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##5171422321 : MAJOR INDUSTRIAL ENGINEERING
KEYWORDS : BIT ERROR RATE OF HARD DISK DRIVE / SIX SIGMA / DEFINE PHASE /
MEASURE PHASE / ANALYZE PHASE / IMPROVE PHASE / CONTROL PHASE
NIPON JIRAPATPISAN : EXPERIMENTAL DETERMINATION OF PROPER PARAMETERS
FOR REDUCING BIT ERROR RATE OF HARD DISK DRIVE. ADVISOR : ASSOC. PROF.
JEERAPAT NGAOPRASERTWONG, 144 pp.

The objective of this research is to reduce bit error rate of hard disk drive that directly affect
number of hard disk drives not meeting prime capacity S00GB. Six Sigma Approach is applied not only to
study the factors influencing the bit error rate, but also to identify the appropriate operative condition.

The study has been undergone according to the five phase improvement models of Six Sigma
methodology. The process begins with defining phase, measuring phase, analyzing phase, improving phase
and controlling phase respectively. The result of the process is able to determine 25 KPIVs at early process
and reduce to 4 KPIVs that have been used to perform an experiment by full factorial 2° method. Analysis
using statistical techniques by Ol = 0.05 found 3 factors that influence bit error rate which are HGA diamond
like carbon thickness now is 21 °A, media over coat thickness now is 22 °A, head and media spacing now is
1.9 nm. The proper factors level for reducing bit error rate are HGA diamond like carbon thickness is 17 °A,
media over coat thickness is 20 °A, head and media spacing is 1.5 nm. The preliminary experiments are also
conducted to confirm the result before production. Finally, the results of statistical analysis are set at the
process of control phase.

The results by Six Sigma Approach applied showed number of hard disk drives that need to
downgrade capacity due to bit error rate not meet criteria reduce from 7.05% to 3.24%. The revenue gained
back is 38,086,588 BAHT/year. Also found out that ratio of hard disk drive not meeting bit error rate criteria
at 25°C and 55°C reduce to 0.42%, there is an opportunity to eliminate these testing in the future but need to

consider potential escapee to customer.

Department : Industrial Engineering Student’s Signature.............coeveveiiiiiiiienn.,

Field of Study : Industrial Engineering Advisor’s SIignature. .........c..coeoeveiiiiiiinan.
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Gage R&R Study - ANOYA Method

Two-Way ANOVA Table With Interaction

Source DF £5 M3 F P
Drive Serial 19 178.376 B.96718 G5747.46 0.080
wcal Tester 1 f.8682 A.80153 8.98 06.334
Drive Serial = Xcal Tester 19 8.838 @8.80156 L.58 a.088
Repeatability ha f.811 @.[0028

Total 79 17119

a 1 < 1 4 1aAa a 1 1 a g
W913AT P-Value 329U I@I1UAT09 Xcalibre JUidNTNagon1nuRana1ailoddy (Initial

Bit Error Rate) Niod 1Ay O 11111 0.05
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V018159And las¥ (Initial Bit Error Rate)

Gage R&R
%Contribution
Source UarComp {of VarComp)
Total Gage R&R 6.80092 6.8y
Repeatability @6.00028 8.1
Reproducibility @8.00064 8.083
Acal Tester 6.90008 6.88
Xcal Tester=Drive Serial 0.00064 g.83
Part-To-Part 2.28148 99 .96
Total Variation 2.24233 100.80
Study Var %Study Var %Tolerance
Source Stdhev (5D) (5.15 * 3D) (2SU) (SU/fToler)
Total Gage R&R 8.83836 B.15637 2.83 5.21
Repeatability B.061684 6. 08675 1.12 2.89
Reproducibility B.682526 6.13018 1.69 4.34
Acal Tester B.080680 6.00008 6.68 6.88
Xcal Tester=Drive Serial 8.62526 g.12010 1.69 4,34
Part-To-Part 1.49713 7.71823 99.938 257.81
Total Variation 149744 7.71182 106. 086 257 .86

Humber of Distinct Categories = 69

Gage R&R for Initial BER

910A1 Number of Distinct Categories BIUNINY 69 'ﬁﬂﬁ’ﬁﬁqﬂlléfdﬁzuumﬁﬂﬁyﬁmmmmm
TuMTHENIEEAMANA YOI AN A 093 (Initial Bit Error Rate) 199

TasranmsUszanamanuiuilsvesseuums afounuanuruulsvesnssuaums
%P/TV UAWMNAY 5.21% uaasnszuumsialanuamnsalumsasndvanudunlsvesnseuiums

144
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Gage R&R Study - ANOVA Method

Two-Way ANOVA Table With Interaction

Source

Drive Serial

X¥cal Tester

Drive Serial * Xcal Tester
Repeatability

Total

DF
19

1
19
48
79

38
42,2754
B.0001
a.8141
8.8897
422994

MS
2.22582
8.00018
g.0086874
g.0086824

F P
3003.85 0.000
0.14 0.716
3.04 0.002
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25 paAraIFea

Gage R&R
%Contribution
Source UarComp {of VarComp}
Total Gage R&R B.0808492 8.a9
Repeatability 08.888244 8.8y
Reproducibility 9.008248 a.04
¥cal Tester 8.a08880 8.08
%cal Tester=Drive Serial ©.0808248 a.04
Part-To-Part 85560871 0991
Total Variation B8.556563 1608.088
Study Var %Study Var %Tolerance
Source Stdbev (SD) (5.15 = SD) (%SU) (SU/Toler)
Total Gage R&R B.9822186 B.11426 2.97 2.66
Repeatability B.815612 a_asosa 2.89 1.87
Reproducibility B.915763 a.88118 2.11 1.89
X¥cal Tester B.A@B0a00A a.apoaaa 8.08 8.a8a
Xcal Tester=Drive Serial B.815763 a.88118 2.11 1.89
[Part-To-Part B.745761 3.84836 99.96 89.31
Total Variation B.746831 3.84286 180.088 89.35

Humber of Distinct Categories = 47

Gage R&R for BER @ 25 C

a ' < ' 4 5 2a A ' v a '
NA1TUINT P-Value winulaiuaies Xcalibre lisignswanedasianuianaialumseu

a = o w

a s a s (A A o Y
Wﬂum@ﬂﬁ?iﬂﬂﬂfﬂﬂiﬂﬂqmﬁﬂﬂ 25 ONFLSE UK YT Vluﬂﬁ’lﬂfg A m1nu 0.05
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Gage R&R Study - ANOVA Method

Two-Way ANOVA Table With Interaction

Source DF 55 W5 F P

Drive Serial 19 42 7624 2.250865% 1243_.89 0.088

¥cal Tester 1 g.6665 0.00050 8.28 0.60%

Drive Serial * Xcal Tester 19 6.6344 O.080181 7.39 0.008

Repeatability 49 6.6098 0.0002%

Total 79 42_80671

Gage R&R

%Contribution
Source UarComp (of UarComp)
Total Gage R&R A.fa1628 a.18
Repeatability 8.888245 a.84
Reproducibility 0.006783 0.14
&cal Tester a.0080008 6.68
¥cal Tester=Drive Serial 0.0008783 a.14
Part-To-Part 8.562211 99 _82

Total Variation 8.563239 1086.80

Study Var %Study Var %Tolerance

Source Stdbev (SD) (5.15 = 3D) (%SU) (SU/Toler)
Total Gage R&R 6.6320859 B.16518 4. 27 3.84
Repeatability B.6815652 8. 686561 2.89 1.87
Reproducibility 6.827978 B_14489 3.73 3.35
&cal Tester 6.606000 a.0800886 8.088 f.0808
Xcal Tester=Drive Serial a_a27978 . 14489 3.73 3.3%
Part—Tu—Part B.7498087 3.86151 99.91 89.88
Total Variation B.758492 3.86583 188.88 89 .88
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1) VHAANINNIVBIH NV (Magnetic Write Width)
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Bivariate Fit of Initial BER By MWW _n_2 Bivariate Fit of BER @z5C i3y MWW_n_Z Bivariate Fit of BER @55C By MWW _n_2

Initial BER:
BER @25C
BER @55C

—Linear Fit —Linear Fit —Linear Fit

Linear Fit
BER: (@55C = 5.1946295 + 0.0294164*MAN_n_2

Linear Fit
Initial BER = 7.2456414 - 0.0003128*MWY_n_2

Linear Fit 2

BER @25C = 7.4042053 + 0.1 945583*WWV_H_2

Summary of Fit

Summary of Fit

0004744

Summary of Fit

RSouare 194288 RSouare RSouare 98275
RSouare Adj -0.00041 RSouare Adj 0004314 RSouare Adj -0.00033
Roat Mean Scuare Errar 056173 Root Mean Souare Ervor 0709296 Root Mean Souare Errar 0746486
Mean of Response 7.247378 Mean of Response 5.190478 Mean of Response 8.31345
Observations (or Sum Wgts) 24658 Observations (or Sum Wits) 234 Observations (or Sum Wigts) 2314
Analysis of Variance Analysis of Variance Analysis of Variance
Sum of Sum of Sum of
Source DF Squares Mean Square F Ratio Source DF Squares Mean Square F Ratio Source DF Squares Mean Square F Ratio
Madel 1 000001511 0000015 0.0000 el 1 55447 554467 110210 Madel 1 0.1266 0126622 02272
Error 2466 TVB12682 0315542 Prob »F Errar 2312 1631631 050310 Prob > F Errar 2312 12883412 0557241 Prob > F
. Total 2467 778126594 09945 C. Total 233 1188.7138 0.0009* C. Tatal 233 12884679 08336

Parameter Estimates

Parameter Estimates

Parameter Estimates

Term Estimate Std Error tRatio Prob>ft| Term Estimate Std Error tRatio Prob>[t] Term Estimate Std Error tRatio Prob>ft|
Intercept 72456414 0182861 39.64  =.0001* Irtercept 7.4042053 0237303 3120 =0001% Intercept 51946298 0249745 3281 =0001*
A R _2 -0000313 0045198 -0.01 09945 MUARY_R_2 01946583 0.098636 332 00009 MY R 2 00294164 008171 048 06336
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2) VUIATYYIUVDINIB 1A (Track Average Amplitude)
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Bivariate Fit of Initial BER By EmfLF_n_2

Bivariate Fit of BER @25C By EmiLF_n_2

Bivariate Fit of BER @55C By EmfLF_n_2
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10 20 30 40 50 10 20 30 40 50 10 20 30 40 50
EmfLF_n_2 EmfLF_n_2 EmfLF_n_2
— Linear Fit — Linear Fit —Linear Fit
Linear Fit Linear Fit Linear Fit
Inftial BER = 7.3324122 - 0.0031035*EmILF _n_2 BER @25C = 5.1393359 + 0.001951 *EmfLF _n_2 BER @355C = §.2304444 + 0.0031282*EmfLF_n_2
Summary of Fit Summary of Fit Summary of Fit
RSguare 0001021 RSouare 0000252 RSquare 0.000587
RSguare Adj 0000614 RSguare Adj -0.00018 RSquare Adj 0.000153
Roaot Mesn Souare Error 0561705 Roat Mean Sguare Errar 0.709774 Root Mean Sguare Ervar 0745175
Mean of Response 7.248128 Mean of Response 519241 Mean of Response 5315519
Ohservations (or Sum Wigts) 2454 Ohservations (or Sum Wigts) 2303 Observations (or Sum Wigts) 2303
Analysis of Variance Analysis of Variance Analysis of Variance
Sum of Sum of Sum of
Source DF Squares Mean Square F Ratio Source DF Squares Mean Square F Ratio Source DF Squares Mean Square F Ratio
Model 1 0.7a079 0.790791 2.5064 hadel 1 02921 0292114 05795 hiodel 1 0.7s508 0750570 13517
Error 2452 T73E37SE 0315513 Prob > F Errar 2301 115818955 0503779 Prob > F Errar 230 12777118 0555285 Prob > F
C. Total 2453 77442838 01135 C. Total 2302 11594876 0.4465 . Total 2302 12754624 02451

Parameter Estimates

Term Estimate Std Error tRatio Prob>[t|
Intercept 7.3324122  0.054434 13470 0.0000%
EmfLF_n_2 -0.003104 000136 -158 01133

Parameter Estimates

Term
Intercept

EmfLF_n_2 00019515 0002563

Estimate Std Error t Ratio  Prob:[t]
51393359 0071251 114.24  0.0000*
076 04463

Parameter Estimates
Term
Intercept
EmfLF_n_2

Estimate Std Error tRatio Prob>=|t|
8.2304444 0074305 11003  0.0000*
00031282 00026391 116 02451
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3) ANNANNATVOITYANAUN IAT I8 11T (Track Average Amplitude Asymmetry)
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Bivariate Fit of Initial BER By TaaAsym ijaria{e Fn of BER @25C By TnaAsym Bivariate Fit of BER @55C By TaaAsym

Initial BER
BER @25C
BER @55C

4 54
T T T 4 T T T T T
[t} 10 20 30 0 10 20 30 0 10 20 30
Taassym Taadsym Taassym
— Linear Fit —Linear Fit —Linear Fit
Linear Fit Linear Fit Linear Fit
Initial BER = 72264597 + 00025505 Taadsym BER @25C = 52303781 - 0. UU&SSB? Taalsym BER @55C = 53709562 - 0 00B6269* Taatsym
Summary of Fit Summary of Fit Summary of Fit
RSquare 0.000685 RSquare 0.001333 RSquare 0.002a77T
RSouare Adj 0.000277 RSguare Adj 0.000899 RSguare Ad| 0002143
Root Mean Square Error 0.5618 Root Mean Sguare Error 0.70939 Root Mean Souare Error 0.744433
Mesan of Response 7.248126 Mean of Response 819241 Mean of Response 8315519
Obzeryations (or Sum Wigts) 2454 Obzervations (or Sum Wigts) 2303 Obzervations (or Sum Wigts) 2303
Analysis of Variance Analysis of Variance Analysis of Variance
Sum of Sum of Sum of
Source DF Squares Mean Square F Ratio Source DF Squares Mean Square F Ratio Source DF Squares Mean Square F Ratio
Maciel 1 053031 0530312 1.6802 Mode! 1 15453 1.54525 30708 Maode! 1 3.2843 329427 59444
Errar 2452 77389807 0315619 Prob = F Errar 2301 1157 9424 050323 Prob>F Errar 2301 12751681 055413 Prob>F
C. Total 2453 T74.42838 01950 . Total 2302 115994876 0.0799 . Tatal 2302 1275.4624 00145
Parameter Estimates Parameter Estimates Parameter Estimates
Term Estimate Std Error tRatio Prob:(t| Term Estimate Std Error tRatio Prob>|t| Term Estimate StdError tRatio Prob>|t|
Intercept 7.2264597 0020199 35777 0.0000¢ Intercept §.2303781 0026220 31375 0.0000% Intercept 83708562 0027525 30412  0.0000%
Taalzym 00025805 0.001991 130 01950 Taalsym -0.004533 0.00258 -175 00799 Taalsym -D00BE2T  D.002713 -244 00143
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RevOwr_n_2 RevOwr_n_2 RewvOwr_n_2
— Linear Fit — Linear Fit —Linear Fit
Linear Fit Linear Fit Linear Fit
Inftial BER = 7.351 3534 - 0.0026514*RevCrar_n_2 BER @25C = 7.5877412 + 0.01 554358 *RevOwr_n_2 BER @55C = §.3504606 - 0.00M72584*RevOwr_n_2
Summary of Fit Summary of Fit Summary of Fit
RSguare 0000223 RSouare 000468 RSquare 5.259e-5
RSguare Ad -0.00018 RSouare Adj 0.004253 RSquare Adj -0.00038
Root Mesn Sousare Error 0561669 Root Mean Sousre Error 0.708316 Rocot Mean Souare Error 0.746503
Mean of Response 7247378 Mean of Response 8190478 Mean of Response 8.31345
Chservations for Sum Wits) 2468 Chservations [or Sum Wigts) 2314 Ohservations (or Sum Wits) 2314
Analysis of Variance Analysis of Variance Analysis of Variance
Sum of Sum of Sum of
Source DF Squares Mean Square F Ratio Source DF Squares Mean Square F Ratio Source DF Squares Mean Square F Ratio
Madel 1 017351 0173514 0.5500 Madel 1 54807 548075 108933 Model 1 00673 0067762 01216
Errar 2486 77795342 0315472 Prob=F Error 2312 1183.233 050313 Prob»F Error 2312 12354001 0.557286 Prob > F
. Tatal 2467 77812654 0.4584 C. Tatal 2313 11687138 0.0010% . Total 2313 12864679 07273
Parameter Estimates Parameter Estimates Parameter Estimates
Term Estimate StdError tRatio Prob>jt| Term Estimate Std Error tRatio  Prob=|t| Term Estimate Std Error tRatio Prob>|t|
Intercept 73513534 0140653 5227 00000 Intercept TaETT41Z 0183114 4141 <0001 Irtercept 83604696 0192319 4346 =.0001*
RewOwr_n_2  -0.002681 0003616 074 04554 RevOwr_n 2 00155435  0.00471 330 0o01or FevOwr_n_2  -0001728 0004956 035 07273
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Bivariate Fit of Initial BER By SnrTotal_n_2 Bivariate Fit of BER @25C By SmTotal_n_2

Bivariate Fit of BER @55C By SnrTotal_n_2

Initial BER

BEFR @25
BER @55C

T 'u T T T " T
12 13 14 15 18 12 13 14 15 18 12 13 14 15 16
SnrTotal_n_2 SnrTotal_n_2 SnrTotal_n_2

— Linear Fit
Linear Fit
Inftial BER = 7.5433034 - 0.02094158*Snr Total_n_2

— Linear Fit
Linear Fit
BER @25C = 7.0749552 + 0.0792655*SnrTotal_n_2

—Linear Fit
Linear Fit
BER @55C = 7.7054325 + 0.0432753*Sn Total_n_2

Summary of Fit Summary of Fit Summary of Fit

RSouare 0000531 RSouare 0.004754 RSquare 0.001285
RSguare Adj 0000124 RSguare Adj 0.004322 RSquare Adj 0.000851
Roaot Mesn Souare Error 0561543 Root Mean Sguare Errar 0.708174 Root Mean Sguare Errar 0.744514
Mean of Response 7.248126 Mean of Response §.19241 Mean of Response §.315519
Ohservations (or Sum Wigts) 2454 Ohservations {or Sum Wigts) 2303 Obzervations (or Sum Wigts) 2303

Analysis of Variance Analysis of Variance Analysis of Variance

Sum of Sum of Sum of

Source DF Squares Mean Square  F Ratio Source DF Squares Mean Square  F Ratio Source DF Squares Mean Square  F Ratio
Mol 1 041141 0411410 1.3033 Madel 1 55124 551240 109916 hodel 1 16431 1.64310 28611
Errar 2452 77401897 0.315688 Prob>F Error 2301 115349752 0.50151 Prob >F Error 2301 12768193 0.55430 Prob > F
. Tatal 2453 774 42835 0.2537 C. Tatal 2302 1158 4676 0.0009* . Total 2302 12754624 0.0854

Parameter Estimates Parameter Estimates Parameter Estimates
Term Estimate Std Error tRatio Prob>[t| Term Estimate StdError tRatio Prob>[t] Term Estimate Std Error tRatio  Prob=(t|
Intercept 7.5433034 0256809 2915 <.0001* Intercept T.O749552 0337377 2087 <0001+ Irtercept 77054325 035488 21 =0001*
SntTotsl_n_2  -0020942 0018344 114 02537 SnrTotal_n_2  0.0792655 0.023009 332 00009 SnrTotal_n_2 00432739 0025149 172 00354
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Bivariate Fit of Initial BER By TA 2 Bivariate th_of BER @25C BfTAJ Bivariate Fit of BER @55C By TA 2

Initial BER
BER @25C
BER @55

5]
T T T T T 4 T T T T T T T T T
o 10 20 30 40 o 10 20 30 40 o 10 20 30 40
Ta_2 Ta_2 Ta_2
— Linear Fit — Linear Fit —Linear Fit
Linear Fit Linear Fit Linear Fit

Inttial BER = 7.2090664 + 0.002727*T&_2
Summary of Fit

RSguare 7.8T1e-5
RSguare Adj -0.00026
Roaot Mesn Souare Error 0598064
Mean of Response 7.212503
Ohservations (or Sum Wigts) 2992

Analysis of Variance

Sum of

Source DF Squares Mean Square F Ratio
Model 1 0.0842 0054182 0.2354
Error 2990 10694652 0357681 Prob > F
C. Total 2991 10895493 0E276

Parameter Estimates
Term Estimate Std Error tRatio Prob=[t|
Intercept 72000664 0013028 S553.34  0.0000%
Ta_2 0002727 0003621 049 0E278

BER @25C = 51495083 - 0.0036405°TA_2
Summary of Fit

RSguare 0.00064
RSguare Adj 0.000254
Root Mean Sguare Errar 072744
Mean of Response 813761
Chservations (or Sum Wigts) 2810

Analysis of Variance

Sum of

Source DF Squares Mean Square F Ratio
Madel 1 08513 0851260 17976
Errar 2806 14859081 0529170 Prob > F
C. Total 2809 14868593 0.1801

Parameter Estimates
Term Estimate Std Error tRatio Prob>|t|
Intercept  5.1498093 00MG432 49595 0.0000%
TA 2 -0.009641 000719 -134 0180

BER @355C = 8.2787104 - 0.012401 3*TA_2
Summary of Fit

RSquare 0.000372
RSquare Adj 0.000816
Root Mean Sguare Ervar 0.758019
Mean of Response 5263123
Observations (or Sum Wigts) 2810

Analysis of Variance

Sum of

Source DF Squares Mean Square F Ratio
lodel 1 1.5740 1.57395 273
Errar 2808 1617 7170 057611 Prob = F
<. Total 2808 16182910 0.0985

Parameter Estimates
Term Estimate Std Error t Ratio  Prob=[t|
Intercept  S.2757104 0017145 48256 0.0000%
TA_2 -00M2401 0007503 165 00985
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Onwmay Anabysis of TA_? By TA Binning

Duwway Anabysis of bnitial BER By T Binning

Onaway Analysis of BER G254 By TA_Binning

Onwiary Analysis of BER §55C By TA_Binning
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Bivariate Fit of Initial BER By lw_AMB_9 1 Bivariate Fit of BER @25C By lw_AMB_91 Bivariate Fit of BER @55C By lw_AMB 91
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11 12 13 14 15 16 17 16 19 20 2 11 12 13 14 15 16 17 16 19 20 2 11 12 13 14 15 16 17 18 19 20 21
Iw_AMB_9 1 I _AMB_9 1 Iw_AMB_S 1
— Linear Fit — Linear Fit —Linear Fit
Linear Fit Linear Fit Linear Fit
Inftial BER = 7.0225759 + 0.0095%w_AMB_91 BER @25C = 7.7995083 + 0.0174402%k _AMB_91 BER @55C = §.1086517 + 0.007928%w_AWMB_91
Summary of Fit Summary of Fit Summary of Fit
RSguare 0000304 RSguare 0.000655 RSquare 0.000125
RSouare Ad -3.79e-5 REquare Adj 0.000291 RSojuare Adj -0.00024
Root Mesn Souare Error 0.59313 Root Mean Souare Error 0.726163 Root Mean Souare Ertor 0.757407
Mean of Response T211783 Mean of Response 8.136402 Mean of Response §.261809
Ohservations (or Sum Wigts) 2928 Ohservations (or Sum Wigts] 2748 Observations (or Sum Wigts) 2748
Analysis of Variance Analysis of Variance Analysis of Variance
Sum of Sum of Sum of
Source DF Squares Mean Square F Ratio Source DF Squares Mean Square F Ratio Source DF Squares Mean Square F Ratio
Model 1 03180 0318042 0.8390 hadel 1 09435 0949525 1.8007 hiodel 1 01963 0196266 03421
Error 2926 10468055 0357760 Prob > F Errar 2746 14480245 0527321 Prob>F Errar 2746 15752862 0.5736EE  Prob > F
C. Total 2927 10471235 0.3458 C. Total 2747 14488740 01797 . Total 2747 15754825 05587
Parameter Estimates Parameter Estimates Parameter Estimates
Term Estimate Std Error t Ratio  Prob:[t] Term Estimate Std Error tRatio Prob=|t| Term Estimate Std Error tRatio Prob>|t|
Intercept 70225789 0200875 3494 <0001* Intercept 7798583 0251378 .03 =<0001* Intercept 51086817 0262183 3083 =0001*
bwe_&MB_91 00095 0010334 054 03458 we_AMB_91  00M74402 0012997 1.34 04797 T _AMB_91 0007929 0013556 058 05587
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Bivariate Fit of Initial BER By TdP_a_2

Bivariate Fit of BER @25C By TdP_a_2

Bivariate Fit of BER @95C By TdP_a_2

Initial BER

T T T T T T T T T
90 100 110 120130 140 150 160 170 180 190
TdP_a_2

BER @25C

T T T T T T T T T
90 100 110 120130 140 150 160 170 180 190
TdP_a_2

BER @55C

T T T T T T T T T
90 100 110 120130 140 150 160 170 180 190
TdP_a_2

—Linear Fit
Linear Fit
Iritial BER = 7 0704297 + 0.0013205*TdP_a_2
Summary of Fit

RSquare 0.000875
RSouare L) 0.000473
Root Mean Sgusre Error 0.5614585
Mean of Response 7.247378

Chservations [or Sum Wigts) 2468
Analysis of Variance

Sum of
Source DF Squares Mean Square F Ratio
hadel 1 068304 0633043 21666
Errar 2466 77V 44380 0315265 Prob = F
C. Total 2467 7TE.12694 01412

Parameter Estimates
Term Estimate Std Error tRatio Prob=[t|
Intercept 70704297 0420746 5856 0.0000%
TeP_a_2 00013208 0000397 147 01412

—Linear Fit
Linear Fit
BER @25C = 81654409 + 0.0000376*TdP _a_2?
Summary of Fit

RSquare 443927
RSguare Adj -0.00043
Root Mean Sguare Error 0.710934
Mean of Response 5.190475
Ohzervations (or Sum Wits) 2314
Analysis of Variance
Sum of
Source DF Squares Mean Square F Ratio
hiodel 1 0.00052498 0.000525 00010
Errar 232 1MBET15E3 0505433 Prob = F
. Total 2313 11687138 09743

Parameter Estimates
Term Estimate StdError tRatio Prob>jt|
Intercept 81854408 015713 5243 0.0000%
TdP_a_2  0.0000376 0.001167 003 08743

—Linear Fit
Linear Fit
BER @55C = 8.0662746 + 0.00M 6957 *TdP_s_2
Summary of Fit
RSquare 0000529

RSguare Adj 0.000396
Roaot Mesn Sguare Error 0.746213
Mean of Response 8.31345
Ohszervations (or Sum Wits) 2314
Analysis of Variance
Sum of
Source DF Squares Mean Square F Ratio
hiodel 1 1.0677 1.06767 1.9174
Errar 2312 1287 4002 055683 Prob >F
C. Total 2313 12884679 01663

Parameter Estimates
Term Estimate Std Error tRatio Prob=ft|
Intercept 80862748 0164793 4907  0.0000%
ToP_a_2 00016957 0001225 138 01663
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Duwway Anabysis of baitial BER By TdP_Binning

Onawiay Analysis of BER §25C By TP_Binning
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LEDX element analysis result at defect
location
»  Magnetic layer depletion and
no foreign element were
detected at defect location

compared to background
area.
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FNVEA Committee: Head & Media, Product Engineer, Channel Engineer

FMEA Number: WD001
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Power and Sample Size
Z2-Lewvel Factorial Design
Alpha = 0,05 A4ssumed standard dewiation = 0.6

Factors: 4 Base Design: 4, 16
Blocks: none

Including a term for center points in model.
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3 0. 10 163 0.553459
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Summary for Initial BER
Anderson-Darling Normality Test
A-Squared 0.50
/ ‘T P-Value 0.200
Mean 7.2096
StDev 0.6927
Variance 0.4798
Skewness 0.219511
Kurtosis 0.755803
N 131
Minimum 5.1400
1st Quartile 6.7300
Median 7.1800
T 3rd Quartile 7.6400
525 6.00 6.75 750 8.25 9.00 Maximum 9.0000
95% Confidence Interval for Mean
x — 7T 7.0899 7.3204
95% Confidence Interval for Median
7.0681 7.3275
95% Confidence Interval for StDev
95% Confidence Intervals 0.6178 0.7885
Mean| t 1 i
Median{ L !
T T T T T T
7.10 7.15 720 7.25 7.30 7.35
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Probability Plot of Initial BER

Normal
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Residuals Versus the Order of the Data
(response is Initial BER)
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6.4.4 anultadesMnveamnnunlssiu (Variance Stability)
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Residuals Versus the Fitted Values
(response is Initial BER)
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Pareto Chart of the Standardized Effects
(response is Initial BER, Alpha = .05)

1.981
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Standardized Effect
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B3

Normal Probability Plot of the Standardized Effects
(response is Initial BER, Alpha = .05)
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Mean of Initial BER

Main Effects Plot (data means) for Initial BER
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Interaction Plot (data means) for Initial BER
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@1?Nﬁ(i3Naﬂ153ﬁﬁ1$Wﬂ1§ﬂﬂﬂuﬂﬂﬂ1§%ﬂﬁﬂﬁmﬂﬁﬂﬂ%ﬂﬁﬁﬂwﬁﬁ@InnmlBER
Factorial Fit: Initial BER versus DLC Thickness, Overcoat Thickness, ...

Estinated Effects and Coefficients for Initial EER [(coded units)

Term Effect Coef 3SE Coef T P

Constant 7.2097 0.05011 143.87 0.000

DLC Thickness -0.2459 -0.1230 0.05011 -Z2.45 0.016

Overcoat Thickhness -0.4509 -0.2405 0.05011 -4.50 0.000

Magmetic Layer Thickness -0.030%9 -0.0155 0.05011 -0.31 0.755

Head & Media Spacing -0.6247 -0.3123 0.05011 -5.23 0.000

DLC Thickness*Owercoat Thickhess 0.11581 0.0591 0.05011 1.15 0.241

DLC Thickness* 0.0212 0.0106 0.05011 0.21 0.832
Magnetic Layer Thickness

DLC Thickhess*Head &« Media Spacing 0.2069 0.1034 0.05011 2.06 0.041

Overcoat Thickness* -0.0431 -0.0216 0.05011 -0.43 0.665
Magnetic Layer Thickness

Overcoat Thickness® 0.0338 0.016% 0.05011 0.34 0,737
Head & Media Spacing

Magnetic Layer Thickness® -0.1219 -0.0e09 0.05011 -1.22 0.226

Head & Media 3pacing

DLC Thickness*Owercoat Thickness™® 0.0a59 0.0330 0.05011 0.66 0.512
Macgnetic Layer Thickness

DLC Thickness*Overcoat Thickness® -0.1e03 -0.080& 0.05011 -l.60 0.1l12
Head & Media Spacing

DLC Thickness* -0.1173 -0.0839 0.05011 -1.18 0.24z2
Magnetic Layer Thickness*
Head & Media Spacing

Overcoat Thickhess® -0.0203 -0.0102 0.05011 -0.20 0.840
Magnetic Layer Thickness*®
Head &« Media Spacing

DLC Thickness*Owvercoat Thickness® 0.0431 0.0Z16 0.05011 0.43 0.665
Magnetic Layer Thickness*
Head & Media Spacing

Ct Pt -0.0030 0.33115 -0.01 0.993

5 = 0.566956  R-5g = 41.26%  R-Sgiadj) = 33.01%
Analysis of Wariance for Initial BER (coded units)

Jource DF Jeq 33 adj 33 Adj M3 F P
Main Effects 4 21.8553 £1.8553 5.46332 17.00 O0.000
Z-TMay Interactions G Z.4018 Z.4013 0.400z29 1.25 0.Z89
3-Way Interactions 4 1.4188% 1.4189 0.35472 1.10 0.358
4-Tay Interactions 1 0.0595 0.0595 0.05951 0.19 0.668
Curvature 1 0.0000 0.0000 0.00003 0.00 0.993
Rezidual Error 114 36.6440 36.6440 0.32144
Pure Error 114 36.6440 36.6440 0.32144
Total 130 B2.3795

MANaNSNAae9ilaterian (Main Effect) fdwmadesnsanuianainlumsswid ooy
pgiiied1An (P-Value < 0.05) 1 3 a2 lAunAanunuvesasAdoUIB WY, ANUNUIVEIATS
AADUAIUUUHUANT AT ZoeHTE N NS T EULALUHUANS (Head and Media Spacing) @3u
SUATATON (Interaction Effect) Naamail 1 @'1dun SuasnsensenInaumunvesansnae e

v VY v
WEUHALTZEZH TS NI sULazIHUANT Tasnseduvatladenaruandstissaud



6.5 MIAAzrIRaMInaassriadenawaneminlsneuanes (BER @25 °C)
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QUHQN 25 BIAIFAITEA (Bit Error Rate @ 25 °C) Aauiandlunini 6.9

Summary for BER @25C

Anderson-Darling Normality Test

A-Squared 0.45

P-Value 0.274

L Mean 8.0140
/ StDev 0.8747
Variance 0.7651

Skewness 0.036864

Kurtosis 0.247353

N 131

Minimum 5.5100

/ 1st Quartile 7.5300

/_-’ Median 7.9300
T
6

T T T T 3rd Q uartile 8.5400
v 8 2 40 Maximum 10.3000

95% Confidence Interval for Mean

® R 7.8628 8.1652
95% Confidence Interval for Median
7.8507 8.1456
95% Confidence Interval for StDev
959% Confidence Intervals 0.7801 0.9957
Mean ; L 4 i
Median t L g |
T T T T T T T
7.85 7.90 7.95 8.00 8.05 8.10 8.15

MNN 6.9 UNUYTUTAITDAFINTTUUIVDIAIATABUAUBY (BER @25 °C)
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6.5.2 managevanuigunilulnfvestoyaila

a < a . . Y
ﬂ'li‘ﬂﬂﬁf]'ﬂﬁllMﬁ@nu‘l]ﬁ]\iﬂ"]'mlﬂuﬂﬂﬁ (Normality Assumption) @1N1TDATIVADUAIYNT
' Y Y 4 o Ay vd Y
NT218VRIEIUANA VBRI TARUAUDY (BER @25 °C) Fansvinmsnszaedan Idifluduasauay

Fl 1 "9 = IS a o ~
ﬂﬂﬂW P-Value 4110731 0.05 uﬁmawagaumimmwnJmJﬂm ﬂmam"lum‘ww 6.10

Probability Plot of BER @25C

Normal
99.9
Mean 8.014
StDev  0.8747
= N 131
AD 0.449
951 P-value  0.274

Percent
o
S
1

o
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BER @25C

MNA 6.10 N5 1UTAINTATLIIBVBIAIAIUANAIG (BER @25 °C)
6.5.3 MInaaUaNNAFIHV0IA NI UBa5Z (Independent)
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Residual

Residuals Versus the Order of the Data
(response is BER @25C)
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6.5.4 ANudtaassMnveInnNunlsilsau (Variance Stability)

ANV esNMNYeInInNNLLl5UTIU (Variance Stability) a1usansdvaey ldalenmsnszae
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Residual

Residuals Versus the Fitted Values
(response is BER @25C)
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Pareto Chart of the Standardized Effects
(response is BER @25C, Alpha = .05)

1.981
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Standardized Effect
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Uledngne BER @25 °C

Normal Probability Plot of the Standardized Effects

(response is BER @25C, Alpha = .05)
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Main Effects Plot (data means) for BER @25C

Mean of BER @25C
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Interaction Plot (data means) for BER @25C
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{ a J @ 1 1
A1519% 6.4 NAN3AATIEHNToNULLUMINAaIvesilidondinans BER @25 °C

Factorial Fit: BER @25C versus DLC Thickness, Overcoat Thickness, ...

Eztimated Effects and Coefficients for BER BZ5C (coded units)

Tern Effect Coef SE Coef T 3

Constant 8.0124 0.06803 117.79 0.000

DLC Thickness -0.3111 -0.1555 0.06803 -2.29 0.024

Overcoat Thickness -0.5364 -0.2682 0.06503 -3.84 0.000

Magnetic Layer Thickness -0.0457 -0.0234 0.065303 -0.34 0.732

Head & Media Spacing -0.6464 -0.3232 0.06803 -4.75 0.000

DLC Thickness*0wercoat Thickness -0.0786 -0.0393 0.0&6503 -0.58 0.565

bLC Thickness* 0.0836 0.0415 0.06803 0.61 0.540
Magmetic Lawer Thickness

DLC Thickness*Head & Media Spacing 0.0620 0.0310 0.06303 0.46 0.649

Overcoat Thickness® 0.0664 0.0332 0.0&6803 0.49 0.626
Magnetic Layer Thickness

Overcoat Thickness® 0.1461 0.0730 0.0&6803 1.07 0.285
Head & Media Spacing

Magnetic Layer Thickness?* -0.0461 -0.0230 0.06803 -0.34 0.735

Head & Media Spacing

DLC Thickness*0wercoat Thickness¥ 0.1530 0.0915 0.06503 1.34 0.181
Magnetic Layer Thickness

DLC Thickness*0wercoat Thickness¥® -0.2305 -0.1152 0.06803 -1.69 0.093
Head & Media 3pacing

DLC Thickness® -0.2277 -0.1135 0.06803 -1.67 0,097
Magmetic Laver Thickness?*
Head & Media Spacirng

Overcoat Thickness® 0.0770 0.0385 0.06803 0.57 0,572
Magnetic Layer Thickness?®
Head & Media Spacing

DLC Thickness*0wercoat Thickness+* -0.0620 -0.0310 O0.06503 -0.46 0.64%9
Magnetic Layer Thickness?*
Head & Media Spacing

Ct Pt 0.0676 0.44952 0.15 0.881

§ = 0.7698621 R-Sq = 32.11% R-3gladi) = 22.58%

Analysis of Variance for BER [Z5C (coded units)

Aource DF  Seqg 3%  Adj 55 Ad) MS F 3
Main Effects 4 25.7451 25.7451 6.43628 10.8% 0.000
2-Way Interactions & 1.4365 1.4385 0.23942 0.40 0.87%5
3-Way Interactions 4  4.6193 4.6193 l.15484 1.595 0.107
4-Way Interactions 1 0.1231 0.1231 0.12313 0.21 0.649
Curvature 1 0.0134  0.0134 0.01339 0.0z 0.881
Residual Error 114 67.5241 67.5241 0.59232
Pure Error 114 67.5241 67.5241 0.59232
Total 130 99,4615

Y o o i {1 Vo a '
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QUNQN 55 BIAIXAITYE (Bit Error Rate @55 °C) Aatigradlunini 6.17

Summary for BER @55C

Anderson-Darling Normality Test

95% Confidence Intervals

7.9000

0.8821

A-Squared 0.36
P-Value 0.447
W

Mean 8.1401

StDev 0.9891

— Variance 0.9782

Skewness 0.037839

Kurtosis 0.453233

N 131

Minimum 4.7500

1st Quartile 7.4900

ﬁ/l’é'_ Median 8.1100

T T T T T T 3rd Q uartile 8.7500

2 ® 9 6 9 40 Maximum 10.3000
95% Confidence Interval for Mean

® — 7.9601 8.3110
95% Confidence Interval for Median

8.2756

95% Confidence Interval for StDev

1.1258

Mean{ I L g

Median I
T
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NMNWN 6.17 LRUYTUTAITDAFINTTUUIVDIAN TR UAUDI (BER @55 °C)
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ﬂ'li‘Vlﬂﬁf]']JﬁllMﬁ@nu"l]@\iﬂ"]'lillﬂuﬂﬂﬁ (Normality Assumption) @1N1TDATIVADUAIYNT
' Y Y 4 o Ay vd Y
NT218VRIEIUANA1IVBIAAITARUAUDY (BER @55 °C) Fansvinmsnszaedan Idifluduasauay
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Probability Plot of BER @55C
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Residuals Versus the Order of the Data
(response is BER @55C)
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6.6.4 ANNTADYsNMNVBIMANUNITUIIU (Variance Stability)
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Residuals Versus the Fitted Values
(response is BER @55C)

Residual
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Pareto Chart of the Standardized Effects
(response is BER @55C, Alpha = .05)

1.981

D4 | Factor Name
A DLC Thickness
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ABCDA
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2 3 4
Standardized Effect
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AN 6.21 unugiins Tn naasiladeranuazeunsnsnniisdifiyse BER @S5 °C

Normal Probability Plot of the Standardized Effects
(response is BER @55C, Alpha = .05)
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Mean of BER @55C

Main Effects Plot (data means) for BER @55C

DLC Thickness Overcoat Thickness Point Type
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DLC Thickness

Interaction Plot (data means) for BER @55C
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A15190 6.5 WANTIATIZHNITERNLUUMINARDIVeIiadenainane BER @55 °C
Factorial Fit: BER @55C versus DLC Thickness, Overcoat Thickness, ...

Estimated Effects and Coefficients for BER B55C (coded units)

Term Effect Coef 3HE Coef T P

Constant 8.1394 0.07931 102.63 0.000

DLC Thickness -0.3219 -0.1609 0.07931 -2.03 0.045

Overcoat Thickness -0.5622 -0.2811 0.07931 -3.54 0.001

Marmetic Layer Thickness -0.0066 -0.0033 0.07931 -0.04 0.9687

Head & Media Spacing -0.6822 -0.3411 0.07931 -4,30 0.000

DLC Thickness*0Overcoat Thickness -0.0578 -0.0259 0.07931 -0.36 D0.7168

DLC Thickness* 0.1297 0.0643 0.07931 0.82 0.415
Mammetic Layer Thickness

DLC Thickness*Head & Media Spacing 0.0634 0.0342 0.07931 0.43 0.867

Overcoat Thickness® -0.0459 -0.0234 0.07931 -0.30 0.788
Mammetic Layer Thickness

Overcoat Thickness® 0.1769 0.0884 0.07931 1.12 0.267
Head & Media Spacing

Mammetic Layer Thickness#* -0.1250 -0.0625 0.07931 -0.79 0.43:2

Head & Media Spacing

DLC Thickness*Overcoat Thickness® 0.z106 0.1053 0.07931 1.33 0.18%7
Mammetic Layer Thickness

DLC Thickness*0vercoat Thickness® -0.2263 -0.1131 0.07Y931 -1.43 0.138
Head s Media Spacing

DLC Thickness* -0.1525 -0.0763 0.07931 -0.96 0.338
Magmetic Laver Thickness®
Head s Media Spacing

Owvercoat Thickness?® 0.1154 0.05%2 0.07931 0.75 0.457
Mammetic Layer Thickness®*
Head s Media Spacing

DLC Thickness*0Overcoat Thickness® -0.1191 -0.0595 0.07Y931 -0.75 0.454
Mammetic Layer Thickness®*
Head & Media Spacing

Ct Pt 0.03068 0.52406 0.06 0.954

5 = 0.897242 R-%5g = 27.83% PR-Sg(adj) = 17.70%
Analwsis of Variance for BER RS5C {(coded units)

Source DF  Seq 53 Adj 35 Adj My F P
Main Effects 4 28.323 26.3226 7.08065 &.60 0.000
Z-Way Interactions 6 2,366 Z.3665 0.39441 0.49 0.815
3-Way Interactions 4 4,251  4.2507 1.06269 1,32 0.267
4-ay Interactions 1 0.454  0.4536 0.45363 0.56 0.454
Curvature 1 0.00%  0.0027 0.00275 0.00 0.954
Reszidual Error 114 91.775 91.7749 0.80504
Pure Error 114  91.775 91.7749 0.80504
Total 130 127.171

nnwaminaaesaillain fadendn (Main Effect) Ndswanedasinnuianainlumseiu

o

Wounguuigll 55 osrwaiFod od1ltiod1An (P-Value < 0.05) I 3 @2 launanunuvesasndon
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1 v
(Head and Media Spacing) Inefiszauansiladens 3 Vadenisliszaud neillilsingrasuasnsen
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(Interaction Effect) NNedn o
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4) MINAFOUNINANTOU (Corrosion Test)
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Distributions Phase=Before Improvement

al BER
Quantiles Moments Capability Analysis
f et —[ 1! 1000% maximum 90000 Mesn 72125033 Specifieation Value Portion % Actual
[— 99.5% 85200 St Dev 0.5879876  Lower Spec Limit g Below LSL 3.2420
= ar5% 852200 Std Err Mean 0.0109323  Spec Target Ahove USL
a0.0% 78600 upper 85% Mean 7.2338389  Upper Spec Limit Total Cutside 32420
75.0% guartile 76000 loweer 35% Mean 7191067 Long Term Sigmn
50.0% median 72600 N 2992
60%  quartle 5200 Capability Index Lower Cl Upper CI
1" T T L 10.0% B.5200 o
4 5 [ 7 8 a 25% 58300 CPK 0678 0.855 0897
0.5% 47586 35 Mean +3s CEM
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st Sigma
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Distril After Impr it
Initial BER
Quantiles
et 100.0% maximum
99 5%
ar.5%
a0.0%
TE0%  quartie
50.0% medlian
250% quartile
e T 10.0%
4 s 7 & 9 25%
0.5%
0.0% mirdmum
BER @25C
Quantiles
- 100.0% macdmum
93.5%
= a7 5%
90.0%
75.0% Huzrtile
50.0% medlian
250%  quartile
Tt R 100%
5 & 8 8 1m0 25%
05%
0.0% mirimum

Quantiles
100 0% maximum
93.5%
L a7 5%
80.0%
75.0% fuiartile
50.0% median
25.0% Huartile
T LR B 10.0%
B 8 a 10 25%
05%
0.0% minimum

f

9.0000
5.0000
9.0000
8.6569
B8.2982
7.9353
75389
71302
6.4327
518968
3.9499

10304
10.300
10189
9808
9426
5943
G414
7588
7238
G554
5.080

1003501
10301
10304
9945
Q.537
an4s
G.484
7912
7324
6.539
5338

Moments
hean 7.8885029
Std Dew 0E4394118
Sted Err Mean 00147266
upper 95% Mean 79173848
lovwer 85% Mean 7 859621
It} 1912

Moments
tean & 8357597
St Dew 0.733525
Sted Err Mean 0174719
upper 95% Mean 89200263
loweer 95% Mean 8551493
M 1860

Moments
Nean 89749569
St Dy 07826821
Sted Err Mean no1s1482
Upper 85% Mean 80105489
lower 95% Mean 89393038
i} 1860

Capability Analysis

a ' = w9y
imamvmWam“iumamumau"lu“l@@mmm
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PNNHUANAINTT

Specification Value Portion
Lovwer Spec Limit 1 Below LSL
Spec Target Above LSL
Upper Spec Limit Total Qutsice
Long Term Sigma
-3s Mean +33
1
LSL
T T T T
4 3 8 10
Sigma = 0 84394
Capability Analysis
Specification Value Portion
Lower Spec Limit 57 Below LSL
Spes Target Ao USL
Upper Spec Limit Tatal Outside
Long Term Sigma
-3z Mean +3s
1
LSL
T T T T 1
4 B 8 10 12
Sigma = 0.75352
Capabhility Analysis
Specification Value Portion
Lower Spec Limit 57 Below LSL
Spec Target Ahove USL
Upper Spec Limit Tatal Outside
Long Term Sigma
-3s Mean +3=
1
LSL
r T T T 1
4 B 8 10 12

Sigma = 075269

% Actual
14121
14121
Capability Index Lower Cl Upper Cl
cp . . .
CPk 097s 0943 1.012
CPM
CPL 0975 0943 1.012
CPU
Sigma
Portion Percent PPM  Quality
Beloew LSL 01650 16300167 4.433
Above USL
Total Outside 0.1660 16800167 4.433
% Actual
01613
01813
Capability  Index Lower CI Upper CI
P . . .
CPK 1.409 1.361 1457
CPM . . .
CPL 1.409 1.361 1.457
CPU
Sigma
Portion Pereent PPM  CQuality
Below LSL 00012 117888 5728
Mhave USL . .
Total Outside 0.0012 11.7939 5728
% Actual
01813
01813
Capability Index Lower CI Upper CI
P . . .
CPK 1385 1.347 1.442
CPM . . .
CPL 1.395 1.347 1.442
CPU
Sigma
Portion Pereent PPM  CQuality
Below LSL 0.0014 143073 5684
Ahave USL . .
Total Outside 0.0014 143073 5634
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sy
Fadmarsaandnionsinay
nasonANuAanaalumss ey Aananalaldaaunast
ve4a1sAAng lasul NI
noumslsuia
) IEATHIES
AT RANAIA04#Y (Initial BER) 6.48% 2.82%
SasmnuAanaInfigungd 25 °C (BER @25 °C) 0.57% 0.32%
SasmnuAanaInfigungd 55 °C (BER @S5 °C) 0.57% 0.32%
sasnnuAanaaiigungd 25 °C taz 55 °C 0.57% 0.42%
37U 7.05% 3.24%

A A a s a N v 1y 4 = W ' s
mlsunamswanersaand lasd 60,000 @rdedatd wazsIMERUANANNUIZNINEITA
a 4 (- Jd a J =
and lagrlyuiana1uy 500GB tag 320GB M1y 356 1 Tasariadnd lasrluuian1ug 500GB Hism
WPIAY 2,491 VN HASVUIAADING 320GB U 1AWIBND 2,135 VN
o o A Ay Yo o A @ 1 J a J (Ao a
aunsasununswudui ldsunduaunndadiueiaand lasuiitisananuiawaia
Tildamnasinmvuaneuiimsdfuliei 7.05% wide 3.24% ndwhmsdsulge vieanas 3.81%
Y 1w o Jd A = Aam o [ csy
laminy 732,434 v/dansd w3e 38,086,588 DN/l TaslidsmsA LIl
o A A Yo o A a a 1 o '4 Y [ 1 Jd a (d’ﬂl
futun lasunduaum = YFuansnaadedilam x %Yield x (daaiuasadndndosan
' ° o o J a {
yuannugasneuimiliulys - dadiueiaandndesanvuia
AMadshmsliugie x @anensadnduuna 500GB -
FIAVBETAANTUUIA 320GB)
= 60,000 x 90% x (7.05% - 3.24%) x (2,491 - 2,135)

=732.434 U / da
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MTNN 7.2 fﬂi!ﬂiﬂﬂlﬂﬂﬂﬁﬂﬁ’luﬂlﬂﬂmu)u?ﬂiﬂﬂﬂﬁhlﬂﬂ/\lllﬂg%TL!’J‘L!N‘L!“I/lhlﬂmﬂﬂﬁ"ll"lflmiﬂﬂﬂﬁvlﬂiwﬂﬁ)ullﬁgﬁﬁﬂﬂﬁﬂiﬂﬂqﬂ

o o d a d o a r-:' Yo v (9] [ (Y] ]
MsmnamaINasaand lasHuazsnnutunlasy naumssuilya naanmsiuilye Yiue
Ysnamswnaa/dant 60,000 60,000 UM
o 1 s S & a S (A Y o s s
dadrunlosisuaasaand lasun ldnaanisnaaon Back End 90% 90% wosiua
Suaseand lasuin ldvrdanisnaaey Back End 54,000 54,000 i
o 1 s S I a d S A ~ s 4
dadlessudsiaand lasirunmsnaaeuiaug 500GB 92.95% 96.76% wosua
o 1 o S I a d S A ~ s 4
dadlessudsiaand lasndunmsnaaeuinaug 320GB 7.05% 3.24% weossua
fuaiaand lasWimumnagouiinaug 500GB 50,193 52.250 ¢
fuaiaand lasWamumnagouiinaug 320GB 3,807 1,750 ¢
fauduildninmineeiaand lasuunaninug 500GB 125,030,763 130,155,746 UM
fauduildninmsneeiadand lasuunaniug 32068 8,127,945 3,735,396 UM
fuluiaiuai ldnnmsvearsaand lasiie 2 vinannun 133,158,708 133,891,142 N
o a ci Yo = 1 [ I'd
INMIURUN IASURFUANINABF AW 732,434 TRt
utunlasunduaunaedl 38,086,568 STRN

Winema: 815aand lasvluuian1ug 500GB T51 1oAY 2,491 1M 1AZIUIAAINY 320GB 151AN0IAY 2,135 170
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a 1

A A o Ja o o {

1NMINATEUANNU T DOVOIHAAN NN ULAzHAIMTUT DI NgurglisenIe 5 - 55

a g 1 4 4 Y o 1 = d' |- A [
DIAIKAIFI HAZANNFUTEHIN 20-40 1loTisua IHdaaiuveudeninuy Aedszana 1% Aduaad
luas1ai 7.3

{ @ [ 10 1 T Aa o
TagRveudenasmsdsvlgeldunilymiduazeosuuurudng (Hard defect) uazilaynims
@ < 1 o { o v 1 ]

Weudgauuenunia (Rapid Off Track Write) 891az 1 A1 TagnilyniiiousunsenuuuLHY

a oa o Y a = 1 1A 1a dgl T
ananazinlviinasesnaon iiEJEJGIJﬂ”lJ’JHU‘L!LlWHﬂﬂ?ﬂMlﬂﬂﬂlutm’ﬂﬂNiﬂ

A1519N 7.3 wamiwﬂﬁaummmz%ﬁ@mmwﬁmﬁmcﬁ (BEST - Basic Environment Stress Test)

Wams HANITNATOUANNU LS DOUDINAAA UM
NATOUN (BEST - Basic Environment Stress Test)

9y

104 Lab nlesuduoude sznnveade
o = 3 1 ] a 4 Y
. DUIUVDUAININUA 1.02% (2/196) | 1. HuazoounuNuAnd (Hard Defect) 1 60

NaIN15 a2 2 s y -
sl SuveudsINe AU 0% | 2. MIAVsUdYYIMUONLUNTA (Rapid OFF

AIEN

(0/196) Track Write) - ﬂtym?ﬁu Mechanical 1 §17
. o 2 o 2 e ,

, fruvveudenanua 1.08% (2/186) | 1. daynmiugiu liados (Base Line
noung ° A A A v = § IV = A A @
5l NNV UTINNEWTIB AU Poping) - a8 1ueu liiadesant @2

5v1)54

0.54% (0/186) 2. ﬂuazaawuuwuﬂﬂﬁ(Hard Defect)1 912

a d y a Y

723 MTIATIZHHAN IADINMINATRUANNAINITDIUM IDUIZHIT I 1MUY
T A d
HazUHUANE

~ <3 Y a o Jd @ [ ] 1 =

vinnansnagldwai 7.4 v lalwaasuainasdSulgeamnsomumsnageumseudion

AANUAUAY (Altitude Test), MINAaoUANNAINTalUMIDY (Flyability Test) LazmMInaaauMg
NN (Corrosion Test) hlﬁnﬂ(gfﬁ

TasfinavosminageunansusinastlSulgaluaiuues Load UnLoad Taoms1iwaeuiion

4 { 1 1A d'c?/‘ Qy 3 1 1
Lﬂﬁﬁ]u‘ﬁl‘lﬂw1i$ﬂ'ﬂﬂ Ramp HasiHUanaUU %uﬂ?u%ﬂﬁllﬂtﬁllﬁﬂWWUﬂﬁ‘ﬂﬂﬁ@‘U"lﬁ}ﬁﬂﬁﬂﬂﬁﬂU



v 4 E4 4 ' 1 v '
100K taz 300K A5y neivsingniisuaun ludmumsnaaeun 600K ass Mivla qungil 55 °C &
Y v E4
AU 20% (Hot Dry) 1 dauazilagairigil 55 °C & ANUFY 40% (Hot Wet) 1 67 TasFuaiunauns
o Y @ = @ A day A L A qiz‘ cs' a g
Pulgeldwaludnvazi@eoadu AeliFuanui lumumsnaaeun 600K ass Mld gangines &

Y 2
AMUFUROI(Ambient) 1 Auazildguugil 55 °C & ANNTU 40% (Hot Wet) 1 A2



M990 7.4 HAMINATOUANNAINIT TUMITUTE UM sUASUHUAN T

I | HAMINAAOUIINHOI Lab ©aaNS HANINAAOUIINT O Lab AOUMT
szanveeamsnagen 2 . .
FUNY SIESTHIEN Usuilga
~y - Sy q d' o Iy , a o
QUNYUNDI & ANNFUHD 10 FUNUAIUNTNATOUN 300k ASY | 10 FUNURAIUNMTNATOUN 300k AT
10 Y v v Y ] 9
(Ambient) 10 FUNUAIUMINAFOUN 600k ASY | 9 FUNUNIUNMTNATOUN 600k A
¥ Z ) ; g 2 . ; g
QKA 55 °C & ANMUBU 10 FUNUAIUMTNATOUN 300k AT | 10 FUAUAIUMITNATDUN 300k A5
10 Y v Y F ] Y
20% (Hot Dry) 9 FUNUAUNINATDUN 600k ASS | 10 FUNUEIUNITNATOUN 600k AT
v 2 , : 2 2 . ; 2
Load - UnLoad | ga#gil 55 °C & ANNFY 10 FUNUAIUMTNATOUN 300k AT | 10 FUAURIUMINATDUN 300k AT
10 v . 5 5 . 7
(LUL) 40% (Hot Wet) 9 FUNUHIUNMTNATOUN 600k ASY | 9 FUNUHIUMTNATDUN 600k AT
y Z . ; 2 2 . ; 2
QNN 5°C & ANMUFU 20% 10 FUNUAIUMTNATOUN 300k AT | 10 FUAUAIUMTNATOUN 300k AT
10 Y v Y Y ] Y
(Cold Dry) 10 FUNUHIUMTNATOUN 600k AT | 10 FUNUAIUMITNATDUN 600k A5
Y v Y Fa v Ea
10 FUNUAIUMTNATOUN 300k A5 | 10 FUAURIUMINATDUN 300k AT
(EPOR) o 2319 X z A g ?
10 FUNURIUMTNATOUN 600k AT | 10 FUNUAIUMTNATOUN 600k AT
MINAADUNTOITIUNANNAUA) P ‘ P ,
10 10 FuurIumMsnaaeunla 10 FuuAIuMInaaeunna
(Altitude Test)
MsnaaeuANVaIITa lumstu g , P Qy , R
10 10 FUQUAIUMSNAFOUN 2 dar | 10 FuaurIumMsnageun 2 dlaw
(Flyability Test)
Y v Y ]
NMSNAADUNMITNANTOU (Corrosion Test) 12 12 FUNUEIUMINAaoUN 2 dlad | 12 Fuaurumsnagoun 2 dilad
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miqradunNNAUYeIgHanDn 3 Tade Taun vinansuveIFLIIIMAN Yo WHVANT (Grain Size), A1FN

] < @ 1 1 ] < 1A
FILNIMANYDITIB ALY (Coercivity: He) HazmdFuanuuumanve s uand (Coercivity: He)

v k3 v 1

Taagnniliiosuduinua 25 flade lagnniunseunde 4 PeseNvzgmindrlumsnaassse

Y o 1 . . . a
Taun anunuveIasmasuiiouUeu (Diamond Like Carbon Thickness), AUHUIVOIATIAADUAD



A J . 3 T <} " a J .
VUUNUANT (Over Coat Thickness), ﬂﬂmfi‘LJWEN“HL!Iﬂiiﬁ%}NLLilmaﬂ"llffNuwuﬂﬂﬁ (Magnetic Layer

] 1 Y 1 1 A 4
Thickness) HAZTLITHIITEHINH IOV ULASUNUANE (Head and Media Spacing)
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Magnetic Head &
Std Run Center DLC Overcoat Initial BER BER

Block Layer Media

Order Order Pt Thickness Thickness BER @25°C | @55°C

Thickness Spacing
70 1 1 1 1 -1 1 -1 7.64 9.04 9.11
13 2 1 1 -1 -1 1 1 7.07 8.30 7.72
39 3 1 1 -1 1 1 -1 7.53 8.04 8.00
94 4 1 1 1 Al 1 1 6.91 8.23 8.11
18 5 1 1 1 =t -1 -1 7.14 7.81 8.11
100 6 1 1 1 1 -1 -1 6.50 8.30 8.25
80 7 1 1 1 1 1 1 6.31 7.53 7.27
96 8 1 1 1 1 1 1 7.45 8.14 7.93
77 9 1 1 -1 -1 1 1 6.95 6.55 6.51
31 10 1 1 -1 1 1 1 7.01 7.93 7.97
126 11 1 1 1 -1 1 1 7.32 7.30 7.27
130 12 0 1 0 0 0 0 7.18 8.17 8.30
48 13 1 1 1 1 1 1 6.15 6.32 597
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Magnetic Head &
Std Run Center DLC Overcoat Initial BER BER
Block Layer Media
Order Order Pt Thickness Thickness BER @25°C | @55°C
Thickness Spacing
131 14 0 1 0 0 0 0 7.01 7.93 8.14
61 15 1 1 -1 -1 1 1 7.01 7.57 7.44
93 16 1 1 -1 di 1 1 7.01 7.78 7.90
86 17 1 1 1 Al 1 -1 7.88 9.44 9.99
53 18 1 1 -1 -1 1 -1 8.22 8.32 7.83
89 19 1 1 -1 -1 . 1 7.07 8.00 8.55
9 20 1 1 -1 -1 -1 1 6.85 8.56 8.75
121 21 1 1 -1 -1 -1 1 6.23 6.55 6.56
117 22 1 1 -1 -1 1 -1 8.69 8.86 10.30
44 23 1 1 1 1 -1 1 6.46 7.86 7.65
62 24 1 1 1 -1 1 1 6.49 7.90 8.81
46 25 1 1 1 -1 1 1 6.97 6.65 6.95
41 26 1 1 -1 -1 -1 1 7.64 8.60 9.07
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Magnetic Head &
Std Run Center DLC Overcoat Initial BER BER

Block Layer Media

Order Order Pt Thickness Thickness BER @25°C | @55°C

Thickness Spacing
4 27 1 1 1 1 -1 -1 7.88 7.75 7.83
98 28 1 1 1 3 -1 -1 7.88 9.07 9.30
59 29 1 1 -1 1 -1 1 6.33 7.04 7.43
118 30 1 1 1 -1 1 -1 7.29 7.65 8.04
37 31 1 1 -1 =t 1 -1 7.70 9.00 9.60
51 32 1 1 -1 1 -1 -1 7.39 8.39 8.20
2 33 1 1 1 -1 -1 -1 7.48 9.17 9.51
65 34 1 1 | -1 -1 -1 7.21 7.99 8.30
105 35 1 1 -1 -1 -1 1 6.63 7.78 6.88
6 36 1 1 1 -1 1 -1 7.64 9.07 9.11
78 37 1 1 1 -1 1 1 7.18 8.20 8.32
103 38 1 1 -1 1 1 -1 7.25 6.90 7.20
58 39 1 1 1 -1 -1 1 9.00 9.81 9.81
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Magnetic Head &
Std Run Center DLC Overcoat Initial BER BER

Block Layer Media

Order Order Pt Thickness Thickness BER @25°C | @55°C

Thickness Spacing
109 40 1 1 -1 -1 1 1 7.76 8.75 8.88
104 41 1 1 1 1 1 -1 6.54 7.36 6.90
33 42 1 1 -1 -1 -1 -1 7.45 8.34 8.46
112 43 1 1 1 1 1 1 7.06 6.86 7.57
63 44 1 1 -1 1 1 1 7.60 8.93 9.60
43 45 1 1 -1 1 -1 1 7.64 7.72 8.23
107 46 1 1 -1 1 -1 1 6.35 7.95 7.55
12 47 1 1 1 1 -1 1 6.73 6.39 7.14
29 48 1 1 -1 -1 1 1 6.27 7.60 8.17
27 49 1 1 -1 1 -1 1 6.97 7.93 8.90
47 50 1 1 -1 1 1 1 6.70 9.00 8.93
64 51 1 1 1 1 1 1 6.64 6.86 7.11
11 52 1 1 -1 1 -1 1 6.42 7.86 7.60
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Magnetic Head &
Std Run Center DLC Overcoat Initial BER BER

Block Layer Media

Order Order Pt Thickness Thickness BER @25°C | @55°C

Thickness Spacing
15 53 1 1 -1 1 1 1 6.63 8.20 8.20
113 54 1 1 -1 -1 -1 -1 9.00 10.20 10.30
1 55 1 1 -1 cdi -1 -1 7.57 7.65 7.54
24 56 1 1 1 1 1 -1 7.14 7.93 8.60
32 57 1 1 1 1 1 1 7.15 8.23 9.14
23 58 1 1 -1 1 1 -1 7.39 8.93 9.34
25 59 1 1 -1 -1 -1 1 8.09 8.65 8.69
49 60 1 1 | -1 -1 -1 7.79 8.25 7.07
128 61 1 1 1 1 1 1 5.98 7.69 7.51
14 62 1 1 1 -1 1 1 6.12 6.78 6.86
115 63 1 1 -1 1 -1 -1 7.74 9.34 9.60
52 64 1 1 1 1 -1 -1 6.43 6.32 6.78
50 65 1 1 1 -1 -1 -1 7.38 7.65 7.75
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Magnetic Head &
Std Run Center DLC Overcoat Initial BER BER

Block Layer Media

Order Order Pt Thickness Thickness BER @25°C | @55°C

Thickness Spacing
129 66 0 1 0 0 0 0 7.43 8.14 8.07
106 67 1 1 1 -1 -1 1 7.60 8.41 8.23
102 68 1 1 1 cdi 1 -1 7.82 9.38 9.81
26 69 1 1 1 Al -1 1 6.58 7.72 7.41
125 70 1 1 -1 =i 1 1 7.63 7.90 8.00
120 71 1 1 1 1 1 -1 7.55 8.23 8.54
67 72 1 1 -1 1 -1 -1 7.18 7.51 7.00
8 73 1 1 1 1 1 -1 7.77 8.60 8.95
66 74 1 1 1 -1 -1 -1 6.79 7.90 7.69
124 75 1 1 1 1 -1 1 6.44 6.55 6.65
87 76 1 1 -1 1 1 -1 7.16 7.81 7.90
127 77 1 1 -1 1 1 1 6.05 7.50 8.11
73 78 1 1 -1 -1 -1 1 6.03 6.65 7.23
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Magnetic Head &
Std Run Center DLC Overcoat Initial BER BER
Block Layer Media
Order Order Pt Thickness Thickness BER @25°C | @55°C
Thickness Spacing
40 79 1 1 1 1 1 -1 6.73 7.55 7.57
83 80 1 1 -1 1 -1 -1 8.15 8.81 9.17
110 81 1 1 1 di 1 1 6.96 7.30 7.51
21 82 1 1 -1 Al 1 -1 7.55 8.72 8.83
101 83 1 1 -1 = 1 -1 9.00 10.30 10.30
84 84 1 1 1 1 -1 -1 7.38 7.60 7.57
123 85 1 1 -1 1 -1 1 6.98 7.20 7.69
79 86 1 1 -1 1 1 1 7.31 7.86 7.72
114 87 1 1 1 -1 -1 -1 7.52 8.60 8.32
82 88 1 1 1 -1 -1 -1 6.93 8.51 8.43
68 89 1 1 1 1 -1 -1 7.37 8.07 8.32
28 90 1 1 1 1 -1 1 6.83 7.39 7.60
60 91 1 1 1 1 -1 1 6.03 6.60 6.60
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Magnetic Head &
Std Run Center DLC Overcoat Initial BER BER
Block Layer Media
Order Order Pt Thickness Thickness BER @25°C | @55°C
Thickness Spacing
88 92 1 1 1 1 1 -1 8.04 8.88 9.14
90 93 1 1 1 -1 -1 1 6.68 7.60 7.23
69 94 1 1 -1 -1 1 -1 7.96 8.47 8.55
85 95 1 1 -1 oAl 1 -1 8.15 9.51 10.30
75 96 1 1 -1 1 -1 1 6.85 7.72 7.88
99 97 1 1 -1 1 -1 -1 7.11 9.17 9.34
45 98 1 1 -1 -1 1 1 7.72 8.50 8.83
36 99 1 1 1 1 -1 -1 7.52 7.88 8.27
57 100 1 1 -1 -1 -1 1 7.95 7.93 8.43
74 101 1 1 1 -1 -1 1 7.51 7.97 7.97
22 102 1 1 1 -1 1 -1 6.64 6.39 6.81
119 103 1 1 -1 1 1 -1 6.89 7.11 7.23
95 104 1 1 -1 1 1 1 6.36 7.55 7.20
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Magnetic Head &
Std Run Center DLC Overcoat Initial BER BER

Block Layer Media

Order Order Pt Thickness Thickness BER @25°C | @55°C

Thickness Spacing
76 105 1 1 1 1 -1 1 7.25 7.23 7.41
71 106 1 1 -1 1 1 -1 7.77 9.14 9.20
30 107 1 1 1 -1 1 1 7.85 8.95 8.95
3 108 1 1 -1 1 -1 -1 7.64 8.04 8.75
10 109 1 1 1 -1 = 1 7.03 8.04 8.14
108 110 1 1 1 1 -1 1 6.85 7.78 7.14
54 111 1 1 1 -1 1 -1 7.10 7.75 7.99
20 112 1 1 1 1 -1 -1 6.85 7.46 7.23
122 113 1 1 1 -1 -1 1 6.57 7.23 7.88
97 114 1 1 -1 -1 -1 -1 8.15 9.81 10.30
42 115 1 1 1 -1 -1 1 7.19 8.54 8.65
34 116 1 1 1 -1 -1 -1 7.27 8.30 8.51
5 117 1 1 -1 -1 1 -1 7.88 8.11 8.65
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Magnetic Head &
Std Run Center DLC Overcoat Initial BER BER

Block Layer Media

Order Order Pt Thickness Thickness BER @25°C | @55°C

Thickness Spacing
17 118 1 1 -1 -1 -1 -1 9.00 9.51 9.44
7 119 1 1 -1 1 1 -1 7.16 7.23 6.88
116 120 1 1 1 1 -1 -1 6.57 7.51 7.49
92 121 1 1 1 1 -1 1 7.29 7.81 8.47
56 122 1 1 1 1 1 -1 6.99 8.27 8.39
16 123 1 1 1 1 1 1 5.51 6.20 6.23
81 124 1 1 -1 -1 -1 -1 9.00 9.99 10.30
111 125 1 1 -1 1 1 1 5.14 5.51 4.75
55 126 1 1 -1 1 1 -1 7.29 7.41 7.39
91 127 1 1 -1 1 -1 1 7.09 8.47 8.23
35 128 1 1 -1 1 -1 -1 6.62 7.36 7.78
19 129 1 1 -1 1 -1 -1 7.36 8.49 8.57
38 130 1 1 1 -1 1 -1 8.22 8.90 8.65
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Magnetic Head &
Std Run Center DLC Overcoat Initial BER BER
Block Layer Media
Order Order Pt Thickness Thickness BER @25°C | @55°C
Thickness Spacing
72 131 1 1 1 1 1 -1 7.58 8.43 8.17
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