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HARD DISK DRIVE/QUASI-STATIC TEST/FAILURE SYMPTOMS/

CLASSIFICATION

The most important thing in Hard disk drive industry is the quality control of
the products. Even the customers, when the products were shipped, they have their
products quality evaluation in order to indicate the product’s attributes are meet the
required specifications or not by using their qualification/integration test process. The
unit that failed at the test will be returned to the factory for analysis and investigation
the root cause of the failure. Reading/writing head, the small parts of a disk drive that
performs transfer between magnetic field and electrical current (reading and writing)
is the most finding root cause of the failure symptom. Quasi-static test is a method of
failure investigation on reading head. It results high quantity of complex data; time
and proficiency are needed in order to summarize and conclude the symptom and the
cause of the failure. The errors from analysis can be possible due to unequal
proficiency of each analyst. This paper introduced the classification of reading head
failure symptom using neural network process technique. This technique can classify
the problem faster and more accurate which conduce to find the solutions to solve and

prevent the problem, make reliability in the quality of the products.
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>
v

Amplitude (uV)

-2500 - Af/
-5000 - //,/
= )
I
L #2
-7500 (‘4”}}}}}}}}}}HH}H}}H}HHH}}}H}}}HII

| I
500 400 -300 200 100 0 100 200 300 400 500
Magnetic Field (Oe)

(Z 1

~
51N 2.8 9298190519 Transverse curve
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¥ o 1 1 S v w1 o
ﬂ??ﬂﬁﬂWHﬁi%ﬂ]NﬁHWNlmmi:‘lﬂﬂllﬁ’JE‘JTL! GMR/TMR mmiammmm”lﬁ’

NAAUNITN 2.8150 AUNTN 2.9
AR
R:RO-(7)*COS( ¢free- q)pin) (28)

AR
V:Ibias*RO-(Ibias*7)*COS( ¢f1‘ee_ ¢pin) (29)

9 '

AINNITNATDUHIDIUYUA Transfer curve uummmmﬂﬂmaﬂymzﬁu i
A Y ' v 1 2
ﬂJﬂQﬁ?@TuUlﬂﬂﬂﬂﬁWﬂﬂﬂN ﬂ\W]’E)vl‘]JL!

A Y o . 1 I a A o
. ﬂi%LLﬁVIiHEJGl‘Hﬂ‘]J’N%SBlascurrentI (mA)W‘L!’JEJL‘]J‘L! Haauowui

> “bias

IS 1

Favaziaumuimaniiawmiugud

9 [ o

I Jd Y A [l 3 A Y
e ANUMUNIU wmm‘ﬂuiawu IAVUENTHUINLNHANNAUNDUFUY

v
a [

o upunagamga Min(uV) vioilu lulas Thad

Y

a

o upunaagIaa Max(pv) vihodlu Tulas Thad

a =~ =~ . [l < J
o uEUNAYAUVUTNAYNA Peak-to-peak amplitude (uV) wireilu luTnTrad

MUIUNNANNITN 2.10
Pk-Pk. Amp(pV)=Max(unV)-Min(nV) (2.10)

a (] v I
o LL@NWQQQLLUUHUJE‘TZJZJWW (Peak-to-peak asymmetry, uV)“ri‘l.l’JEJL’iJu

TuTaTaad muraanaumsi 2.11
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Transverse.100mV
Bias: 0.325 Part ID: 9WMO30MH. Head: 6

Forward Reverse
7500 f A
5000 -
- V(H+
25(1)7 ( )
SN :
5 - v
S 0T A |
= C
g L
250+ V(H)
M*;MHHHHHHHHHHHHHHHHHHI
) | \.

500 400 -300 200 -100 O 100 200 300 400 500
Magnetic Field (Oe)

= A o
g‘]J‘VI 2.9 HaunaAENUINLAS AL

IVHBI-IV(HS)]
V)] +V(H)|

Asymmetry *100 (2.11)

1 & . v Ao 1 1 <3
. ﬂQTN!L@]ﬂ@]"NﬂlﬂQWUﬁmﬂﬂllﬁqﬂuﬁQﬂqﬁ}mm35]18?(1!111Llulﬂaﬂl!ﬂu@'ﬁﬂuﬁg

1 1 <3 o 5‘, o 4
VYULNYTUINLUHANNAUUI Hysteresis (WV/oE) MUIUNNANMIN 2.12

Hysteresis = Inc*Y, |F; — Ri| (2.12)

Y
=1

H [ I~ { A
Tagfn  Inc Ao TuUUUHANTNLUYY
a o ] $ . ] ] I g}.l
F; Ao upuwagasuniai i vai 9 1eanuniiianaiuan

. a o 1 y . 1 ] I [ g/}
Ri fo uauwa@,ﬂmuwmﬁ 1 VUEWAUIVLULHANATUNA DU

? o X dqvy sy 4 ' ]
° ﬂ'ﬂNWWﬂumﬂQWUﬂiﬁlﬁuIﬂﬂlﬂaﬂ VUSYTUINLUNAUANLUUA TS UMY
1 1 < 1Y g‘/ % o
YT UINLNLYIANNA VU Hysteresis (%) gﬂuﬁmmmmﬂummﬂﬁﬂ Transfer curve LA

s 2.10

b
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317 2.10 770814 Hysteresis

A1 Hysteresis (%) 1115011 la1naumsa 2.13
, A
Hysteresis (%) =E*100 (2.13)

~ A v 3 a A d%’
Tagn  Inc AD FUINLUKANTNVAUY
A ﬁf) Hysteresis ¥ ﬁf)!ﬁ U transverse curve

Maxi+Min;
B A9 Inc*Y |#

|-Minl-

a { Aa { A o o { 1 <
o upuNagaNn: laagagaainueunaganegaanuinvusnasumanly
o [} 3 [ {
auimangnih 147insn/asunilaq Barkhausen Jump (1V)
Barkhausen Jump (,V)
Barkhausen Jump (%)= *100 (2.14)

Pk—Pk.Amp(,V)

252 MISNATBUNIIMIVUNITZUATAY (AC Measurements)
Aomsiada g s uNIUANUDgIUaEinINTzAUIINATUDNITUNTT1A0
v K 9 A 1 ] < A g’z 1 9 Qddy ]
M3TUNNTBYA 1IONMITNYAUVLUUNAN HIBNIABIDINIINNINATOUAILIT 13U
v Y
« Popcorn Noisetest ADMIIATQYYIUTUNIUANATUNAIINNMTToUTDYA

X H ' I J a '
Farweaamaasunlasanunamanluasaadan lasi
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e Spectral Maximum Amplitude Noise (SMAN) Test ADAITNATD UM

o 1 = o 1 a o & YA <3
dyarusuniuany liafesvesiioiurianils FeeonuuuuldianusiaEa lums

[ [ i A g 1 < { ] [ I
A3 Ud Y IUTUNIUANATUBE1NTIAE THI R A NUT LU LY T UIUIIHAN NS

v [ v Y
nlasumlasriusesdygunssuaaay 192100 160 MHz MINAABUHIOUFUANA T
wuMINadouMssaeImsiuiindeyalinuiieu uazanISMAN suiNegNdayna

d‘ a dy [ @ 1 g’.; ] < o Y Aa A =1 9 9 o Y a

FUMUMAAVUADTID T MINNINFUINIIManT 1vina ¥semsunnveyauailvmnae

FyUITUNIU

To Field De

Field

From field Oe

Time
| SMAN Il Data Acquisition || SMAN 250uS Data Acquisiton  —|———
Sl
| Cycle | |Cycle 2|Cycle 3 | | | B | | | Cycle N|

™

\ Wiste (;S) | Delay (4S) | Read (5) \
[ Cycle 1 [Cycle 2[Cycle 3] -~ | Cycle |
250{us)
Ny Read(uS)
Write (11S) | Delay (8) | Read () ‘

31/ 2.11 SMAN Diagram

Y
MInaaaUiIo Yl az1HamINATa U001 3 FHAAIINU Ialn Max

a =

NoiseAmp, NoiseAmp, and NoiseRMS A1#1 1a1au191ndoyafingnga 90 9 250 luTauid

o % 1 a 1 1 ] [] <3 v { o 3’/
FIMITUND 9 a1lu 250 "l,aJTﬂamﬁmmgmazmmmwumuummammmmaﬂ 19 ﬂllﬁ} U
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] ' 1 13 @
"lu"lﬁ’mummmﬂﬁ}au 9 R Lm!‘ﬂu'Jﬂi]"lﬂ‘l@ﬂi'ﬂllﬂ]@ﬁﬂ"lﬁvlﬂﬁﬂﬂ mmmmiauﬁmzﬂ:nm

9
v 1

] Y] 1 1 9 1 o 1 9}d' a = Y1 o
UBDINIIDTUVDINIDIULTU DI 1&'3@']'?]15'(’]']1!%9\11/7')@11!“131/] 51%1?]’)14']‘1/] "l]ghlﬂﬂﬁ]'luﬂu

% o

I a A A ' o 1 . Y 1
soutdu 50 Tu 250 luTaTunil 111911311115911 MaxNoiseAmp Tau191InMdy@sUNIY
A v A 9 2 . Y I3 Y A 1o
NgagadnmIvesdoyananua NoiseRMS lau1ainnmismiuia Tagldyniingianualy
9 H H [

250 luTadnfidm§ua1 NoiseAmp HumsmuIaforzmmngangavesdyaasunIuina

2 ' Y q A A v ) 2 <
gaulunaazsevveanmsnaae uda ldasllumngangaudrnsaeduiuseunauai
1dhmanadon’ly sndredramsdiuiunasainiu SMAN 11 1000 sou Weudoyalu 50

TuTadunii a luladuilums Suddoya, 10 lTuladuilumse utoya d2om1 threshold 75

U

a A o A o 9 Y1 w a a =1 9 1
TuTadui Srauseundaudq laadyanasuniunu 75 TuTaduid ldunnsnaasuseon

[
a =

{ ~ { 4 o a 4 1 ]
24 50U 300 LazsoUN 875. Lﬁ'ﬁ]igﬂﬂﬂWﬂWi')!ﬂiW%W%ﬂyjﬁLlﬁ$°l"i1ﬂ1llfJ§JWﬁ%ﬂﬂqqq@iulm

U

1 Y o

1 I 4 1
azsouv lan1eenu iy MaxAmp_,,, MaxAmp /182 MaxAmp,,,. 10 1aA1819 9 1@

c24° €300

1IN NoiseAmp A8AUNTN (2.15)

(MaxAmpcz4+ MaxAmpczgo+MaxAmpegy5—977+NoiseAmp;)

NoiseAmp = Toch (2.15)

SMA.N.II Test.100mV
Part ID: W240S97V Head: Hd 0

[e] [a] (=]
Noise Amp Noise RMS Max Noise Amp

900

800

700

600

500

Noise (LV)

400

300

200

100

-500 -400 -300 -200 -100 0 100 200 300 400 500
Feld (Oe)

Patent Pending

517 2.12 A0 MNANTNATOU 10 1UTIUA SMAN

Y
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% o 4 Y d a
253 anmsmemﬁuaam%aﬂﬂae‘umémsmumd’lmammwn
[ ) tﬂ' A ) [ 1 9] A [ 1
HANNITNINUUDIUATOI QST ﬂf]%Z‘VI']ﬂ'lﬁ’lﬂﬂ'lﬂ'igllﬁllwNWﬁSﬂLLi\‘]ﬂuﬁluﬂf’N
s A d a ' ' <] [ 1 [~} A
Vllﬂﬁ’f)\‘iuu%ﬂ'lﬁﬂ?ﬂﬁﬂ?ﬂl!ﬂlﬁaﬂllazqﬂﬂ'IEJﬁu"IiJLUJL‘Haﬂ uﬁm“lugﬂm 2.13 uaz 2.14 law

o 1 & v 1 J .
MIIANUUIZIAMFHIUNNT T Houd (Preamp chip)

| | Heater DC Supply
. . . I T
Magnetic Field e [ ‘_I_) igita

L Multimeter

Control unit

1 mra
1
Fixt “loise Detecting

| ‘ 7 | " Circuits
. 7 |

Bias Current

~ 9 o A
E‘ﬂﬂ 2.13 Tﬂiﬂﬁiﬁmimﬂmmmmim QST

TMR T Low-pass
IBias | AMP Digitizer
head Filter

317 2.14 2393MIMNUVBUATEI QST

2.6  manauenilszianeimsaavaarine Iy

Y
av A

A o o 1 Y ax 4 a Y Y] 2
Luﬂﬂ1ﬂ1ﬁﬂﬂﬁﬂﬂﬂﬂﬂ1u@ﬂﬁl’3‘ﬁﬂ')’f]vl‘ﬁfﬁffu@l@lﬂllﬁ’l \111!’Jﬁ]ﬂusl“lfﬂﬁglﬂﬂ’fﬂﬂTilﬁﬁl"U@Q

Y

v 1 Ay Y 9 Yy v o Y 1 = v
wae i laneniszinnandierng udwhimsaouln nseinelszamiion 1dGoud
A A ' o 9 S 9 A = o 9 P
WaelFennmanauenlszinndeyauuuiidaou Avazlimstmualszinnuesdoyalinon
1Y a aa a dy A 1 dy = = v I a 1 =
NONuenIUi siatiuaziaumiazioimsdevosritonuiuriala wu dszinneinside
voar oA 1M 1 auN1AT V091101 (Head asymmetry) Tngdinamsnaaouiiie 1uil
A A ' A 1A Y = v I
W51HIR05NT01 PTP_ASYM UA LAY 30 % 921191015188 v04111091111 1 Head Asymmetry

£
TaoluTsunsuag e ligadoyadumisues maiimes il 1
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2.7 m3lSuunsveya

[ [}

o 1 i ' ° o 1 3 A Ao, :
mslSuuastoyanoz ldneuimnldnuIaseelszamioniudaidinyod il

o ld TnsenedseammifonansoiouidndlamazasuldszuumnsiSous aannw
[ 9 ) 1 1 [ 19 A 1 Al o 9 g’/
FUFoUVDITBYA Othman etal., (2007) na1IMsUSunaetoyan luauysaineuiwnldiv
' 9 =~ ~ ] 2 = oo A X aa @ v 9 =
e ldszuuamsoneziFoud 1d hiu nazlianuuiudwingstiu 3smsiSunadoyadl
F) [ ax o 1 cij ]
MenunaeIsaae 1l wu
271 misdasziisndoya (Data Cleaning)
Y| 4 a g’a 9 @ Jd a 14
msnnaeuisuuunle lisuadninlslumsnadeunuaisaadn la s
a 9 [ = A a J A 14 g‘/ ) Y A 9
wanewiiagien Fanquaniammnzvesriavesariaaan lasvliuilinai ldenms

IS a

= aa J A A Y o A
nageuliuluennitianiell wielidoyalinnudanaia uazanuansuzMitauls
= 9 A o 9 1 = o A A 4 A o 1
Fatoyanie o1 ldlaseiredszamifieniiunenioliasizensideveaiieu
Aana1a'ld ldneuiiwanisnaaeurioiunld lasuldszuuIasevrsdszarniien
= Y =~ (% ~ 9 ' o 1 o ~ 9 3’1 = = [ d"
Fouidealimsdtaszidioudoyanou Aredrumssnsziboudoyariuliseazidondsae lil

e Ignore the tuple

v '
v A a9y

aanasiemsnideyagyriite douldnunsiuniiesdeyaunusiun

g U

(3

i I o
1/521AN (Classification) TunsainAaaanyazvIame iudvuiin

a

e Fill in the missing value manually

]
S A

a 1 d' 9 A ng [} 9J =1 [ =
wumnnamenieiie 35U lumunzaunsaiigadeyalivuialng uazll
WoYAVIANIETILIULIN
e Use a global constant to fill in the missing value
a 1 [ F) ~ 1 Y 1 A & 1 1Y
AumuanyuzyestoyanvIaIenna1 aremasnaImile iy ludan
A
1199 unknown
e Use the attribute mean to fill in the missing value
ldaundevosnuanyue Mumtoyavame 1wy §1M3111H I 1UTHE
Y Y U = a I{ Y1 dy 1
MInageuANNAIUMUVeIHIoUdIWAsU Taglnadszana 8 uowil sz lsmuunuanny
9 v 1 1 = A
MumMuvene uaIsunvIaYie 1)
e Use the attribute mean for all samples belonging to the same class as the given tuple
ldnundsnuansuzunsiledendaeglullszinnifednu io@uaidoya
NAMIE IFUANATNANTNATO LT IBTUSHALOUNAIAVBINIBTU AITAUNALLONUNAYAVDI

o 1 o a J a J { o
W’J@"Ilm'mﬂﬂlaﬂ‘blﬂlz%uﬂ‘lm\‘]a15ﬂﬂﬁﬂﬂ§Wﬁu1N1ﬂﬂﬁﬂU
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e Use the most probable value to fill in the missing value
Vo AaAd { a 1 { ] A
Tdmmiluly lduniga @uunusidoyanaie tu arn lavinaunis
. Ay ¥ 9 s .
A11NDADDY (Regression) AN 18910015041 1U Tasldgasvoaiud (Bayesian formula)
wsoau ldaadule (Decision tree) 1ulddoyagnai wadredulddaduls iwesinesie1d
Y Y o 1A anda @ ! A o vy ~
¥o3gna1 uani lunumnnamedsitesunuunsvate iosniniueamdoyanvianie
a 1 o o v J v o
Tagiasananavestoyagaifagiiv wazanuduiusszriguanyus lugadoya
2.7.2 mmauwmu%’ega (Data Integration)
< ) A g YA A ) v
Wumssrusamdeyaninunasitnuaie 9 w1 1ndernu msnaudeyan
T A v A = A o 9 Y . = o v
HHAIAN 9 1NDFIBANHTOHANIALIANF I FOUYDIT0YA (Data Redundancies) Baz1i 11/g
' o 1 . . A <
Tymanuliaeandesnuvesdoya (Data inconsistencies) HagiiuAIWITMAZAMNINIUNT
o =} 9
Ninieavnya
2.7.3 msuﬂaﬁaya (Data Transformation)

A

9 =~ 1 o A 9 o 7 P
nmsutastoyannuieslunisiuniesdoyado n1svituesuoalad
. . v 9 Y ' 2 A o a R o A Y
(Normalization) Tasutlasardoyalieglugiedu q Aoanesnunsiunilesdoyaaiuiso
o - o ¢ @ v .. .
i1 szuranalaisnissiiuesuea laddoya laun Min-Max Normalization, Decimal
a I o g
Scaling 118¢3% Z-Score 1uau Tasliasazideanane lyil
e Min-Max Normalization
I Aa 1 {3 a 1A I ]
WumsudasdoyasudunnsreniullIdtuvosnduna 1iduras
doyalminfmua Und 413 0-1
e Decimal scaling
I 1 a I a o ] a ) [
Wumsudasmdoyaduldidumunation duvimstiousinua Taga
o S ~ ] A g 9 [ v ] 1 =< 9
duysaindaunniga wu amndlu ) Idvesnuanyus A oglusiesznine-999 0l 997 ag 14
[ Y oA A A [ g}J 9 1 "9 @ oA 1
NAduysainunigano -999) =999 ALUIT19ZHITTOYALAAZ ARG 1000 HAANTADAT
I
-999 vzgnuilaaii -0.999
e Z-Score

3 o 9 Y [ T oA
lf]_]LlﬂTi‘]Ji”LIﬂTiﬂiz’i]”Iflﬂl@\i‘ll@uvaiﬂﬂﬂTWnﬂ‘]J 0 HasAUIUVUUINTI U

NY 1TaTamuUINYi 1anaunNsn (2.14)

p'=tA (2.16)
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Tagn A Ao Aundgund A

0,0 ANDIUVUNIATFIUVOI A

2.7.4 mﬁwauwam%ga (Data Integration)
9 A g 1 YA A o Y dy A '
55T 0Ya HANTNAABININUMAININUAI 9 11 IR u Natliiesae
' v X v [l
AANTONANIALINI NG I1HOUYDITDYD (data redundancies) F99z1i1 T g Taynrnau 'l
Y . . . A 3 a '
ADANADINUYDITOYA (data inconsistencies) HtAzIANANUGTMAzAUNNIUMIIATIZH VYD
YOITTVL
2.7.5 m‘mﬂgﬂ%mg’a (data reduction)
| 9 A o 9a o ya ' = o A
esandeyanihmnleinsizi lag 1935 Insavielsyanmey msinrles
v ST o a s A o Ay Ao 9 ) )
doyaitludoyavinalvg aniumsimsizn wiemsiumilosdoyandudou deeldau
4 a < o :
TumsdszuranadeyaiiosninivoyatSuimun 4 myaagl Wumsnsziuiveunudoya
Y v v A c&’ A 9 1 1 o ya 4 Yy a T A
arwguuungziasa nuileNesni uaamnsorh lu14ns i udufanadnsnmnunse

~ LY [ a 4 9 g’J % 1 asy 9 A v da}
NYUNMNU NUNITUATISHITNVDUANINNA ﬁ']’f]ﬂW\?'J‘ﬁﬂ'lﬁaﬂgﬂeUﬂilﬂiJ Qﬁﬂllﬂu

U

e Data Aggregation

@

I 9 A X I o 9 Aana
lﬂuﬂ'liﬁﬂgﬂ*’llﬂlla‘ﬂ nwuludata cube “ﬁﬁlﬂuuﬂﬂﬂ']a@\isllﬂidﬁﬁa'mmﬂ

U

(multidimensional data model)
¢ Dimensionality Reduction
A 9 Y I = o w 9 Y
ﬂ’l’)ﬂ'lﬁaﬂ“llu']ﬂ‘l]@lluﬁﬁlﬁilsllu']ﬂLaﬂﬁQllﬁgqmLﬁﬂﬂ'ﬂilﬁ"lﬂﬂ]usll@\ieu’t’)ﬂ“auﬂﬂ

~ ~ 9 v Y A A y A o P 1
NYA LASFULTIAIUYNADIVDINAANTUDING A !“Ll@Q%Tﬂﬂl@lﬂﬁ‘ﬂlﬂu1161)'3Jﬂ'313JLW]ﬂ$5]']\1

a % 9

Y Y
Wanualenu nrateunasdoya Naudoyasivazlsznon lidredoyaFeday doya

a a g’/ 9 - 9 < 1 4 1 9 y
B veasedeyad laun luauysal iwumsvianie llvesdoya deyagniuniu
9

vy Y A Ao w ' L o ¥ A o AR K Y A P}
?’NuuﬂWii%ﬂl@HaiﬂlﬂNTgﬁulﬂuaﬂﬂﬁ’]ﬂﬂgjﬂﬂqﬂﬁuq ?’Nuuﬂ1§Lﬁf’]ﬂf’]ﬁﬂ@ﬁﬂiﬁ]\i@]@\uﬁ@ﬂiw

Y
=

) A = A Y a 4 9 ] 9 [} o as
LﬁiJ"Igff‘JJﬂ‘]JsUi’JﬂJUaVILﬁTNQQLWE’JGlWiS’JUU’JLﬂiTgWNﬁllﬂﬂﬂTQQﬂ@]ﬂQLLNufﬂNTﬂmuTﬁﬂ"ﬁﬁﬂgﬂ
Y
doyalinae 1l
e Data Summarization

Aomsanviadoyamemsazlmnnudiyvesdoya

e Dimensionality Reduction

) A

= 9 @ Aaa d A 1A 9 A
o ﬂ?iaﬂﬂ]u'lﬂﬂ]@ﬁell'ﬂial’ﬁIﬂElﬂ'liﬁﬂll,’t‘]‘i/lﬁ_lf]@Wi@ﬂlﬁ]ﬂﬁﬂ]‘lﬂlﬂﬂﬂﬂlﬂﬁ NI

U

= = Yy 9 A = v o a ¢ P}
UANUINYIVDIUDY ‘Vii'E]UlJJllﬂ'J'lll'ﬁilW°L!‘ﬁcl,uﬂ'liW'lgﬂllﬂﬂeluﬂ'lﬁﬂmi'lg‘ﬂﬁ'lﬂ]@ialja@'t‘]ﬂhlﬂ
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e Data Compression
= 9 A A v 9 Y < 1o =2
Ao mantlasdeyanseliudadoyalitivinaanauadinsansonaaia
) d Y,
Poyanarng Ia
e Numerosity Reduction
A 9 A ) A = 9
Aemsaagildoya Taemsidengiluuudeyanielumsnaastidoyaunu
9 9
n3lddoyarsaninuanisangidoyalasldinaiiaiill 25210 nfAo Parametric methods
< Y ° 9 Y A ] 9 a aa Y
Wumsadruuiassdoyadieitanuosnsesldmatianeadalunmsdszanamaiuls
. andy Yy v o ] 1 ¥ A A a
11 Non-parametric methods 354 14 183 19uundrassdoyauaaz a3 oo 1fisunmunin
a . a @ 1 . ] oo
ga Taunsy (histogram) H3035M3IANGU (clustering) HAAINITNTZVIBVOITOYAUAZINUAIA)

UNUNGUUNUAIOYAT3 9130019 195N 1A DATUNMTFUAIDE19 (sampling)

2.8 MINTIVTOUNANIINANBINE ROC (Receiver Operating Characteristic)

o A A

A A A a A ° ¢ A )
ﬂ’f]lﬂﬁ’f]\ﬁJ’f]quﬂ']i@]i'J%ﬁfJUﬂigﬁﬂ‘ﬁﬂ']Wﬂ'lﬁ‘Vl']u'lﬂ AITNIINIUNITDDANDINUNT TN

[T A

Y
Yun1 WalananueInsnsnaeunUAINYDINUITEAD NTATZIDEVITIVeNU TN 0
A 1A Aav 1 A Y =1 a I Y 4
%39 NI aHave It NTRauneaiss lanarsananudlu 'l lduazilse Teanian
o o 1y 1 J a 4 a
m3 Tl 15 lumsiinesinsideveariieuluaisaaan 14959 Thomas A. Lasko HAZAMY
[ [ a3 a é d' 1 1% v 1 1 4
(2005) 817910319 ROC W unssianHaNuaaImIANUaURUE 119 MNEINTAIYN True
[ 1 4 lQ [ {
Positive Rate (TPR) AUAIN1IWEINT AU NAA False Positive Rate (FPR) Adtaradlugln2.is
A A 1 =\ A 9 o g’/ v 9
Uszanianvesszuulasaielszarsnmieunldainmsiuisivainisaiaalemon
% (] a 4 o
Sensitivity 8% Specificity M8 1d@19819v11a n TagNI1TU HAVDINTNEINTAIITIUIU

o
M98 11

A15197 2.3 Confusion matrix, Agristi (2007)

naagilemsideve e unngiFey

a

9n e
A B
. “ WNaLIN
Han3UIe 1M sIde lag True positive False positive
Tasaneilseaniey C D
Waau

False negative

True negative
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M50 2.3 AINTIMUIUNIAIA 9 TR0
a

Sensitivit = — 1
ensitivity atc (D
Specifici d 2
pecificity = bid 2
Provl ~ (a+0) @
revalence = —(a+b+c+ D
N ~ (a+d) @
eeuracy " (at+b+c+d)
a
+Predicti 1 = — 5
redictive value a_dl_b (%)
-Predicti | = — 6
redictive value d (6)
Likelihood rati a/@tc) (7
tions+ =
ikelihood rations b/(b+d)
Likelihood rati c/atre) (®)
tions- =
1Ke11nood rations d/(b+d)

A5 ROC taaaaMuduWus 551119 f1 True Positive Rate (TPR) AUA1 False Positive Rate (FPR)

100

curve &

Curve B

True - positive percentage (Sencitivity)
30

20

10

] 10 20 30 40 50 50 70O 80 90 100
False-positive percentage (1 -Specificitv)

317 2.15 dre819n319 ROC

{ 1 ke Jd a 4 { ]
910317 2.15 unw x Ao False-Positive rate Tufitivinetaafaaan ladui lufidgym
= v w1 Y 1A = v A 1 L.
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0 0 7.967 335616 3432 340.7 10977.851 11882407 1.551 11367 7.005 16313 2.835 4.0 9376 10.763 2982.148 2384.24
8 0 0 8259 295761 300.1 297.5 20376.867 20942263 -09.003 .591 4.825 4968 3765 544 15861 18.057 775885 1313.194
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[l 3 v o 0 A 1w 4 . I Y
avuuimanias lldaiemlinumnugud (static test) 1Hudu

PartID Hd |Grade CyclTest Time Test Date Time Cor Fail € Data Refel CAL CAL: V Dffs
IWMOAHY. Static Passed: 1 5.469 Production ssiis 13:41:52 025564090 0 0
Co cA
m L CcAL
(< me Fal Data  Res:V STATIC_
cle nt Cod Referenc Off Off WRITE_F READ_FA WRITE_R STATIC_M READ_BIA PTP_ASY BARKH_JU BARKH_JU BARKH_JU BARKH_JU H
PartID Hd Grade s  TestTime Test Date Time 5 e e 55 AULT uLT ES R_RES s MR_RES  BIAS_CUR PTP_AMP M AMP_AT  ASYM_AT MP_V MP_MAX  MP_AVG  MP_AT 1
GWMOAHY.HOO Passed: 1  28.984 Productior ssssssss 13:42:21 05564090 0 0°0K  "OK 4598 416,685  0.236 479.99  0.236 1337146  15.007 2645123 1435 120021  9.88 8,877  48.647
OWMO4HY.HO 1 Passed: 1  27.438 Productior s 13:42:49 025564090 0 00K  "OK 4598 361856  0.271 371.886  0.271 15002.86  6.333 2029.917 2547 507757 378 3.38 234.017
GWMO4HY.Hd 2 Passed: 1 27.266 Production 25725855 13:43:17 025564-090 0 0 "OK" oK 4.662  416.685 0.236  429.167 0.236 12940.89 0.457 2516.067 5.3 426.727 3.41 3.3 26.623
GWMO4HY Hd 3 Faied 1 33.094 Production 2255558 13:43:50 148 25564-090 0 0 "OK" "OK* 4.47 516.645 0.182  530.472 0.182 31014.74 -30.12  4849.57 3.47 613.633 2.32 1.98 -440.997
GWMOAHY HO4 Passed: 1 27.343 Production sssidiis 13:44:18 025564090 0 00K "OK 4341 453541 0.8 467.932  0.218 15910.83  8.977 3028313 0907 642233 432 404 39864
OWMO4HY. HO5 Passed: 1  27.485 Production e 13:44:46 025564090 0 00K  "OK 4405 371104  0.254 383.925  0.254 1104542  6.177 2134243 3887 37947 399  3.43 346.003
GWMO4HY.Hd 6 Passed: 1 28.11 Productiol #2ss#88  13:45:14 025564-090 0 0 "OK" "OK* 4.855 319.778 0.307  329.595 0.307 9706.405 2.647 1950.583 0.247 235.12. 2.76 2.427 193.663
GWMO4HY HA 7 Passed: 1 28.859 Production 225555 13:45:44 025564-090 0 0 "OK" "OK* 4.47 391.979 0.254 403.082 0.254 14238.9 4.453 12814.957 4.01  276.917 2 1.943 58.72
4 » M| Grade Falures .~ Static Tests.l Stat . Static Tests.l Plot | Production.l Stat .~ Transverse.100mV Stat - Transverse.100mV Plot .~ S.M.A.N. II Test.100mv Stat -~ S.M.AN. II Test.100mV Plot [\ 3
w [EEmrtearat gl @

d' % 1 9 a A kY] 1 [ "W Y
517 3.7 Medtoyaveswamsnadouisz@ninmuesire g lila

I

AALENLONNTLIN

a

[ o [ 9 Y @ 1 Y A 9 o [ ]
14ENﬁ]Wﬂﬂ"lﬁﬂ']ﬂTS‘]JﬁJ‘]J?\isU’f)lJ“mm’J ared19vUaNaouUNan lsamsSuaou Inseuie

QU q

= 3’, = v 1 A =2
Uszamneuny 18 ’f)1ﬂ"lﬁlﬁﬂ‘l]@\‘lﬁ')@'lllllﬁﬂ\‘lslug‘lh’l 3.8 ©43.25

A B C D E F G H 1 ] K L M N Q P Q R

0 0 |050633 (051786 |0.51948|0.13924| 0.1491 | 0 0 [0.24078|0.15956|0.09252| 0.09345 | 0.1156 0.14012| 0.1288 | 0.12997

11 3.8 Areg1edyAdUNATIABINGITE Write fault

€N

A B C D E I G H I ] K L M N 0 P Q R

0 III 0 |050633|051786|051948 |0.13924| 0.1481 | 0 0 024078 |0.15956 | 0.09252| 0.09348 | 0.1156 [0.14012 | 0.1285 |0.12997

3.9 M0 1ToYAdUNATIADIN15IHE Read fault

=h.
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B |C| D E F G H K L | M| N | O P Q R
0 |t }).50633 051786 0.51948 | 0.13924 | 0.1491 024078 | 0.15936| 0.09252 | 0.09343 | 0.1156 |0.14012| 01288 |0.12997
&
‘1J‘1/l 3.10 mamwauaauwmmmmimﬂ High writer resistance
B |C| D E F G | H K L | M | N 0 P Q R
0 |0 |0‘11069 0.11536|0.11536 b.mz:s 00722 0.07076| 0.07076 | 0.08852 |0.08882 | 0.0346 | 0.0346 |0.02658 |0.02659
=

ﬂ‘ﬂ 3.11 mamwauaauwwuﬂmmimﬂ Low resistance
B |C| D E F G H K L | M| N | O P qQ R
0 |0 | L |1.11536|1.11536 bmzzs 007228 0.07076|0.07076 | 0.08852 | 0.08882 | 0.0346 | 0.0346 |0.0265% | 0.02639

&

ﬂ‘VI 3.12 maemmaua@uwmuﬂmﬂmﬁﬂmgh resistance
B |C| D E F G | H K L M | N |0 P Q R
0 | 0 |0.50633|051786|051948 b.ooo?ﬁ 0.0017 0.81212| 057304 | 1.5937 | 149716 -0.0003 | 0.0001 [0.01097 | 0.01019

&
‘1J‘VI 3.13 mamwauaauwwuﬂmﬂmaa Low peak to peak amplitude

B |C| D E F G H K L M | N 0 P Q R
0 | 0 |044204| 04508 | 04524 |0.35307|0.59218 005444 | 0.1081 | 0.04492|0.07146| 021334 | 0.22902 | 0.26173 | 0.33646

=

clJ'I/] 3.14 G]’Jf]EJNGU’E'HJQE]HWG]%H@EHT‘HH’LWJ Head asymmetry

BE |C| D E F G | H K L M | N |0 P Q R
0 | 0 |0.40164| 0.4043 |041178)0.12394|0.14916 049946 0.54584 | 0.25212 | 0.18032{ 0.06192 | 0.07008 | 005725 | 0.04849

517 3.15 Avg 1990y ad UNABIIADINTIHY High barkh jump suspect head instability
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B [C| D E F G | H |1]|1I]|K L M | N | o0 P Q R
0 | 0 |041231|043389|041231|0.30787|030787| 0 | O | 0.2666 | 0.2666 | 0.47056 | 0.8469¢(| 0.10336|0.103360.18273 | 0.18273
A G ' 9 a a = . . .
g‘]J‘Vl 3.16 ADYNVDYADUNAFUADINITLAY High hysteresis or open hysteresis loop
B [C| D E F G H |I|T]| K L | M | N 0 P Q R
0 | 0 |067123| 06864 | 0.6814 |0.36503|039608| O | O | 01401 [0.32626| 0.0567 | 0.0804 | 0.18752|0.2152§ | 0.59643 | 047685
&
1J‘1/1 3.17 @1aamwauaauwmuﬂmmima High Max noise amp
B [C| D E F G H |I|T]| K L M | N | O P Q R
0 | 0 |04915 | 03264 | 05274 |0.18236(0.18646| 0 | O |0.10304|0.14132| 0.0845 |0.08844|0.07024 | 0.0831 [0.15206 |0.16443
o

1.]‘1/] 3.18 G]TJ’EJEJNﬂJ’EJiJﬁ@‘L!WWFHﬂ@Wﬂ"IiLﬁEJ KAG
B |C| D E F G H |1|71]| K IL M | N 0 P Q R
0 | 0 | 0659206501 | 06736 |034325(0.39651| 0 | 0 |0.24812|030364|0.12188|0.16237|0.16788 | 0.17714 [0.33789 | 042163

A @ 1 Y a a =

E‘IJTI 3.19 @MDY NVDYADUNAFUABINITLAY Non-KAG

B |C| D E F G H |I|7I1| K L M | N 0 P Q R
0 | 0 |082838| 08301 | 0.8302 | 1.06400|0.99706|( 0 | 0 ||0.03468 |0.19168|0.03116|0.04431| 0.41268 | 0.3951 |0.09853 | 04574

o

‘]J‘VI 3.20 @]’J@EJN“]JE’JIJQE’JHWG]%H@@"IWI?L?[EJ Soft Kink

B |C| D E F G H |I|7I1| K L M | N 0 P Q R
0 | 0 |082838| 08592 | 0.8592 | 1.06409|0.99706| 0 | 0 [|0.03468 0.19152{ 0.031160.04432)| 1.41268 | 1.3951 |0.09853 | 04574

‘ﬂﬁ 3.21 G]’J’EJEJN‘U’E)‘JJaE]HWG]GD'uﬂ@"Iﬂ']ﬁLﬁEJHard Kink
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A B C D 15 F G H K L M N (0] B Q R
0 0 0 |0.82838|0.85005 | 0.85005|0.86819 | 0.86819 0.0606 | 0.0606 |0.04834 |0.04834(0.60532|0.60532( 0.12483 | 0.12483
d' v 1 9 a a = .
317 3.22 Ae819v0YABUNASTIABINSIAY High Slope
A B © D E i G H K L M N (0] P Q R
0 0 0 |0.58213| 0.5904 | 0.5922 |0.38523 | 0.46838 0.11856 | 0.16894 | 0.07458 | 0.10612 | 0.18674 | 0.22198 | 0.12533| 0.544
1 (% 1 9 a a . .
319 3.23 A79819901adUNAYTIADINITIAY High Max noise amp Heater on
A B (€ D E E G H K L M N 0 P Q R
0 0 0 |0.64667 |0.64667 [0.67692 | 0.25833|0.25833 0.2591) 0.8712))0.24306 | 0.24306 | 0.12668 [ 0.12663 | 0.14655 | 0.146535
1 (% 1 9 a a . .
319 3.24 A798193903dUNAYTIADINTIAY High bark jump Heater on
A B C D E F G H K L M N (0] B Q R
0 0 0 050633 |0.51786|0.51948 | 0.13924 | 0.1491 0.24078 | 0.15956 | 0,09252 | 0.09348 | 0.1156 |0.14012| 0.1288 |0.12997
d' % L] 9 a a =
3191 3.25 Ar081vBYABUNAYIIADINITIAY NPF
o a a W
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' ey - EET N LR R PG AT
Attribute anldaensiinue iy o
W29
oK = e luliywuneanumseu
READ FAULT Read fault

Y 1 = d' % \
FAIL=°H’J’f)TuﬂJ‘]jﬂJuﬁ"llﬂﬂﬂﬂ‘Uﬂ"li@"lu

STATIC_MR_RES

nFeumeusua MR Aa1uda lan

High resistance

R=V/1 Low resistance
Low peak to peak
PTP_AMP FAIL <50 pVv
amplitude
Peak to peak
FAIL>30 Head asymmetry
asymmetry
High barkhjumpsuspect
BARKH JUMP MAX | FAIL > 30
head instability
Y A = [ A
FAIL= D1umgutamauniy head 94
Hysteresis (%) High hysteresis

g3 50 %

MAX NOISE MAX

Y A = [ A
FAIL= 010MgUNUaNgUnNU head oU

1Jsg131 50 %

High max noise amp

suspect head instability

Max slop, magnetic

Max slop > 300, magnate field < 100 Oe,

and high MAX noise amp KAG (Kink Associated
field Transverse curve
Max slop > 130, magnate field < 25 Oe, Glitching)
(image)
and high MAX noise amp
Max slop and magnetic
Non KAG (Non Kink
field Transverse curve | Uni-polar voltage spikes
Associated Glitching)
(image)
Max slop and magnetic
Max slop > 300, magnate field < 100 Oe. | Hard Kink
field Transverse curve
Max slop > 130, magnate field < 25 Oe. Soft Kink

(image)

WRITE FAULT

oK = e lulidywuRenumsiaeo

£ 1 = d' o =S
FAIL = mmuuﬂmﬂmmmnumﬂ%u

Write fault

STATIC_WRITE_RES

OK < 10 ohms

FAIL> 10 ohms

High Writer resistance
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/Tnsert QST data |
Ok~ > Fail ok < N Fal [ R
< Write fault > ——_ Read fault :)LH Read fault \.'
~ ~_ \ Y,
e .,\ l
| Write fault | e
S oy e T — @
1 [——<Peak to peak asymmetry>— Head asymmetry |
We resistance H-I/
b Vs . "’ \\\\ -~

. ™ PR (o . ™
Low resistance f#—'|"————<MR resistance | High resistance |
e ~ e /

- ~ 7 N
[e————<Hysteresis (%) >————»{ High Hysteresis |
= " .

/ 7N

- 0 Ve N
' Barkh jump >————{ HighBarkhjump |
. ~ /

/// \“\\ 5130 - -~ \“\\ 50e N
7 Maxslope >————»<Magnetic field >—» SortKink |

130 Mimcslape300 e \‘\;sc.wsm re Y
»<Magnetic field >—>{ HardKink |
7 T Hizh ,*\
———<Max noise amp » )
e d” ; /'.- ™
- ~ T/ > KAG \\
'——{ Head instability | —
\ /
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g/ 1 a [ { a aa J
MIHUA 4 A1 90N 9 GIf‘L!ﬂ“l]i’)ﬂﬂ"liﬂﬂﬁ@ﬂﬂﬂuﬁﬂﬂclugﬂﬁ 327 ¥UANTNATDY LOANTUIALAE

~ ~ ao & ~
s1eaz@ean 19 1uauIdeil taaalua1ingm 3.3

o |00 7.87 223247 2271 228,01 7837.117 | 8313.887 | -9.343 | -2.232 | 10.64 | 9.161 4.859 5.03 6.281 7479 852147 594238

1 (o0 8.259 327.562 334 3345 10627.529 [ 11507.685 | 3.481 4425 | 3514 | 9.261 2.5 3335 8972 10113 844.67 1234.009

2|00 7.967 335616 3432 3407 10977.851 [ 11882.407 | 1.551 | 11.367 | 7.005 | 16313 2835 402 9376 10.763 2082.148 | 2384.24

ol0 8.259 295.761 300.1 297.5 20376.867 | 20942.263 | -9.003 | -7.581 | 4.825 | 4968 3.765 2544 15.861 18.057 775.885 | 1313.194

{ @ ] EY o a J a J J
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[

A = Aaa Ja a dy
M3 1N 3.3 fﬂflazmﬂﬂﬂ]ﬁ]ﬂl!ﬁ]ﬁﬂiﬂﬂ@]%%ﬂﬂﬂiuﬂ gU

ueaAN3 g ERLGHGHL
WRITE_FAULT mstufindeyavesiaeulioimsnalng
READ FAULT mseudeyavesiasuiiormsaalng
STATIC_WRITE_RES ANuAMUMUYDIISIUEITUAinToya vaz

(B 1 [ 1 <3
"lumaﬁmmmmaﬂ (FUNLKAN=0)

STATIC_MR_RES ANuAUMIUU eI vaue lise

] < 1 <
FUINLNLHAN (A UNUNVAN=0)

YR ] [ ] <
MR_RESI ﬂ’nuﬁ’mwwummw’mm YUSWYAUINLULNAN

MR_RES2HEATER ON AUAUNMUUBIN IO VLT AUINLIHAN

11ag On heater

J d' 1% d'w 9 Iy 1
PTP_AMPI1 ﬂ1151’NZJL‘IJaEJ'L!LIJJﬁ\‘l“ll’é]ﬁllﬁ\iﬂuﬂ’lﬂblﬂmﬂﬁ’lfﬂu
4 A Y &
MNYAgIAvBIMIIAdOURN A UM T
= o 4 Hq a9 & !
fﬂuﬂﬂ@ﬂ@]”lijﬂﬂﬁLﬂﬁﬂu‘ﬂiu’ﬂﬂﬂTu‘ﬁux‘l U

L‘ldJL! puv.

Y v 1

PTP_AMP2_HEATER_ON amnnutasuutasveaseauiia laainiieu

A A Y &
fl]"Iﬂ"lr]lﬂqq's:fﬂﬂ]ﬂﬁﬂTi!ﬂa@uﬂﬂTﬂﬂTuﬁuﬂqﬂ

= o A dg o a g &
immﬁ;ﬂ@1qﬂmsmaaum1uaﬂmuwm YU On

[ Id
heatert it 281 pv.

PTP_ASYMI any liaunasveaiieiu

PTP_ASYM2_ HEATER_ON Ay liauAsveaiIe1U YaIE On heater
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[

= = Aa oA a dy J
M1319N 3.3 318@1&6EJWUE’NLL’E]@WIT]J’JGWIGI,%}GLHQWH’J gU (7D)

aa 4
HOANIUIA 519021080

[ [ Ll < @ 1
BARKH _JUMP MAXI mqqqmmﬁiyﬂgwmﬁumummuumaﬂiummu
o = - o g o q Y=t
aﬂmmzwﬁnumwaﬂumuumaﬂgﬂ‘wﬂwumi

Wasuuilag

J o ' < v 1
BARKH JUMP MAX2 HEATER ON mqqqmmﬁﬂujﬂunmsumummgmmaﬂclummu
o ~ 1 < o ] < o YA
mmmz‘nﬁmmmaﬂalumgmmaﬂgﬂm“lwumi

1asuuasuay On heater

] 1 3 o 1
HYTERESISI ANUUUMUUUDIT LWL ANDUA NN U UIUU

o Jd <
YoIuansuuman

HYTERESIS2_ HEATER_ON ANMUNU ULV ANTUANUH LY

v o [ <
YDINANBLUNIVANUVME On heater

SLOPE1 A1 Sensitivity 7 lau1nanuFuvesnsiniala
MUY uV/oE
SLOPE2_HEATER ON A1 Sensitivity N 18w 1naNuFuvesnsviniala

MUY pV/oEUMUZ On heater

MAX_ NOISE MAXI anuniegegavesdyausuniuiiala nine
Lﬂu puVv.
MAX_NOISE_ MAX2 HEATER ON anundegegavesdyausuniuiia ldums

(4

o [ I
184 On heater H1ETU pV.

v A
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0.576857653  0.580337685
0.569755406]

31/ 4.5 M0 1901ANATIADINTITE Low resistance HAIDINITIMINATOUIA5910

szaniney

[0.559154533
0.713099275
0.554920295
0.512953762
0.587165884
0.568522779
0.573043873
0.504769049]

§ (Y l o a v o '
gﬂﬁ 4.6 GI’J?JEJNL’(’)”I@W!G]%‘LM@”IﬂﬁL?TEJ High resistance nasnInmmsnagou Insee

0.558983759
0.571858086
0.571930038
0.592804755
0.56448105

0.584049891
0.576676481

szanney

0.589530428
0.571757802
0.575779304
0.567798706;
0.54950648
0.558938953
0.562787349

0.532779914
0.519478446
0.525350537
0.517527573;
0.672128136
0.577632121
0.581263849

0.559154533
0.500001789
0.552906929
0.591745503;
0.564802638
0.574142705
0.578286138

0.672508836
0.586527917
0.579311617
0.504446019
0.550438769
0.549305855
0.55241642

0.517458506
0.531841913
0.527989803
0.589936604
0.57149169

0.567835415
0.571198092

0.551612477
0.559662375
0.556128465
0.587165884
0.66795078

0.562964843
0.56761642

0.568117165
0.576861345
0.580789316
0.570783187
0.548306421
0.547783463
0.550372886

0.633687091
0.528171342
0.534206296
0.588691127
0.57161688

0.566964581
0.572446951

0.551681948
0.562046041
0.581283356
0.585757092
0.568380081
0.561969517
0.567774363
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[0.500063216
0.564233404
0.561539853
0.564774463
0.567563812
0.54325363
0.554574884
0.543541412]

0.582808497
0.660118002
0.560345344
0.56458432

0.544869091
0.565036457
0.558381729

0.584001918
0.56304355
0.570847589
0.563144414;
0.545043949
0.554644753
0.558434778

mnsnaaovlasevielszainiey

[0.571047951
0.541581515
0.541393524
0.544049357
0.575858497
0.645742136
0.562664961
0.552634256]

{ o ' J a (%
g‘ﬂ‘ﬁ 4.8 ’J’e’]EJNLEJWW!GlﬂmﬂmﬂTa'L%EJ High hysteresis or open hysteresis loop o391

0.562327827
0.539020488
0.539748427
0.54135027

0.553508369
0.573245779
0.566456021

0.563399059
0.623822118
0.550574458
0.538703265;
0.553711203
0.562895066
0.566754062

mmsnaaevIasevielszarnney

[0.550557804
0.570605467
0.566605749
0.570794713
0.569903314
0.545804316
0.556829638
0.567345969]

szammey

0.588507896
0.572065756
0.565763329
0.571831509
0.547239366
0.636042383
0.560642868

0.589868335
0.572216552
0.576181265
0.586886091;
0.547421904
0.55694408
0.56077327

0.562633109
0.581339495
0.574504278
0.500065482
0.54586636

0.545215441
0.548177587

0.540718061
0.560934289
0.554366429
0.501035488
0.554756096
0.553155226
0.556337151

0.568295303
0.673143367
0.579697982
0.571290202
0.54830231

0.547391855
0.550444966

0.562870465
0.571310892
0.575073566
0.566461601
0.632155699
0.543643189
0.545765411

514 4.7 Aedue1dnAYiine 1N151d0 High barkh jump suspect head instability ¥a4910

0.5408781
0.55051183
0.554180826
0.574707779
0.552851597
0.551700002
0.554747395

0.568612651
0.577256545
0.58114917

0.568785745
0.546075129
0.545843174
0.54821465
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[0.562526408
0.568415576
0.565195505
0.568463701
0.590637889
0.572774141
0.577533485
0.578370062]

[0.500282349
0.500321422
0.624304731
0.500284613
0.505515378
0.507486062
0.508127407
0.515199561]

10 4.1 fMed 10 1aNAYIABINMTIFE Non KAG wasnniimsnadenInsaie

0.586208755
0.567907878
0.564171752
0.569064364
0.570230066
0.587884998
0.580990686

0.500317468
0.501781636
0.500681518
0.500423629
0.511343281
0.50947888

0.509468739

Uszamiion
[0.500077409  0.500101567
0.520048976  0.501586742
0.500112665  0.685166187
0.500433741  0.501107718
0.50418486  0.502773869
0.512840946  0.507407208
0.507233644  0.507382406

0.502512125]

szarniney

0.587425712
0.567879695
0.574332712
0.574948711,
0.570514916
0.673694699
0.581997629

0.500282349
0.505112883
0.500307682
0.501849522;
0.512455375
0.505596954
0.53096968

0.500077409
0.503240051
0.500122272
0.502812566;
0.502522826
0.51276259
0.50909349

0.566605831
0.584737783
0.577894469
0.555401491
0.57231924

0.568519866
0.571949721

0.569764199
0.500366266
0.500286465
0.505515378
0.525299545
0.640887797
0.529814891

0.516634889
0.500159895
0.500117359
0.50418486

0.501054286
0.505129979
0.508433848

0.566862866
0.666836651
0.57863328

0.589378264
0.572703562
0.567696407
0.573382495

{ o ] 4 a [ o 1
Eﬂﬁ 4.10 GI')’EJEJ'I\?LE]WG]W@%H@@Wﬂ'Iﬂ%EJ KAG WﬁQﬂ?ﬂﬂ'lﬂ'liﬂﬂﬁ’f]ﬂiﬂiﬂelﬂﬂﬂi?ﬁfﬂ‘ﬂ!‘ﬁﬁlll

0.573450837
0.500420365
0.500274892
0.507936974
0.511007189
0.505447297
0.541252143

0.511347656
0.500173180
0.500365757
0.504973619
0.510270233
0.743044930
0.503560700

{ @ 1 J a [ o 1
319 4.12 @1981901MNAYTIADINTITY Head asymmetry HaI91NIMInadon 1nsau1e
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[0.565055233
0.547016067
0.553335594
0.556667736
0.575324412
0.552000264
0.644868441
0.562137666]

[0.543025817
0.526563199
0.530053504
0.548099357
0.565948508
0.541507403
0.553023942
0.556824191]

0.564627777
0.557203039
0.562711809
0.573377148
0.552932809
0.57271611

0.565932777

0.542528397
0.531737243
0.53506502

0.538029731
0.543253828
0.563443893
0.629265631

szanney

[0.587826722
0.568910142
0.565625611
0.568902145
0.584190044
0.563315239
0.571045229
0.575276169]

0.586606404
0.568486862
0.564624988
0.569603244
0.562855577
0.581527799
0.57469526

lszanmey

0.565055233
0.555820368
0.693253960
0.578372261;
0.553133711
0.562357041
0.566216506

0.543025817
0.53086538
0.534835727
0.541775235;
0.543423264
0.553055562
0.55680882

0.587826722
0.568468561
0.574741133
0.579053597;
0.563093919
0.571519456
0.660530034

0.54577162

0.564656881
0.56021388

0.575324412
0.554162361
0.552627841
0.555803123

0.525773848
0.542188099
0.659752167
0.565948508
0.544204128
0.543729484
0.546604501

0.567071977
0.585134816
0.578290143
0.584190044
0.564467505
0.561750373
0.564989529

0.545872866
0.564046652
0.576874735
0.574176595
0.552223324
0.551162257
0.554144826

0.52585213

0.539785731
0.549915405
0.564857611
0.54180623

0.542137997
0.544079584

51/ 4.14 fegrueAYARiAEINMIITE Hard kink Was9IniimsnadenInsie

0.567331693
0.575379005
0.667659975
0.582995948
0.563412595
0.560567872
0.564844486

{ @ 1 d a v o 1
Eﬂﬁ 4.15 @]’J’E]EJNLE’JWW!WUH@@TﬂﬁL?TEJ High Slope HadInIMInagey laseie
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71

[0.532779914
0.518103016
0.520979844
0.633687091
0.589936604
0.57166039
0.576857653
0.571198092]

0.532278656
0.520039743
0.523324324
0.526827105
0.569478523
0.587208197
0.580337685

0.532779914
0.519478446
0.525350537
0.530439289;
0.569755406
0.577632121
0.581263849

0.517458506
0.531841913
0.527989803
0.589936604
0.57149169

0.567835415
0.672128136

0.517527573
0.528171342
0.534206296
0.588691127
0.57161688

0.566964581
0.572446951
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Tasavelszannmey

[0.588204977
0.568207784
0.564331562
0.568825546
0.588117057
0.568897435
0.575034926
0.569992052]

0.586812126
0.56979813
0.563394013
0.669973856
0.56740772
0.58542153
0.578574827

Tasevelszaniney
[0.537000273 0.536528726
0.520823632  0.523845488
0.524193182  0.527688774
0.538517308  0.532145895
0.587366063  0.566536978
0.567793255  0.584678881
0.574272635  0.577836096
0.666717624]

4.18 MBI NATIABINTIHY NPF nasanminage Inssinelszamiion

0.588204977
0.569946026
0.574233778
0.569311474;
0.567669492
0.575688993
0.57935693

0.537000273
0.52309175
0.529082065
0.638217565;
0.566793611
0.574885701
0.578571515

0.565913155
0.585134524
0.577823863
0.588117057
0.569267326
0.565933998
0.569217537

0.520301551
0.536135403
0.532139577
0.587366063
0.568342577
0.565132662
0.568399893

0.566234081
0.575329923
0.579383747
0.586893967
0.568908171
0.564950055
0.668258263

0.520359525
0.532920249
0.541518926
0.586149662
0.567822929
0.564105804
0.568985974
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IDENTIFICATION OF READER FAILURE
PROBLEM BY USING NEURAL NETWORK

Hathaichanok Tiptumyae', Arthit Srikaew’

Abstract—The most important thing in Hard disk drive industry
15 the cquality control of the products. Even the customers, when the
products were shipped, they have their products quality evaluation in
order to indicate the product’s attributes are meet the required
specifications or not by using their qualificationfintegration test
process. The unit that failed at the test will be retumed to the factory
for analysis and investigation the root cause of the failure
Readingfwriting head, the small parts of a disk dave that performs
transfer between magnetic field and electrical current (reading and
writing), is the most finding root canze of the failure symptom.
Cuasi-static test i3 atmethod of falure investigation on reading head
It results high cuantity of compler data, time and proficiency are
needed in order to summarize and conclude the symptom and the
cause of the failure. The errors from analysis can be possible due to
unequal proficiency of each analyst. This paper introduced the
classification of reading head failure symptom vsing neural network
process techrigue, This technique can classify the problem faster and
mote accurate which conduce to find the solutions to solve and
prevent the problem, make reliability in the quality of the products.

Keywerds—Hard disk dnve, Quasi-static test, Falure symptoms,

Classification

I INTRODUCTION
I I ard disk drive is a data storage device that used widely

owadays. Day after day, demand from the consumer is
higher; the manufacturer has to enlarge their capacity to
support that need. The failure is higher according to the
capacity, too. However, quality is the essential part of the
production; every component must be passed the quality test
process and meets the required specifications before brought
to the drive assembly process. Hard disk drive calibration and
performance tests i.¢. reading in various environments will be
performed after assembly process then only the drives that
passed the tests will be shipped to the customers. At the
customers® site, hard disk drive wll be tested again; the drives
that failed during the customers® test process will be shipped
back to the factory for analysis and investigation the failure

symptom.

Hathaichanok Tipturyae'  is with the Mechatronics Enginesting,
Sutanares Univeraty of Technology, Makhon Ratchasima, 30000 Thaland
(camesponding author sphone 031-73061208 ; e-mail:
Hathaichanok tiptunrya sefiseagate com ).
Arthit  Srkaew, is with the Department of Elecirical engineeting,
Sutanaree Univeraty of Technalogy , 30000 Thailand (e-mail: rafsutacth ).
GMR/TMRE {5 giant magneto resistance/Therral magneto resistance
He4M {5 head stackassembly
HGAP s head girnbal asserihly

II. SOURCE OF THE PROBLEM AND INCENTIVES

Due to high demand of hard disk drives currently, the
failures during customer applications have high possibility as
well as relating to the produet’s reliability.

Defective hard disk dnves will be returned to the
manufacturer to investigate the cause of failure symptoms.
One of the major causes is reading head which performance
degraded at customers” tests process.

For analysis the results of reading head test, it is needed
time and proficiency to summarize and conclude the symptom
from the high quantity of complex data set which can slow the
analysis process as well as relating to the reliability from the
customer. Supposing we can analyze the test results faster and
more aceurate; we ean find the solutions to prevent the failure
from reading head both currently and the future so quickly,
inereasing reliability in the produets from the eustomer.

Il WORKS ANDRELATED THEORY

A. Cuasi-static test

Quasi-static test is a tool that used for efficiency test of
reading head by GMR/TMRY performance measurcment in
the form of hard disk drive and rather emphasize in reader part
than writer part of the head due to its limitations of the tool.
[1] For writer part of the head, it will be tested in the form of
HSAM and HGAP, Quasi-static test will perform without
movement of head on disk (media) and disk rotation
commands {every component that is able to move will be

static during the test)
Heater
DC Supply

HDA
i / Digital
R@iﬁlﬂ ;:id g = Multimeter
Fotut —p{oise Detecting
Cireuts

Bias Current

H

Figure 1. The structure of Quasi-static test

Quasi-static testis divided into:

1)DC Measurements: a reading head test with low
frequency measurement i.e. static head test that measures
current or voltage with zero magnetic field. The results are
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following:
+ Head resistance
* Read fault and Write fault, fault detection function will
indicates the problem on FLT or FLT register.
* Pre amp short Circnit i.e. Pin-Pin and Pin-Ground
+ Transverse Curve graph
et

Fonned Raves

A

L '
M- i

?‘;"HCDFIHGED:J:U
Figure 2: Transverse graph from the result of head test with low
frequency measurement

2)AC Measurements: a reading head test with high
frequency measurement during external stimulation i.e. data
recording simulation or magnetic field produced or both. The
results are following:

* Popcom Noise

* MAN/SMAN

* FFT Frequency Response

B. Preparation of information

Quagi-static test will result data sef in two fypes, qualitative
and quantitative data. The neural nefwork can learn only
quantitative data; qualitative data must be normalized to be
quantitative data first. Such as, the test results ‘PASS’ and
‘FATLED’; they should be normalized to be ‘1° for ‘PASS’
and 0 for ‘FAILED’. Normalization data is an important
step, complexity deduction and to make the neural network
can leam the data. Additionally, normalization an incomplete
data makes the neural network can learn faster and more
accurate. In this paper, the attribute mean will be used to fill in
the migsing value.

CLArtificial Newral Netwarks

Artificial Neural Networks is the mathematical models that
developed to simulate the mechanism of neural network in the
human brain. Single Layer Perceptron is an Arfificial Neural
Networks model that consists of one artificial nefwork cell or
neural. Figure 3 shows the structure of a perceptron.

Figure 3: Structure of a perceptron

Learning algorithm: Perceptron obtains input which is the
real number. The corresponding weight is calculated by linear
summation of input where (W1, W2, ... , W3) is the weight of
the stimulafing binary function input. If the summation of the
input which multiplied by the corresponding weight is over
threshold; the output will be *1°. If not, it will be ‘0°. This
algorithm is called ‘Supervised Learning’ as the learning of
student iz led by teacher. [3]

Multilayer Perceptron: MLP is widely used due to it can
solve more complex problems; it can be applied with almost
every type of work. However, the number of layer and neural
must appropriate with that problem. Figure 4 illustrates the
Moultilayer Perceptron

Cennactions

Figure 4: Multilayer Perceptron

Learning Algorithm: Inputs of the first layer are the inputs
to the network while the outputs of the last layer form the
outputs of the network.

An input will be multiplied by every corresponding weight
of each node and then sum. If the sum is over threshold; the
neuron will send the output to be the input of another neuron
that connected within the network. If not, the neuron will send
nothing. The important variables are ‘weight’ and ‘threshold*
which correspond with the required value for the computer
learning and let it can customize those variables itself and
know ‘back propagation’ or ‘feed-forward neural networks’, a
pattern that has algorithm to update network weight from
output of the previous neural and compare with the threshold
then calculate the error that will be sent back to the neural fo
update network weight further.

Transfer function: there are many transfer function used in
neural networks i.e. Hard limit transfer function, Purelin
transfer function, Log Sigmoid transfer function. Figure 5, 6
and 7 are fransfer functions as the sample above which each




function will give the different output according to the
required output and this paper uses Log Sigmoid transfer
function because the required output is between 0 and 1.

T

Figure 5: Hard limit transfer function

'

; S

Figure 7: Log Sigmoid Transfer Function

D.The Bfficiency Bvaluation by ROC (Receiver Operating
Characteristic Curve)

It is a tool used to evaluate the prediction efficiency of
accuracy. ROC graph 1s the relation between True Positive
Rate (TPR) and False Positive Rate (FPR) as shown in Figure
8. The efficiency of neural network from the prediction can be
evaluate by terms of Sensitivity and Specificity underneath
sample size n considering the number of prediction result in
Table 1 [4]

TABLEI
THE PREDICTIONS OF THE NUMBER OF EVENTS IN CONFUSION MATRIX
Failure symptom of QST from Expert
True False
Pr.ediction Positive A B
failure True positive False positive
symptom
from neural . C D
Negati . .
network spave False negative True negative

From Table I other values can be calculated from

a
Sensitivity = a+te 4))]
d
Specificity = b+d (2)
(a+d)
Accuracy = (atbtetrd] (3
% = Curve A
§ = " Curves
1] 10 20 30 40 50 60 70 80 S0 100

False-positive percentage (1 -Specificity]
Figure 8: ROC curve

From Figure 8 X-axis 1s False-Positive rate that means the
finding root cause of the failure symptom of hard disk drive is
not related to reading head. Y-axis is True-Positive rate that
means the root cause is related to reading head and the system
can predict the root cause precisely. The area under the ROC
curve is the indicator of reliability of the system which
showing the efficiency of head failure symptom classification
in hard disk drive.

IV. PROCESS OF CONDUCTING RESEARCH

A.Problem Study and Procedures

Complex and difficult knowledge and proficiency are
needed in order to investigate and analyse the failure symptom
of reading head; the error can be possible if the analyst has
those attributes not enough. To prevent that error; multilayer
perceptron neural network 1s applied to classify the failure
symptom of reading head. The procedures of the study starting
from nommalization of the result data from Quasi-static test
following the conclusions that specified by the experts
including choosing interesting conclusions and normalize the
data, the data 15 divided into two sets including leaming and
testing data set. From data grouping technique, next procedure
1s making neural network. The procedures 15 shown in Figure
9
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=)

Results from Conclusions by

Quasi-static test the experts
s -
Nata
Neural Network Preparation

Conclude the
Failure
Symptom

-3 4

Interpretation

Figure 9: Research Procedures

B. Data Preparation

This paper used the results from Quasi-static test to test
reading head in the form of hard disk drive with both high and
low frequency by zero magnetic field. This study used
Multilayer Perceptron neural network, supervised learning, to
learn the neural networks. There are 1000 of data set used in
this study, 18 conclusions from the expert. Output from

variation is between 0 - 1.5 as shown in Figure 10
Boxplot of result from QST

o0
50000 {
0000 { P
1 som| '

A

i w LT

30000

10000

Figure 10: Box plot shows the distribution of data result variation
from Quasi-static test

Qutput data for learning is equal to input; 1000 unit. The
output data will be only 0 and 1 (0 means the failure iz not
caused by head and 1 means the failure is caused by head).
The expert distinguished failure from head to 18 types ie.
High write resistance, Write fault, Head asymmetry and so on.
2000 unit of data was uzed in the test which the datathat uged
for leaming and testing are different.

V.OVERALLRESULTS

Feed forward back propagation neural network is applied in
thiz study and chose Trainbr (Bayesian regularization)
algorithm because its improvements of memory usage and
gpeed of learning that is better than other algorithms [5]. The
number of neural in hidden layer that used in this study

derived from randomization 10 — 20 of neural that gives the
lowest of SSE (Sum Squared Error) while the learning of the
neural network

TABLEII
33E FROM THE RANDOMIZATION

The number of neural 33E
20 1180
19 1110
18 1050
17 1130
16 1100
15 1140
14 1120
1 1130
12 1180
11 1190
10 1110
20 1180
19 1110
18 1050
17 1130

Calculated the appropriate number of hidden layer after
getting the number of neural in the hidden layer, by testing the
accuracy of head failure prediction from hidden layer 1 to 3 as
shown in Table 3

TABLE IO
THE ACCURACY PERCENTAGE OF HEAD FAILURE PREDICTION IN EACH LAVER
Dumber of Hidden Layer
neural Layerl Layer 2 Layer3
13 82.8% 86.9% 96.06%

The highest accuracy percentage is layer 3 and the number
of neural in each layer iz 18 cells. Table 5.3 shows the
accuracy percentage of the neural networks for each form that
transfer functions placed in each layer.

TAELEY
ACCURACY PERCENTAGES OF NEURAL NETWORKS FOR EACH FORM OF
TRANZEFER FUNCTION

LAYER 1 LAYER 2 LAYER 3 Accuracy (o)
TANSIG TANSIG LOGSIG 96.06
TANZIG PURLIN LOGEIG 83
TANZIG LOGEIG LOGEIG 897
PURIN PURIN LOGSIG 956
PURIN TANSIG LOGSIG 73.9
PURIY LOGSIG LOGEIG 92
LOGEIG LOGEIG LOGEIG a5l
LOGSIG TANSIG LOGSIG 921
LOGSIG PURIN LOGSIG 92

According to the table, the highest iz 96.06% with Layer 1:
TANSIG, Layer 2: TANSIG, and Layer 3. LOGSIG for
producing the output to be 0 and 1.
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Figure 11: Neural Network diagram that used in this study

There are many tools that used for reliability verification.
Receiver Operating Characteristic is the method that brings
the relation between the results (conclusions), True Positive
Rate (TPR) and False Positive Rate (FPR) from the
experiment and be placed in the confusion matrix [6] as
shown in Table 5

TABLEIV
HEAD FAILURE PREDICTIONS BY HEURAL NETWORK IN CONFUSION MATRIX
Head failure conclusions by the
experts
Correct Correct
Head
failure True Posttive 85,16 256
predictions

by neural True 14.83 §7.43
network Hegative

According to the results, the cause of failure of hard disk
drives that iz from reading head, faulty head; the neural
network could predict that the faulty head is the head that will
be found the abnormality truly (True positive) with accuracy
percentage at 85.16%. In contrast, it could predict that the
good head is the head that will not be found the abnormality
(True negative) with accuracy percentage at 97.43%. The
accuracy percentage mean from the confusion matrix is
91.3%. Sensitivity or True Pogitive Rate of this study which is
the ratio of the defective hard disk drive that the canse is

reading head with all defective hard disk drive. For reliability
and suitability of the algorithms application in the study; the
result with high sensitivity should be used wherewith it is
properly for the result that is negative value, hard disk drive
that has the inexplicit result or similar to the cut off value that
used to separate the failure symptom. Figure 12 illustrates
graph of the relation between true positive rate (Sensitivity)
and false positive rate {1-Specificity}

ROC Curve

Truie Pasitive Hate (Sermitiviy)

000 012 024 036 048 080 072 08 03 108
Fakse Pusitive Rate (1 Specificity)

Figure 12: Graph of the relation between true positive rate
{Sensitivity) and false positive rate (1-Spectifity)

VI. CONCLUSIONS

This regearch is the usage of artificial neural network with
feed forward back propagation in order to predict the failure
symptom of reading head in hard disk drives using the result
of Quasi-static test that measures the reading head of hard disk
drive in the form of HDA as well as to create the tool that help
to analyse the cange of failure symptom from reading head
faster and more accurate. It iz very useful wherewith the
increase of data storage demand caused more and more hard
disk drive capacity. To prevent the slow data access and
storage and make it faster; the number of reading/writing head
for each hard disk drive is higher which produced higher
quantity of the complex data that needed more time to analyse
and conclude by the experts. Each expert has unequal
competency and experience; the conclugion from each one
might be different. Especially, when analyse with the high
quantity of the defect hard disk drive, the error can be easily
possible. This study contributes the experts in order to
increase the efficiency and decrease the time of data analysis.
According to the algorithms that used in thiz study, it can
predict the failure symptom similarly to the experts’
conclision which towards the further application of failure
symptom analysis in other forms such as HSA and HGA.
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