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ABSTRACT

In this/work, ‘we focus-on the.study, of\the '‘contact detection technique in
present. We also investigate the responds of head-to-media spacing (HMS) during
recording process: that affects to the recording. performance by using the contact
detection technique. Thermal.induced recording head protrusion and key parametric
test used in ihard disk drive (HDD) industrial are utilized for analysis. Also, the results
of parametrictest and areal density capability are obtained from the spin stand
tester.

The HMS sensitivity_indicates that the HMS during writing process ‘greatly impacts
on the recording performance. in the view point of bit-emror rate (BER); bit per inch
(BPI) and signal-te-noise ratio (SNR)~Only a-nanometer change of HMS can be caused
in the increase and 'decrease .of those parameters. -The results‘'show that BER can
change about 0.26 decade“from-the optimal value.-BPLis able to higher and lower
around 64.84 kBPI pointing to an areal density and SNR changes 0.45 dB
approximately. Inaccurate contact detection directly results to incorrect active flying
height as well as HMS and degraded recording performance for high density magnetic

recording.
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1 Close Point (CP) Clearance: szazwiitiosignszwinsiiduiinuavtuiuiinteya
2 Read Clearance: svwinseninahguiuwuiuinluvazeuteya

3 Write Clearance: szgvinsssvinsiidsuiuukutuiinluvazilisudeya
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4 W-RP (Write-nduced Reader Protrusion): mswasusumiswesiienluiievsde
L*fj'wmt,wiuﬂ'uﬁﬂ“ﬁa:alaﬁLﬁméu‘lummzﬁﬁ’u%wﬁwé’aﬁwmu %QQSLWIUIUEU‘U@QM’]&JEJTJ

5 H-IRP (Heater-Induced Reader Protrusion): n1siUasusuvisvesiisulufieniade
drmuiuiuiindeyefifstuluvsiignindenivhemmieudnsumiluguvesmuen

6 CH-IRP (Contact Heater-Induced Reader Protrusion): nsiUagusiumisvesiaelu
fensdadmnudutuiinfeyefidetuluraeiifinisleunnufeudieliiAanisdad 9n

FIUNUIUEUDU NEIUANSOUN 0 HadTns udIPINSuANUSaUNYIN AR SEURE
anunulaluguves CHIRP = H-IRP

Head N W

|
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Ui 237 ineased UL nuz S it ua T
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& _r——-b%.?..... T—
= ~— R
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= Y o Y @ = ° a
E‘UV‘ 2.4 aﬂwmgﬂqiﬂﬂﬁua\jﬁjUUﬁﬂﬂmeﬂLVUU?u’WqﬂﬂﬁgU’JUﬂqiLGUUU
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&, a o o ) v o v a A w v @ e |
Juaouendilifimstoundsnuninuioulas isliifansiasivesiiduiinuay diulugy
#i 2.4 duazuansliiiuidnuuznistasvesiatuiin vargnvileniannnnszuiundou
nNaIAD °umxﬁv’hmsf]aunsmalﬂﬂ'ﬂﬁﬁaL%&JuLﬁaﬁ'lmsL%au%'ayjaLaqﬁuﬁda’lﬁlﬁﬂmw%@u

aunsavinlsinnstaaluseauntlane uiy
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----------

D R Y -o...-—I__—

AAB AFH
(due to self
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HIRP

Close Point

JU# 2.5 anwagMsBaveshUuinvazgnmiienihanmsleundanumiuiou

Tudruvesnsdagafatieuiiiesnnnisnisneireudsuiideulvfuan
mmpuieu (Heapel €0l Fouantiizun 25 h Semtumeuiinmiunsmeannuduiug
sywirandsnhghu feuilloud dseddiinan ) sEaa-de Jud uaeudiaie iylunszuiunis
ASINVUM TRINE SIS D LATURHLIUNANUB S

dniliigli26 RtuandliThidranduyiilinytounda uashusorfoliA Ay stndaves
s uafisgaitendshe Rl duda LT ot U il Bndelya deuss
inavesa sduiissenirsamieui DoufiusseronsaetasenaasiviilinSysuiunisduly

e L 0 KT IS R G TR DA G S

..... """E"F"""""""""'

3

sesgenesnogfaniee -—T—__._

AAB AFH
(due to self
comp)

CHIRP

Close Point

gﬂﬁ 2.6 ANWUYNISEAVBIIVUNN ‘ungnmﬂmﬂwmnmsﬂauwé’wumm%’auawﬁmms

Auna

2.3.2 YUABULALITNISIUNITATIVIUNSHUEE
TURDULALITNITNISATIIFBUNSAUNEIUNSVIRaastazldmelinanudnniswteiun i
Wansgadiannauiou lngazEunnnisliidsudeudeyasmedygrannudiiedas

ULUN3N (Track) 81984 3 undn Asuansluzuil 2.7 uay 2.8 fie
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1 unSnnans (Center Track)
2 unsneuuen (OD Track) Awualiidusiuuan (Positive)

3 unSnenulu (D Track) Avualiidusinuau (Negative)

U 2.7 AUUUUASE USSR UM

P @ < v P L
sU#l 2.8 nTaiTvenwiadesmiglilumsnsiovnisduda

wasantuarldiiguiiniseuueunagn (Amplitude) vesdggrunilouasiving

Y

Aop inaufeuthluivaalannuieuiieviliieuianistnd lnsauuigiufe u
vaugfidalifinstoumnuiou dundsnansuninarsazliueunigangegauazuounayn

vosuninFutisiassdesiniuaziidlndfesiu  deiuanslugui 2.9 wasguin 2.10

v

a

wavilefinstounnuseuiielieudadidrlndududuiindeyaunntudweuniynieu

fmsargetuFony veauuninmuszezmstavewioiu finseudyaaazilinty

dleeudnlnddeyangnideul Fuuwsududin



13

Relative Track
Amplitude
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Amplitude (dB)

200 |
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Heated_Amplitude vs. Power itleat. Con

- Heat_Neg

- Heat_Pos

Amplitude (dB)
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a2 L% 1

drunmnnegeuinfnnsdudadussninei duiinduwsiuiuiindeyadela asgain

=

msiUdsuudasesdyguvesueundgavesivanuunindazgnwasyn  (Plot) Tuguves
rudiussEninsefeundeutiunadsveseumdgn e Arnufouiiiutulaegaiifin
msdudaagszylianyafiniuduveddunsin dPES (Delta Positioning Error Signal) ifin

madsuLUasudaiududdd 0 wilua diuanslugui 2.12

a P% ) o v a - W v v o=

2.4 waiian1siaudauisliiiani1stafvassiadudin

dviuiinmslumsaiuaussesviavesiiiuiindeya (Mdeunasiigi) fuudutudin
sﬁagamsﬂumsﬁﬂmLLasmaaaﬁu%’L%’wé’ﬂmssuaqm?umﬂé’amaqi’a@ﬁwmﬂ%’mﬁﬁau
Tngafusynanuseuininasfastilnadurmideulaziisu Feanstamveiduiinteya
faNa18nU1Nalamas L datududoulazilaswusenounaitupg1sfitAe1te9 g
AANYULNNILANYDIIER) mmﬁa@mauﬁ’alﬁmﬁummLﬂuﬁ’aﬁmazmmﬁmmuma
il uaudfierfunswioniawuusvaninfi-nsiheuieaulaznismanudou
wazn1saaydusuuuuBanturo ot WeNIMNUULT BUMANTEUSIndaNsauRItudin
ﬂumz‘v‘hmiﬂ’uﬁﬂﬂagaﬁﬁwaﬁ’uﬁums%ﬁaé’mﬁnﬁwﬂa'nﬁa Wlegamilnaauseuiinig
Wasuulag ssesvinsvesntuiinduiduiuiintouatelins vdsuitase [Hosain Tunis
=1 Ly LY v =P L% dl' o
gARID0NUITBNIVIIUUYNDULLBINAINNITAIUANGUVINN (Temperature-Induced.  Head
Protrusion: T-HP) W a8d#1iM6:N91nA2 0LANAIN0 8RS M5B8 s ue tianusazyila

o & 2 A Yo P ' = =4 ° P YA Y| ¥ w et A
westuiiniialdsuainuiouadnidey dsazyitbifnn Sinsansulddruresituiinga
88NNNANILUNA uenanuuu assualiihnlddwiudgndeua (Wiite /Current) Tu
nszviun1sNMsdeddayaieanddulumsiiiifaauseuduiivinadanseufituiinde

1 s d! o ¥ a b~ s U ! I~ Y2 dl' < 3 .

wuiy Fsagyiiifnmsiaiivewheuilsudiuiainisunanidyudeya (Write-nduced

Head Protrusion: W=HP)
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JUN 243" du traltingedeelvaslanasidsupmarosunuiugig [21]

9N3UT2.13_uasrdlfisuainadanvain dimiudueardiudeyadufinannis
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Ugber Shield
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ABS Surface Side
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R/W Elements

0 S

= e a d o bl
JUN 2.15 nszateiinvesgauililelimsydueuiou [22]

a o/ o @ ¥
2.5 wallan1isdumIdaEElagly TCR sensor

< < sa o oo L = ar ! v W
TCR sepsgf A iduwainviintiangsniuatngasigmmeasiidlugiudeniitudin lag
£NNIN NIRRT WT RN  TURTAULHITY ey Lneqipsui 2.16
way 2.17 AUunyudae @ vl es TCR sehsof-fgnaapadtuludauvpsiduiin

= o i v D AN % vId EE - oy a
wavausLuap e IR Wetng e Sunn Tyt aviaiaiing nuBiEa il viinns

UAF9NAR1T501

Suspension
Slider

H dtransduc Heater

(writer & reader TCR sensor

—————>

JUN 2.16 yuupsanauiTBmalsErewRRiiiuMrTlegvilowiuiuiindeya (23]

Suspension Suspension
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Head transducer \ Head transducer
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_—
JU 2.17 Whiuiinuaziduiresnsduguugiiluanngneuimsivisniainauieu

LAZUAELAANSIMTEIUNINANUSDUIULAANTEUEE [23]
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TCR sensor 9143t TaqailiAnmsdutanndadseninedasmsidsuuaes
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HMS = Head Overcoat + TDH + Clearance + Media Lubricant + Media Overcoat ~ (2.1)
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Read HMS-CMR waitlél kBPI (kilobits per inch) = 2189.69 - 23.17 x Delta HMS (nm)
Write HMS-CMR wafilsl kBPI (kilobits per inch) = 2192.53 - 64.84 x Delta HMS (nm)
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very low head-disk clearance, variations of the flying height for a half nanometer have an influential effect on the
magnetic recording performance [1-2]. Practically, the flying height variations can be produced from many
parameters such as a tolerance stack-up in manufacturing processes, the head protrusion that induced by ambient
temperature, and write current in the writing process. Due to the ambient temperature directly affects to the head-
disk clearance: therefore, when the ambient temperature was varied, the clearance will be also changed. Moreover,
&eheaddxskclmdﬁmhmsdtmbkmpuﬂmmdueedhﬂdpm&u&m(f—ﬂﬂ) which induced by
differences in the rate of thermal expansion of head materials as explained in [1-2].

To achieve the accurately target head-media clearance during writing and reading processes, a slider that consists
of a heater near the read/write elements should be adjustable to achieve the appropriate head-media clearance [3].
The head deformation can be induced with the heating from the heater, which can move the read/write elements
closer to the media. It is called heater-induced head protrusion (H-IHP), which consists of heater-induced writer
protrusion (H-TWP) that used for varying heater during write i.c., the read clearance target is fixed, and heater-
induced reader protrusion (H-IRP) on during read i.c., the write clearance target is fixed. This protrusion can
significantly improve the potentiality in both of writing and reading processes of the perpendicular magnetic
recording (PMR) system, cspccially at high density recording.
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3. Results and Discussion

Theovctvmtemsmeofthemﬁmpmmpmwfmemmngthcwnubmtyof&cwnmhudud
:ecordmgmedm.Thcpnposeofdnovamﬁenstummthcmmmofmdmlugulmmgﬁomdm

previous write when new data is written over it [2]. In this experimental case, the medium properties are constant
and only the head field is varied due to head protrusion. To investigate the dependence of the overwrite on head
protrusion, a high frequency (HF) pattern with flux changes of 322.745 Mflux/s (or 161.3725 MHz) is written fully
the track at certain heater power. Subsequently, the HF signal amplitude, Vo is read back through the narrow-band
filter. After that, the data track is overwritten by low frequency (LF) pattern with flux changes of 49.65 Mflux/s (or

24.825 MHz). Then, the residual HF signal amplitude, ¥7 is read back through the narrow band filter. Therefore, the
overwrite value can be defined as

OVW = 20log,,(Vo/Vr) in dB. 3)

Fig. 1 and Fig. 2 show the electrical perfo:mmces of the OVW versus with the H-IWP and H-IRP, respectively.
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SNR = 14.089092 + 0 4520288 *H-IWP (nm) SNR = 14.742662 - 0.1043365*H-IRP (nm)
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Fig. 5. Electrical performance of SNR versus with the H-IWP. Fig. 6. Electncal performance of SNR versus with the H-IRP.
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Abstract
Shingled magnetic recording (SMR) is a new hard g "
drive technology that allows the tracks on a platter & I >
to be lavered on top of each other, just like roof Z i
shingles on a house, to increase the platter density; -
tracks per inch (TPI), which leads t l
higher areal density (AD). At i - however, " : L e
head-to-media spacing (. be invest, / [ "&:'cm track pitch
due to it directly a 0 Wt }Il\ ‘ %, N =
performance in the wiiting and rea?i'e;m%&v \ / Wy cenen RS
Therefore, this pa; esents the HMS sens. }S /{ (b)
for both of convenitional mdgiietig Tecording ( 3 = = .
and SMR on th 7 sth_an’d_[gsz The axperi 7 Fig ~ y c) n(.) coms;j vy ::g::::
results indicate gthat the HMS |chardc / ‘( ) '
SMR have almast the sa; 1 ; ) N . )
reveals th ilﬂJ? 1ing - rechni > 3 N ‘m- it Y i
adopted to d the . enth ] lv?@? il
recording fechn Y / ity [2]. e know. one
() # 79 L the\ factors 1 ofmance on
Keywo Shingled ; ohi is spacin which
Head-to- Sgc - d et 3 rmance in the
protrusion (H-THP) ¢ e ]. (Thergfore. the
e ity e d-disk
1. Intr ti ‘ t rease th S are
Perpendicular 2 N bect wa 1 5]. Low S is a
techuology s b llSC('i fo and ena writ ty/ag well as
approaching i p}@ons to the - ng féadback signal-integrity (6], is study:
paramagnctic £C g:] Van ere; stigated- t sensitivity
recording t e rﬁcdcd for-ach: S i e spin stand
areal densﬂy_( o] curren S ct s for both of
by hard disk driye Sdesign. ed and alSpco through the bit-
conventional magne’ of CMR), show T rate R). ki (kBPI), kilo track
schematically in Fig. 1 a s pitch that is per gimh (%1‘ @ . and signal to noise
sized to match the writer such @igzgj i (G\l%. e ifiental results indicate that
izt b TS et

do not overlap. and the reader

that the signal from only one trac

increase the AD. shingled magnetic recording

was proposed [1]. SMR is one of a new HDD
technology that allows the tracks on a magnetic disk
to be layered on top of each other as shown
schematically in Fig. 1(b) for increasing the tracks
per inch (TPI), which lead to extend AD beyond 1
terabit per inch square (Tb/in").

s have almost the same trend
refore, we can confirm that shingled
technique can be adopted to extend the AD of

the currently magnetic recording technology.

The rest of this paper is organized as follows.
Section 2 briefly describes an experimental
methodology. Experimental results and discussion
are given in Section 3. Finally, Section 4 concludes
this paper.
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2. Experiment methodology

The spin stand tester is used for this studying. The
disk and head are set in the spin stand tester. which
consist of the spindle unit. the read/write unit, and a
fly-height adjustment unit as shown in Fig. 2. The
tunneling magneto-resistance (TMR) heads in a form
of head gimbals assembly (HGA) are selected for this
testing. All parameters of the spin stand tester are
measured at an inner diameter (ID) radius with 5400
rpm. skew angle of - 13.5 degrees and the linear
velocity of 317 inches/s. The nominal track densities
are 370 (fixed TP of 68.58 nm) and 485 (fixed TP of
52.58 nm) kTPI for CMR and SMR. respectively.
The nominal linear density is 2036 of kilo flux
change per inch (kFCT).

First. the spin stand tester is used to measure a
HMS versus an applied heater power. The test result
leads to the calculation of a head pnotrusion rate

(AHMS) and the head-media clearance w
active fly-height (AFH). The h:a otr

heater-induced head protrusion (] t.l'
Wallace spacmz loss method w

technique given as [7]
AHMES o o

where v is the v
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Fig. 2. The schematic view of apparatus on the
spin stand tester, which consist of the spindle unit,
the read/write unit, and a fly-height adjustment
unit.

pattern in random sequence onto the medium. Then,
the data is readback from the written track. The
number of error bits is given by comparing the
readback data with the written data. In this work, we
define the BER as BER = loglO(NE/NT). where NE
and NT are the number of all detected error bits and
the total number of written bits, respectively. Fig. 4
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shows the BER performance of during write and
during read processes. It is clear that the performance
can be mmproved of about 0.26 decade for SMR.
when the HMS was decreased by 1.6 nm in the
during write process. The reason is when the head
was protruded, the gap between the main pole and
soft-under layer will be decreased which lead to have
more magnetic flux at the recording layer. Therefore.
it also leads to have more efficient on writing data.
While during read process. BER performance can be
improved of about 0.12 decade. For CMR, the BER
performance improvements are round 0.43 and 0.13
decade for during write and during read processes.
respectively.

B. kBPI, kTPI, and AD Capability

AD is the measurement of data dcnsity given as
AD = kBPIKTPI in Gigabit per inch a
(Gb/ m‘) Therefore, the key fa
improvement are the increase of kTP
of them. Here. kBPI test sta
initial BER with the nominal d
Next. we reduce the bit'tength

a rate at

data rate and repeat’ the write and
again until the BE aches-to-th¢ “threshg b
that, we calculatg/baek the data raté from-t 2t
achieve the bit Je; ¥BPT

track degra

remaining
Finally.

{1 During Read_SMR
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Delta to nominal HMS (nano meters)

Fig. 5. Kilo bit per inch (kBPI) vs. Head-to-media
spacing (HMS).
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G 34 ¥ N “Qr wider T MR is the cause o
2 N . i :’ SJ Li{%ﬂ’ re m SMR of about 69 kTPI for both
- : . , of duri -- reading processes.
-3.8- Sm::f:f,;‘: ég.“',:: Read_ vc also illustrate the AD capability
-4 : & x < A mlmovcmcm of SMR over CMR as shown in Fig. 7.

Delta to nominal HMS (nano meter)

Fig. 4. Bit-error rate (BER) vs. Head-to-media
spacing (HMS).

SMR provides for about 102 Gb/i /in” relative to CMR
for both of during the writing and reading processes,
which is driven by increasing the kKTPI. This resuit can
confirm that shingled writing technique can be adopted
to extend the AD of the currently magnetic recording
technology.

-300 -

87

. PN ¥ o [ v B = & 1 Y o ¥ ¢ v 1%
nansiiluenarsnanulidmsunmsldanuienisfinwwingu lueygalmhlulduselesisunism

lidnsdilagiadu dnvivnuiilvidaulasilent wagdesdnadadadivesenasynasaninisialuly



. 950

% 850

750+

AD capability ‘gigabits per sq. inch)
2+O
L)

0 02 04 06 08 |
Delta to nominal HMS (nano meters)

Fig. 7. Areal density (AD) capability vs. Head-to-

media spacing (HMS).

5. Conclusion

HMS sensitivity for both of CMR and SMR are
conducted on the spin stand tester. The experimental
results indicate that the increases of BER
performance, kBPI, kTPI, and AD capability have
almost the same trend as for the conventional
recording with the reduction of HMS. The results of
BER also show that the write clearance has more
sensitive to the decrease of HMS than the read
clearance for both of CMR and SMR. We also found
that the increase of kTPI from reduction the TP to be
the narrower track on SMR results to improve the
AD capability. Apparently, this spin stand study of
HMS sensitivity reveals that shingled writing
technique can be adopted to extend the AD of the
currently magnetic recording technology.
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protruded during the reading

also mixed with a noise power in

rate of the power signal. Therefore,

almost constant for all HMS varying. It is clear

the SNR is loss just for about 0.13 dB when the read
clearance was varied by 1.6 nm. If we consider in
CMR. the result shows the mmprovement of about
0.77 and 0.21 dB during the writing and reading
processes, respectively, as shown in Fig. 8.
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