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## 5371462621 : MAJOR INDUSTRIAL ENGINEERING

KEYWORDS : HARD DISK DRIVE / SIX SIGMA / SIGNAL DEFECT
THEERANOP SUKAROM : IMPROVEMENT OF HARD DISK DRIVE TESTING
PROCESS TO REDUCE POOR ON-TRACK READ/WRITE SIGNAL DEFECT OF
READ/WRITE HEAD. ADVISOR : ASSOC.PROF.PARAMES CHUTIMA, Ph.D.,

124 pp.

The objective of this research is to reduce the Poor On-Track Read/Write Signal Defect
on Hard Disk Drive at Quality Inspectation by applying Six Sigma Approach to study factors that
influence the number of Poping signal on Read-back Signal execution and identify optimum
condition in order to reduce defective signals. The expectation of the target is to reduce DPPM to
the value less than 300 DPPM.

It was found that in terms of Quantitative (variable) Input Setting once the Threshold
during the test was set at 43 DAC, Frequency at 4T (125 MHz) and defined the Temperature
during the test at 32 degree Celsius. For those together with Qualitative Input Setting by having
Defect Management on media applied prior the Read/Write Signal Testing, that will cause the
defect signal (Poping) reduce significantly during Read-back Signal execution. After that the
goods are brought to Final Quality Audit test (FQA). The improvement results in 54.67% defect
reduction (from 633 DPPM to 287 DPPM) which can be converted into net saving of 11,805,505

baht per annum

Department : Industrial Engineering _____Student’s Signature

Field of Study : ___Industrial Engineering ____ Advisor’s Signature

Academic Year: 2012
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Hard Disk
The metal coating
on the glass disk

the unit is jarred
or dropped.
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A15197 4.1 NﬁﬂWi‘ﬂﬂﬁ@UﬁgﬂﬂﬂTi'JﬂLﬁﬂi%iuﬂWﬁﬂlﬂ31$ﬁﬂQTNLlﬂﬁﬂﬁﬂuﬂlﬂﬁigﬂﬂﬂWiﬂﬂ

WU 11/511n51 Minitab

Product: Firebird Product: Firebird
Tester: Neptune (NB002) Tester: Neptune (NB003)
Date: 28 July 2012 Date: 29 July 2012
User: Chalermpol (Tech) User: Chalermpol (Tech)
Measurement Measurement
Part number Index1 | Index? | Index3 Part number Index1 | Index?2 | Index3
1 109 110 110 1 111 111 110
2 110 110 110 2 110 110 111
3 110 109 109 3 110 109 109
4 111 111 111 4 111 112 111
5 111 111 111 5 111 111 111
6 112 110 111 6 112 111 111
T 115 115 114 I 116 115 115
8 109 108 108 & 108 108 109
g9 111 112 111 g 111 111 112
10 111 109 109 10 110 110 111
11 104 103 104 11 103 103 104
12 113 113 113 12 112 113 112
13 112 112 112 13 111 111 111
14 113 114 114 14 114 114 114
15 114 114 114 15 114 114 114
16 111 110 110 16 110 111 112
17 111 111 111 17 112 111 112
18 114 113 113 18 114 114 114
19 112 113 112 19 113 113 112
20 111 112 341 20 111 111 112
*Mote: all values are reported as: mV *Mote: all values are reported as: mV

o a 4 [ 4 aa A,

M AATIZHHAVITLVUNITIAAIIAT 04O N19a DA 1A8ITNT ANOVA  (Gage
[ a 4 [ y {
R&R Crossed) H1UN19115053 Minitab TAgNan1sAATILHUAAIAIANA 4.2 AT A15197
é < a 'L a " o d' a [ 4 J a 4 4 d' 9 a 4
4.2 Fuilunsiaaizt e liviate Wissnawaasasiarsaaan lasunlslunsinsigy

3’./ o [} 9 1 a a 9 9 4 4 a
uuansnhnavignszuiumswanamlngla Tasldsendamnslunszuiumsnmsnaa

saznageumulnan Issnunsaianyvimsmvua 13
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Gage R&R (ANOVA) for Voltage(mV)

Reported by:  Theeranop

Gage name: Gage R&R (ANOVA) for Voltage (mV) Talerance;
Date of study:  1-Juby-2012 Misc:
Components of Variation Voltage(mV) by Part (Head)
1004 B % Comtrbuton 1154 &
[ 3 Scudy Var
- B % Towurcs o &
E 50 110 H
105
o
y 1 2 3 4 5 6 7 6 9 1011121314 1516 17 18 13 20
Gage RER Repeat Reprod Part-to-Part part (i )
T Tester
= CHAst by/Tooms ( ) Voltage(mV) by Tools (Tester)

I~

1 2
i UCL=1,995 115
WA e o =B

et—%

........................................ 105

Sample Range
o -

% R AR MR BB RS BT S AR R R % -
Part (Head) 1 3
Xbar Chart by Tools (Tester) ALy
3 B Part (Head) * Tools (Tester) Interaction

1151

T
VAN W

1104

Sample Mean

105+ |

T RO SASNIANARIBREEY M € S ARSI SRS
Part (Head)

A a J v 9 ax v ..
NN 4.2 HANMSAATIEHIZVUNITIAAIEIT ANOVA W1 1151054 Minitab

{ @ J a d @
A5 19N 4.2 #AANNVDINTAATIZHANNLYTUTIVRITEUUNSIA

Gage R&R Study - ANOVA Method

Gage RsR for Voltage (mV)

Gage name: Gage RsR [RNOVA) for Voltage (mV)
Date of study: 1-July-2012

Reported by: Theeranop

Tolerance:

Misc:

Two-Way ANOVA Table With Interaction

Source DF 53 M5 F P
Part (Head) 1% &24.533 36.0281 100.667 0.000
Tools (Teste 1 1.200 1.2000 3.353 0.083
Part (Head) * Tools (Teate 13 §.200 0.3579 1.227 0.258
Repeatability 20 23.333 0.2917

Total 119 715.8&7

Alpha to remove interaction term = 0.05
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{ o J a d o J
A1519N 4.2 #AANNVBINTAATIZHANNLYTUTINVRITEULNSIA (919)

Two-Way ANOVA Table Without Interaction

Source DF 55 M5 F B

Part (Head) 19 &84.533 36.0281 118.387 0.000

Tools (Teste 1 1.200 1.2000 3.942 0.050

Repeatability 99 30.133 0.3044

Total 119 715.887

Gage R&R

(Contribution

Source Varlomp {of VarComp)

Total Gage ReR 0.31930 5.09
BEepeatability 0.30438 4,85
Beproducibility 0.014%93 0.24

Tools (Teste 0.01483 0.24

Part-To-Part 5.95395 94,91

Total Variation 6.27325 100.00

Proceas tolerance = 25

Study Var %3tudy Var %$Iolerance

Source StdDew (5D (& * 3D) {E3V) (SV/Toler)
Total Gage EsR 0.56507 3.3904 22.56 13.546
Repeatability 0.55170 3.3102 22.03 13.24
Beproducikbility 0.12218 0.7331 4.88 2.93
Toocla (Teate 0.12218 f=3331 4.88 2.93
Part-To-Part 2.44007 14.6404 97.42 58.546
Total Variation 2.50485 15.0279 100.00 60.11
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a5UMa1nN3911 Gage R&R (Crossed)
% Tolarance (P/T) = 13. 56%
% Study Var (P/TV) =22.56%
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43  M33TANENDY (Brainstorming) tevifadsiininidiney (Key Process

Input Variable: KPIV)
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Fractional Factorial Design

Design Generators: E = ABCD

Llias Structure

I + ABCLE
A& + BCLE
B + ACLE
C + ABLE
D + ABCE
E + ABCD
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CE + LBD
LE + &ABC
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2 5 1 1 1 -1 -1
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Power and Sample Size
Teat for 1-Sample Poisson Rate
Teating rate = 20 (wversus < 20)

Alpha = 0.05
"Length™ of cbservation = 1

Comparison Sample
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a13197 6.2 Tavenazszavveatfasen1FlunsesnuuUMINAADUNNIANIUL Box-Behnken

L. 5 seaulumsnaaevvestloderunls
aanyel a7y - - -
FZAUAM JTAUNAN | 3zAUgY
MILAVANUANVITYYIY | 35 DAC 40 DAC 45 DAC
Usznnanud lumsiveu 2T 3T 4T
C QUNYNILNINNMINATDY 22°C 40 °C 55°C

HAVYDINITRONUUUNITNARDILULY Box-Behnken #1111/511n54 Minitab ﬁ’wﬁau"lm
a 4 @ o [ o o 3 [ Yo
MsAATITH 3 Jave Taotdvay 3 38AU LAENMHUANITNINT 2 ﬂiwzllﬂmmumsvmam
Y 1 v
NINUA 30 N1TINAADI aanaaelua1sen 6.3 ﬁﬂﬁﬂ?"mlﬂ%?gﬁllﬂllﬂ”l'iWﬂ@]ﬁ]i\i LA

ATNNITONLUUNTNAAD (Design Matrix) A9015197 6.4

{ v d
A15199 6.3 HAANNVINNITOONULUNITNAAD LY Box-Behnken Iae 11514053 Minitab

Box-Behnken Design

Factors: 3 Beplicates: 2
Base runs: 15 Total runs: 30
Base bklocks: 1 Total blocks: 1

Center points: &
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M50 6.4 M1INITOONUUUNIINAADY (Design matrix) 1UFU1UY Box-Behnken 1oy

Ta5un Minitab

Threshold | Freq_Pattern | Temp

StdOrder | RunOrder | PtType | Blocks A B C
20 1 2 1 -1 0 -1
14 2 0 1 0 0 0
11 3 2 1 0 -1 1
3 4 2 1 -1 1 0
13 5 0 1 0 0 0
5 & 2 1 -1 0 -1
28 7 0 1 0 0 0
17 g 2 1 1 -1 0
25 9 2 1 0 1 -1
19 10 2 1 1 1 0
2 11 2 1 1 -1 0
30 12 0 1 0 0 0
18 13 2 1 -1 1 0
27 14 2 1 0 1 1
29 15 0 1 0 0 0
9 16 2 1 0 -1 -1
24 17 2 1 0 -1 -1
12 18 2 1 0 1 1
4 19 2 1 1 1 0
26 20 2 1 0 -1 1
23 21 2 1 1 0 1
7 22 2 1 -1 0 1
10 23 2 1 0 1 -1
15 24 0 1 0 0 0
21 25 2 1 1 0 -1
) 26 2 1 1 0 1
16 27 2 1 -1 -1 0
28 2 1 1 0 -1

1 29 2 1 -1 -1 0
22 30 2 1 -1 0 1

6.3 WHanIneasy

NININARIMUAIAUNITNAADIANINAITINNITODNUVUNITNAADY (Design Matrix)

Y v
aaniuansnaaesn lau1viinsuainidre35ved Freeman & Turkey nouti 1y

a J : @ ' @ {
?Lﬂi?%ﬁﬁ?ﬂiﬂiuﬂiu Minitab “?QNﬁﬂﬁﬂﬂﬁ@ﬁﬂ']Elﬁﬁﬂﬂ']ﬁllﬂa\‘lﬂnlﬁﬂﬂﬂﬂﬂﬁ'l\‘lﬁ 6.5
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M1 6.5 Wafﬂi‘ﬂﬂafNL!fﬂ%ﬂ'lﬁllﬂaQﬁWWﬁﬂWiﬂﬂaﬂﬂﬁ}’Jﬂﬁﬂl@Q Freeman & Turkey

MAUMINAADY | TIUIUNINTEANVDI Fiunsgu | T5V03 Freeman & Turkey
(Run Order) WQJJﬂJUWmLﬂ?;EJ@]'@ 1 HDD (é) (\/g) [(\/E + \/mj/Z}
1 34.6 5.8822 5.9244
2 29.6 5.4406 5.4862
3 45.6 6.7528 6.7896
4 33.6 5.7966 5.8394
5 23.7 4.8683 49191
6 32.9 5.7359 5.7791
7 259 5.0892 5.1379
8 36.7 6.0581 6.0990
9 26.3 5.1284 5.1766
10 18.2 4.2661 4.3240
11 39.7 6.3008 6.3402
12 27.4 5.2345 5.2818
13 30.7 5.5408 5.5855
14 29.2 5.4037 5.4496
15 24.2 4.9193 4.9697
16 44.7 6.6858 6.7230
17 39.8 6.3087 6.3481
18 28.7 5.3572 5.4035
19 194 4.4045 4.4606
20 41.6 6.4498 6.4883
21 35.4 5.9498 5.9915
22 39.2 6.2610 63007
23 23.5 4.8477 4.8987
24 25.9 5.0892 5.1379
25 28.5 5.3385 5.3850
26 37.7 6.1400 6.1805
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A13197 6.5 NaMINARBLATMILYAIAINANITNAABIAIBITUBY Freeman & Turkey (AD)

an ant
MFuMINARed | TIWIUNINTZANVDI ITWAIFIY | IBVON Freeman & Turkey

(Run Order) Saanaunaede 1 HDD (é) [\/E) [(\/E +4/C+ 1)/2}

99

27 51.4 7.1694 7.2041
28 27.3 5.2249 5.2724
29 52.9 7.2732 7.3075
30 38.7 6.2209 6.2609

a d Q’ a
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J I a < a
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NITAUATICHNUIN ﬂ”liﬂigi]”lflﬁﬁl"lli’)ﬂﬁ')u@ﬂ?gﬁﬂ (Residual) ﬁﬂ”liﬂizmﬂmmuaﬂimaﬂu N

uanalunini 6.2
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6.4.3 msnaaauaNuNaasmMnvesnnuulssiv

Tugauveen1snagauANNEDeTNINUIANIUL5USIU (Variance Stability) 92
a A @ o Jd1 Y . Y 1A a .
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6.5 ﬂ]iﬁ]!ﬁﬂuﬂmﬂ!ﬁﬂ]%ﬁNﬂQWm@ﬁﬂ%ﬂﬂu]!m]ﬂﬁ1 3!

(Response Optimization)

Y o o A A 1 o & 9 @
Vn\wnuﬂ'li‘ﬁ153ﬂUﬂﬁ]Fi]EW]H/”J']gﬁuﬂq@]sllﬂﬁllﬁagﬂ%%ﬂuu Tagunaz lsvanns

.. . ' .. 5 .. . o a 4
Optimization A9 T1U51ATY Minitab A2eanau Response Optimization ¥a391NAUATIEH

v [ 1

v Sy @ 1 ' [ 1 o A (% {
muﬁmwmﬂmawuaﬁmwmlmazﬂmaﬁmmzauﬁa ﬂﬁ%ﬂﬂﬂ’ﬂu@nﬁﬂl@ﬂﬁﬂgﬂlﬂﬂ!ﬁ 43
Adq ¥ a A adq ¥ ' =
DAC, Uszinnvesnnuonlslunsiveune 4T uazqmwgw%izmnmimﬁauw 32 937N

[

wadod Feag ldalszunavesiiuiunsnszqnuesdyanaunlonaIn1se udyIanay
v = A 1A y J a J Y 1w U < A 1
Yo Ao asegh 20.134 afsaeariaaan lasunilsi Tasadenarniiuniiulas
v Y ax = Y A v A
NAUUAININITAITUDN Freeman 1ag Turkey H31MHaN 4.5217 AAAININAII1N 6.6, 6.7

A
HagNINN 6.6

{ @ 4 a 4 ¥ a
A13197 6.6 HAANNMNIAATICHNUAINANDY (Analyze Response Surface Design)

Response Surface Regression: Freeman & Tu versus Threshold, Freq_Pattern, Temp
The analy3is was done using coded unita.

Estimated Regression Coefficients for Freeman & Turkey
Term Coef  SE Coef T F
Constant 38.4694 7.08134 5.448 0.000
Threshold =1.2111 0.32152 -3.767 0.001
Freq Pattern -2.68309 0.98203 -2.679 0.014
Temp -0.1413 0.05607 -2.520 0.020
Threshold*Threshold 0.0143 0.00391  3.663 0.002
Freq Pattern*Freq Pattern  0.3813 0.09724 3.897 0.001
Temp*Temp 0.0015 0.000368 4.000 0.001
Threshold*Freq Pattern -0.0142 0.01880 -0.755 0.45%
Threshold*Temp 0.0008 0.00114 0.874 0.508
Freq Pattern*Temp 0.0039 0.00569 0.878 0.508
5 = 0.265881 PRE33 = 3.37830

B-53g = 91.42% E-Sg(pred) = 79.49% B-3gladj) = &7.54%
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A13199 6.6 HAANNNTVATITHNUAINANDL (919) (Analyze Response Surface Design)

Analysis of Variance for Freeman & Turkey
Source DF Seq 35 Bdj 53 B4y M3 F E
Regression 9 15.05%7 15.05%9%7 1.67330 23.47 0.000
Linear 3 12.2210 1.5372 0.51241 7.25 0.002
Threshold 1 2.3626 1.0030 1.0029% 14.19% 0.001
Freq_Pattern 1 9.244% 0.5074 0.50737 7.18 0.014
Temp 1 0.6138 0.4490 0.44904 6.35 0.020
Square 3 2.7338 2.7338 0.91126 12.85% 0.000
Threshold*Threshold 1 0. 6865 0.9484 0.94837 13.42 0.002
Freq Pattern*Freq Fattern 1 0.9163 1.0734 1.07340 15.18 0.001
Temnp*Temp 1 1.1310 1.1310 1.130%8 16.00 0,001
Interaction 3 0.104%9 0.104% 0.034397 0.4% 0.890
Threshold*Freq_Pattern p 8 0.0403 0.0403 0.04034 0.57 0.459
Threshold*Temp 58 0.0321 0.0321 0.03208 0.45 0.508
Freq_Pattern*Temp 1 0.0325 0.0325 0.03249 0.4 0.50&
Regidual Error 20 1.413%9 1.413% 0.070&9
Lack-cf-Fit 3 0.9307 0.9307 0.31022 10.91 0.000
Pure Error T 0.4832 0.4532 0.02842
Total 29 16.473%

= v oy o A = 1 s d T ..
AN 6.7 waawmﬂmammmzawqﬂmuﬁm%u Response Optimization T1/511n54 Minitab

RESPUI‘ISE Dptimizatinn
Parameters

Goal Lower Target Upper Weight Import
Freeman £ Tu Target 4.324 4.5273 7.3075 1 1

Fl:bal Solution

Threshold = 43.3838

Freq Pattern = 4

Temp = 31.9189

Predicted Responses

Freeman & Tu = 4.,54217 desirability = 0.994853

Composite Desiraebility = 0.994653
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1). First of all the area that be able to
perform Failure Analysis (FA) or
paste any Hard Disk Drive (HDD),
must be Electrostatic discharge (ESD)

material to avoid HDD damage.

2). Grounding Host PC and
Oscilloscope prior connect to HDD,
also operator or any person have to
wear Smock suite prior start working

3). Point to the location (refer to
PCBA’s schematic on specific
product) that return the signal for

measurement by probe

4). Adjust the setting on the scope
panel to see the signal on the screen,

after that the record the signal

5). Analysis the data on the Host PC

and scope’s picture where measuring.
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Differentiated Signal Differentiated Signal

/i Three possibilities:
= —-’H & ~— + Use an external part between the preamp and the channel
0 1 0

- Usually an RC network with a differentiator-ike shape

L « Use the input AC-coupling HPF in the channel
l ' l I l - Increase the HPF cutoff frequency to approximate a
differentiator shape

+ Use the CTF in differentiation mode
- Also called ‘matched-fitter” mode from servo

preamp BRI+ HPF 1| VGA [ asc HfJGTR Aoc B FR [ vie

=
output |74V
2 A K

after
equalizer

2t ]
before
equalizer -3 \/ -
_,4 i i A i i i L i
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