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Leak Defect Reduction of Hard Disk Drives
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Abstract

Leak test is one of the function tests for Hard Disk Drives (HDD). It was realized that most of the leak defects
are leak defects with leak defects at the Top cover and Base and leak defects from Screw Pivot Top cover float. The
objective of this research is to reduce leak defect in Hard disk drives manufacturing by improving the air leak rate. To
reduce the air leak rate, 5 phases of Six Sigma approach which are Define, Measure, Analyze, Improve and Control
phases (DMAIC) are applied. At 95% confidence level, top cover screw fastening method and light brightness, with
P-values less than 0.05, are significant factors for air leak rate. Then, the experiments are designed and performed
based on Factorial experiment with two factors and three levels of each factor. At 5% significance level, there is no
interaction effect between top cover screw fastening method and light brightness while the main effect is significant.

The suggested process conditions for the minimum air leak rate are the fastening screw method by machine with light
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brightness at 600 Lux. Under this condition, the average of air leak rate is decreased from 0.364 mm.HzO to 0.190

mm.HZO and the percentage of defect due to leak test failure is reduced by 73.81% from 0.42% to 0.11%.
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Two-way ANOVA! Leak rate versus Method, Light
SJource DF 33 Ju ks F P
Method 2 134.5 g7.2574 139.31 0.000
Light 2 4.5 2.2456 4,65 0.010
Interaction 4 3.0 0, 7493 1.55 0,154
Error 41544 Z0056.6 0.4328
Total 41552 20198.6
3 = 0.6945 B-3q = 0.70% RE-3gladj) = 0.68%

Individual 95% CIs For Mean EBased on

Fooled StDew
Method Mean ----4------—-- o —————— o Fm————
Current 0.328230 [--%-)
Machine 0.1920125 ([-*-]
New 0.275388 [=*-]

et L L A= - -

0.200 0.z50 0.300 0.350
Indiwidual 95% CIs For Mean Based on Fooled StDew
Light Hean --------- - o o —————— +
00 0.27a8l38 [-———-- T ]
G650 0.2627z29 [-===-—- T |
700 0.252875  [--——---—- T i
————————— -
0.255 0.270 0.285 0.300

19 10.

Cal

Aav K

v E4

mM331 mavesorma auiudimsiserahiledendan
Y

negesilitenimInaaouauuATIUAY 2- “Sample Z
Test Tashimanagoufiszduveailatonie adiaz
wilag mamsnaaeuauNAT LAz P-value Tum31g
1 3 WUNITMITUAN] Top cover UHAABDNTINITT)
Tvavesomauesarsaaad lasedreliodidn lu

o o o ' O

nazavvesilede Tuvasiuasanalununlinau

@

521319 600 uaz 700 Hivadesasns 2 lvavese s
veugsaaan lasediifoddyiiszsunnuderiy
95%

NMIVONLUUMINAADIT TN THUATN I
Az avosseduvosiloiodail

1. aﬁmimuﬁﬂi Top cover %‘”%ﬂﬁmi"uuﬁﬂﬁ
Top cover wionfuniiag 6 FadonIeaing LagIEms
%uﬁﬂgprcovaﬁﬁiﬁ%ﬂﬂd@]ﬂ?ﬂFkﬂueuuuiﬂuﬂ
T¥measnss lvavesemavesarsanar lasiios

N 10230903

HAM3INTILH Two-way ANOVA @28 11/51nT3 Minitab

2. Lumm'wsluﬁyuﬁﬂﬁﬁﬁqma“i%’mmmz%’u
uﬁwmwuwﬂgummmmu 600 8N mmm‘ﬁmﬁmu
@n3 Top cover NONAUATIAZ 6 Frd0n3eadns naz
mﬂammJmemwumﬂgummmmu 700 ane
AMSVITNIsTUANg Top cover ASIAY Witafde
Fixture 111 v Faleas1ms$a Inavesoniaves
a15aae lasvilosiiaa

3.5 338ZNIAAMINAILAN

luszezmsfammauguezthszauvesileden
MU AN Nade et kA ve U d e
Uszinseoivesariaaan lasil tazmsnsimss lna
voI81MAveIaIsAnan lasaeandeafiunanis
Anszinse i MiamsnageutaziudumanyIm
PAoUeIsATINS T Inavesemeiiaanas aaaaly
mM3197 4 Feamnsaagd1dh mevdamatsulanse
VIumMsareszauvesilaseridfinnng aunds da
walinszuaumswaneiaaad lasuiilseansnwd
A wazeglunaaineensu1d



28

KKU Res. J. 2014; 19(1)

M9 3. agUramseenuUUMINAReLLUENUSYTA NTTAUAIFEN 95%

. . szauvaslfodennaaey -
A ade — — Z-test P-value | ajUwamsnaaevannfigiv
3TAUN 1 FTAUN 2
Fixture Fixture 8n31M352 laveserne
3 , 5.21 <0.005 o
spviegiu | wpulny uanAnuedtiadny
IBMITUANg Fixture 4 . 8031M352 liavese1ne
1 3 1ATBIINT 16.18 <0.005 o e
Top cover suvuilagifu uanANAWeENIBd Ay
Fixture i . 8n31M352 liaveserne
, 1304INT 14.72 <0.005 o me
ITNAEY uanAnuedtiadny
L L 8031M557 IMaveso1me
600 anc 650 anc 1.74 0.082 L .
, liuandrenuednadited
ety - T
2 L . 8n31M357 Inaveserna
2 Wui 600 Anc 700 Ane 3.04 0.002 e
o uanANAYRENTTBTAY
Uiinau » T
L L 8n31M352 liavese1ne
650 anch 700 anc 1.24 0215 e e
liuandenuednaiitedn

a d 1 a ~ =

NMIAUATITHOAI AUV uTe/Touinen
ApuLarraINsUTUIganszuIUMINLI dasraIn
youdsiszinnieesunasnoumilsulanszuIums
HAumny 0.42% taznaennilsulgenszuaumsud?
A I = a a o
uamaaauilu 0.11% Fanasnnauaailu 73.81% lag
Nawsouendadtveadonudnyuzmssalang
naaslugli 1

1ngUN 11 wuveudeilszinnsesianlu
Faru UsznniosiINToenosznIN Top cover LAY

Base uazﬂizmmaaé’amﬂ Pivot Top cover screw float
veaTdIanaIneraInslsulganszuaums Tag
voudnlszanseoi i hiFanuiisnsanunasanas
10 0.22% 1§ 0.01% voudelsziansesirifisesde
351919 Top cover 1Az Base 18A5 18 1ma0ana 910
0.09% 1 0.01% wazveudelszinnsesi1nn Pivot
Top cover screw float J8AT1AILNALANAIN 0.03%
1 0.01%

(Y 1

Leak test fail ratio by defect type
08 . . r——r
naunislsulga : vaan191lailge

| —=m— Bottom Seal peel off
X 06 1 Connector Seal
,_g | Top cover/ Base Interface
o | —¥—Screw Pivot Base float
;(_T_s 04 - | Unclear
» 1 Base leak seal peel off/ damage
ﬁ I Screw Pivot Top cover float
] I Particl | | off
3 02 | article seal peel o

| Temporary seal peel off

I

A/\|\
010 NE——————————— P m—— Em———
N 2 > > & D) &) > & &) ©
N N N N N N N N N\ N N
DR SRR SN I DU SIS Q
SO @ R ®E Y e

3UN 11. Sardmveudalszinnsessmenmudnyaznssineutazainslsulenseuiums



KKU Res. J. 2014; 19(1)

29

MmN 4. HaMINAdoUIess ANeNAdeUTLTUNaNoULAzHAIMIUSUTenszIIUMS

szavvefode Leak rate (mmH,0)
ad U \ 1 ﬁv c;
NIZUIUMNS IEMsTUang manuaNdunui
~om o ¢ Mean StDev
Top cover Ui @n)
, . "ﬁ,uﬁ’ﬂz Top cover Ay
QLIRS TR . 600 0.364 1.100
Fixture t1i)a91iu
(@nzh 1)
FueNg Top cover A0 700 0.267 0.190
. Fixture 1111y
UGRIETITER 5
(@n1zi 2)
Auang Top cover AY 600 0.190 0.144
Machine

4. aqul

NamMsanyieanveudslunTzUIUMINEN
J a J | @ A o Jd a 4
gsaaan lasnduiieunnnmssivesasaadn las
Tag1l50179r1n00v90A51N1557 11Av0I0INAVY
g13aadn lasuwu1 ITmsduang Top cover Hazuas
1 d” ti' a A =S ] = o [ 1 [
amlunumlianuiinaesaltisdAgaodnsinis
7 lvavesome wannmsUsuszauvesiladenmung
AU WUNANASUDIOATINTT IMaveIeImatmanad
I as Y]
10 0.364 mmH_ O 1114 0.267 mmH O MEIBMITUENg
Top cover A28 Fixture Lunlvsifsanuiuues 700
[ I~ as o
ana tazaaaaily 0.190 mmH O A18IBM3TUEN Top
9 A @ A 9 dy A (A wa
cover A8IATB49N3 NAANUEBLLE TuRu A
MR 600 an tazdanalioaidivveudelszinn
o I a I
3985350909910 0.42% 111U 0.11% Aatlu 73.81%
o Y 1 = A A a =
wagmldyasianugadomasiinasinvoude
o 1 I~
1l521ANTR8TI8AA91A 115,127 Vaeideu (il 19,655
[ a I =

1MaoIRoU Aatlu 82.93% dnane

5. pannssulsemea

9 o Aav AR Aq o
Ann1sItTevoveuau 159N aidny 1N 14
o 9y
TemalumsminIneasLazsIUTINIBYAINAD I
Aa wva a 4 9 a ’q YA a o
Ugianuesune ldlunmsnngd liimainsduse
J [~ 1A
qadulluedeq

6. 1DNA1I919949

(1) Lertpreechakamol W. Quality control using the six
sigma method in Innovex (Thailand) company
limited [MBA thesis]. Chiang Mai: Chiang Mai
University; 2008. Thai.

(2)  Suwannarit K. Defect reduction of signal writing

process in hard disk drive by lean six sigma [MIE

thesis]. Bangkok: Chulalongkorn University; 2010.

Thai.

(3) Damrongvanich A, Senjuntichai A. Bit error rate

improvement of hard disk drive. Advanced Materials

Res. 2013;740: 670-675.

(4)  Pongtrairat A, Senjuntichai A. Spiral defect reduction
of hard disk drive media. Applied Mechanics and
Materials. 2013;421: 93-98.

(5) Kwak YH, Anbari FT. Benefits, obstacles, and future
of six sigma approach. Technovation. 2006;26(5-6):
708-715.

(6) Khumsanit W. Improvement of parameter setting

for plastic injection molding process in case of multi-

defect types [MIE thesis]. Bangkok: Chulalongkorn
University; 2008. Thai.



30

(7

(®)

Wang GL, Wang LY, Dong LJ, Huang Z. Study on
leak rate formula and criterion for helium mass
spectrometer fine leak test. Proceedings of the 8th
International Conference of Electronic Packaging
Technology; 2007 Aug 14-17; Shanghai, China. 2007.
Chang YS, Jeong JU, Kim YJ, Hwang SS, Kim HP.
Enhancement of leak rate estimation model for
corroded cracked thin tubes. Int J Pressure Vessels

and Piping. 2010;87(1): 52-57.

©)

(10)

KKU Res. J. 2014; 19(1)

Takahashi Y. Evaluation of leak-before-break
assessment methodology for pipes with a
circumferential through-wall crack. Int J Pressure
Vessels and Piping. 2002;79(6): 385-392.

Abbas A, Nour B. Evaluating measurement and
process capabilities by GR&R with four quality
measures. Measurement. 2010;43(6): 842-851.



