flnvomyana wasveMNdIIANSSIR

a d a ¢
msaﬂnaﬂumsmaennszmumsdawm SRST 1um‘iﬂﬁﬂ81§ﬂﬂﬁﬂ

TagldmsmiunuRnamuuy

SRST SUB-PROCESS TEST TIME REDUCTION IN HARD DISK
MANUFACTURING USING UPPER LIMIT CONTROL

a ¥ o A
9AAT LININNA

ADISORN KAEWPUKDEE

mmmuuu

mmy.. mm Deeretanivnsenenneans

b

l oooooooooooo sscussases

InnfinusiiduduniivesmsdnymundngasSyanimnssumanamiuin

m'uﬁ'uunn’l’uhﬁnnﬁ’uﬁn%ya
Inendudmdnunmalulatinstufindoyauasmsdszgnaldam
amtumalulagnszeseundudigammsaiansyil
N.f1.2553

KMITL-2010-DS-M-001-001




SRST SUB-PROCESS TEST TIME REDUCTION IN HARD DISK
MANUFACTURING USING UPPER LIMIT CONTROL

ADISORN KAEWPUKDEE

A THESIS SUBMITTED IN PARTIAL FULFILLMENT OF THE REQUIRMENT FOR
DEGREE OF MASTER OF ENGINEERING IN DATA STORAGE TECHNOLOGY
COLLEGE OF DATA STORAGE TECHNOLOGY AND APPLICATIOS
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2010
KMITL~2010-DS-M-001-001



COPY RIGHT 2010
COLLEGE OF DATA STORAGE TECHNOLOGY AND APPLICATIONS
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG



a [V} v L) v &£ Y 3/
:mznaas‘auﬂmmﬂiﬂaﬂmsuuﬂnmaymmxmsﬂsanfﬂwm
U =) Yy ¥V (%
trmuumﬂiu‘faaww%0usnmsmqmnmmmnszm

v d
luSusedInentinus

o Y A a J 1 a d a o s

BRIVOINYTUNUE msaﬂnaﬂumsmﬁauﬂszmumiuawm SRST lumswan 81iﬂﬂﬁﬂ1ﬂtﬂ‘ﬁ
MIAILANAAAR LY

Thesis Title SRST Sub-Process Test Time Reduction in Hard Disk Manufacturing using Upper
Limit Control

o 2R ;

HAFANHN

sHmlszddn
3gyan

=)
U1V

If.AT. ﬁllﬁﬂﬂ

'm/me‘u/ﬂ

aam'naeu M 011505 FU 7

— %

q?
i %“% '
fimoy 26 nepMIAY 255

o~ \,.

= o } ':;
(smﬁmﬁgmﬁqm aﬂuﬁum Fussuu)

o N o \‘-L¢
dinnzfivunagyszyrana 499, > ek

PR P e < o o« 5_4.’\5,‘&" . ;-,‘\_, -~
Syidaduineiinusaduouys J“\:’f; N

‘ S
50t L fon B AR TR

a
Ao B .




HaveInninus nsaana1lunIINATBLNISUIUNITEBEYDY SRST

a d a o o o
Tumsnanasaaan lngldmaaiuguitdaduuu

Wnfnu uwedds uAINnA
sHadszdnds 51068902

Payan FenssuFnansumItudn
1139 ma TuTadnstiufindeya
N.A. 2553

¢at a o J o ]
mmstmﬂ?nmmmuwuﬁ IAAT.OUANA  YULIY
U 1
UNANED

14
Fnoriinusatuiisinauenisysudganarlumsnaaey SRST vessrsaddan

afle, g

Y a S a i a a
flagiiulumonsndnaisaaan nszuaumsiildnannuffenszuiuniimadeel andan
] o 4
(Manufacturing test) 1agvgyjarlsziauluiinisnaaeulunssuiuns Self run stress test
y 14 4 b4 [ 4
(SRST) weflmsrzdunsudenaniiludunsuildnanulszuin 76% vesduaounis
 d J ]
nageuRmua (lujuaug 320 Anglud MHnamageudszuiu 362 $11u9) drodeuly
o 4 a [~ 4 H v
MIMAUNUHAT I (Squeeze test) wan1snaaeuiiuaIvoABTTUADUYDY (Sub-
o o '
process) nelunszurumsnagoy SRST gnﬂmﬂuag“lui:uupui’fay,a (Database system)
o o 4 a P o = dy v a 7Y
gotusaiinwaulenssinsAnuanaranisnadoui 14 lasmsunsizrideyaninszuy
) aa o v Auy o Y 4y,
giudeya  F3msnaznani ldgninnldlugamnnssy aalddassnuumsaiuguy
N5TUIUNITAIITAINNEER (Statistical process control: SPC) LAZIIATIEHANUTIWITOVD
b4 ]
N3¥UIUNTT (Process capability analysis: PCA) mmtmazﬁumuueuium?amﬂﬂaumfﬂﬂﬂf?

aa o a aa o °
Tael$Tdsunsuiiiuivlunsinseddeyannada 1dsiasvihnisaivqunszuiums

’
@

A d a | d ) o’r’ ] -] o’: o
muluvsanieanaasuniaaand luusazdunoudes (Honundunsuiidifitg)
wilnisnessadiuannuudie naassfudeyavessniafaijuaiiug 320 ins lud
o ¥ S o oA a ] ' a 7 3
naasafudoyavosssaaaditenlasulfanaden (uaaug 320 Anglud) uazqaig
naasstudeyavesaiadadsuniiug 500 inzlud wadwif Idluudazuuuvesmsnaaes
14 ]
a1y Tudunsudes D036, D038 waz D029 v ldesdudnamanaaiiu 12.11%, 17.47%
wag 32.37% auawy mlfneundelavswanasnnilegiiuinszuiunisnagey SRST ¥
18 wiveundrensoaanavesnisnageueisadadasldfvzamisasisandunuly

ASTUIUMSHAR LazRusasIMInan 1ddu



Thesis SRST Sub-Process Test Time Reduction in Hard Disk

Manufacturing Using Upper Limit Control

Student Mr.Adisorn Kaewpukdee

Student ID. 51068902

Degree Master of Engineering

Program Data Storage of Technology

Year 2010

Thesis Advisor Assoc. Prof.Dr.Somsak Choomchuay
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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2.2.2 a’fayan%eﬂ?mm (Quantitative or Variable data)
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2.3 msaﬁmmtaxmﬂmiwm’faqa (Data presentation and Analysis)
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1) nageudlenasaniaon lnadiluuuylni (Normal quantiles plot)

Aomsndenganasznindnoulnadiudeyalag Aifudietriun Tavmunigude
%'m_;aﬁ;ﬁnmmnﬂsz‘mnsﬁﬁminszmmﬂuunnﬂnﬁ (Normal distribution) fiti1ivg 143
nsznvesmdltniiumsnszawuuulnadouiu madumusuydgiudenars nsm
arduRuEssninagaoiuium z wlndifeaduasaiifinarndiu (Slope) iy s uag
AAALUUNY Y (Intercept) ILININU m hunladgadavesaduuuuny y Ao unduvesr
Fregrudn

auyAini=1,2,3 ... n fluarduduvesdeya naIniuadmuanintiosliuin

udadresaneulnad (Sample quantiles) vaatoyantldvinaumsh (2.4)
(i—-0.5)/n (2.4)

m1afi 2.5 Teyaudasdunduvesiidiedienen laad (Normal Z-quantiles)

Order(i) 1 2 3 4 5 6 7 8 9 10

Data 24.46 | 25.61 | 26.25 | 26.42 | 26.66 | 27.15 | 27.31 | 27.54 | 27.74 | 27.94

Sample

0.025 | 0.075 | 0.125 | 0.175 | 0.225 | 0.275 | 0.325 | 0.375 | 0.425 | 0.475
quantile
Z-

-1.96 | -1.44 | -1.15 | -0.93 | -0.76 -0.6 -0.45 | -0.32 | -0.19 | -0.06
quantile

m11ef 2.5 Yoyauansdunduvesmiiiedineu laad (Normal Z-quantiles) (A0)

Order(i) 11 12 13 14 15 16 17 18 19 20

Data 27.98 | 28.04 | 28.28 | 28.49 | 28.5 | 28.87 | 29.11 | 29.13 29.5 30.88

Sample

0.525 | 0.575 | 0.625 | 0.675 0.73 0.775 | 0.825 | 0.875 0.93 0.975
quantile
Z.

0.063 | 0.189 | 0.319 | 0.454 0.6 0.755 | 0.935 1.15 1.44 1.96
quantile

Supoumsnaaeunioamneulnadduuuuynd (Normal quantile plot)

(1) Buadusudeyoaiifiogerniesiniunn (Sort the data)

03] fuumadietunoulnad (Sample quantiles) mnzmmi"?i 2.4

3) Metrenen lnad i lamude 2 fiae MAuilansmvsemsnszaeduuuyng

(Standard normal distribution) 114184 11A1A20019n0U lAadaena1a 1n1e1 Z-quantiles Tny



28

a 2a H [ aa
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2) nagoudlendenninauiinziilu (Probability plot)
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p=30-0.5)/n
d' s t LY
ATTNN 2.6 AIDYNVOIVBYA
Data (1) | 30.47 | 25.48 | 33.25 | 3851 | 38.11 | 40.84 | 20.86 | 30.81 | 37.58 | 26.46
Data(2) | 28.48 { 23.38 | 22.58 | 27.01 | 28.06 | 21.20 | 29.10 | 29.94 | 32.69 | 30.14
a o ¥ ' ' Y
AVINN 2.7 a'mwayauazﬂ‘lm‘mu‘mﬁ]uﬂuawega
Rank 1 2 3 4 5 6 7 8 9 10
Data
20.86 | 21.20 | 22.58 | 23.38 | 25.48 | 26.46 | 27.01 | 28.06 | 28.48 | 29.10
(sorted)
Prob. 0.025 | 0.075 | 0.125 | 0.175 | 0.225 | 0.275 | 0.325 | 0.375 | 0.425 | 0.475
Rank 11 12 13 14 15 16 17 18 19 20
Data
29.94 | 30.14 | 30.47 | 30.81 | 32.69 | 33.25 | 37.58 | 38.11 | 3851 | 40.84
(sorted)
Prob. 0525 | 0575 | 0.625 | 0.675 | 0.725 | 0.775 | 0.825 | 0.875 | 0.925 | 0.975
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Probability
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Probability Plot,
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o In 2
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2.3.5 M3unuoauuuUnA (Normal distribution)

‘1umsaumuqmanﬁﬁv§mﬁﬁmmnszmumsﬁ’u AMONERINMTOYIU ABUNUM
LBINTLUIUNIAIBAUNES LazAIWAULLS VN UMY BT TUMAYBINTTUIUNISUET 9zded
v‘hmsaqmugﬂnsaﬁuﬂmmimmm‘uaanszmumsc‘:’}aﬁﬁnymznszmuunuffnsaum
nanludnuuraunns FameadassiduniUnsadina1291 31nsan@ (Normal shape) 138
gﬂmaiz‘mﬂ% (Bell shape) Tﬂumiaumuﬁyﬂzmﬁunguﬁﬂaﬂm (Low of chance) Tugiveq
AuezIIU (Probability) ﬁaﬁymzﬁahgﬂnﬂﬁqndnfﬁ‘]umsuvmmwmﬂ'nminznﬁu
(Probability distribution) 1z ez ongUNTaioEIUMsUINUIYBIRTZYIUMs 18R aINg
anuiuuys Tnoss susana msuonuasveanninsiiuuuulng (Normal probability

distribution)

H1Y x dudulsguitinisusnussvesndmninziilunuudnduds eziien X 1
Faudsquuuuind Taslinuade p (—o<p>) nazanuulsilsiu o (o7 >0) e

} 4
AafFun1suenieenuezily (Probability density function: pdf) A4l

)
f(X)=JZt_Ue ¢/w<X>m® 2.6)

nazannsooulddedydnyel X ~ N(u,o?) saaaslugyi 2.14

1 2.14 adFumsusnusnamninzdiuvesdlsguuuilng
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1 4
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d a 4 deyvy sw 4 Y A a .
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P(X>a)= j ! (ﬁﬁ¢¥ 2.7
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A a 4 ] a o o ' o a g
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U a
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b ! e2
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P XM _z
0 a-H c

5Uf 2.15 msuasdansguldidhuuudn@nagiu (2)
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&’ : 1] 1] £-9 3
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faetafi 2.2
Y 2 y v:ls' ' ' ﬂ a9 LA )
& X ~N@o,1.5%) udrlimaamninziluiideya X ezlifminni 217
Tumsmaanuhezdiuidauiunsdemsulacdeyaliiiiua z Tasmsalaou

1 g 990 2015 0 wazA1 o2 0 1.5 Whidhe 1 Aegalin 2.16

SR X

0 & 217

. 0.1292

: ] X—-20=Z
0 1 L.I3 1.5

i 2.16 mslasdnddsguinithunnfunasgu (2)

a 1 ¥ o 9 v 9) I 4 9
10MITN 1 VBINIANUIN BIUAT Z, NN 1.1 uax“lnmummu‘lﬂmun 0.03 vlﬂﬂ'l

0.1292 LLAAIN

P(X >21.7)=P(Z >1.13)
=0.1222

o 1 A
AIDEIT 2.3

& X ~ N20,1.5%) udiimdamnieeduiideya x ezlidsenine173 te 207
Turhussdeniudiedidi 2.2 AlMEududonsuacdeyaldidiud z Taons
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.80

517 2.17 malasdlsquidduuumlnfnasgu (2)

INAN A 1 VeI IUAT Z, N 0.4 aeldaaud 0.07 Tdmarninee
Sy P(Z>047)=03192 wazerus z, fuod 1.8 moldaaud 0.00 TAawanninsiu
P(Z >1.80)=0.03593 ud lashginsewuudndviasgiuiinnuauuiasssua 0 Al
P(Z >1.80) = P(Z <—1.80)
AaY
P(17.3 <X <20.7)= P(-1.80 < Z < 0.47)
=1- P(Z <~1.80)— P(Z > 0.47)
=1-0.03593-0.3192
=0.64487

2.4 MIMILANNIZUIUMIAWIBNINNADA (SPC: Statistical Process Control)
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Lﬁanmvhu"lﬂﬂ’fagaﬁ"lﬁmnms’s’mzﬁmsnszmuuuuﬂnﬁ (Normal distribution) i1
Wannsadmuaduiifaniuqunszuaums iannnquitetuiitunld sndredasu ms
fmuaduiifanIugY (Specification limif) YenszuauMsilongudtetied IdimmiA i
adaauuagulumsquagudeyaniemulsuvuguesiinisnssvidiunuuilnd g1l
2.20 1) rﬂumsf‘imuﬂﬁﬁﬂmuqnﬁszﬁuammwﬁwﬁ'awiwaammtﬁmmummgm “lo”
(Standard deviation) veangudeyati1aduan rafinsezi 1 1damudieiud 0.6800 veamui
18nsminde 68.00% nsveusundudeyait I8quin uaziimaofeziiuveudy (Defect) ugl
fi 220 v) Wunsfmuaifaniuguilssduquamiineaivesnnuisuunnasgiu
«25» fungudeyai Iidunes I¥nudesud 09550 vosiiniilansmiuge 95.50% n1s

o [ P 9 P A g a3 - a J s
uﬂusunqn‘uagaﬂﬂqnm uazﬂmaanﬂmﬂwaanﬁumnﬂwnunszmun15ﬂszmm 4.50%
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diofmuanifaniuguiasidisveInszuiunisAefmuaiidaniuaua iy wasfivua
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' A o -
¥IANBONUU (Confidence interval) 11 99.73%
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a a A 1 a Y o I
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USL = X + A6 (2.9)
CL=X (2.10)
LSL =X - A6 .11

USL = fvuanfaniuguAIlLy

CL = fINANYBINNAAILAL

LSL = fmuaifaniuguiiuais
A ﬂ 3 o a a o 9 a A o
e 4 1Humiaedala Heunsodsunlfeuammsadiurugiinivguassuiumansenlasy
aunguatesnlumsqudeya
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senuuudaeTusunsuiiiuiy duldsunsudsegadldanufartuniada aundlddeyadn

' 3 v o 4 4 =3 °
isganiiansnszoedadeiinenasluzUii 2.21 ndeamsusnuasvesdeyagudmau 100
A18t19 Aundovesdayaiiny 26177 uazAudisauuinas gIulANIAY 1206 1INAI0619H

3 g a s v 3y A £y FY a
duunsunmsnsznveansmea launsuazidulddianudilnanmsnsznouuvilng

wlimsdszanuezdsamsusnussyssdoyaidluinnnini (Normal distribution)

Histogram
o4 - 1 [men 207
StDev 1207
I 100
27000, 28000 29000
"Bample.
H 1 o &
7191 2.21 ndendalaunsuvesdoyaiiosn
‘Probability Plot.
" Nofrodl ~85% €I
T —
‘ Mean 26177
: StDev 1207
T N 100
4 AD 0,446
"y P-value 0277

Prakiatiity

22000’ 43000 24000 25000 26000 27000 26000 29000 30000 31000
Saripie

11 2.22 naaoumsuenustvesdeyaidlumsnszonuuing P-value = 0.277)
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9 o ay [ ] 9 & o w
nageumsuenindeyadiuuminddiondennnmheniiuvesdeyadudrduves
P -] = o ] 1
JoyaiildsziuindeyaiimsBamniiuuuaduase hifinsimenguuesdoya Tusunsuee
) ' o Y v W & ¥ v &
naaudusinriinaduldmsy Pvalie = 0277 FedrArnuieziilunie P-value <

0.005 uamiﬁ’fauaﬁﬁumﬁmsmmm‘lﬁxﬂuunuﬂnﬁ (Non-normal distribution)

[ 9
$rovaunugiinsuguieyaquindlsssauquainii 36 nienruguiadesaiiife

MunuLazdIuaNAIsmumIveIsadeuuUNIAT§IU 9INdNN1SH (2.9), (2.10) LAy

S’w"

2.11) muwnsam Ifidusidanusgu laaad
9
A

e

hd

VINANNADAVBINGUAIDEIN 1Adail X =26177, & = 1206

USL = X +36
=26177 +(3x1206)
= 29795
mﬂmz\fu USL = 29795
CL=X
=26177
mﬂznz\fu CL=26177
LSL = X -36
=26177-(3x1206)
= 22559
mﬂmz\fu LSL = 22559
Individual Chart
31000 4
3061 ’ UCL=29795
290001
26006+
> 36000: N 14 o A X=26177
)N PN I
240D - 1 4 .
20 LoL=22559
220004 r — - v T T
T i) 2t 3F "4r. 51, 61 Ir HL 9N

I 2.23 $1e0eadunugiinIuguendoyadodn
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inmmuQﬁmuqunszmumwan’fagaﬁﬁum ANITN$1209A1THINIUAY
Tusunsuditiuiiuee Wemfisanuguamuiiu UCL (Upper control line) tiazAifinnaugu
duaashi LCL (Lower control line) 9214 aulsfidnafuud lan i ufidiuan uaswyid
Foyanilsgaiiegueniisaniugy wuiidlenudeunnsesveanszuaumsaenszuaums i

L

Undfaunsafivzidh lilasreaeuilywuashimsudl 1ddui

a é
2.5 MSAATSHANUAININUBINIZUIUNS (Process capability analysis) [2]

i 4
Y LY o o r
Tumssansmmganwssnszuaumaiu arssuiludssdumarsaumsiiuni
o o a A 4 a4 A q v 2 a1 <
anaunatinionIosiionne) e lAsunswdnNuTToveINTSUIUNITHLILBNDING
VINMIBOALLLATTLIUAITAINGTI AABAIUNITAIVANATSUIUNISNLIVONTINALINATS

A v a [ o 4 J
adnquaszuums Ae 1 lumsdaduleduiunmsdiulgudluvilynide

A g P ) 4 o ¢
NIZUIUMS (Process) ADDIALTERBUNUUUBUYSEMIININYBUATEITINT gUnTal
8NS5 ’fﬂqa‘u uazwﬁnmuﬁda‘lﬁ'u‘iﬂnﬁwﬁﬂ (Unique combination of machine, tools,

methods, materials, and people engaged in production)

r ¥ y
A1NEN130 (Capability) AsAamsadTusgfuaussousildsunisnadeu
4 o o o .
maﬁlﬁ’miqwaawaiﬁmmﬂﬂ"lﬁ' (Competence, based on tested performance, to achieve

measurable results)

1 4
AU AUAINITOUDINTSUIUMS (Process capability) 18U anuAuls

Tausssuaan 1a

o o a o s a -; pEPe)
FumsinvenanfudMiNaluInNseUIUNSNANYT (The measured,
inherent variation of the product turned out by a process) 1At Juran and Gryna (1993, p.393) 1@
vera1NAN 1371 A wsof 185un153a (Measured capability) 98MN1809A1
a 5 a ] 3 é o d' o
AMNAINToveINsEUIUMsH IdsumsdszdiviudeyadauilunainainmsSanui1ésy
MSHANDINNTLUIUMIAANY 1AZAINE 50 TAUETTUYIA (inherent capability) 9xM1804
[ » ¥ 14
anvaitauevswndnfuaiinda ldnnnssuaumsiegnisldaniizmsniugu uenainil
deruladeernsofinuilonueanuaintsovednszuiunms 14e1n AIAG (1995, p.79),
Amsden et al. (1986, p.133), Kane (1989, p.267), Mitra (1998, p.378), Western Electric Inc.

(1984, p.34) t1ag Wheeler and Chamber (1986, p.125) [2].

NF191N1 AR OIWAINIIUNINGVBIA NV INITOVDINTTUIUMIUAD Srauae Ilozan
HeAIAUNNIENITIATIHAINAINITOUBINTEUIUNT 1A Montgomery (1996, p.431-

432) MIAATIEHAWAINTOVBINTLUIUNIT (Process capability analysis) MUDINS
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2.5.1 N1SNILDILVDINTZVIUNTT (Process spread)

 d . H
TunsUslUNaUeIANAINITOYBINTSUIUMITUY ﬁmmi‘iuﬁuamwaﬁﬂzﬁm

Uszanaiminisnseasvednszuaumssaoms ldeyaguiisausin lduduiiuaiseyuua
» »

[ 4
115 ATE910U8INTTUIUNTS MTTuegiugAnunseynuanlssnuveminiiitaesdy

o A o'; 1 o Y] =) Q'I : ° 9 U a <Y [y
seauanuieiumila @wsunsainy ihiunusihimlssuanmsiimesaligssauany

3
Y

103 99.73% sanaaelugili 2.24

LSL 99.73% USL

'
]
)
T
]

X -36 X X +36

N
Q>
v

U7 2.24 mspUANUMLIsaYBINsTIIUMIIINdBYaN [2]
11031 2.24 szBonfitadiuuudl RAAIUANAIMLY (Upper specification limit:
a o 1 I aaw ‘v &
USL) uazﬂzﬁunwnﬂﬁ’"mmam ‘wnﬂmnﬂm’fmma (Lower specification limit: LSL) 3]

auMEIe Shimssnsndeyaueinnszuiunisaaaiiegnioldan1assssuna v

L]
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oy 1471 qudnyuzvewdaduaii I InnszuIuMITAINENISTE YU qUBgTTNIN
a o 14 ' aw 14 dysl [ A o
RAAUANAIUAN UazRtanIuguAIIUTIdIssZAUR TN 99.73%
vl 4 .
wlu il USL=X+36
way LSL=X -36
E 4
NSIzRIY MINILALVBINITUIUNS = USL - LSL
= (X +36)-(X -36)

= 66

A <

Tunpsdinimafiusiusudsyamminnssuaumsnieldadniizaivgu uazinis

Uszifiunannuiuulsvesdedretndisitmelunquissezissnnisnszarsueanszuaums
1 4 ]

91 “N15NTLIWAIVOINTLUIUMNSUVUTZBSTU (Short-term process spread)” Fadszua'ld
3 J N 3y 9 - ~ L ~ = 9 ay vy =
fuf 6, Mieyalimssrusuficanguionnvs Fuannsanuasudeauud lddedala
NI M3eTuTMAIBUAUInURURTS wunguses hify 20 ngu azasalssmen
Sy 1N

G = (2.12)

|

A
A o

9 . 4 o 1 — .; 1Y) v
dedmual 4, WuunmesmslSumlunsdsznunrudsuvuinas g Yusgiungu

#@10014

dwmsvlunsdintimsifusiusmdeyamnninnszuaumsnieldaniizaiugy uen
msvszifiumaniuiunlsuesdedaedndn3t Taos 923 0nN1SNTLIIBYBINTEUIUMET
“MITNTLVIWAIVOINTSUIUMTULUILHSHT) (Long-term process spread)” C"Nﬂssmm"lﬁ’fﬁ"wﬂﬁ
N awva 39 o s ddyu Ao P ° LY ' ¥
&, wazlumalfiaudrsmudeyalunsdithinezismaunn Jauzihlvdsznumaie

anudeuuuIasgIUvaIdingunu lay

(2.13)

[ 1 4
Taodi n = Suudeyadass (x) fnua
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2.5.2 F¥HUAAINNNEINITA (Capability Index) [7)

S =2

8 ’ ¥ ]
TuanSaanssuiunsaagulahosulszansiiuineemilsdenanubouuuve

Ysznnseglugiisenldidaniell msrwdmnvuavesnnubsaun hihngnnanse

9/ P} -] 1 1 - Y a 9y do 9/ a a va v A
uﬂUL‘WUle‘iﬂﬂ'liJ mnfnaguaﬂmomwnuau‘lmnﬂumnwj‘.luﬂmnmsﬂgummmﬁ’"hmun

o =

ad Y o o -~ b A ~ o
mﬁnﬁw‘l‘mflummmmmmmmawagamnﬂiz‘mﬂsmamuunwmmmmm

Weuvunvey 1fifaud Gon11 “A¥HULTAINMINAINITOVBINTSUIUNT (Process capability

index)” w30 C, Tauilow1éh

-=; d' Y a
anudisauuneeuling

4

anubeuuuvelse¥ing

o o v A
ﬂ11ﬂlUUQLUNﬂUBN1Hlﬂﬂ

| Anudouuuvenlssang

:i o o Y v
;5.1111 2.25 HamLUINNUAAYDINITIANITNISIWAIUAT U Cp

Tuaudenssumsnda dnidowanubsavuiivenldinalugdvesvuiani
A Y o . R % =Y
ﬂmmﬂaauaﬂan (Tolerance) YBIVDANINUAINNIZ (Specification) HASUNITUYINAINY
] ] b 4 »
Heavuvetszans luginamwesvinannuifisuuunasgu Auiutdomaunsi (2.14)
181min
USL-LSL
C =n

2.14
T 6 (2.14)

[ R a3 [Y 9 J g @ ay y
I.WI'E]U'N‘Iliﬂﬂ'll]ﬂ'li')ﬂﬂ'liﬂizﬁ'wﬂ')ﬂﬂ'l Cp uulﬂuﬂ'li')ﬂﬂ'lﬂ'lﬁﬂigil'wiﬂﬂll‘lﬂ

' 3 * y '
Mademfaseziuvelszang dalu windiinseniluildegiininnatives

Se Do

stmuamwizudasiinaildaanunueianarn i 1@ dwaasdaedelugyli 2.26
ad o & ¥ a - Y o 2 = 1 A
Tunsdlil Srfudesinsanvuavesanudisauudremsdrilafamiinseniiuves
14
Uszns uazBondadalunsdiiin dwil C,,” @de k ludyihinendri “Kurtosis” Tu

ada ) A
NUUANUHUWYIINTSUIUNITT “L’c‘lﬂuhlll”)
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LSL=10 USL=20

C,=2.00
C, =2.00

C,=2.00
C,, =120

C, =2.00

pk

Y o 9

11 226 uanaSouidioy C, uay C,, (USL vnuda fifavesdoimuammzauu:

Upper Specification Limit 1 LSL wne@a Afaveadedmuammzdid1a: Lower

[ 4
Specification Limit) nazluiitidmuald 66 =5

o o A di [3 ' d'
ATIAATULTAIANUTINITOUDINTSUIUNTT LiJE]ﬂ'lﬁ\IﬁQﬂ'l‘Vlﬂ’)i‘ﬂ&’lﬂu‘uﬂ\lﬂiz‘lﬂﬂi

14
-

(1) Feeyuladie X ezfinrsonldds

USL-X

A o = o/

lefrihilsiinaniunguiamzamuy; C,, = 3 (2.15)
(o)

A [d a o ' X_’—‘LSL

lefrilsdeiinamiunguamzdmag; C, == (2.16)
(o}

4

Taviate “u» uaz “» ludsil C,, uaz €, muufaRfiaA MUY (Upper limit) Laz

v
= = ¥

AfAAUAN (Lower limit) Tavdrdu uazdsil C, Wudwiinldusziivimanszaeves
Jszmnsesnuensnivenliidanieli Sseznudt mine C, vesfinalatiaidiniugda f
%znmuﬁami‘7;ﬂ'1ﬁﬂaifn:xi'luﬂmaﬂimnﬂfuatﬁnt’fﬁuﬁﬁ'ﬂé’ﬁuﬁy'uﬂmﬂ’faﬁmuﬂmww
WINAN Sudumsdeanumuelimiinsnsznovenlszmnsesfugasivenihidaly

=X o’: [ Y o’: 2 o LY | 9
NAAATUUY ASHUIIUYIUATU Cp,‘ vlﬂ'.]'l
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C, =min(C,,C,) (2.17)

pu?
a ¢ ) ) g o q ¥ya ¢
n153ns1EHMInTzavvesdoyadlenn C, uaz C, 1 uonenaeMIngans e
ErudeansaumainerfunsnssnvesdeyaluduFsudfvusudemuamnizuds 6
Awssuns s misrssmfinlseeiiueesssmns wWesuiumnanyesdosmua

3 1 A
IMNITAIUNATIND

1y & c, =C, minsweiuvenlszmnsegassmnaesdeimun

AW
v 14
2) f1C,>C, amarsesitiuveseansesitie (Offset) luvinAnan
yoadoimMuaRNIy
Taomsaumai 1dnnnisiimssiaaumsduousz s g insievamse
] 1 4
aufiumsdfianisud lv1dagedu
Tudregriadenisafraumugiinruquitduutenideyaiilauims s

=] [:d v

v ¥
AUAINITOVBINTZUIUMS auNANnTzuIumssgnuldantzatugy luiitivzdasdie

qQ

aado

aa o 1 4 H a
Tusunsuiituiudrsamuatansuam 1d Tusdi 227 ugawanisianeanuannso

UKy aa o
“UENﬂ'iZ'LI')Uﬂ'ITYI‘lﬂ‘tl'lﬂT‘lJ'iLLﬂ'ﬁJlluLWIU

Process Capability
L5 UsL
Process Data T T Potential (Within) Capability
st 22559 ! ! Cp 12
Target * ] | CPL 122
usL -29795 { | CPY 122
Sample Mean  26177.2 i | cpk 122
Sample N 100 CCpk 122
SDeviwithi) 930651 | |1 !
—— | i
i |
| }
1 {
! !
! ]
1 !
|
g 2
Observed Performance Exp. Within Performance
PPM « LSL 0.00 PPM < LSL  129.35
PPM » USL. 10000,00 PPM 3 USL 130.11
PPM Total 1000000 || PPM Total 260,06

H a 4 aa o
11 227 Simszdanamnsovenssuaunsag Tusunsuditduny
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wadi Iduaaq 1ddodnil ¢, = 122 Blimadsanumnnudeinanasgu 6

L4 »
Luuszosdu nazdadiuvoadeniiaenms fMUARIAAILANNTTUIUMS PPM (Observed
performance) HA11szanat 1.00% frdaninmsdszmamnnuiiisuuunnsgiu 6 L

s382aU PPM (Exp. Within performance) NAlszu1al 0.0026%

Process Capablfity

gk vs
Process Data T " [ome Within
5L 2559 : : — o= Overal
Target M n
Uz:.” 29795" | { Potential (Within) Capability
Sample Mean  26177:2 ¢ 122
Sample N 100 ! ! chL 122
StDev(withi) 3356651 | i i cPU 122
StDav(Overall) 1209.73 | | Cpk 122
] ! CCpk 122
| ! Overall Capabllity
Pp 100
! 1 PPL 1,00
! | PPU 100
| ! Ppk 1,00
l i Com __°
boo N
o ; e 51
D0 2400, 75000, 26000 27000 2800035000 30000
Observed Performance Exp. Within Performance Exp. Overall Performance
PPM < LSL 0.00 PPM ¢ LSL  129.95 PPM < LSL  1390.86
PPM » USL 10000.00 PPM > USL 130.11 PPM > USL 139199
| PPM Total 1000000 PPMTotal 260,06 PPM Total  2782.84

? v
U1 2.28 T1A51EHAMWAMITDVDINTZUIUMTUTAAIV VTSI TUAVULUTZUZUT

Tumsiinseianuannsovesnszuaunts lugyi 228 dozunaaliiiiunis
Lﬂ'%'umﬁmeﬂJsztﬁummmmmuuuszuzﬁgu (Potential within capability) Ausziiu
AN 0VBINTZUIUNISULUS L8017 (Overall capability) iyuiAtfun g ldnrdadau
maqnﬁuﬁi)xnﬁﬂﬁnnixmumiﬁmmunu PPM (Exp. Within performance and Exp. Overall
performance) ﬁtﬁmﬁumngﬂﬁ 2.28 Aoz HuAsil AN 1IN 0UBINTZUIUMTUVUT LI
P,=100 ez dadiuvesdofiiziaiufunsLUIUNS PPM (Exp. Overall performance) =

0.2%

a d [V a ]1' a
2.5.3 MTIATISHANNTINITOUBINISUIUNTAVVOYANNIINTLBIE Nlﬂull'ﬂ'ﬂl‘ﬂﬂ

¥ A A A

° a I'd r ] [
‘uay,a‘nqummamzu‘m‘nmi‘lwﬁﬂ'J‘m"luuuuﬂumua"lﬂq‘mzﬁmiﬂi:mmi‘lu

wuilnd dmndeyaiinsnszne iduuuulnaudimsmaruannsovesdeyanu iy

@

o 3 ¥ a a 0y = Y Ay ya o A a
%87111'Hlﬂﬂﬂ')'lllﬂﬂWﬁ1ﬂﬁ1ﬂuﬂﬂ1ﬂ%uﬂ~uﬂﬂ mmlau“an"lﬂuminizmmﬂuuunauq N

t ' a <
HWUUBUITY UNITNTLWUVVABN (Log distribution), m’sns:muuuu"héy_a (Weilbull
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v ¥
distribution) s1aselensUssINaANUE T 0veINTTUIUMIHS svaud e zifia Uy
" o v & aa @ & A ayys v ¥ a4 .
A5e1IUMSEIeMInsEatesena saldsunsufiiunuiineed 1 lvuds Tuiitlesiuaue

a ¢ ¥ e s ay ¥
ﬂ'li']l.ﬂ‘i'lzﬂﬂ')'liJﬁ'lll'liQ‘Uﬂxl“UﬂHaﬂﬂ'ﬁﬂiz‘ﬂ'llelIHJull‘U‘UlIﬂGlﬂ')Uﬂ'lill‘].IaQ‘Uﬂl;llaTﬂU

=1 s o s A . A A v a A
UDAL-ADNY 17D “Box-cox transformation” [8] L‘Wﬂﬂ%Sﬂﬂﬂﬂﬁﬂ'n%ﬂﬂﬁ‘lliNﬂiS‘]JTNﬂTiHJﬂ

4 ]

< o [] 9) Y (=] a o Y ] 9

mumemwegaumnmiﬂizmu"lmﬂuuumlﬂm nq fideyasgnrelanisnluguues
[ 1 4 )

assurumsaeat Tomanadu ldiwusy swmualdaunish (2.18) Wuaunislunisudas

d ¢ d ¢ .
HUUDDAS-ADNY (Box-cox transformation)

A
(x;7-1) .
xi(l) - ———'}“ , if A#0
In(x;), if A=0

A
W9 1<i<n (2.18)

anaumsials A seiiddeyaiinnulasgniaoulTasnisdudves A uda
1 4

asandeURIsHareInIsins e deyaildninmsilani it Idd iz auiigaduie

a aa o o 1 { % (3
Foyatimsnszoronuulnd TuTsunsuliiunvezdnnuma A Pmnzaudeshilddeya

.
0 ¥ =

o = Y] 9 Y] a d' o o’: =
naansudaeiinisnszoieaalndifsefunisnsznoiuulnange HaeeINUUINIIAIM

o’: 3 A\ A \J Y o a
gnutdaandonni Lz wag usz ldnnunid ¢, SwdeliilszinisTinsizideyaiiiing

asznlifuuunnadaeiinslauuuiiond-fend uTisunsinlssgnd iy

Histogram

25 Mean 1232
SDev 1041
N 100

75 A 25 %0 37
fGample:

H < J
511 2.20 wendalaunsudeunisudasdoya
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9 P 1 @ v A a LY a VI a vl ' {I
Foyafignguun 100 dedr iiendeanisusnuvsvesdoyasmiuldininmsnszaehidu
a a ) a { < '
wuuynd Taoauudlideyasgmeldannzaiugulaesssund Ui 2.29 naeadeyanou
wmsudas drethaiaasiamsuenussyesdeyaiiiinisnszoe idlunuulnd niees

naaounsnseoutuuulnG (Normality test) i 14

Box-Cox Plot
towetiCL Upipar-CL:
390- Lambda
/ (using 35096 confidence)
o Estimate 0.04
250" Lower. CL -0.22
Upper Cl- 0.3t
Rounded Value 000
g
130 4
100 1 '\
: o4 Limit
T 5 i % 1
Lambda®
4 o Y £ 9 1 ] 3 H
514 2.30 YSuuasmuaniid Ideglugaeiddige
Histogram
184 ' : 7 [ven  amee

StDev  0.8613
N 100

511 2.31 wioada Taunsundsninulasdoyauds (Lambda = 0)
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=

mdudnlsuantian Lambda) Tuaumsi .18) $aedsulddayailnmsnsznuiivuuy

u
v

Un@nfiga 929 Lower CL 118 Upper CL Aogaafimveaaytiiiii lideyalimsnsza

a 1 ! =1 4
FHunvudnfuniige 910517 2.30 Lower CL = -0.22 ag Upper CL = 0.31 92IMUNY0Y0
o 4 o o Y = Y ﬂ “ﬂ a

winnsulauiieinwdeaudlnziimsusnussvesdoyaunisnsenmiiuuuvilng

wanssesilit 231 ndonsalaunsuvesdeyandininnisuauds uieaunsonageudoy
a 2 ' v o

MsnAgeUMInsEeIouuulnd (Normality test) Aaowasaninninzuiudrduvesdoya
aa g a

(Probability plot) TuTusunsudiiuiiy msszgadlFautumsimsisdanuansoves

A v = 1 o av @ ] 1 4 1
nizmumimafuoylauminizmu"luLﬂuu‘uuﬂnﬂmmamqmuan

HadNEYeINIT I IEHAIAINTveInsTuMsiledeyaiinisnsz e idu
uuwlnd sndeyafiuilasundas Box-cox transformation T euauti@unung el Lambda =0
waaslugalit 232 Ardadl ¢, = 0.60 Wanudsanmnasguuyszesdu, P,=058 iilold
AN BN TFIUIYYSEEY 817 LAz e L FETIRARLNTLUIUNS PPM  (Observed
performance) = 1.00% ﬁu‘xgm’fagaﬁmmmam, PPM (Exp. Within performance) = 4.31% Ay
fhmmzﬁmmummgmuum:uzgu, PPM (Exp. Overall performance) = 5.07% fI1A71Y

Lﬁmmummgmuuuizuzun

) Processkapability =
Using Box-Cox: Transformation With Lambda. = 0
il e , YA
Process Data transformed data e Within
LsL 119 - Overal
Target -
usL 3939 Potential (Within) Capability
Sample Mean 12321 Cp 070
Sample N 100 CPL 080
StDev(Within) ~ 90.219% CPU 060
StDev(Overall) 104,367 gpck . g:g
After Transformation pK 3.
Ls1* 2.47654 Overalt Capasbitity
Target™. * Pp 088
usL* 59761 PPL 077
Sample Mean™  4.46634 PPU 0358
SiDevWithin)™ 0831854 Ppk o-.sg
| StDev(Overal)™ 0.863434 Cpm

300 Q75 4S80 525 600

‘fobservéd Performance || Exp, Within Performance ’Ep. Overall Peformance

PPM « LSL 0,00 || PPM <LSL* 8378.16 || PPM <LSI* 1059669
PPM » USL, 1000000 || PPM » USL* 34767.37 | [ PPM > USL* 4018468,
PPM Total  10000.00 || PPM Total -43145.53 | | PPM Total 5078137

H LY. = o A )
gl‘ﬁ 2.32 NaaW‘ﬁﬂ'l‘i’)lﬂiWSﬁﬂTlllﬁ'm'liﬂ‘llﬂﬁﬂi%inuﬂ'ﬁ ﬂi]‘i,l’ﬂilﬁ'ﬂllﬂ'l‘iﬂizﬂ'lﬂ‘hllﬂull‘ﬂﬂ

1na
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2.6 M31ABNSININAIBE (Sample size selection)

mmmmndnﬁaadwﬁ%zﬁm1mﬁﬁﬂmuqmﬁmmuﬂszmns%\mnﬂ °lu~?if':ndn
Uszsnsiiamimuamiity 8,000 f19619 $1819899103 3015 uramIRIed e “m s o
2 Taro Yamane” [26] faaunsh 4.1 931491 N = 8,000 Aa014, AnNuFeN U 98% (e =
0.02) mswﬂzﬁyuﬁmmmmfﬁmauntjnﬁaadnrﬁaﬁfuzﬁm‘mnﬁﬁﬁuumuﬁmauﬂsz‘mns
Finua 2y 1,905 #1061 uai 1dnaasede 1@ naudreiuiiu 2,000 #edis [o9g

¥ Qo Q‘l’ d‘ o
1%?]17]1\1?7061“7]111]53‘51ﬂ51’]\11’1ﬂﬂﬂﬂ1ﬂiﬂn

A19519%.2.8 YUIANGUAIBY 19984 Taro Yamane [26]

$1UY $UIUNGUAIBIN (n), FszguanunmIAnAsu (%)
529105 (N) +1% +2% +3% +4% +5%
500 * * * * 222
1,000 * * * 385 285
2,000 * * 714 476 333
4,000 * 1,538 870 541 364
8,000 * 1,905 976 580 381
10,000 5,000 2,000 1,000 588 385
o 10,000 2,500 1,111 625 400
AUAIINITAIUIUMIANNGUAIOINYOY “M 15 $1024M (Taro Yamane)” [26]
n= %e? @.1)

n=UIUAIBE
N=9uudsewns

e = A1ANUAAIAIAADY

d‘ [ [ Q) 1 Q) L A 4 [} L aa ]
R lafmuasIuIuGI8d1a 2,000 A20619 tsfshiAmadAu IFunudl
Uszsins udinisdiimuafinalunisnluquassuIunsazedmuungudl1e81e 2,000
Shege ansadnese ldnnauns wazpamssaumeIudledei 1dluarseh 2.8 92
) ] } 4
wulumsedi 2.8 s maud 10197 2,500 uannsaunusandszenis 1d lidda Tae
9 A d' d' d'dyd \J aad‘ 9 [ o L)
wldmnnunmamasud +2% anuaaawmasuluiiifie Anaidan ldeinngudiedn

4
¢ himileusmadAvenguilszannsianua 100% sziiannuAanain 14 +2%
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a o a S3%
VA UHUNITIVEY

a o

Q’a’ o a 0 AW [Y 4 Y
Fuasun1satiunsIsemsdiulnalunsvagoy SRST vesgrsaaani o2

9 a

1 4
Sududionsiinnudnlensng fduneunisdszneunaznisnageuaiiadan il

Ce o).

o

FuapumsTIa Snszurumsiem saudednnlszneudeg fineadedlumenisriauas
minageunianan Taoezldnanimeriunmluiaded 3.1 uiadedatiazndndens
Yinlpnmlunmageussaaardlunszurumsiisiaule Aenszuaunsmaden SRST i
Fannuiiga 18imsanuludiidudeyaiildmondinnnisnaeuaiouda feya
QnTufin I3lugiudeya (Database) 9znd1ndens idundedoyaiinn1#lunisinszd
$uBIN15 AT NMIAVAUNTLLIUMSAIETEMINIATA MIUATIHMIANUAINITOUDS
TEuus Wna R ldndanindinsisidoyaneada siinmsdmuagluuunisalugu
n3zuaUMs nazgateinsasledeuransmugu e Iinadwiawfideanis nie

A o I 3 4 =
agiieazinsmaaesldisilumsifulsnarlumsnadevasanad

Jd a
31 ﬂ'li'ljizﬂﬂﬂ!lﬁzﬂ'ﬁﬂﬂﬁﬂﬂaﬁﬂﬂﬂﬁ'

311 Yumeumitlsznevariafan (Procedure hard disk drive assembly)

4 ¥ =

a ¢ a a J

Tugammnssunsndngiiafanzdeslimansinaieg natouvus nazmalulad
3 A o 0 3 0 a  a 3 o 3 VoA a
Fugs oz Ifannsaduiufenssuang Wuldamdhimne datundmezada

E 4 » » E 4
grfanaroenu liflFnuudasdninszdesldinau feiuanslugli 3.1 Juduasunis
a d a & ) 1 = 3 Y q’: a 1 3
Hang1vanan lasd ¥ hivendniwazidus uaszuaasliituduasumssaaminiu Tu
] E 4

nseuduiziudiufitedsniinmandameluiesazen (Clean room) ins 1z liiguiiuss i

a dJda

EY 4 = - 4 = ao d” :
Waradamnanudoniold uaglunisdnuidoilisiesauledunsuvesnisnacey

¢ a a : H 3 a
g19anan (Manufacturing test) 1uiitey ws1zdunsuiildnamuiqa Tasdaaiiiudey

[ 4 t 4 t 4 v

wWediSudnndunsumsnanianuaud Yuasunsnaasuarsaaaiez 1dnaegi 60-70%

4 ¢ = 7 ' - da o o Y 4 4 Y a
wieasaaaiu19TuBI9eT e 80% N1 AnTuszAesfnyuiefiszIMifauuamalums

YSuljanamenszuiumsnadeuaiaaan
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HGA Mechanical Part Manufacturing Test
A4 i ¢
Receiving Inspection Receiving Inspection Acoustic Test
T # """"" E oo A AR ~7 ¢
t i i t
E Head stack Assembly E E UDI Water Cleaning E Unique Featuring
] ] ¥ ]
e I o ] : v
? '
Disk e HDD Assembly | Packaging/Ship
1 '
i v :
E Servo Track Writer E
i ‘ !
: "
H Leak/Particle Test \
s i ___________ '
Card Assembly > PCBA Merge

ci q’: a g a
11 3.1 fupeunmiswinasanan lugadmnssu 1]

3.1.2 YuReUMINATOSIIARAN
¢ a  da 1 o daa & A o
AszUIUMINATRLEE ARanisznandeil Arediunssuaunisuilaiegluduneu
a d a & S a o L . ' g v Y
msnanarsanan lasi iieasaAandsznou (Assembly) FudIua1q @ivGouieouad
moluieeaze1n (Clean room) Hag9sgMiNIMATELNIBUBNHBIAE01A (Normal area) 1Y
nsEUIUMINATEUE AR AlTZABLAIY 3 NTTUIUNITHAN AduaaslujUi 3.2 §1ae9
¢ a dda a 1 - 1 s/ &
nszUIUMINATouasadanntoglugaamnssuniskan ludmneglunsemduise aalu
’ v o y & ,’,‘ 3 [ G’I‘ o
uRaznszuIunIndnssutaunasduneutes (Sub-process) Auiudam ldnmsnaasy
2 . 2 2 ool . 4
danualdaaneudrauiu assuaumsnavumiuiiduasunisinuiiegnislunieg
[ 4
NATOU (Tester machine) TaolFluUsunsuarvgunisnaceuluudasdunsudosysiiag

AIZUIUNITHEN

Function Tester SRST Tester

:
¥
Final Tester :

Packaging

U1 3.2 $1aanszuunmaaeusiadani lugadmnssy



F/W Write (Flash ROM) F/W Write (Disk)
! !
Load/Unload Test Head Instability Screening
v v
Servo Adjust BER Measurement
il v
TFC Optimization Overwrite Screening
* il
Channel Adjust Fringe Test (ATI)
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4' o s a o .
51lii 3.3 funsunIsNATEUEISARTA Function test [1]

! ] ] d a I'4 ) o’i’ o dy
Tugammnssuduluguiinssuyiummaasusiadanesnilu3 dunsudsil
. a o Jd a I'4 o .
1) Function test A9N1INATOUMTTIUVDIE1IRAAN IagadluTasIAR (Firmware)
winsnaasuaiuitn Tnsniseru-eudeyn, naaeunisiafeuiivesiifuiin
4 (] ] [
(Load/Unload) nazifluduasunisfuuaeamsiiinesine 18 1ddrfimangan dagui 3.3
4 1 % v
HAAISUABUAITNATBY Function test Inoluunazduaouszlildnaassiwazidon 9

a dy o P Aa a o,
gathonailFllunssuumsiifedszum 4.5 ¥1Tue (uitiinamy 320 ing lud)

ETF (Fill data @ WRT Position)

v

ETF (Fill data @ RD Position)

v

ETF (SAT Write x 1, Read x 4)

v

ETF PES Gain SAT

v

ETF Odd/Even SAT

v

Sequential Write ETF (1 scan)

Y

Sequential Read ETF (1 scan)

v

Oscillation Write/Read ETF

y

Fringe Test (ATI)

v

Enhanced Defect Complement

v

SER Variance Measurement

v

K-Grad/Ring Speed Measurement

A 2 S a e
7171 3.4 PupsuMINATBUEITAATA SRST test (1]
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¥ ¥
2) SRST (Self run stress test) Ingnanudrduaeuiiifiunmsasiomygadomove iy
v &£ 9 . & aad n’: ad d' 1 [
Tufindoyn (Media) Heziiitn1sasraaeunanuailszin 12 3mshuanariuesn il
q’;’ [ d' A o =1 [] v £ c; dl d' a
UeAITUABUAI1IN 3.4 cummmsﬂszmmqmaamummuwunuwnmeuamqau"lwamnnn

q mmsmﬁan’nﬂq fnfi19tuiindeya mummquwm“lm'mm“l%“lumsmaau“lu

'
1 o

ﬂauumumwuﬂauauq Tugriaaaniuit IdhnsAnulaunioesia 367 #2lus (U

9

fiflanug 320 finglud)

¥ ¥y [y
3) Final test msmaan“luﬁuﬂauqﬂﬁ’wmﬂumswﬂﬂamﬁa“lﬁ'uuh Ya991ARIY
o P a ) S a & w ' a 9 9 a

Funouveimsnadsuiguugliguumdiasaaansziiamisosiu-Toudeyaldlng uaz

9) < o A [V 1 d a ™ 3 g P 3) 0’: dy
gAMeNIMINNAUANEULANG YBIg1TARANNAINgNAIABINIT N 1Fludunsuiily

= ) H o 4 (:I ] 4 =Y &
g1faaaniui ldninisdAnilanndoes 1491 6.7 ¥ Tus (Guiilinaug 320 Ang lud) Fadl

b4 [ + ¥
Femsvanua 15 FBmsasiiuanslugilii 3.5 Audiil

Head Instability Screening > ECC Logic Test
v v
Access Time Ultra DMA Check
v v
Load/Unload Test PCB Screening (DRAM Enhance)
v v
POR Time Measurement Bulk Encryption Check
v v
SER Variance @ SRST Check Random W/R Compare
v v
SER Degradation Sequential Write
v v
Head Amp. Measurement . Sequential Read
v
SMART Check

:i O’I’ S a &
51U 3.5 YunounisnaaougIsAAAN Final test [1]

o P 4 1 a
naanih lAninnsemadouluuaaznszuiunadouaIsadanaIns0sTYRUAIN
a o 4 S a P t J H [ o
yeawdndma (@15aaanfiduuaz lidunisnaden) nsufiszgadede llfinszuiums

a1l nFeganwaenmsdaeulidugnat luilsqiiulunaaznszurunis 1dlinsdinua
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seuznai I9iUInS 0anado (Time out) AvdsdlFnar luipuidimua'l} Tauieteszozna
o o’l‘ i ay d o o ¢ a da [Y) [

fifmuatunsunsnaaeuae Aesduga udanmasnawsnariadaiisui lunueen
A ] a0 d L] [ L) a 1

neseanaaey ludruidunisnaasunseddlufinszuiunisdaly uazhi lurunts

g o 3 Q’J‘
nareufazgnasnaeuudly udrmhunihinmsnageusnasi (Rework)

1 4 ' s

FuiugainniudeinsfieziinisAnunaanivssmsnaaeu luudasdiunoudon
A A X o’a‘ [ : oo 9 9
Wonezasoven ldnvunsudssiuasulanii lvinaivesnisnagsuuIu (1AIIAINITO

Y a a4 g s a ddq ¥ a ¥y

muqnﬂi:mumﬂﬂamﬂs HurAafeMaIsARanNT 1damagouuIug e iitiud 119

S a Loy 1y = ) asa P sy Y A &
Fuarsananin lusunisnageu ﬂmzﬂaqmammswmagaﬂﬂmmmﬂuumm\ﬂums
v a P g d‘ Y d as S a c’é o 9 @
aadulanez193smsnladuismsauguassuiunsnageuasaaan aINITINIVINIT

ATLANATEUIUNIAIEIB NI NNEDALDZ NS ANTIZHAIIWE NS DVBINTLIUNS

32 msd¥mljanalummagey SRST vesarindan

: a = U o’: [~1 ]
INTUABUNISNATOUIIARTAN IANAIINITNAUNU IITUIINTSUIUNITNAT DL
o Y] = & = a o & & ) '
SRST Wusz ldnannuigaiien/Seumeununszuiumsnageuouq Fapee1nil lhs 1z

o a & o g w 4
ﬂiglﬂuﬂ'l'lllﬁual%vlﬂﬂﬂiz'ﬂ')uﬂ'ﬁu ﬂ'lUﬂaqﬂ'ﬁ‘Vlﬂﬁﬂlllﬁi‘i]llﬁ'lﬂﬁ‘llf]\iﬂ‘ﬁﬂﬂﬁﬂﬂﬂlﬁu

Y 4 o =9 9 o v d g yyd Y o
FoyaswauiisiunailFluurazdunsudesivzgrinu 1 iNgudeya (Database) Aagl

]

.

Y ) - Y o v o % 3 o a s A
3.6 Yoyagnds lligudeya Tandllgmegimaiweyanngrutoyanninislingighine
o a ~ o o S a  da ° =3
muvannlumsdaguleiesihinisdsulginszuauns Tavarsadaniisauleinisinm

¢ a  Jdda a (4
Wuarsadaniiinag 320 Anslud

g mvoya SRST

SRR
AP

IAS04NATOU SRST

141 3.6 udinlWdnanisnagou SRST veag1saaan



59

=S 9 9 a L&Y
ERLLH n303U8Ya MINATIZAVOYA
(Data Retrieval) (Record Extraction) (Analysis)
MIAIINADL AVANNILUIUNIS
(Verification) (Control Model)

4 3 o a a 4 a aan
U1 3.7 Sumsunsauiuamiins AT MINada

»

suiuieihmsuaasiinisnudeyanngudeyauar Emsauiunsinydans

< Yy ¥ 4 s 9 ¥ o g v y 4
Tuzui 3.7 ddhenu TaoSuusniffunisisdeyaningrudeya aimiunnsesdeyaludiui

Y A qw Y Y Y Ay a g9 Y
i5deanisie Ifaseanuanudeanis hideyai lawHiunssuaumsansizidesyaniy
3En1sn1eada udafiinisairuguaszuiunsdaeitnisnada nsziedinszim
L
' o [} [=3
A1 IN150v89nT2UIUNT Tunaazduneudos uazgatisnas9aeUNaNITAIUAY

a ' as o a = 3 v 9
NTITUIUNIT i"ltlazlﬂﬂﬂ‘llﬂx‘lllﬁa&”)ﬁﬂ"liﬂ"lluuﬂ"liﬂﬂH'li]%vlﬂﬂa"l’ﬂuﬁ’]‘Uﬂﬂﬂvlﬂ

33 ﬁa«ﬁaga (Data retrieval)

[
=

Tasdnadeyafisraulvzgmifiuliuugiudeya (Database) ifiuden1a (Log file) 7

o

O]

A ¢ a ¢ a < 9 Y a9 Y @ e
lﬂiﬁl\iﬂﬂﬂﬁll]E’f’liﬂﬂﬂﬂﬁ\‘lﬂaﬂ'ﬁﬂﬂﬁﬂ'ﬂe’f‘liﬂﬂﬁﬂﬂmﬂvh mngm‘nagaﬂﬂnmmuﬂn

1]
=

Joyanrsaunanisnaaeuasaaad lunszuaunis SRST 10113 annsadlufadeya

e

o 9 aa [~1 1 ] W
adadoya (Data warehouse) HoUNTUHAVBIsTUVTU 5991 TRsudennguaundng 14

b,

o

APINGUATUING U BYaAIl

/a1

1) NYUAIUA (Pass drive) ARE1SARANNHIUNTZUIUNITNATOL SRST

2) AGUINUTY (Fail drive) Avg15anani lik1unszUIUMNITNATOY SRST

° [~1 H [~/ ] Y v n’;’ 1 o 1 ] %
mnstfudeyamilunguaaedia (Sample) uMianuanguas 2,000 Ar0819ANHY

Funoutes (lunszuIUNISNATOU SRST Yeea15aRaivzlsenoudrsdunsudouvaly
9

v

o a A 3 9 Ay P A A Vs ' aa
YUABUAIYNU) ma“lmauua‘n'lﬂummmwena'lﬂ'nmmsnuanmmmnmmuﬂiz‘mni
) > Y vy & 9 ¢ a o a -
(Population) ﬂ\iﬁNﬂvlﬂ ﬂﬁvlﬂll'l‘:lf\‘l‘llﬂy_ﬁﬂ'liﬂﬂﬁﬂﬂ SRST Y9417 AATAUULTIWIITUINON
9 L] ] o ] { 1 J 4
gnsznuiudoya iy Frna lavszdeutiugrnainnszuiunmsiiminadeustinaeiio

(Production time) NszUAUMINATaVInsAuIumsuuduszoznamenunds uazlufims
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{ a a g
il3eunalaanszuIuns (Process on change) M3 aduAansilasundasnszuiuns nezdes
4 Y W v A g ] ~ Y A [Y 1 LV ] A A
funquietuiiiuginarilndifosiu ewznanlaindusiaiinszuiunsiinn

[@des W (Stability) ienawily agilddeyailalianmiunsnszaeuuulnigs

3.4 M3nseevoya (Record extraction)

4 4 & ¢ d
Jeyanawmngudoya (Database) Fuusnezidlu Idumana (+.000) nieluwna

3
A g [ o

4 [ o
WS (Log file) Tidluswarrunavounssanaaen liasaila ddeya'ld daiudeinsg
g ,.

¥ ¥

waewmiuWdiia oo eldamsadalidsudeyafiogluvainld uniin1d

[ » b4 y
Tusunsy st25fiLexe Hu Tsunsutonlaounnana s Sduasuns 19idalidde 1ui

]
o

Py 1 ° o { a ) 4 o
1) dlaniia1as1de DOS command (91119 Start menwRun WdIRUAAIF cmd 1%
ﬂ”lil'ln.lﬂ‘rifl’wi”m DOS command

2) 1un111619 DOS command 1HAvWMFuRoNnezda1¥ st25filexe A1unsarinula

? y
@ @ A

Taenunadenail Dst256i d9'lun laisansesveaTlsunsy St25fil.exe

s
a

' 2 o o o ] 4
3) duneuds livhmsdalmimsudeudduwana =.000) Misrdesmsuilasld

J s
@ w A

Hu'Wdifie (x.xo) TaelFi1danail d/rawdata/SRST/6600/*.000 —e:txt —yt —cl —ts —c11 #9117

oy s s ¥
Tasanse3 i dgniafy'ly ndsnniuMdanmuafszgnilfouuena s il (o

[ 4 1 a d o ' {
3104 3.8 uansrait Idnnmanlaou aiuuwana (&0 udrensoe Iiddeyaney

Q2 Y¥

s
aeluiu'ld

*.xt) moluszilsznovly

a

. [

nsnseedoya (Data filtering) Tun1snsesdoyalulid
sy

drodeyaswanudunsutosveinisnaaey SRST voegrsaadn

& daA

& A [ 4 n’: S
FANVOURUINUIY ATUUN
'3 — 9y o 9 P ] n’: 9/
%']Lﬂu‘ﬂ%zﬂﬂﬂﬂ']ﬂ'ﬁﬂ5’rNLﬂ'llﬂW1$‘l]01ula‘ﬂli'lﬁu1%m'luu BINADUDY

a g ] n’)’ (]
aniludiutunsutoy

<)

S a {
(Sub-process) 11N1sNATOY SRST vesa1ianan uazdoyaiturainly (Test time) 1u
y L ] v ¥
Fumoudeuiing wazgamatiudsnysildunude (Code) vorunazdunsuder uadmng
v 9

o A =4 t n’: ] [Y - 1w o
Foansdoyamidug Agunsanseuedeyadiniun iy Yuegiuidesnsiasy

ﬂ [Y A:idyal a 9 9 [Y dy
ﬂz"lil uuan 1uﬂu@aﬂﬂ15W%15m1mﬂHa 3 Uyaniu

) 3 y
1) $Wd (Code) Aolud1dnyshlFunuyevesdunsutoslunssuiunisnageu
SRST
v y
2) #3111 (Counter) AodaavivondIdnuTUaDUtslUNTZUIUNSNAADY SRST

] ¥
3) (IAIVBINITNATDY (Test time) Aonnarnudaziunouteslslunisnaasy



64{s] 0 0 11 I 00l1A O O
251[sJ 0 0 11 wO00IC OO
250{s] 0 0 11 w00IC O O
251[s] 0 0 11 uw 00IC O O
ofsJ 0 011 uwO0IC O O

4510 011 k 001C O O
ofs] 0 011 L OQ0IC O O
ofs]J]0 011 L 00IC 0 O
ofs] 6 011 L OOIC 0 O
ofsJ o 011 L 0O0OIC 0 O

16[s1 0 0 11 w 001C O O

O[s] 0 011 I 00lE 0 O
0fs]0 011 L OOIE 0 O
ofs] 0 0 11 001E 0 O
ofs]0 011 001E 0 O
o[sJ0 011 001E 0 O

os] 0 011 001E 0 O

[ 2 L

1s] 0 0 11 001E 0 O

229(s] 0 0 11 w OOIE O O

64[s] 0 0 Time Stamp Initialize DriveTemp 26 deg

315[s] 1 1 Time Stamp OtherTimeStamp DriveTemp 28 deg

565[s] | 2 Time Stamp OtherTimeStamp DriveTemp 28 deg

816[5] | 3 Time Stamp OtherTimeStamp DriveTemp 28 deg
816[s] 1 4 TimeStamp OtherTimeStamp DriveTemp 28 deg
820[s] 2 5 TimeStamp SSW ARTrkCmpl DriveTemp 28 deg
820{s] 3 6 Time Stamp Memory Access DriveTemp 28 deg
820[s] 4 7 Time Stamp Memory Access DriveTemp 28 deg
820[s] 5 8 TimeStamp Memory Access DriveTemp 28 deg
820[s] 6 9 Time Stamp Memory Access DriveTemp 28 deg

836(s] 7 10 Time Stamp Measure SER DriveTemp 28 deg

1065[s] 8 11 Time Stamp Measure SER DriveTernp 30 deg
1065[s] 0 12 Time Stamp Initialize DriveTemp 30 deg
1065[s] 3 13 Time Stamp Memory Access DriveTemp 30 deg
1065[s] 4 14 Tims Stamp Memory Access DriveTemp 30 deg
1065[s] 5 15 Time Stamp Memory Access DriveTemp 30 deg
1065[s] 6 16 Time Stamp Memory Access DriveTemp 30 deg
1065[s] 10 17 Time Stamp Memory Access DriveTemp 30 deg

1066[s] 11 18 Time Stamp Memory Access DriveTemp 30 deg

=h.

51

3.8 JeyaitansodlasiuldenMana (Text file)

61

4 a a I~ { o a
3419 TalsunsuFn3u (Cygwin program) tHu Tulsunsuilfduiiunslunisnsesdeya

EY EY
saufuTdsunsusniulastitussumsantiunsaeil

’ o [Y] - [l [~ °
92124 ususuTUsuns un I REonI “awk” 11189 (Source code) waziirluneulng

1) dmsdouldaTusunsuluTdauna Notepad) udrsudindhuumana (*awk) ¥

TR Tulsunsueen (awk) ininmsdouazddelufdoyalulWdin (Text file) #it51

doans 1RaTlilsunsueglunmanuin

2) dievmsi@ouldalysunsuesn (awk) TaudresinmsaenIndswiuTusunsng-

=3 a o Q.l o d’.
A3U (Cygwin) TasliA1danail

awk —f d:\rawdata\SRST\22.awk

d:/rawdata/SRST/6600/..
o o < g Y ay va a
3) ﬁﬁ\i‘ﬂ’lﬂiﬂiuﬂiu‘l’nxﬂulﬁiﬂﬂ’ﬁ'm'ﬁ'QﬂS’J%ﬁﬂUﬂﬂy‘aﬂ‘lﬂﬂ‘lﬂﬁﬂﬂiﬂi

d:/rawdata/SRST/6600/..

ke di/rawdata/SRST/6600/....*% .csv

L*esv

U
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INAS WA 3.1 UAAIT

ayan ldndsaindunsnseaSuuiesuds siumsnaney
¢ a  d } o . . °o_w u’: [} o a
SRST 484815 AAHN 1UHNHIA2 (Unit drive) 3818 1AUIUADULBY (Sub-process) ATAINUTA

{ o o 1 4 4 o 4:: o =
Tuars1ed 3.1 Aifludunilavesdeoyn (Raw data) Faaziirdeyaii 1aTihin1sdimsizima

atalusrnude
maeh 3.1 Foyaii 1§nnnsnses
Test time Test time Test time
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
\ 8 229 d 47 358 s 85 17
d 12 6910 d 48 968 u 86 1
d 14 6903 v 50 128 s 88 17
w 15 5 v 51 127 u 89 1
16 2652 ] 53 6715 § 91 18
d 19 6908 \ 54 7 u 92 0
v 20 247 s 55 6739 | § - 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
d 42 358 u 77 251 ? 118 692
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A ¥

1 4
windedredeyaii Idduuionua iwmhmsmdanuen (Sort dat) Ideyaidungy

LY a 1 { o o a 'S ' aat
FHortu fudeyady Raw data) Asuiwz B liinisTiasizdimdmsaiadely deans

vy a Ao Y ' 2 2 [ o Y d a
llﬁ‘UﬂHaﬂUﬂlﬂ@ﬁ'lllﬂ'IU'Ju 2,000 ‘Umga ADUUIVUADUYDY LWﬂmzuumu'm‘tmy,am:n

a

o ' Y Y ° 3 v ] o ' o o ¢
‘Uuﬁﬂuut]tlﬁclﬂc] ﬂumil%‘lu’mﬁl‘ﬂﬁ\m‘l LLﬂﬂ‘lL’m‘l‘UE]\iuﬂazﬂ’lilx"lmﬁﬁﬂuﬂuﬁﬂa‘liﬂﬂﬂ’ﬂ

Ed ¥ ]
uaazarvzldarludunoudoniug uandrafueenly dulsildfauondeoyanes

o

v o 13 yd a { o a
Uszneudie 18a (Code) Lazda1TL (Counter) hiineg Iadeyaduiivzii lTinszilude

' ) o Y a Aw Y ' o y o Au Y A o
aouse 114 m319i 3.2 uanedeyaduiidausninldvewnazduneudesi lddanut $1uiu

a o YV A (Y ] 1 3 v
ﬂu1”1llﬁﬂ4‘lﬂlﬁﬂﬂﬂ1 20 ATD8ININTUU LNV

A3

(%

IHUA

¥ E 4
2,000 7708719 AOilNTUADULBY

d' [ U 9y a g’: 1 Ao A 9y
AT997 3.2 AIDYNUDYDALVDIYUADUYDINAALODNLIAT (Sorted)

1ana1ludrn1aiimsquaiedi

N. V020 D036 Vo037 S055 von V73
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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3.5 MIANTILHVOYD (Analysis)

3.5.1 AendmuiTunedouNd Aty
9/ oy g ] 1w v A 1 = . J
nindeyai Idunezinitesnifluaesnguiiedisienguarud (Pass drive) taznguay
14 ¥ v
(Y (Fail drive) M1¥uABUEDY (Sup-process) i 1Fa lumsnaasunuigavoInszuIuns
3 o Va4 oa
nadey SRST fiavua Tavannsondeadeyaidiunsminus T (Pareto chart) wuarfie3audnil
e,: P 9 = 1 .’,' [V P v o 3 u’: P
Junsuildnaniiueieg sgissnamnduasuaauandluglh 3.9 usaslnmunduaeun
] » »
THamuigaveanszurumsnadeu SRST Aeduasu D36 nieiludunsunisasian
P a 9 ] @ A 4 o =l o~ v J = J
yaidomovestindeyauuudutiuin FusmiinmsnlSeumeussninnguauanasngua
[ 4
o udmuhanuuananseningsanguiinuuanadnsuassd 1 TuneaNIINgy
¥ 3
nudsszgaiinisnageusuninaveuniemadeuszduga ilmaansidonarluns

naTol Fanarwesmsnaaeuiiniseziiufemisunaunisyeinguaud

35,000
Faildrives |l Passdrives

30,000

)

[¥)

i
[
[
o

(=]

0;

el
o
o

Average test time (sec
T
=]
L=3
o
i

10,000 -
<
- g 3
5,000 @ - 3 ...........
0 £ g
D036 8085 Vo073 V020 Vo7l Vo037

Sub-process

1 ] E 4
U7 3.9 dduanudagvesmnaunisluunaziuneutes (Sup-process)

]
o

§ o o 1 .’,' [} a ) Ao
dievnswasanus Tanswl sznundumsudesiiinnddygegaiviildinaives

4 S oa 2 . 44 2 v . a

lﬂia\iﬂﬂﬁE)UIﬂﬂi'Jilu'luuuﬁe VUNDUYDY D036 thlu‘lluﬂﬂll‘ljli'ﬁlgﬂﬂﬂ'elﬂﬂ'l\iﬂ'li')lﬂ513?{
e’: 1 1 ] < o w (Y 1

Toyaluduneudos D036 wazlugiil 3.9 AvzmudAuanudngysoan Tagdenuuamun
n’: | a0 o 1 q’: YA A a e’: ’ = J 9) J kY 9/ 4 '
JunsudesidiAgmniu uinsSlivunsudesdnuinuie uaszldarneudniesialy
1 2 o W 5 i o, & o ]
wiruls lunenquiinasssidendrduduasuiiiinnudidguing seildamismjass

Uszipuiiauls nieaseilyvinidesnisud



M1199 3.3 ANA IR ATLAT AN EUBUNIAT FIUTVRIABINGUAIBEN

Tunoudes Aunde Aindo manudvauy mamaioauu
(Sup-processes) | (Pass drives) | (Fail drives) | ¥In5§1U (Pass drives) | 193§1U (Fail drives)
V020 273 2,539 31 4,855
D036 26,150 33,230 1,107 10,422
V037 139 1,444 17 2,970
S055 7,070 9,371 293 3,825
Vo7 162 2,020 30 2,541
Vo073 137 5,087 106 3,573
venvnfideteyanaeenguulisudfivufuudrnziunimuanasvessuade
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E 4 [ ¥ v

rrInnguaAfuaquauds luudardwuduaeui 1didenn duasutes D036 aundy
3 L4 [

Araiui 7080 3ufi w3 ealszuna 2 2T uazsetaReTUABUEDY V073 ARy
1 L) Y a = A o [~ 9 o “ [ 9 '

Aaf 1A 4950 IuW uSeUszanm 1.4 92T Wudu Aem15199 3.3 Tundngamonansm

' 1 { 't @ 1 a o 3 o )
AMULANAIIBIAURABVBIADINQUAIBE LuInNuAaRde BN I nquatuBegn

o

° 9/ dy g ] 1 - g/ [
ﬂ'lﬂuﬂ'ixﬂ:l')ﬁ'ﬂuﬂ'l‘i'ﬂﬂﬂﬂuﬁlﬂvh‘\lu ﬂﬂ371'11”ﬂ'lﬂTllllmﬂﬂ'l\ﬂlﬂ\inﬁ'llﬂﬁﬂﬁﬂﬁ\iﬂ')ﬂ AL

dy b4 ]

y A , o vlsld a w 1y d o q V¥ V1
1mﬂsammaummmmmsmae'u ALTIVURABITULIAGINU amauaﬁnjzﬂﬂmmﬂnam

NAUNBYVBINGUIIUA

Inﬁifviﬂ__u@l ValuePlotof DO36

Pass

i =] o 1 ' W 0 3 '
314 3.10 waoanlTsueUNUsEMINTBINGUAIBEINVDITUABUGDY D036
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¥
=

Tsunsuilflumsiinsideyadnadanidlumsiteiie 1 ¥ Tsunsuiiiuiy
(Minitab software) 15taassadng gunsmluuuang sfueameada uasimsizvideyaly
drudug fifeades sxdiiumsdreTsunsudfufiviiifundn s1n317 3.10 uama ity
ATMLANA1IVBITUABL EE DO36 TEHINNGUIUALBZNGUIULTY ARG (Average) Y84
AANAUALANIND 26150 Tu1T niUszIn 7.2 $2T newmdoveanguaudeia iy

A ) ] R 9 I [ 1 [
33230 vsoUszana 9.2 $21ud wazAm1nuulsUsIu (Variance) 18990380 91SIMUIINGUNU

¥

avziimanuudsdsaudesningueude szuansluFalSualuiidedaly

3.5.2 HANNTOAVDIVHABLEL BEI

¢ v H } 4
Fafuaaalugyd 3.11 wadtlden Tusunsuiiiunuvesduaou Do3s 1Wuns s

[ Y ' P

» + » y
HASWENNABA (Summary graph) T8lunguaud Asisraulinaii ldnadaliaeil Auade

MY 26150 AAudsuU RS IR 1107

Summary for D036
Anderson-Darfing Normality Test
A-Squared 365
P-\Value < 0,005
Mean 26150
StDev 1107
Varance 1226507
Skewness 0.100264
Kurtosts * -0.252582
N 2000
Minimuth 23204
15t Quantile 25315
Median 26176

3rd Qumile 26934
30137
95% Conﬁdmco Interval for Mean

26102 26199
959 Confidence Interval for Madian

26128 26256
959 Confidence Interval for StDev

'95% Cenfidence Intervals 1074 1143

vand | -
Yty t »
Za Em AW ®p omEma WA MM

‘Ijﬁ 311 Naawwnanmmnam‘luﬂ‘um‘uuﬂau D036

i o [Y { aa 3 » 3 ' W '
Mnnsmindensaunadwin ldmeaifvesdunoudes D36 Maasingualediehe

{ 1 { o ' 4 {
Tugaldi 3.11 Wuvesnguarnd wazlugdd 3.12 Wuveanguande denlSeudisunai 14

aandAd

wuﬁnziuﬂuﬁnz“lﬁ’fimnmwuﬂammnusmwmnmmuwmuﬁq Anndovsaa lums

9

a7 9 4’ a =1 v 3 o - P
ﬂﬂﬁﬂ‘]JlJﬂ‘lUﬂU‘lNlﬂUﬁ\mﬁﬂﬂﬂ‘li mm‘muﬂiﬂﬂuﬂmway‘am HIDUATAITUIUYAIUUYB
Y v
Joyariouni wasddunagunssvesnsmisiidluns muvis uaznsmidumsnsznedives

s
Foyavesnguaudezmilounisnseneuuulnfuinndi msizasiulumseyuiuamn
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an 4 4 o 9 o U 1 s o [9 o 9 o I
adameneni lumugquasziumsdssinsaawesnguauaiilundn e linadwsil
aulndifios niemlinisUiulsenszuaumsiidsz@niamunnndt adrodvaundli

v L 4 v
Yoyait ldnnaguanidiidugluiuuvedeyaiiogmeldanizaiugy

Summary for D036
Anderson-Darfing Normality Test
A-Squared 111.06
P-Value « 0,005
Mean 33230
StDev 10422
Variance 108613707
Skewness 1.42806
Kurtosis 3,04648
N 2000
Minirnurn 68
15t Quantile 26312
Median 30031
3rd Quartile 36176
Maximum 77743
959 Confidence Interval for Mean
- 32773 33687
95% Confidence Interval for Median
29718 30315
959 Confidence Interval For StDev
+95%s Confidénce Intervals 10103 10755
ez R

510 3.12 adwinnaiaveanguauidevesduasu DO36

3.5.3 nageuanuilumsnszaeuuulnf (Normality test)
3 ' ¥
110317 3.11 nsfuaanadnivenguaud luduneu Do3s Tasld Tsunsuiil
o ? [} a ] 0 )
uiusznuImsnsenevesdoya lifuuuuilng lesrnduudeyaiinmaaeunau
a a’: ° : o { [ i '3
Fumsnsznouuvdnfiuiifeyadiuiunin Faihldnan laianuiluld 18 deoNez A
v 2 a 19 v 9 ' ' Y o vd r
foyatinmsnsznouuulnd uadusunideyaiiunguissudahinisnageulnineznydi
9 = ad 1 a v 9/ Y 1 a W o
foyaiimsnsznudiunuulnd Fanundevesnguuesdoyaidenanuaudwannalugli
o ' ! W L a 9t A a

3.13 wasannuihziiuvesnguiiedei Idguunitenageunuiiunsnsearsuuuilnd

A ° y Y [ H K o

el ihinisqudoyadiedianinduasu D036 senilunguissnindeyainua

@ v o 4 o q’l’ * & o o
2,000 72 uvuilunquq az 20 i1 ez lddoyananua 100 ngu e liiulasRainisnadey
anuumInseneuuulnd Taenaaouiuy Probability plot $1a94n15%1191u U Tdsunsy
] ’ ¥

Minitab fafiuaaalugilil 3.13 naaeumsnszewvesdoyaiiunuulndluduaounis
nagouasaRan D036 ANLNUen luFeSuImAe p-value = 0.896 (Probability value 41171

4 1 1 o ] 1 o a
0.05) nan lanquaiedni ldiniinsnszneiiunulng



Probability Rlot

P I ' :
[ SO D DU U P
Lo .

Mean
StDev
N

AD

E ' 1 1 i

o0, b2 26500 26750 27000,
Bample.

P-Valua

26150
196.0
100
0.191
0.896
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H L4
51/ 3.13 naasuaruilumsnsznomnnlndvesdeyaluduneu D036 (P-value = 0.896)

Probability Plot.

Erahaﬁﬂitgl

Mean
StDev
N

AD
B-Value

107.1
90.76
20
1.168
<0.005

511 3.14 nquasdndeyaiinsnszarslidiunuinln@ (Non-normal distribution)

Tunsdiveangudoyainldquuinuilinisnszvieliifunuulnd Non-normal

3 b4 »
distribution) Anaasf1vesdeyalunis1ei 3.4 Ared1vveadeyavesdunsutes V073 ¥l

n1snszee llidunuudnd Tunistmsieimanuansovednszuiunis lnoldviins

[ » ¥
wasudeyaluegluzdvesnisnsznedatiuuuuilad lufithisnz1$38nsuasdoyauuy
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= 1 . - o ' [ Y
Box-Cox N30{38n71 “Box-Cox Transformation” uaaaaNnITh (2.18) AauauAunny

#ud (Lambda = 0) ilu

L]

1
=

wihideyatinmudlumsnsznaduuuulnduniiga

A19189 3.4 Aedntoyai 1Agnualasdae Box-cox transformation (Lambda=0)

Probability

001+

0.1 7

ujn. PP W k... PR
iy

' Sample.

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
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 421951 20 94 5.32301
Probability Plot
0994

Mean 4,389

. StDev.  0.7661

095 4~ ¢ N 20

AD 0.260,

091 P-Value  0.675

514 3.15 nquAzeddeya vo73 wdsnnisulasdeyaudaiimsnseaeiunuining

(Normal distribution) P-value = 0.675
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Individual Value,

23000 LCL=22829

1 201 401 601 601 0L 1201 j401. 1603 '180F
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USL= X+36
=26150+ 3 x (1107) = 29471

CL= X=26150

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

’ ¥
1 o \ [

o { ° '} a o 3y
Avzmsuan Tusunsus1uau vseanaun ldaald (Default) voaTilsunsy

3.5.5 AYUANNTINITOVBINIZUIUNS

msdinssiaImEnsavetnszuIums luiiiAreszuansidaiinomannsoves
Funeudes D036 Safuaaslugyd 3.17 mdsfinnuannsanuysserdu C,,= 1.30, AAxl
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HAAUIINNITYTSHIUILUTE 82812 PPM (Exp. Overall performance) = 0.27%,

Process. Cépébilti't_fy'of DO36

5L ugL.
Process Data : ¥ e WiithI
tsL 22629 : : - Overall
L‘S';.”l 29471 ] { Potential (Within} Capability
Sample Mean  26150.4 i i Cp 1.30
Sample N 2000 ! CPL 130
SDevimthiy 854205 | |} ! chbU 130
StDev(Overal) 1107.62 } i Cok 130
: ] ! CCpk 130
| i Overall Capability
] i Pp 1.00
PPL 100
} | PPU 100
] { Ppk 100
i i Com _ *
’ y {
i B : pELbe

20 24000 3500 26000, 27jo0 2000 2906 3000

Observed Performance Exp. Within Performance Exp. Overal Peformance
PPM < LSL 0.00 ‘PPM <LSL 5048 PPM «LSL 135575
PPM » USL  3000.00 PPM » USL 5067 PPM » USL 1353.88
PPM Total  3000.00 PPM Total  101.15 PPM Total 271463

1 b
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<4————  Process variation —_—
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nszuIUNsUseuIn 32% ua:éﬁﬁmuﬂmimnamﬂu +2¢ FOUAINANVYDINTZUIUNIT W
v 3 1] »

WAl uamssensui 955 % vostuiildns il veuBenazifailssuin 5.5% gaie
oaa o o A ' o yn ¥ P
dluifisudmsunisaiuguie 3o seusnanvenszuIums ilildnlesidudnis

. 1Y N [] ¥
gausuUT 99.7 % vesRuildnsi veudenszifailszuin 0.3% Mntiseziir lldvuanna

14 v »
aufuluusazdunoutes uaamdeaunsi (2.9), (2.10) wag (2.11) Tuunii 2

3.6.1 m‘sf'hmmﬁf'fﬂmuqu (Calculation specification limit)
auufgiuindeyalaq ngnduudaszinsnszaednilunisnszoeuvuilnd
. s . 4 1 13 o ra
(Normal distribution) n1eldan1nzaiugulassssurada lasdulvgfazifiununiu uan
] 3 a 1) ad Sad a P} Yo and 1
Tierue ldrdimsnsznelidunuulnanfezliisosina nieldismsnuatanuandig
[ o a o d.dy o ' = ) o o’: *
fuoen 11U msfnnuminanuguiuiiiszondedndeyanignduuuiluduneudes D036
$rurudeya ¥ =2,000 Med Adunquandfimudiegmeldaniizaiugy Aundy X =
26150, MANUDBUVUNIATEU 6,5 = 1107 ETaNURUARGANIUANATUUY Upper control

3

limit: USL

(Y

STAUAUNMAN 1 o
USL= X+16
=26150 + 1 x (1107) = 27257

STAUAUNMN 20
USL= X+26
=26150 + 2 x (1107) = 28364

sEAUAUN WA 30
USL= X+36
=26150+ 3 x (1107) = 29471

szﬁuﬂmmwﬁ 40,50, 60 wlanminaniuguilaunifu 30578, 31685 LAz 32792
A1AAY

mnnfcjuﬁ'aashq“luifuﬂausiaﬂ D036 1HBR9T AU IUMIARAAILANAIUVY (Upper
specification limit: USL) WiRasimnsimuadunuguiuduasudug ifinuddyie
F1%nmlunINAToUIIAIIINTUABY D36 Fauaadeats1eh 3.5 kai ldnnns

o a o 3 n’: 3 a = é‘,’ q’,‘ | = ]
Smuadnifanlugquiiuuluudazduasudosi Iidenuiiinarua 6 Tunsudos Nezus
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v 1 i1
seAuquammsarugueenitiy 6 szau 7 ldndn luuddedud 1o 81 60 iailunsiy
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niyaitamuguiiminzausuurasTuasudes tazfiss 1lunmsnaasududeyaniey

1 ¥
A13197 3.5 JuiifanuguusdudasdunsudosluuAazs sAURN W

Fuavutoy .4 Mooy NNAAIUAN (Upper specification limit: USL)

Sub-process At UATFIU 1o 2% 3o 4o 50 60
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 | 8828
Vo071 162 30 192 | 222 | 252 | 282 | 312 | 342
V073 137 106 243 | 349 | 455 | 3561 667 | 1773

3.6.2 pstaenfifansmuaufimuzandmivvuaautoe

[ { g aw { o o [y °
famaan 3.5 Wudidanuquitdunaldfssduquan 1o ldwude 60 1d%ns
1. 4 » v
YSuudsiinaniuguussnasduneudes Tasnisiaii ldsnnisdmrndsiuaadluaisg
d' o [ 1 J d' a P Yo a o 3 o’:
# 3.5 1 luneassdSuuaammiiminzaniga Nezlddmuanidanivguluunazduaou

’ 1 [ .
gou sn@l10819ma N laannsUSuLAIveITUADUERs D036 AaiitanaluA15 197 3.6

d. =3 [ o \ ! aw d’ Q’I’ ?
13199 3.6 (WS eudsuma lunsdSuuasninanuz uveItuao UGy D036

o FR drives FA drives Time saving Yield
ITAVNUMN C,
(units) (units) (%) (%)
lo 311 557 14.10 84.45 0.55
20 47 723 12.91 97.65 0.72
30 13 918 12.11 99.35 1.01
4o 6 1,078 11.40 99.70 1.32
S50 4 1,191 10.81 99.80 1.64
60 4 1,289 10.23 99.80 1.97
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Yield
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41 PINABBUNOHIPAHNIZTUVBINNANIUANNTZLIUNTS (Specification limit

optimization)

71lUuNITAIVNATZUIUNISNATEY SRST Tudunouderilam Muvseoniiu
ixﬁuqmmwﬁyauﬂ' lo UM 66 uBIRTIINITNATBUREMIgAMINE ANTBIRRAR LAY
n3EUIUNIT NAaBsRMUATERURuAININ 1o UiFes widsiiszdugaiisie 65 91
AT 4.1 daranIIARsaie AN aYeIRifuAIunY TasuaaInanITnAasfiy
Fumeudes D036 Lﬁaﬁ1qﬂmm:awaqﬁﬁﬁmuqnﬁuﬂau:iauﬁy 2z 14 s vAuguAING
iz aufuduaouges D036 HufeRszfuguami 30 Hamsnanssduaasdaiiiauls
nang Aonanfmain 1431 (Yield), aNR3uAanas (Time saving) Laziin o Sudulsi
1 umsRnsanmsiinagiamansouenszuaums ednsznanus nindasii
qaudeliszinu 0.65% ﬁummﬁ’nﬁwammmaanﬁawamﬁuﬂwmm 151709 Tag 1
$ Tef 1 Bam s oifiusAs IS WAR (Productivity) 1HuAU1E Farfugamunzauiies
ﬁmuﬂ"l‘x’f'ﬁﬁﬂmuqnnszmumsﬁmfuwautiau D036 ﬁyﬁaﬁmuﬂﬁﬁ'ﬂﬂmﬂuﬁ'muu
(Upper specification limit) 7 30 uies fafinaasluarsed 4.1 alpuifeunai ldvesdauls

1 4
a9 TunsfinsanrmigamuzauvesiianIugunszuUns luduaeutes D036

3 g 3 L] A o o
ﬂ'li'l\‘l‘?l 4.1 maaﬂ%’nmmﬂauuau D036 INOHIYALH IS TUYDINNANIUA Y

sgau | wAemugu | . FA FR | naundvanns | Yield
v duna | 1oana | C, .

AuAM | A (USL) drive | drive #1Tu9) %
lo 27,257 4,000 | 2,246 | 0.55 557 311 1.16 84.45
2% 28,364 4,000 | 2,676 | 0.72 723 47 1.07 97.65
3o 29,471 4,000 | 2,905 | 1.01 918 13 1.00 99.35
4o 30,578 4,000 | 3,072 | 132 | 1,078 6 0.94 99.70
5o 31,685 4,000 | 3,187 | l64 | 1,191 4 0.89 99.80
6c 32,792 4,000 | 3285 | 197 | 1,289 4 0.84 99.80
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' o y 4 Wy ° ) o o da
Mydununisalrvguiignadietiu lildgminnldaudunssuiumsnaasy Wunae

a § a o (4 a
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1 o) 1 \d L 1 1 A { = o/ o
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V020 6c 459 4,000 3,092 1.17 | 1,236 | 144 19.20 92.80
D036 3G 29,471 4,000 2,905 1.01 918 13 60.00 99.35
Vo037 6c 241 4,000 2,645 1.20 829 184 11.00 90.80
5055 3G 7,949 4,000 2,987 1.00 | 1,022 35 14.77 98.25
Vo071 60 342 4,000 | 2,338 | 1.52 | 422 | 84 15.47 95.80
Vo073 60 773 4,000 2,066 1.30 202 136 41.90 93.20
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72 FA drives B FR drives

918

Unit Count

V020 D036 Vo037 S055 Vo7l Vo073

Sub-process

ar 13

' L4
511 4.2 dadauved FA 1ag FR vaumazduasudoy

“ield
100.00% 99.35% - 98.25%
5 00%
95 ,00 70 92.80%
o 90.80%
S 90.00%
Y
e
85.00%
80.00%
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LY o

S0 Yo a o 3 o Yo = ' ° 3 =
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1 Yo A o A 4 4 < 9/ 1Y (A Sa
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2 , AN W NANIUAY (Upper specification limit: USL)
Yupsutes | |, J
AIURAY STLAINIRY]

Sub-process — lo 20 30 4o 50 60
D012 7,086 277 7,363 7,640 7,917 8,194 8,471 8,748
Do14 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
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4 4 A o ¢dy Yo A g s duw 2 )
imasiaaawng wazsrdaduain laulinlesidudg Fawaii la luuaastunoudosuaasly

M3 4.5 devmsAmuaiitaniuguud’

M E 4
M13199 4.5 naansnsAmuanifenIuguUILAaTIURDULDY

P : . | Wifafuqy 1A uRdY
Junsudoy | szAU - . FA | FR
gy | Bune | dya | Cp anad | Yield
Sub-process | UNIN drives | drives -
(USL) (um)
D012 3o 7917 4,000 3,886 0.84 6 108 0.59 99.70 %
D014 3o 7910 4,000 3,889 0.84 6 105 0.68 99.70 %
D020 3o 7157 4,000 3,756 0.83 6 238 2.33 99.70 %
D038 50 15900 4,000 2,568 0.94 11 1421 47.68 99.45 %
S043 506 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 %
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1] (1 * 4 ¥
uandiumisned 4.1 efezdmuaszoznalveinmsnageuvestuaougosiug $in1s
A a w A A s a Jda 9) a .
naasuenifdansuguimnza iearsadaniignnadouldaaniy (Time out) Tu
o [ o ° a TR R .
Fusoulaudrfszgndauazdmualdilluarsadani lidunsnaaey (Fail drive) wans

L4 1
augunszuumsdaisanuguluudazduasudes vindiuauvesdeyafitiumaasi
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Iy maunquanaidunmsagen nSsuisudunguandei lidumsnageuuans
@ 1 1 1 § o [ 1
Fadmlumsni 4.2 uaaenluaisndiegili 4.2, 43 uaz 4.4 Wudadiu FA 1ag FR,
o a o /A Yo . a A . . § n’: 1
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o w i ’ a 3y a aa s &
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a a g ' a o 4 v °
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(Sub-process) | mauAn () | mwgu Gud) | asas Guii) | dlualefidud | 185 (Yield)

V020 1,437 285 1,152 81.17% 92.80%
D036 29,705 26,105 3,600 12.11% 99.35%
Vo037 810 150 660 81.48% 90.80%
$055 8,016 7,130 886 11.05% 98.25%
Vo7l 1,110 182 928 83.60% 95.80%

Vo073 2,700 186 2,514 93.11% 93.20%
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[ E 3 [ *
augy Tua1s i 5.2 ueanaveadunouterduq Avil NauadnsunsAILN LazIm
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maondansniugy lunediniil 1 uaz 2 Awd IRy vazsudasaundoNanas fuaINanas
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gagduq aniou desdung lavinlugli 45 wWSsuiisuanausdsyesnguarudiin
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Indifsedunguanude sluuumsaiuguezl1dafenaundsnanasdiain eawia
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o VoA sd  da y a '
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v H ? ] ¥ '
M 5.2 ageai ldidunaumdsuazsaadusin 1dsuveadas tunoudey

Suaputos | naundonounts | newndewdints | wanaded nafianasfia HanSeti

(Sub-process) | Mgy Guid) | adugu Gui) | aeas Guii) | ifludedigud | 1850 (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 %
S045 7,618 7,123 495 6.50% 99.55 %

nnsnaasslunuud 1 a2 Aefidoundasliduldanaaoy (Test code

v 8 N ¥ )

version) Hanatuuildduasudentasuainllde laiimsSsuifvuduneudesi
i $ % ] 1 g’: L] q’: { o o [~1

Waeu'13lua1s519n 4.3 Feeznu lifidunsudestunsulanmiloudu vinforsuine 14

. v 1) ' v
11 nasneassluuuud 1 Hdulfanaasuuuuiay namdsnainanasvesdunsudey
o P a & ) A 44 Y v da
wanuailaudu 1,623 3uri wnndinsneasslunuui 2 MdluTRanaaeuuuulng fiina
1 + L 4 4 1
mavnamanasvesdunsusesiianuaiiu 633 Juril deusnfangudeyamimmaasuii
nqudeyalunisnaasuud 1 szlinAnudnssnInaguanafunguausinannngu
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{ o W 1 a o P [y . o )
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¥ » 1 1
douvianua 18 95.03% uazlunmsnaasauyd 2 vz 1¥wamdondaduain 1450 Taosouon
1 4 ¥ » v
Funoutesianua1d 99.63% fimaoudegs lduaasnsulSouiisunadiondouTdanaseu
H 1 L 4
Tums19f 5.3 gatwlumsnaassiaeduuuznuTUABULeY D036 LAz D038 9z iuns
{ o o s o) )
naavsauuud 1 uag 2 iy 1dldnalunsnaasuniumitoudu SalinamduTy1d
d Q’I’ Q L 4 o { o 4 :I, L {
wilutuneuendu uadlohimsnfasuldanaden lizi lddovssduasudosnldsusin

D036 luiilu D038 1nu

M3199 5.3 WS suifsunadionldoudanadey (15aAansuA11Y 320 finz lud)

TAanaaey waidenmitanas HamAoNAA S TR 145y
(Test code version) (Average time saving) (Average yield)
HUVLAN 1,623 31 95.03%
uuy v 633 U 99.63%
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SrvuanudAyuestuasudeslauanlugili 4.9 #1ddenun nisdinuanianuguues

] q’;‘ » H -1 1
uAaztuneudesldnaluaisied 4.6 nazndeailunsmluanslugili 4.10, 4.11 uaz 4.12 ilu
#adau FA uag FR, Sianaasaain 1950 (Yield) wazinaundosiianad (Time saving) U84

¥ 4 »
uAasdunsudssaudwy ludunsudes D029 awsnaanaunasld 128.26 win Ay

[~ a w { Y] yu ¥ I °
wesiFuadlszans 32.37% uaznaasusin lasutiu 87.85% Hddeintssdrezirldimua

4 a o o’: ] 3 { 3 i

1% lunssanaaouse NersaITunsudss vo1s naundenanauilu 71.68% wesidudn

dy a d! o ] d‘l a ] 9 ~ ' ~ ]
annsflinafunievesnariligtu uddisAadiumisveanawdranauifiveus 8.38 wiil i
:l’ ] q’a‘ 1 A Sa A ' 9 A A 9 1 X a o
Wutes dauludunsudssduq fdedeniauraundsfianaaiosou limuzheiinis
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Anualdzluuumsniugu uadeiiraulvegiiduneudes D29 lal¥aundvanas
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1 ! [~ 4 a o o ¥ q’: 1
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Suaeudes | naundenoums | naundendans | nausdei nafianaddin | wansaaih
(Sub-process) | AuAy (Gud)) | muguGuid) | asae Guad) | dundedidud | 185y (vield)
DO11 9,419 9,407 12 0.13% 99.90%
D014 9,262 9,249 13 0.14% 99.85%
V018 700 197 503 71.86% 99.40%
D029 23,777 16,081 7,696 32.37% 87.85%
S041 8,284 8,158 126 1.52% 99.75%
S046 8,771 8,230 541 6.17% 98.65%
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5 2.326 0.8407  .9400 24 3.895 0.9684 9892
6 2.534 0.8686  .9515 25 3.931 0.9695 9896
7 2.704 0.8882  .9594 30 4.086 0.9748 9915
8 2.847 0.9027  .9650 35 4213 0.9784 9927
9 2.970 09139  .9693 40 4.322 0.98N1 9936

10 3.078 09227 9727 45 ans 0.9832 9943

n 3173 0.9200  .9754 50 4.498 0.9849 9949

12 3.258 0.9359  .9778 . 60 4.639 0.9874 9957

13 3.336 0.9410 9794 70 4.755 0.9892 9963

14 3.407 0.9453  .9810 80 4.854 0.9906 9968

15 3.472 0.9490 9823 90 4.939 0.9916 9972

16 3.532 0.9523  .9835 100 5.015 0.9925 9975

7 3.588 0.9551  .9845

18 3.640 0.9576  .9854

19 3.689 0.9599  .9862

20 3.735 0.9619  .9869
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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.
Qur method employs statistical process control (SPC) and process
capability analysis (PCA) as a tool. Algorithm verification was
ade upon the collected data of a specific product type. Box-Cox
transformation has been applied to those data sets that hold non-
ormal distribution. Minitab software package was used as a
athematical 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
spnb-processes, the test times could be reduced comsiderably.
roportionally required power can be saved. This study is of
enefit not only in term of manufacturing cost reduction but also
productivity enhancement.

| I. INTRODUCTION

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

oo sT o

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

st but also increasing the productivity. The challenge of the
ork is that “Can we improve the test time while maintaining
e customer’s satisfaction with minimum unit reworking?” In
some particular cases when the pre-recorded data have shown
jmir non-normal distribution: -what is the best way to analyze
ata 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 sectien 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.
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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.

Fig. 1 Statistical data analyzing process

Data Tools Information Decision

Frequency  n

Population

Sample

Value
' >

Fig. 2 Population and Sample

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

Pz;rameters explain samples called “Sample Parameters”



indlude, 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.

e 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, )

i=]

X =

RS

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)
relspectively [31.

= *max ~ *min @
! —
(n—1),§1("’_“) 3
2 1 X —\2
st = (n_l)Z(x,.-—x @)

! 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 feast to large, also insert the
ber of step for each sample. Probability can be computed
ag 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
syitable for data with small to moderate sample size. When the
ple space is getting large, the process is quite tedious and
e consuming. Moreover, the distribution moves toward

®)

Bt 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
pbints 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.

ProbabitityPlat
Rorad-G8 0

e 1
REntl
‘l',
BSu

- W UBSESEW WA
Pevenor
L % XUASENW wW 3

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 Ieft.
Apparently, the distribution is non-normal.

Summary for V037
Anderzon-Dading Moralky Test
ASqund 3L
PVake « 0005
Mesn s213
SDev 11500
Vataxs 134553
Skawness 62047
3 Vartosls  $0.4060
: N 2000
Mandernamy 0233
A 1 Quetle 117
i Medan 2
d Quinide  4ATIZ
i = “ » we @ i Marinan  154.167
95% Confiderce Interval for Maan
[ e————ersesimems saes s & @ S0 ® ® -l 405 ST
5% Confidence Imarval For Medan
1393 35
5% Confidwnce Lntervdl for StDev
$5% Confidenca Intervals 11251 11971
e

3 . s 3

Fig. 4 Graphical summary of non-normal data

I1I. 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:

USL =X +3c (6)

CL=% )



| LSL=%-30 (8)
|
‘ LSL Nominal UsL
| ]
-30 I—l +30
4 Process varation D ——

| Fig. 5 process control standard at 6G level

The bound of ¥+3c or 66 control is widely used as
standard one. It offers confidence interval of 99.73%.

A. | Process Capability Analysis
aJlCapability index (C,) is a parameter indicating the control
r (

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

! C. = USL-LSL

=" eo ®

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

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

USL-%

C,, = (10)
pu 30
| s
x - LSL
1 —
C PS5 (11
In practice, the lower one is preferable. Therefore,
| Cpk =min(Cpu,Cp1) (12)

1
B., Process Capability Analysis with Non-normal data

Some to be controlled processes may hold data with non-
nqrmal feature. When data follows a well-known distribution
pe, 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
mhthematically transformed to the approximated normal
distribution and calculate the process capability using the
assumption of normality under the specification limits.
Cbmmercial 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

A
(x-1) |
() _ _lk— A0 for 1<i<n

if A=0

(13)
In(x;),

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.

Data retrieval |:> Record extraction i> Analysis
Verification <::| Control Model

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-
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
imited set for the tester. For a particular testing step “D036”,

—

as a case, individual unit test times is shown in Fig. 8 below.
!;ndlvldq‘BIVpiug'Elqj. B B
1400
1209
150
e
§ 600
400
200
Q

¢ 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
gxamining the P-value. The obtained results are shown in table
1 (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.

TABLEI
NORMALITY TEST OF THE DISTRIBUTION (P-VALUE)
Proc. Vo020 D036 Vo037 S055 Vo071 Vo073
Before | <0.005 | 0.246 | <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

{

a
)
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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 ¢, 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).

) Process Capability
Using Box-Cox Traneformation With Lambda = 0
L {5
Trocess Data transformed data e Wichin
> — T
Tage .
1~ 1248
Samgle Masn 521329
Sevghe N 2600
SDnehe) 55948
SDev(Ovanth) 116012
Aler Transfornaton
) .
Target® -
uR* 252413
Sample Mean®  0.825163
SDewVAhiny® 107684
Stev{Overa)® 116231
Obrerved Perfs Em, Within Ep. Cvardd Purk
PPM <151 * || roM <12 * || pom c1sL” *
©PM » UL 6950000 || PPM » USL® 5731258 || PeM > LSL® 7193001
PPM Total 6950000 || PPM Terad 5731238 || oM Toal 7191071

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 11
(& ok TYPE SIZES FOR PAPERS AND DPPM CHANGES ACCORDING TO
TRANSFORMATION PARAMETERS, LAMBDA

Process capability (V073) according to
Lambda Box-Cox Transformation
(A) C o 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.
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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

RESULT AFTER THE APPLIC ATL’:%I;ESI,EC' LIMIT TO THE SUB-PROCESS only 3 bad drives passed. They are known as go'od drives (since
— they were wrongly‘ accepted). From thq begging to the_ﬁnal
Proc. |Quality |SPES: |imif’ . saving | saving | Yield steps, 304 good drives were wrongly rejected (as FR drives).
Level | min Cpk | min. % % They must be reworked.
V020 60 7.65 1.17 19.19 6.73 92.80 TABLE IV
D036 3o 4912 | 101 | 60.00 | 1377 | 9935 GRANT AND FAULT ACCEPTANCE BEFORE AND AFTER EACH TEST SEQUENCE
ol B SR AT T
[} . . . . .
V011 | 60 | 570 | 152 | 1572 | 9.41 | 95.80 Steps | Pro [Tmput [Oupnt [ GA | GR [ FA | IR
vo73 | 6o 1248 | 1.30 | 41.90 | 2457 | 93.20 1 V020 | 4,000 | 3,092 | 1,865 | 764 | 1,236 | 144
2 D036 3,092 2,393 1,843 | 686 550 13
Applying only specification limit by mean of test times can 3] V037 | 2,393 | 2,017 | 1,797 | 330 [ 220 46
result in pass drives to be rejected and fail drives to be 4 5055 | 2,017 | 1,862 | 1,777 | 13§ 85 20
accepted. In principle, we should reject only the fail drives and 5 vo7r | 1,862 | 1,793 | 1,775 | 67 18 2
accept only the pass drives. However, the situation of rejection 6 V073 | 1,793 1,699 | 1,69 | 15 3 79

off 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.
below. Be kept in mind that in this experiment all 4,000
unlits are input to each testing step. If the method proposed in
this study is brought to practice, the genuine rejected drives
d the fault rejected drives will be reworked upon their failure
ptoms. Obviously, the lower FRR is the better. Genuine

bsequent 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
driives to the customer at all. Ideally, fault accepted drives
shiould be zero at the final step.

wFAdrives ®FRdrives

...
N
S
=1

1236

i 018
19

&

AR od
V020 D036 V037 $055 vo71 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
111, We fed 4000 product units into the first process step (say
VjO20). At this step, 1,865 good drives and 1,236 bad drives

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 = % 20T; (13)

i=1

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

denote the test time of the unit i . 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
Vo071 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
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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-
prpcess 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
inyestigated and retested. They could again take similar test
tihe 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
mpnufacturing was taken as a case. Only sub-processes that
cantribute 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
I1], 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
priactice, the control method can be either applied to particular
selected sub-processes or applied to all sub-process. A
awback 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
cﬁstomer 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
ol?tained 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
eﬁploys 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-
cansuming sub-processes, the test times could be reduced at a
cansiderable level. Minitab program was used as a mathematical
analysis tool. The obtained result has convinced us the benefit of
nén-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
c(meercial 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-
nf)rmal distribution are to be analyzed correctly and the
obtained results should consistently hold their true
refpresentation, 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

ork 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

eir 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
oi:tained 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
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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.

1I. 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.

|_J_l> Dicision

=

Fig. 1 Statistics data analyzing process

Data Tools Information
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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



innecessary to be always according to the meanings [1], [2].
ig. 2 shows the close population data distributions compared
p sample data under correct data collection conditions. The
arameters explained populations called “Population
arameters” include, [L; population average, and O,
opulation standard deviation. Parameters explain samples
alled “Sample Parameters” include, X ; sample average, and
S ; sample standard deviation.

ol o W L o B~ . I

Available of data groups are conventionally used to
xplain “Sample” or “Populations” to achieve the most points
jf 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
?qn. (1) above. It is widely used in most cases.

1

|

| =—Zx

| Median and mode are also applied when data are needed to
se 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

arameters include “Range: R”, “Standard deviation: S and
Variance: $*” which are given below in eqn.(2), (3) and (4)

respectively [3].

|
{

(M

l R= max ~ “min @)
| e ®
l
i

(n_l)Z(x —x) @)

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

s the sample value, n is the number samples, and i is an
dex. Probability value can be calculated as following steps.
irst, 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
probablhty 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.

p)="293 io123,.m (5)
n

— e i e B
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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.
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a) Non-normai 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.

Graphicel Summary
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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:
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USL =% +3S (6)
CL=% M
LSL =%-38 ®
LSL Nominal usL
|
[ Defect Defect
! -3s X +3s

<4——— Process variation —p

Fig. 5 process control standard at 6G level

" The bound of X130 or 6o control is widely used as
standard one. It offers confidence interval of 99.73%.
A. Process Capability Analyze
Capability index (C,) 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=76S ©

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

?pper limits are given with respected to mean X as follows.

»

' o _UsL-% 10)
L ¥

o _E-Ls an
Pl 35

In practice, the lower one is preferable. Therefore,

Cpp = min(Cpy, C ) (12)

. Process Capability Analysis with Non-normal data

Some to be controlled processes may hold data with non-
ormal feature. When data follows a well-known distribution
e, but non-normal distribution, such as a Weibull or log-
ormal distribution, calculation of defect rates is accomplished
sing the properties of the distribution. Parameters of the
Eistribution and the specification limits must be input to the
rocedure. Alternatively, Those non-normal data can be
mathematically transformed to the approximated normal

|
|
!
1
3
I

139

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_
o _ (x‘- 1)

» IA0 fr 1<i<n (13)
if A=0

X

In(x;),

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.

Data retrieval l::> Record extraction @ Analysis
Verification <::y Control Modet

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.

D036 3.83
u 5055
jo
Y vo73
bt & Fail Drives
o ovo2o [EE§232 _
3 o Pass Drives
@ vora 5 4367
V037 Fﬁ}W
‘ .
; 0.00 200.00 400.00 600.00
| Average test times (min.}

Fi‘g. 7 Pareio chart of major sub-processes

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

| Individual Value Plot
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Fjﬂg. 8 D036 individual unit test times (sec.)

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

The extracted data were tested for their normality by
xamining the P-value. The obtained results are shown in table

Those with P-value less than 0.005 are assumed to have
on-normality distribution and must be transformed for SPC
nd PCA applications.

< W
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-
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TABLE I NORMALITY TEST OF THE DISTRIBUTION (P-VALUE)
V020 D036 Vo037 S055 Vo071 Vo073
<0.005 | 0.246 | <0.005 | <0.005 | <0.005 | <0.005

]

2 Simulation of Process Capability with Non-normal Data
and Result

PYPAINEDBESI VP SO PIR
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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 ¢, 0f0.54 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 1. 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 I1I 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
nurpber of pass drives.

TABLE 111
RESULT AFTER THE APPLICATION SPECIFICATION LIMIT TO THE
SUB-PROCESS UNDER STUDIED

Spec. Time | Time
Proc. [Quality | limit | Cpk | saving | saving|Yield
I Level | min. min. % %
V020 6o 7.65 | 1.17] 19.19| 6.73 | 94.30
D036 3o 4912 | 1.01 [ 60.00 | 13.77 | 99.35
Vo037 6o 4,02 [1.20] 11.00| 7.56 | 90.80
S055 30 132.48 { 1.00 ) 1477 0.21 | 98.25
Vo7l 6 570 [ 1521 15.72 ] 9.41 | 95.80
Vo073 6o 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
acgeptance of bad drives (termed as fault acceptance rate:
F.IER) 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
refected drives and the fault rejected drives will be reworked
uplon 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
mény 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
stc;’,p.
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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 I, 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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