specification limit by mean of test times can
result in pass drives to be rejected and fail drives to be
accepted. In principle, we should reject only the fail drives and
accept only the pass drives. However, the situation of rejection
of good drives (termed as fault rejection rate: FRR) and
acceptance of bad drives (termed as fault acceptance rate:
FAR) cannot be totally avoided. We have investigated the issue
with the merit of test times saving. The result is shown in Fig.
10 below. Be kept in mind that in this experiment all 4,000
units are input to each testing step. If the method proposed in
this study is brought to practice, the genuine rejected drives
and the fault rejected drives will be reworked upon their failure
symptoms. Obviously, the lower FRR is the better. Genuine
pass drives and fault accepted drives will be passed to the
subsequent process step. Repeatedly tested for many step
sequences, the fault accepted units should be reduced to
minimum number. In practice, we should not deliver any fail
drives to the customer at all. Ideally, fault accepted drives
should be zero at the final step.

i FA drives M®FR drives
1400 7l
= |
. [l
1200 & d
E1000 +— = i
=3 oo
8 800 +—
s
T 600 41—
3
400 +— = oL
E a el il f_“%
200 —a.———— T . e
o — o W
V020 D036 V37 5055 vi71 V073
Sub-process

Fig. 10 Fault rejected drives and Fault accepted drives after the application of
PCA to each sub-process

D. Sequential Applications of Sub-process Spec-Limit

Once we could optimize the specification limit of each sub-
process, we can apply the limit to all the process that assumed
to run sequentially. GA and GR are standing for genuine
accepted and genuine rejected respectively. As shown in Table
III, We fed 4000 product units into the first process step (say
V020). At this step, 1,865 good drives and 1,236 bad drives
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passed. 144 good drives and 764 bad drives were rejected.
Therefore, 3092 drives were fed in to the subsequent sub-
process (say D036) where the spec-limit is applied again. The
similar procedure is applied throughout all sub-process. Finally
only 3 bad drives passed. They are known as good drives (since
they were wrongly accepted). From the begging to the final
steps, 304 good drives were wrongly rejected (as FR drives).
They must be reworked.

TABLE IV
GRANT AND FAULT ACCEPTANCE BEFORE AND AFTER EACH TEST SEQUENCE
Product Unit Count (Pieces)

Steps | Proc. ™0 [ Output | GA | GR | FA FR
1 V020 4,000 3,092 1,865 764 1,236 144
2 D036 3,092 2,393 1,843 686 550 13
3 V037 2,393 2,017 1,797 | 330 220 46
4 S055 2,017 1,862 1,777 135 85 20
5 V071 1,862 1,793 1,775 67 18 2
6 V073 1,793 1,699 1,696 15 3 79

E. Cost Reduction via Power Saving

Testing the units, as a matter of fact, power is required.
Such cost cannot be avoided. However, saving the test time is
essentially saving the electric cost and labor cost. The products
under this study do require the power of 20 Watt per hour per
product unit (approximately). Power requirement of each sub-
process can be computed from:

n
Total power = X 20T;
i=1

(13)

Where n denote the number of unit to be tested and 7;

denote the test time of the unit ;. We have computed power
requirement in unit testing before and after application of SPC.
The result is shown in table V below. Start with 4000 product
units, without and with the application of SPC we can save the
power up to 140 Kw with the total test time of 10.89 hrs.

TABLE V
REQUIRED POWER COMPARISON AND COST SAVINGS

Number | Total Power | Total Power | Power

Proc. of units | without SPC | with SPC saving
(Kw) (Kw) (Kw)

V020 4,000 31.200 6.400 24.800
D036 3,092 510.180 448.340 61.840
V037 2,393 10.529 1.914 8.614
S055 2,017 89.554 79.873 9.681
V071 1,862 11.544 1.862 9.682
V073 1,793 26.895 1.793 25.102

Total - 679.902 540.182 139.719

F. Actual Time Saving and Energy Saving



The sub-process with low yield can cause several good
drives to be reworked and retested. This is the obvious
drawback of our method. As a case, for example, the sub-
process D036 holds 436 minutes (average test time) and it offer
60 minutes time-saving after the application of SPC. However
it rejected 13 drives wrongly. These 13 drives must be
investigated and retested. They could again take similar test
time in their retesting process. Of course, they do consume
energy. The possible energy saving of D036 then decrease.

V. CONCLUSIONS

In this study we have demonstrated the application of SPC
and PCA to a product manufacturing where hard disk drives
manufacturing was taken as a case. Only sub-processes that
contribute large test times were selected in this study. To
overcome the data with nor-normality distribution, Box-Cox
transformation with A = 0 was applied. Clearly shown in table
III, the test times can be reduced to some certain amount.
About 20% of total test time can be saved. The time-saving can
have a major impact to energy saving and labor cost saving. In
practice, the control method can be either applied to particular
selected sub-processes or applied to all sub-process. A
drawback of the method is that the control still produce fault
accepted units that resulting in the fail unit to be fed to the
subsequent sub-process. Without other screening method, the
customer can receive the malfunction unit. This is undesirable.
Moreover, the resulted fault rejected units can pile up the unit
cost because of its reworking. When we closely look into the
obtained yield, the sub-process with lower yield can produce
the large number of fault rejected drives. This may concern the
nature of data distribution of such a sub-process that needs
more investigation on this characteristic.
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Abstract— This paper proposes a product test time reduction
where a hard disk manufacturing is taken as a case. Our method
employs statistical process control (SPC) and process capability
analysis (PCA) as our tools. Algorithm verification was made
upon the collected data of a specific product type. Box-Cox
transformation has been applied to those data sets that hold non-
normal distribution. By applying the method to major time-
consuming sub-processes, the test times could be reduced at a
considerable level. Minitab program was used as a mathematical
analysis tool. The obtained result has convinced us the benefit of
non-normal  distribution to normal distribution data
transformation.

Keywords— Hard disk testing, SPC, PCA, Non-normal
distribution, normality test

I. INTRODUCTION

Under the highly competitive environment of many
commercial products especially in the IT market, the statistic
process control is now widely used for the purpose of process
improvement. In conventional case, data with normal
distribution are considered. For the case that data with non-
normal distribution are to be analyzed correctly and the
obtained results should consistently hold their true
representation, a special technique must be deployed.

At the present days, hard disk testing is generally a time
consuming process with high inventory cost. Clearly,
improving the test time is not only reducing the manufacturing
cost but also increasing the productivity. The challenge of the
work is that “Can we improve the test time while maintaining
the customer’s satisfaction with minimum unit reworking?”” In
some particular cases when the pre-recorded data have shown
their non-normal distribution: -what is the best way to analyze
data with such features? The rest of this paper is organized as
follows. A general process of hard disk testing will be given in
the rest of this section. The concerned mathematics is outlined
in section 2 whilst section 3 elaborates of SPC and PCA. The
experiment set up is given in section 4 together with some
obtained results. Finally, the work is concluded in section 5.

To get the understanding of applications of SPC and PCA
in hard disk manufacturing, let’s first have some
understanding of general hard disk testing process. Some

industries perform the hard disk testing based on the following
steps

1) Functional test, microcode installation, and parameter
adjustment for read-write optimization, take approximately
10% of the total testing time.

2) SRST test; i.e. inspection of media surface and record
defect locations under squeeze condition, takes
approximately 76% of the total testing time.

3) Final test; test the performance function based on customer
requirements, takes approximately 14% of the total testing
time.

Each main process mentioned above actually includes 10-
15 sub-processes. One may notice that SRST test is the most
time consuming step that takes 3/4 of the total testing time.
Thus, we are focusing at this step to see how well SPC and
PCA can help.

II. MATHEMATICS
A. Basic Statistics

On one hand, statistics is the method to collect the
minority of data or samples to predict the majority of data or
populations that one cannot work out all.

|::> Dicision

|::> |:{> Information

Fig. 1 Statistics data analyzing process

Data Tools

Population 'u

Sample

=|

Fig. 2 Population and Sample

On another hand, statistics is another type of tools that
interprets raw data to be important meanings and allows
people who are in charge making decisions which are
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unnecessary to be always according to the meanings [1], [2].
Fig. 2 shows the close population data distributions compared
to sample data under correct data collection conditions. The
parameters explained populations called “Population
Parameters” include, |[l; population average, and ©;

population standard deviation. Parameters explain samples
called “Sample Parameters” include, X ; sample average, and
S ; sample standard deviation.

Available of data groups are conventionally used to
explain “Sample” or “Populations” to achieve the most points
of view. One technique that generally applied to explain data
is a term called “central tendency”. There are three basic
statistics parameters available to explain this term; namely
mean, median, and mode.

Mean (average or arithmetic mean) is depicted as shown in
eqn. (1) above. It is widely used in most cases.

n
X = % Z X, (1)

i=1
Median and mode are also applied when data are needed to
be analyzed in order to verify that they have natural deviation
because these will affect the central tendency value. Tendency
can be considered as data quality respected to the size of
deviation or “Dispersion” by measuring various statistics
parameters include “Range: R ”, “Standard deviation: S and

“Variance: S”” which are given below in eqn.(2), (3) and (4)
respectively [3].

R-= *max ~ *min (2)
I R R LY
= (n—l)l-El(XI x) (3)
2 1~ —\2

S = ) ;(xl. —x) 4)

Finally, to confirm the data dispersion we need to test for
the normal distribution. Using probability p(x) plot when x

is the sample value, n is the number samples, and i is an
index. Probability value can be calculated as following steps.
First, the data are ranked from least to large, also insert the
number of step for each sample. Probability can be computed
as given in eqn. (5). Scattering plot can be performed between
probability and data value (for instance; x-axis for data value
and y-axis for the corresponding probability). This method is
suitable for data with small to moderate sample size. When the
sample space is getting large, the process is quite tedious and
time consuming. Moreover, the distribution moves toward
normal distribution.
i—0.5

p(x,)= ,i=1,23,..n
n

)
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B. Normality Test

As mention in the previous sub-section, the plot should be
imposed on randomly selected samples. According to the plot,
parameter that defines the normal distribution is the P-value.
This value simply indicates how big the number of sample
points lines up around (within an amount of discrepancy) the
straight line of normal distribution. P-value > 0.05, implies
normal distribution of tested data whilst P-value < 0.05
implies non-normal distribution of tested data.

Probability Plot

Narmel - 93% 1

Probability Plot
Howma - 95% C

e
W @
N e
o e
Pate

Percent
B

Percent

a) Non-normal distribution b) Normal distribution

Fig. 3 Probability plot of non-normal data (P-value <0.005) and normal
distribution data (P-value = 0.400)

C. Non-normality with Graphical Summary

Quite frequent that some particular processes may hold
data with a non-normal distribution, but with well-understood
probability distribution. One good example shown in Fig. 4
represents a data set of sub-process VO073. The graphical
summary shows the data that highly skewed to the left.
Apparently, the distribution is non-normal.

Graphical Summary
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959 Confidence Interval for Mean
28228 34332

95% Confidence Interval for Median
113.00 13432

955 Confidence Interval For Sty
£75.05 71825
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Fig. 4 Graphical summary of non-normal data

III. STATISTICS PROCESS CONTROL (SPC)

The objective of applying statistics to control the
production process are to improve and to monitor the
processes when stability and/or controllability are taken into
account. A controlled specification line can be defined if the
measured data show normal distribution property. Let CL,
USL, and LSL be control line, upper control line, and lower
control line respectively, specification limits can be termed as:



USL =x +3S (6)
CL=7% (7)
LSL =X -3S (®)
LSL Nominal usL
Defect Defect
-3s f +3s
<4—— Process variation —p

Fig. 5 process control standard at 6G level

The bound of x+3c or 60 control is widely used as
standard one. It offers confidence interval of 99.73%.

A. Process Capability Analyze

Capability index (Cp) is a parameter indicating the control

range. It implies data deviation of populations compared with
the allowed deviation. Mathematical expression of the
capability index is given in eqn. (9) below.

_ USL-LSL

Cp=""%6s

)

When samples are considered instead of population, X is
used instead of L. C, is now termed as C, - lts lower and

upper limits are given with respected to mean X as follows.

o _UsL-x (10)
P ag

o T an
pl 3S

In practice, the lower one is preferable. Therefore,

Cpk = min(C (12)

Pu’cpl)

B. Process Capability Analysis with Non-normal data

Some to be controlled processes may hold data with non-
normal feature. When data follows a well-known distribution
type, but non-normal distribution, such as a Weibull or log-
normal distribution, calculation of defect rates is accomplished
using the properties of the distribution. Parameters of the
distribution and the specification limits must be input to the
procedure. Alternatively, Those non-normal data can be
mathematically transformed to the approximated normal
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distribution and calculate the process capability using the
assumption of normality under the specification limits.
Commercial package such as Minitab do provide this function
as its standard. It also offers the calculation of the defective
part per million (DPPM) of the transformed data. In the
background Minitab uses the transformation tool so called
“Box-Cox Transformation”.

Box and Cox [4] proposed a family of power
transformations on necessarily positive response variable x
given by

A
(=D
JRCONN

1

s A0 for 1<i<n (13)
In(x;),  if A=0

This transformation depends on a single parameter A that is
estimated using Maximum likelihood estimation (MLE) [5].
The transformation of non-normal data to normal data using
Box-Cox transformation is available in most statistical
software packages. Apparently, we can deploy this technique
directly to evaluate PCA.

IV. EXPERIMENT

Data from 320 Gigabyte SRST hard disk tester have been
studied. 4,000 hard drive units of which 2,000 are pass drives
and the rest are fail drives. The “pass” and “fail” criteria are
not classified by our model. Instead, they are classified by the
current manufacturing criteria that are less related to SPC or
PCA. Fig. 6 shows experiment steps of this research. Minitab
package is used for data analysis. Upon the analyzed result the
control parameters can be decided. The control model then can
be verified to term out the process capability and performance.

|::> Record extraction |::>

Data retrieval Analysis

L

Control Model

Verification

Fig. 6 Experiment procedure

In this study, we are working backward. For the process
data we do analysis those data to see whether the process is
stable and under control. We use PCA to check if we can cut
down the test time. And if PCA is applicable —what effect it
produces upon its application; i.e. FAR and FRR. Therefore,
no action is taken to the real process. However, this study
should demonstrate the possibility of test time improvement.

A. Data Retrieval and Extraction

A database file generated by a tester usually contains
several information reveal the testing parameters and results.
Common to all and of our interest are testing steps and
corresponding times spent for such steps. Although the actual
process involves many step sequences, only few time-
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consuming steps are selected. These are shown in Fig. 7 where
the process step and its corresponding average test times are
plotted.

D03 —— 13583 000
9 9055 o 1195818
Q
§ V073 "5y 84.68 .
s . ail Drives
V020 42.32
-§ ' 5‘5_} m Pass Drives
Vo713 43367

V037 | 4307

0.00 200.00 400.00 600.00
Average test times (min.)

Fig. 7 Pareto chart of major sub-processes

Drives are classed to Pass and Fail according to the time
limited set for the tester. For a particular testing step “D036”,
as a case, individual unit test times is shown in Fig. 8 below.

Individual Yalue Plot
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20000 4

10000 4

Pass Fail

Fig. 8 D036 individual unit test times (sec.)

Refer to the said figure, we can clearly note the variance
and range of data in each groups. The fail group holds larger
variation. Regarding this observation we can use the data of
the pass group to define the statistic parameters.

The extracted data were tested for their normality by
examining the P-value. The obtained results are shown in table
I. Those with P-value less than 0.005 are assumed to have
non-normality distribution and must be transformed for SPC
and PCA applications.

TABLE I NORMALITY TEST OF THE DISTRIBUTION (P-VALUE)
V020 D036 V037 S055 Vo071 V073
<0.005 0.246 | <0.005 | <0.005 | <0.005 | <0.005

B. Simulation of Process Capability with Non-normal Data
and Result
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Distribution of the raw-collected data (V073) is shown in
Fig. 4 in the previous section. The non-normal distribution can
be clearly observed. With Box and Cox transformation defined
by eqn. (13), the new distribution is shown in Fig. 9 where the
transform parameter was setto A = 0.

This transformation estimates the DPPM to be 68,000
pieces or 6.8%. The process capability C i of 0.54 is obtained
as USL was set to 66 (USL=773 sec.). The control is set to
one side specification (using only upper specification limit).

'
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Fig. 9 Process capability of Box-Cox transformed data

Box-Cox transformation parameter can be made varied as
shown in Table II. By comparing the process capability
indices and defective part per million (DPPM) for each
lambda, the optimal one can be selected.

TABLE 11
Cpk. AND DPPM. CHANGES ACCORDING TO TRANSFOMATION
PARAMETER, LAMBDA

Process capability (V073) according to
Lambda Box-Cox Transformation

(M) Cpk DPPM (Total
Indices | Observed | Within | Overall
-2.0 0.26 6.80% | 21.93% | 31.56%
-1.5 0.29 6.80% 19.03% | 26.69%
-1.0 0.35 6.80% 14.70% | 19.65%
-0.5 0.44 6.80% 9.4% | 11.60%
0 0.54 6.80% 5.53% | 6.82%
0.5 0.57 6.80% 442% | 9.95%
1.0 0.44 6.80% 9.18% | 25.42%
1.5 0.21 6.80% | 26.56% | 41.85%
2.0 0.01 6.80% | 49.33% | 49.84%

A main objective of applying specification limit to each
sub-process is to reduce the test times. With defined control
level, the obtained time-saving of each sub-process is shown
in Table III below. Many sub-processes hold the time-saving
of about 10% or more. For example, V073 can save 25% and
D036 can save 14%. However when we look into details,
V073 have much less impact. This is because the average test
time of V073 is only 5.2 minutes whilst that of D036 is 435.8
minutes. Outcomes (yield) of each sub-process can be
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computed based on the fault rejected drives and the total
number of pass drives.

TABLE III
RESULT AFTER THE APPLICATION SPECIFICATION LIMIT TO THE
SUB-PROCESS UNDER STUDIED

Spec. Time | Time
Proc. |Quality | limit | Cpk | saving | saving | Yield
Level | min. min. % %
V020 60 7.65 | 1.17 ] 19.19 | 6.73 | 94.30
D036 3o 4912 | 1.01 | 60.00 | 13.77 | 99.35
V037 60 402 | 120 | 11.00 | 7.56 | 90.80
S055 3o 132.48 | 1.00 | 14.77 | 0.21 | 98.25
Vo071 60 570 | 1.52 ] 15.72 | 9.41 | 95.80
V073 60 1248 | 1.30 | 41.90 | 24.57 | 93.20

Applying only specification limit by mean of test times can
result in pass drives to be rejected and fail drives to be
accepted. In principle, we should reject only the fail drives and
accept only the pass drives. However, the situation of rejection
of good drives (termed as fault rejection rate: FRR) and
acceptance of bad drives (termed as fault acceptance rate:
FAR) cannot be totally avoided. We have investigated the
issue with the merit of test times saving. The result is shown in
Fig. 10 below. Be kept in mind that in this experiment all
4,000 units are input to each testing step. If the method
proposed in this study is brought to practice, the genuine
rejected drives and the fault rejected drives will be reworked
upon their failure symptoms. Obviously, the lower FRR is the
better. Genuine pass drives and fault accepted drives will be
passed to the subsequent process step. Repeatedly tested for
many step sequences, the FAR should be reduced to minimum
number. Of course, we should not deliver any fail drives to the
customer at all. Therefore, the FAR should be zero at the final
step.
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Fig. 10 Fault rejected drives and Fault accepted drives after the application of
PCA to each sub-process
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V. CONCLUSION

In this study we have demonstrated the application of SPC
and PCA to a product manufacturing where hard disk drives
test time was taken as a case. To overcome the data with nor-
normality distribution, Box-Cox transformation with A =0
was applied. Only sub-processes that contribute large test
times were selected. Clearly shown in table III, the test times
can be reduced to some certain amount. The proposed method
can be either applied to particular selected sub-processes or
applied to all sub-process. A drawback of the method is that
the control still produce fault accepted units that resulting in
the fail unit to be fed to the subsequent sub-process.
Moreover, the resulted fault rejected units can pile up the unit
cost because of its reworking.
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