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ABSTRACT

with

This thesis presents factors affecting the quality of read back signals and

how to improve the amplitude of the read back signal in order to improve

correctness of read back data. We found that the bit-island size and the bit aspect

ratio (BAR)are the essential factors to improve the signal strength and bit error rate

(BER) performance in staggered island bit pattern media recording system(S-BPMR).

Moreover, this thesis proposes new methodology to rearrange the data patterns

before recording by rotation technique. The statistical results show that the

_proposed methodology can improve the overall read back signal amplitude by the

accumulated weight cateulation technique. As a result, the BER performance of the

proposed method is approximately equal to that of S-RBP. However, the proposed

methodology takes less processing time than S-RBP by about 155 times.
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Tnguuuues Wevhausmiumadisialaensdnguuurssdndeyansunistuiinluns

=

nsiihsiaseslifsngdSnisdneg fansnsandnifesnisduiindeyaiifiuuuudunslfiinms

L)

unsnaenvasdnygremuuaame lunmstufindeyaidauiménuuuinguuuuides aanduii

mwmaauﬂsxﬁm%mwmaaasuu’lugﬂLmeLiémm‘f‘iaulmnm Tasdanslulusunsy

MATLAB %"mamwa’lugmmu gnsrUnRaANang Lﬁauﬁamﬂeuﬁumugﬂuwmaﬁuﬁﬂfﬁ'a;&a

wavmudouladidvun Inendwugatududsoonidy 5 un dai

unii 1
a%maﬁaﬁmLLa3mméﬁﬁfy%a&ﬁm_}m,mms}iaﬁuLLaﬁmqﬂizaaﬁ%awm‘iﬁ'a,

=

ausglunide nquijuasiuifnlumsive

unii 2

oduisimguiuasudnnns lud vnnshauiuguiazuusiaswesnistiufin
%’agm%majmé‘ﬂLLUU%memLﬁ%u"lumLiéufuuﬂnﬁuagmmémmﬁyaq, LAELUUIADY
dosdayaauuulinedos

Ui 3

@%‘UWEJm?LL'VﬁﬂEIaﬂLLUUﬁENﬁmumiﬁuﬁﬂ{fagaL‘?IGLL&jmgﬂ W¥ouIeSUIEHANTENY

= a o '

fnaINNsUNINdentINa",15¥eTeI19ITUS U (equalization) | &nNA15ASIANN
daya (detection)LLaﬁgmiiﬁﬁﬁﬁﬂﬁmﬁﬁﬁﬁaQ'L?m(conventionat 2D coding), N3LnTd
InsmsdnguuvureslndeyareunstiuiinlunstuiindoyaiBauimdnuuuinguuuuibes
(staggered recorded-bit patterning :SRBP)
uni 4

ssuiividMsAnyinavemsruMsTayauardnidmsrsziasdadoya M
svpvvinsewinaunindaya Bit aspect Ratio: BAR) lumistuiindeyaifasimanuuy
Jnguuuuides namsvaass safanfiveiiieades Tnethini3suifeusswinauuuni
ludeulvitfmuafisiu wazasunedaismsdrsiatoyslusiuuumudeyaitiaue ua
Lﬁ%'auLﬁaummmmia‘LumSLﬁnmmwﬁamwaaé’fggupmdmné’u (Signal strength) Taens
Lﬁauﬁ'\ﬁmﬁfﬁﬁmmméwﬂé’ULaﬁaaxau wazRansanmuanslunsiey
unil 5

ayluazdalauaiue



UnNn 2

NOYHHALUANNIT

Tuunilegnanfmguiuasudnnisvesnstuiindeyaifuimdnuuulaunaiify
ffiy (Bit-Pattemed media recording: BPMR) wuudnasstesdyniamuuldseiios uay

ﬂﬁ"l’lﬁdﬂ‘SEU'luﬂﬁEi’]ULLaBL?ﬂUuﬁaﬁgﬁ Lﬁ@iﬁLﬁﬂmmL%ﬂﬁfh.m']wmmaﬁsuUmsﬁ’uﬁﬂ%’@uva
\amavEn

2.1 nstuiindeyawuudaunmisufifie (bit-patterned media recording:BPMR)

TutagUunistufindoyaiBusiudn (magnetic recording) dinudesnisiiuiidaiu

o

Iﬁﬁmmm%muﬁqﬁu LLazLﬁawé’ﬂLé"&mmaﬂwmu**@m%’amnﬂsgl,ﬂa'%wwaﬂLa,mx,uﬁﬁ [1] A

TodrinvaemsifinaruviiwinlunasTufindeyatdusiménuuaia (perpendicular

2 s =5

magnetic recording) WWAILND

U

Alemengnuimutnatuladiieoivanuruiedulunisdusin

Toyadmiumstuiindeyalugisafariilasi (Hard disk drive) Wiaamaunnnin 1 wmszdng
& O = o e W a ' = o o o o v e W

m31ei (To/inweluladnsduindeyaidaimdnuuudnumnisuiiiis viamsduiindeya

Faudmanuuuiaguuuuaasdetuiin (bit-patterned media recording : BPMR) 1Jumnalulad

=)

ifeguazesdarioiinaunuiunsiufindeyadinsumsadndlaiul Taseadrsveans

U =

Uuwﬂ%’amﬁmﬂmﬁmmuﬁmu:wmLﬁ"i’uﬁLﬁaﬁﬂwﬂ“’mﬁuﬁﬁm%’mﬁwﬁa;&a (bit area) HigUuuy

Y

[ - . d = o i 4 9/ i}
Duinizwimén (magnetic istand ) Tagiinnsanasiumis auin uarsUnsIAe ULy ulag

Fvheduulues (Nano meter) [12] ﬁ'ﬂLLam‘LugUﬁ' 2

Patterned Media

Granular Media

s

L
magnelic
transition

single domain
magnetic island

s O+ magnetization !
grains i <~ magnetization :

Ui 2.1 Tassaiawesdetuiindeyavesmstufindeyadaivdnuuudaunaiisuiinal12]



’Luﬂiamuﬂ'ﬁdm%w\)a WIBIUILNINTATIIUN S AL UL YA vDINAnduLvan o
° VA = = ' 2 & o ¥ a = o a & @ <
Anuaninsasuan ugAduLLwan FavinlviianisiuiderdAaidunsesulnidngy

yayauiadlurnaln e umunguesiisuag (Faraday’s law) Sailiiinussdulniafe

d :; =) o = o L3 3
V =kN_?¢ Toedl N Aasnuiuanainuay 1] AonanduLvAan
1

o

o L Q‘a& L% 1
luwvudrassnansvaussdyanaiaduuvasdfififldisuuuy MR (Magneto-

resistance) wsinulnA e 1unduaniludadruiundndulivgn w uSuufuinees ABS (air

v

bearing surface) mmmsawauaum'ﬁw 2.1 laigad [13]
Vi (x, y) = Ch(x, 2) (2.1)

iﬁm 2.2 UanalAsaasaiieuuuy MR LL'ﬁ“‘Lﬂ’l”LLiJL‘v‘TﬂﬂLLUUﬁWﬁEﬂJW}Gﬁﬁ e v,

e & 1 [

Aaussiulniingundu, C Aeainasd, ¢ ADNANTIINAN, o AeANBNNVaLMERWEn, &
AoAuguannIELlvEn, d fessesliuvesieny, g foauniewsresinsenimuny
LASTUAINYRINIDIU MR |, ¢ ABAUVNUIYDITUAIUITIEIU MR waz V. Aaalnuninewad

FuaEIUIIU MR

JUN 2.2 139859909978 1UMUU MR Wazinnzuslngn [13]

nMsAavANBIEnTlmanaunsa@suduaunisiansd

a d+§ a (x,yz) (22)
Brey = ,uo-[ j j =M (k' ¥\ 2" 2)dx" dy"d!
-a d -a
1o N Aa anwduruldvestesingdasy (free space)
i Ao nizualuvealniunnmw

H Ao AUNLVANTEUIILARIINUAAIATURATN



M, (x,y,z) Ao aniwalruiduuiivdnvesdeduiin (media

magnetization)
y Aa Arvnalusulnsmndudedulin
at &

G UAN WAL UL NE N U ULUIF S miﬂ%ﬁu%%awamuaumawwmuam‘lé‘lugﬂﬁﬂa

] -3 =
LUWan () Ao

o d+é

B s uoj ] IQ&J_Z)M P77 B (2.3)
- d —-a a.y
w38
o d+d a 3M (x!—x,y',zl) (24)
Pon = f[]w(x,yz){ - » dx'dy'dz'
-a d

o /0 & & o v - § ' o o 1Y) a & - &
wielihetuiaimusliiasundeuiwuulifinsdu ildszaznrstuluwnsmsowny » 1y
A

Wensivnaniwan U lusimanLuULLIs SAiafuaInda M enizusiiud

o ] Volg e & = = v &
LU‘HﬂE}ﬂJLLNLWaﬂ PNUUENNTSY 2.4 L‘?JEJ'N‘LWGNH

x+al2 s+al2

VEn=C [ [ ME'=xphz= ) utid. o)~y dw 25,0 dxdz 2
x—al2 z—al2
M (madia-magnetization), x,z € - island
Me (. v 2R o o
> else

C Aemsidsannsiatsatnlvldme ndryaugrundulussuuiuiindeyawuy
wuwdnle

v, mﬁiﬂﬁmnm'ﬁa"iﬂawamauaum Tyaraiaduuvassliidmsuzunswasihieny

LLﬁvﬂBQJLLNL‘Viﬁ anlae wﬂ



JU 2.3 naneuauasdyguinduuudedfivasnguusvin

LUUITBeNanD UsUIdRy g uiadLuLaesiAves M sTuiindayadulisdnuuudn

wnaLiisuiingannsaussnaidygrauiadlidunmd@euiuuasdia Jevaunislad

2 2 (2.6)
P(x,z) = Aexp —l{;ﬂ +%}

e P(x,z) f9 nanauauasdyy uiad wUUE0R
Afe Uoumaga(Amplitude)geanimviiiu 1
= 3 =1
x A9 szpginlulImuumnsn (along track)
= 3 3
z A9 FrazvinaluduIvnunintacross track)
W, fie. fn PW,, (rnuninsvasdoyaaiadueamagn 509) luwmuumin

W_fe A1 PI (auniavesiaaniuenndyn 509%) tuwwivinaumnin

W along-track P 50

(2.7)
! 2.3548

W across-track P 50

) 2.3548

(2.8)



'
o <

Fygrasunuaindetiuiin (media noise) AnTuldarnaulivtiveuvasanm
auduwimanludetufin viainenarudumiuresnizuivan Fadudyyrnsuniud
damansznuspzuutesdyaanniign Tnaliaussnuzvesszuvanas dunn 5 Usensii
ﬁa’Lﬁﬁmé’m;gwmumu%‘aﬁ’uﬁﬂluswumﬁﬁ’uﬁﬂﬁﬁagaLLUUﬁmLmeLﬁ%’uﬁlﬁaﬁﬁsﬁ[13]mm€4’u
HIUTBIUNUS (position fluctuation), M NAUAINYBIIUIA(Size  fluctuation) AITLAUNIY
VBIAUNUA (thickness fluctuation),AIUHUNINYBIFUTA(shape fluctuation)uazuunille
L%%Lu(magnetizaﬁor?ﬂuSBUUﬂﬁﬁuﬁﬂ‘ﬁmﬁaL‘?NLL:U'LﬁgﬂLLUUfJG}LLW@Lﬁ%uﬁLﬁ&!ﬂ%WUﬁmﬁmm
'aumu‘ﬁr‘fjummﬁumwuaqs‘hLmu'qLLazmms‘i’umumawmmmﬂﬁqm[l3}
ﬁ’zuvmpmiumumﬂﬁ@ﬁﬁﬂlﬁi%ﬂﬂﬁﬁﬁﬂ%;&ﬁL%majmﬁﬂ nuudauwaLisuilifed

LARIINAMUABNIUNENLS ausoideuldaiuauniss

2 2 (29)
1 +A A
P(x,z) =(A+ A, )yexp{ == Y224 2N

+
20 (W, +Ay-) c(W_+ Ay )

1l P(x,z) WHunanauaus @y uiaduuuaedii

= 1

A fg uouwaga (Amplitude) geanilaviniv 1

x fn szazvnsluluiauunin (along track)

z A9 s¥eyyindlululvumnsSn (across track)

A A ArudurIus skl amsn

A, A9 AUAuNINYESEuRU UL LTINS N

W.fo i PIV,, (mnunhevesiaduenndgs 50%) lutuimuunsn
W, Ao’ f1 PW;, (mmni’wwmﬁaﬁﬁuauwﬁgm 509%) luuwivanaunsn

A, Ao ANAURIUTBILANNEH

b

y D ABAIURNUNILTEY PWSOIMLLM’JWMLVI%?’]

A
A, A9 AemudunIuves P, Tuluivnaunin

S

Ao AR ¢=1/2.3548 fiurenaruduiussening P, wagan
\Uaauunesgiuvesileddund iy [13]

ansndaestesdygrasundudmivssvunistufindeyaawivan wuude

1 s £

wwaisufiiaold lasordedyayrugiunduaindeyadnfisiauls Wunismmasiuves

nanevausdyyauiaduuudidureinguuivinluuiniuunin uazannunindrafssaes

=4

wnsn wa&ﬂui:ﬁawaaﬁ‘aémﬁa%ummuLm%ﬂLLazm’mLm%ﬂﬁﬁmmﬁ’uﬁuéﬁuﬁml,amwﬁw

U U

<

VoINS UNFUNLAIINTIB I Asiudyanusunduiildsuainiisiuainuninndnded
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HANSENUIINAYYIUNITUNINADATENINIUNTA 151815031809y 1MB NN ULDY
Yoadgaunlisailiomana (discrete time) lnansutasannisi 2.5 Imdusuulisaios
ladsi

M

N
Frie = Z hm,nxl—m,k—n +r,=x,Qn0, +n,
m=—M n=—N

(2.10)

»
k%8 1

oy x,, Pevesdygroduns Miideyainiusiuiu M 9 waziidrwiuuninminfiu
A

Y

WUSEANSNARDUAUDIURITDIA Y 10Ua0TR, m Fervilrag

=

Tndeyautivanlunuiniuunin » fedwiivesdadoyawiivanluiuivinwumin, », Ao

yrasumundAdsudrnnuuuin lnsansaduiumilaan hsdrusewinadygiase

2 2

)1045UNIU (signal to noise ratio: SNR) %quﬂﬁaﬂuima SNR =20log,,(1/ o) Svbendu
WaLUa (decibel: - dB) e o ﬁar’hL‘ijENLuumm3§ﬂuwaaﬁmmﬁm5ummmét%auﬁma
uen9niaunsT 2.10 Eqi’ﬂﬂ’llﬂ‘iﬂL%BHLLUUﬂ@UI?Q%HﬁENﬁﬁ( 2D convolution: ®) 141

s aUsTINaIA1Ye I s TUNAUTTiHERB VAN LUV NFIUR 3x3

IGieaannnsd 2.11

2 A NS g (2.11)
S| TN v ansscrii A0 A Py
hj—l,k+1 hj,fm B i g a o
Toed
h,,=P(=mT ,~nT ) mmne(-L,0,L) (2.12)

P(x,z) Ao Hameuaustuun dfyuanilii (20 Gaussian pulse response),
2L +1#A9 Anuedasdyn e, 7, Aeanunitwesds, 7, Aorunitaveaunsn
IE@wNTeAuINmIANITIILYNYBIN sTuAindeyaldind 7, asvidu 7, 3a

annsalagaunisn 2.13

10
1550(7.T.)

Th/in? (2.13)

lagfl 4D Famnamuiniuveinstuiindeyaiimbedunszdnsenisiei §a 1

MMIUNRTIHIAY 1150 m5nila wae T uaz 7, imboiduunlumns
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- . o I o ) o o v s v 2
Wo 7 =7 =18nm Limslﬂm’]wmLLuumm‘umsuuwm;azsammu 2.0 Th/in

[

wazleranauausIuDItasdyyIeUNdUl

0.0213 0.2321 0.0213 (2.14)
H ={0.0919 1.0000 0.0919
[0.02i3 0.2321 0.0213

= o ' o @ v e W I oar L2
We 7, =7, =16nm stxlmmwwmLLuuamsumiuummauuam'mU 2.5 Tb/in

uazlinanauaussvastiosdyanaundusial

0.0478 0.3154 0.0478 (2.15)
H=]0.1517 1.0000 0.1517
0.0478 03154 0.0478

= Y o o T Y . 2
wa 7. =T =14.5nm Li’r«aﬂﬂﬂ'}'}wmLLuumwﬁ‘Uﬂ"ﬁuwmagam'mu 3.0 Tb/in

uaglananaUALD U o Id A NETuNa USRIl

0.0824 0.3876 0.0824 (2.16)
H=| 02125 1.0000 0.2125
0.0824 0.3876 0.0824

UBNIINIUIIINTAATNAYYINTUNIUIINAUAUNINYD I (Position jitter:

A, A, ) Wagliflidunsnssngarinhasduuvunmddeuiifidnedo Suguduazani
wsUsiueo; #io, Wuedinus (%) vesnnugnvesindeya 7, luauniswansuauasiuy
WA suaDiR P(x, z)

ﬁLTJumsLLamﬁmmmﬁhuﬂé’ULLU‘Uhjﬁial,ﬁawamsiaaﬁm%'aga Tuszuunisduiin

= 8

Toyaiduivdnuuudsunniiuideifinansuaussuin 3 x N

Fodmt = Tipar Tkt Tiaaa - Fioyke (.17
o o Fax T Ptk Vink

Foksr oo B Tign Fiaga - Fioyka
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Weldaunisn 2.10 wasnsafuIumadyaueundulsdwsazsuianizdoya

Y

neeIms (r,,) wazdygyrmaindasevirsidlutwimuuninuazunaunindauiy 8 9 fifa

INNTUNINEBNABDINA (2D interference) zlaaunisneil

By = [h'-n,;cxj—i.k X, +h_‘ﬁ1.kx_;+!,kJ (2.18)

] j
+ [hj—l,f«-sxjf},kfl + h_:’,k—]x_;,k—l + h]+l,k-lxj+l,»’r—l :I

+ [hj—],kﬂx,,i—l,k-i-l & h_,r,k+lx_;‘,k+l i hj-%-l,k +1xj+|,k+l ] i n_;,k

o = v & 1 ' @ = & ° o
NEUNIIN 2.14 89 2.16 wanaliiinitnanuuuivvesntsiuiingsiu agvild
Fyayruandnseudivesiniidesnisermdeyainiiuussuiig Wunauiainnisunsnaen

apsdliilauunsuaulUnme

2.2 nmsUuiindeyauvudaunmisuiidewuuiadndayauuuides (staggered

bit-patterned media recording: S-BPMR)[31]

Tupsdufnuuudaunaiisuiife dadeyaanunsaseslfiuuuunfuasuuuibos

o
s

Tuagiiumsimsendatudin 3] msfnwidesiunuimstuiindeyaluguuuuimedeyauuy

3 ]
a o '

\ee wzilgnsdoiianandnlbit error rate: BER) Nduszdnsnmgeniinasldinsdayauuy
Uni Teiliilefiezannanssnuainnisunsnasnasaiif Jeiinsiausdesdnunazdnie
lawwos ﬁm%’um‘sf;’uﬁﬂ%'agal,t,wﬁmwmﬁ%uﬁtﬁaﬁﬁmﬁﬂﬁm%’a;&mmm@yaﬂ [11]uazdingg
91500 Sn3rduvesdnunzdniiauunnniu (bit aspect ratio BAR) Liioanuanszny
veaMsunsnaendesiiAgnmesULuutesdynudmsunstuiindeyauuudnunainiifei

finsdatndoyademanslugui 2.4 [11]

AWGN
vy
Media noise
Az Ax, Az A,
a,, € i} v Pirern 1 rreme— 3
Channel Equalizer Viterbi 0k
H{z.x) U Wi Detector
Target -
G« &
d,

U7 2.4 Jesdygaiiinanauaussaeiii dmiunmstuiindeyauuudnunmmasiiie

IneAsandygasunuaindetuiinuas AWGN[11]
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1 @ =

wnursvesgunuuYssdygaunanslugun 2.4a, , \Wudunnvesosdyaye, k, Ao

[

Aundsvesindeya, j, Aordundsvasunin Jallnsueniuedradasy Insnsyansdadu

v [ 1 1

Joyaluuriwiloudu e a,, € {-1,+1} Dndoyassgndeiuresdyyiu Feusenoudae

U u

3 &

T YIUTUNIUINNADTUNN, NTUNINEDATENINedanwal(S)) LagNITWNsSNADATERIILNSA

g

'
g

(I N H(z,x) vanefawanovaussvesdyyuiaduadlovaud o z wunefsfiensluwun

o

PIUNSnuay x'ViﬂJ']EJ%N’V]ﬂV]N‘LULLU’JG]’HJLLﬂiﬂﬁﬁUEUTM WHﬂaUﬂﬂTUﬂ'DUGI’JEJﬂiUfUﬁmiUﬂ’JM

i

Siannseilnd v, aEUEU']ELJiUﬂ’]Uﬁ?J']’JiLUUU'Jﬂ (AWGN) il ﬂ’]LQaEJL‘UUﬁuEJLLﬁuO' LAUAIAIIY

wUsUsau

=

dwiumsiansaniusruumstuiindeyauuudauwadinififeniinsdaensissuuy

o

\Wee Tneilifidyausunmuaindatunn ffpsmsunsnaaaniedydneails) wazn1sunsn

@<

[
=i

#ansEnIeun3n (IT) uag AWGN aanunsadiouluguaunsfesialuil

. 2] M (2.19)
n= Zaoah(o WD D (G H g N2m17)

m=l r=—=N+m
[(N—I)IZ] Nt

1
5 z Z (O —2m—lk—n)xh(2m+1,]’]—5}+vk

m=0 m=—N+m]

h(e, By=H{al,,pT,) (2.20)

ar

laeh 1, Aa dugwsiundu
h o wanevaueweslndeyauuulisodes 2 §f veslesdun i H

T, e Aunaveilndeyaluiuamainin

T, fe Punaveslndoyaluiuiuunin

g Ls

dmivenfisditosasszuunsiufindeyazunuudnunaiisiiife indeyaly

Y

P 2 =y s P = =t = s
Lm%"ﬂwag‘iﬂaLﬂmlmumﬂmuwﬁmmunmmwuwawm’iuummmm%ﬂﬁuaqLm%waﬂ

v
YR V- V]

netudiydnuel o, 8 vldlydwnuin Tunin mnefeduiuvenisseulndoyaiis

nalunseunduilidesionain dygraunsnasaluundnieriu (s) wazdygaunIngan

sewdaunin (1) Tugui 2.5 waadiiulunsdii v=2
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ring 2

track 2

track |

track -1

track -2

]
=

Uit 2.5 uanslyiiuislndaya neliiin IS was Tl N = 2 . q,, Aedafilinissndeya

= =

= k24 = '

Unvaradinididulss aei3enii "Uadeyan (Aeuannunsn 12, 0,2) uaz Un
Y

U U
3 =l @ [% =

TpyaduAsiuduiiuazisend "ndeyad” (Weuanuwin -1, 1) dwu Tndviiag

LY]

folnaduluiagyiliiie 11 wag M[11]

Qs ¥ k7

duausiunaudmsuorsisdiuuesdluszuunisUuindesaguuuudaunalis

W Y U

2 ]
o = =

o O a st @ v W ' o
ge Tneldnsaowligtuiuu 2 {6 saudunisdndieg1anunndu 9anaunisa 2.19 lag

o '

Fryq s unaunlill AWGN gnnsauansladsil

n
A ; ;b_m,,--,,h(m D) (2.21)
o
a,, if jevenand i=2k; (2.22)
b, = or jodd andi=2k +1,
0 else

nsfinsiindyannsuniuaindetufinludygueundunidiumie Ax uag Az Wu
ANuARIALATaUN A israunizdeyanviueusladudanormalized lufian1aniuunin
[ o o o= St =1 s 73 = o £ W
WazIIUNINAWEWU Ax uag Aziluanadumunsuiaveansdeayafiviuensladuda

(normalized) lusiemamauuninuazvneuninaudsu 7, ludamenuunsn, 7. lufienia

[ ) o [ < 2/
9unsn, L, Wuenuenimedeyalunwimuuninuas L \uaugainiedeyaluuuing
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Qs

unnauddivdygrusundulussuunistufindeyasduuununaisiiifedmivenfise

Lt v}

[
=

\W099si e ulan et

N —_ —~ —_~
E = Z aO,k~nh(AZGJr—n= n+Axg,,, Nok-n)
n=-N
[N2] Nem N N
+ Z Z Dyt (2m+Az, . n+Ax,
m=1 n=—N+m
[N2] Nem N _ _
+20 Y a,h@mAAz,, nt A, A amien) (2.23)
m=l n=—N+m
[(N—I)."Zj N-m - 1
+> > a h(—(2m+1)+Az

m=0  n=—N+m+l

K2m,k—n)

mk-n?

—~

n— “2‘ + Ax2m+|‘k_n, AZmH.k—n)

2m+1k-n 2m+l.k-n®

[(N‘])'fz] N-m s 1 = -
” Z Z a—QIHr—l,k—nh Zm+1+ AZ—Zm—I.k—n (W —+ Axfszufn > A'Z’”"-’f*" * Vi
m=0  n==N+m+l 2
=

7

ha+4z,,, B+ Ax,ohis) = Wa T4 Az, T, BT, + Ax,, TRz, L Ax,, L) (2.20)

nanavauennzdeyawuuliidewies 2 1R Twiosdygnalaeiidyanusuniuaindes

9/

qoluunenulidiass Az, Ax, Az uag Ax [Dudasy fudsdunuuindeundanaiodu

Judin

ue ﬁaa&hmmuﬂsﬂmwaaai,cri,cr;, WAz oz AuaIeuuenIng Az, Ax, Az uaz Ax

-

ge <

@

wiungnianeauegiitNves (= 1/2] dWedwualidygyrasuninaindetufingiiu x %

U

=

%awmammdwdamﬁa@mummgmmm Az, AX, Az waz A x 10U x% up9 47T .L uag L,

ANUEY
dnwaznrsiasndeyanishidiusesmiuniediniauazssessinseninedn

Afienuuansinaiy (oit. aspect. ratio :BAR) iersiazannansentveamunsnaonadasiia

wanaluguil 2.6

7 =8.98nm

T =12.Tnm b)
L.=4.49m

L.=8.98nm

<+

I =17.96nm

3UN 2.6 LLamﬁaaﬂwaé’nﬁmzﬁmifﬁ’ﬂ’mﬁﬁ%’@gaﬁﬁﬁmwﬁ'gwaaﬁmLLaxmmﬂ”hmem%nﬁﬁ
1 Y| . 2
AMULANANAUN 4 Th/in® a) BAR=1 uag b) BAR=1 [11]
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Bmsawvuiaewandlu 3 x 3 warsudusstosdygutes H, dmsuensisd

LUUUNAEUNSD80909%

af B (2.25)
H=|pg 1
L B

alR
il

§ Q
= 2 S
| Tl | |

waziilelinansuaussvesdyyniadlu2 25 snevausifiaonndasiufu A,

dwmiulnteyaiiosdne N = 1 tunaneuaussvasdyqnwad H azuandlu (2.26)

Olzﬂ a%ﬁ (2.26)

QJ:,J—-
™=

1
atp

ﬁmmmﬁwamauauawawm Founad [18]  wag [19dunsaifirwag H, wazlu
viusadgaiu [20uaz [21Junsalfilrivues H  nanauauasvodgesdyanuiiuand1afuves
BAR yisaiasensnsosanalay A, waz i leansusSuardmsua way B wingauluunaiiud

finsdulluguinnisiiananssyiun I1S1/ T daannunsniieglndife windivindu

Mo

o 14 1 L= - 2 Qs @
Tumsdassnsiiinnunuiiinvesnstuiin 4 To/in naneuduesdyyimwa
dm3U BAR YiS#l 1 Uay 2 N1IRAUALBITBINNIUBINGNIE SN BAR = 1 wag 2 audy

famalud

[0.0002 - 0.0053  0.0002] (2.27)
0.0118 0.2692 0.0118
H,=|0.0435 0.9942 0.0435 |,
0.0118 0.2692 0.0118
0.0002 0.0053 0.0053 |

0 0 0.0002 0 0 (2.28)
0 0.0165 0.1146 0.0165 0
H,=10.0004 0.1436 0.9946 0.1436 0.0004
0 0.0165 0.1146 0.0165 0
0 0 0.0002 0 0




diinyadyANA NITIBUINAAANTSIN ,
17

mﬂﬁuﬁmiﬂ%'ugmmumvﬁnsﬁﬂma‘uauaa‘tiawnwaq%gmzaméuwLﬁm N = 2

I BAR = 1 uag 2 muanduasnsluil

0.0002 0.0053 0.0002 T (220
0.0002 0.1231 0.1231 0.0002
H,=|0 00435 09942 0.0435 0l.
0.0002 0.1231 0.1231 0.0002
I 0.0002 0.0053 0.0002 ]
I 0 0.0002 0 1 (30
00015 00706 00706 00015
H,=| 00004 01436 0.9946 0.1436 0.0004 |
0.0015 0.0706 00706 00015
I 0 0.0002 0 |

£
= |

PNNITUNAUDABUNLNE [3] kaad AL TIAIIUNUNIUAD NS WS N EDIT R UD
miﬁ’uﬁﬂ%agaLLU'uﬁmLmeLﬁ'ﬁ'uﬁLﬁaﬁﬁmﬁmﬁm%’amvm%q wagliiedin13dasuuuudnng
§H9IEIUVBIAINNNTIIVBINE N LaL T OLMINTENINDANT A2n AN vdsaa syl

UssAvSniwgedu

2.3 9snsInguuuuintayanaunisiudin (Recorded-Bit Patterning: RBP)[32]

aaaa %

Lﬁwé"mﬁEN;:;‘LJLLUUmiﬁ'uﬁﬂ%’aa%laﬁ%zﬂ’a"lﬁl,ﬁmm'ﬁLm'sﬂaamammwmamuamwau
Ty ueunau Jaimsiausivalisnmndsiayadeya dewnvsyhmstuiindayasiialy

i nenisingunvuindeyansunstuiinluiiendnidessunvuyndeyainoliiianis

UNINADAFDILALUUAAYBW AINTINVBIEImLanslua Wi 2.7

. et
4 U RBP 14
a0y Transmitter | x,,,

. % s
= AT SIS H ST b T = O SN
4 e RBP. i, 2D-VB
o Receiver X1 Detector

_ AWGN

]
[
Equalizer | 5. L =F

UM 2.7 wuudiassesdygrumstuiindaunmisuliiiensousana3viu RBP[32]

147126
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2 1% 1

Wneiidduyadeya a, svgnudseaniiu 3 unin {a,,.a,,.a,,,} Wedudiluly
WaaNeviE RBP ieiSeedeyadmiunistuiiniu 3 Suduldud {x_,.x,.x,,,} $1uw 3

@ = o A o @ { 17 [ s
NINAANUAD ([ —1), (/) wag (/+1) AuaInu Tumzmumsmmaa&amaqmﬂ'ﬁu UBYALHN

g1ulng 3 msruluanieinu wSednnsaivis I 1Msufiazuninudi luidulutwines

1 < o =4

wotiivdoyaiiazunin nUunsEUIUNSeudeya (read  process) avdrdudayaves

e

fygaeundy 7, sgnuiugluutlequalizellnvdnielawosuuuansif (2D equalizer)

&

IR 3x7 Ngnasnuuulaemiiingedifvuin 3x3 wuudNNIRS (2D symmetric target) was

A8n13 MMSE [20,21,22]  iieuTuusedypalidudiiudoya s, uavgnieudrgrans

A1 IWaTTuuvanliil (2D Viterbi detector) lagldunun ninsada (trellis diacram)64
a0z (state) 7111 8 WU BBNAMUAATAN UL (outeoing branches) [21,22] Liiavinisum
ddudoyaiidululsinafign Aeufinsvhnsdifoyailldiinlugssanasiiu RBP flogmeninsuy
wedniFusddudeyalvaifeautiamievesmisemusmsetiiies

ANNTULIBIN s INdendadinuuYusgiuguuuudganustunduresdadeyad

i
= =i

aulouazindoyaiiedlaeseutniiaaula sanasiiu REP sgvintsvanaesgULuudayauna
JUuvuidelhiadeiinwanalsitin w aasnsaanlaerininiesdadoyalnl ievandes
Unuuyndeyaiineliiansunsnaenae sAuuvanveursuhmstuiintoyas dudetuiin
wanAsriINUTessasidnsia RBP awBuannnmisiioisandeya 3 wndn wdhns
Bounthengvtin 3x3 fiflynauinarsegfiunin | (wninnans) asurdadudy GRERNEN
wn3n) Wdaiumisgaring Ghuvngeresunin) wazsinisifudususuuuusesyadeyaiinou
hAnn1sanvau ﬁammﬁﬁm%ﬂﬂammﬂ?auLﬁauﬁ’ugmuu%’egﬂumiwﬁ 2.1 9ty
fsualunin L asiindavinisidienay (circular shiftluundndl 11 waguninil 111 leadns

[

Juuuidululdfame Sduudaznisfournluwning 11 uagunind 41 Fogvidh
nsEUIUNSLABUNTIENIULARA 3x3 nndumaSusilUdsmiaaisvounindnads il
TusnusUuuuvesyadeyaiineulyiAnnisanvey femmnfiiaty Tnewlevhmsideviudeya
Favuaudn fagiionsaniimsidouudoyaveini 11 wasundndl L inSilafiduariilile
- Unuuyndeyaiiiinan AefimsiinguuuuiigedeyaiineuliAnnisanneutiosfian 1nifufies
hmstufindwauafafldlunsdeuuvesteyagnililumherusmietimies tislély

nsiiewIndayalinduindaiuviain i 199308n59% RBP inafusiely



Upper track
Center track

Lower track

Upper track shifting direction

P

e,

p

(k—l)“’bj.tr ' kmbit ‘ (1_c+1)"'bie g
afalafr ]
-1 -1 1 -1 1
BEREERE BN

/\] Lower track shifting di

g

rection
U 2.8 7813 RBP [32]
M15199 2.1 JULvuTeyaluUaANEY [32)
Destructive Upper Track CenterTrack Lower Track
pattern nurmber (k-1)" K" k)™ kD" [ G D" )" K" (k+1)"
1 1 1 1 1 -1 1 1 1 1
2 -1 1 1 1 -1 1 1 1 1
B L 1 -1 1 al 1 1 1 1
4 -1 1 =1 1 F) 1 1 1 1
5 1 1 1 -1 -1 1 1 1 1
6 1 1 1 1 -1 -1 1 1 1
7 1 1 1 1 -1 1 -1 1 1
8 2l 1 1 1 i 1 -1 1 1
9 1 1 -1 1 -1 1 -1 1 1
10 -1 i) v 1 -1 1 1 1 1
11 -1 £l 1 -1 1 -1 1 =1 1
12 1 = o’ = 1 -1 1 -1 1
13 <1 -1 -1 4! 1 <1 -1 -1 1
14 1 A 1 o 1 | -1 -1 1
15 -1 | 1 -1 1 -1 -1 -1 1
16 1 -1 = ! 1 -1 - -1 1
17 -1 1 -1 -1 1 -1 -1 -1 1
18 1 1 1 1 -1 1 1 1 -1
19 -1 1 1 1 4 1 1 1 -1
20 1 1 =1 1 -1 1 1 1 -1
21 -1 1 -1 1 -1 1 1 1 -1
22 1 1 1 1 -1 1 -1 1 -1
23 -1 1 1 1 -1 1 -1 1 -1
24 1 1 -1 1 -1 1 -1 1 -1
25 1 -1 1 1 1 -1 1 1 -1
26 A 1. 1 -1 1 -1 1 1 -1
27 1 -1 -1 -1 1 7 A 1 =1 -1
28 -1 -1 = -1 1 4 1 -1 1
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29 =1 -1 -1 -1 1 1 -1 -1 -1
30 -1 -1 -1 1 1 -1 -1 <1 <1
31 1 -1 1 -1 1 -1 -1 -1 -1
32 -1 -1 1 -1 1 -1 -1 -1 -1
33 1 -1 -1 -1 1 -1 -1 -1 -1
34 -1 -1 -1 -1 1 =1 -1 -1 -1

2.4 dsunguiuasnannis

Iuwﬁl‘aﬂﬁﬂﬁnﬁwﬁﬂmiLLagmqwﬁﬁlLﬁ'mﬁaﬂumiﬁuﬁﬂ%’agaL%@meé‘ﬂiuuw
Taunaisudideritunuuinesdniuaziuudnenseifos sifadesdyanauasULuUNIS
siateunistuiinitendnisanistuiindeyadill sunvuyadeuaiidelhiinnsunsnass
aoafifuvuanvew sliisudlafedadeneniiedes Woduimmadunsinuwazsass
ssuu SdlumstufindeyauuudaumadisuiifeduiivaredadlunsfinuGinamumunuiy

= 3

lumsduiindeyaldvaisuuu wumsanisezsiasssnitedanasunin wlemsinzoaguuuy

dyqd =

imgdmiulndeya disnnaniwzneliiinlymnsuninasnaeslii Jeseavidenas
nanisluasely



UNN 3

NSHNINEDNEDIURLAZHUININITANNANSENU

unilagnandinslgmiunindondesdif uasnanssnuveINITUNINaananlily
JUuueneg waswwmansuideniieglutdagdu nasaeuded Jeoids sanfwuiniems

wilyuag matlasieg Nannsauiulye weldlunisviidesely

3.1 N1SUNINEDNED9NR (two dimensional interference)

L ] = ¥ =

W mzawmmﬁu%ay}a’tﬁlﬁmn%u Tuszvunstuindaualdudmanuuude

U

uwwaiisuiiie dasmuiugs ldlavanszesinsweanizdeyaldata bit island) vk
LUIMNUNINLAZLUITIUNS NG Fllasvevriitawunindeyagnuavauasseezvng
1 a 9w - = =l v oo@ 14 = o 2 e aa
sewinladeyaluunindgaduiasananvludie Feiliiianisunsnaonasslida (2D
interference: 201 ) fssgnaumensunsnaoaniedydnwal (inter symbol interference:
1S1) WAnannsindeyamswesnisgrunsnaenainiadeyatiegluuwauunin uagms
unsnaoaszniteunin (inter track interference: IM) MAnv1n Sndeyaiisdeinsgnunsn

aenandndeyadeqluiurnewninuanssiagy 3.1

e

sU% 3.1 msunsnaenaelia
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nswnsnaendasiiflinansenudedyyineiunduvesdeya Iiawuudaasy
(Constructive)  wazluuannau (Destructfve)%ﬂﬁﬁ’lﬂi’mmﬂdﬂuﬁmwﬂmﬁﬂuﬂﬁui?ma
1esyn (Overshoot) 1Antuvidalyl uarfinsendwadndiegsaun Sndeyaihsesnisdy
a8'1ﬂﬂﬂa’lu&m’iﬁ'ariawﬁ']51553msﬁmimﬁ\m'ﬁﬂiﬂmﬁm‘lana%&gmaqé’m_;ymémﬂé’u
2,31 Tneniinduludetufinuuulaill SUL (Soft under layer) Topazvhuiiitdwudauimgnd
Dudiemsasaduiudafiindemisduiin Suildanmweesdrwimdnlufiemanssnaiy
zﬁauné’vmﬁiaumﬂw%’mﬁ ﬁ%ﬁﬁaﬁmnﬁm‘laL';a%z;mﬂzﬁ'ﬂ,ﬁuNﬂ%’;qz%’mva,;'}mai'mﬂﬁwm
Innansgnuiiniu fansdiideyadaflindemisie 1 wargnaeuseudne dndoya -1 (n3diid
7iam) warlumanduiu mndeyaliniitsndiesnsile 1 uazgndeuseuds dndoya 1 (nseldl
Ltéﬁqm)ﬁﬁyfywmémﬂﬁvﬁlﬁ%gnaﬂwaumaéﬂmm Toedyanusuniunndetufin wazain
dyrusununiddsudanuuuuin sliiaenuianainlunissiunserliiinanalal

gnasslumszuiugdeyandulumedu fwanslugui 3.2

0 0 0 | 1 1 11 11 11

0 0 1 1 11 11

0 0 0 1 1 1 11 11 11

(a)Single Bit (b)Constructive (c)Destructive Case
Case Case (c)

3UM 3.2 gunuudygasunduiiflensiyaluudasnsel (3 ]

Sa o doy o ol T |
(2) nsalUaien (b) n3dlningn (c) nstiiuegn
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=F

Twiddeil sagiansanssuunil SULGsoft under layer) Fdhiflonasyn nadie
Toyalaiiisfeanisfie 1 uasgnaenseusae dadeya 1 (nsdlfinngn) dygyiusiundus
Wunsunsnaeauuuduaiu uaglumenduiu windeyadaiisnfesnisie 1 uasgndouseu

2/ = k3

1 Undeya -1 (nsalvugNan) fygrugundusnilumsunsnasauuuannau fuaasly

gﬂﬁ B
L g = PR S N R W TR S % oo O = > % &
0 0 0 1 1 1 -1 1 1
0 0 1 1 -1 -1
0 0 0 1 1 1 -1 -1 -1
Single Bit Case Constructive Case Destructive Case

(@ (b) (©

s i

JUN 3.3 sunvudynaswndunlifilenesyalundaznsdl [32)

DRy}

l ]
=l

(a) nsaiUniAe (b) nsdinanen (c) natinudien

ﬁ]'1m‘i’mﬁhLawﬁmmwﬁfgﬁgmémné’wmquﬁwaaaﬁaLLUUlﬁﬁaLﬁanﬂiuaa
(discrete voronoi model ) ¥sBtuudiaasiiusimnlenesfn mnnmuandliiiuinge
%’a;‘gaﬁmﬁmﬁaqm%ﬁa 1 uazgnasuseume Undoya 1 (ﬂﬁﬂﬁﬁﬁqm) wauWa ATy
éwuﬂé’uwgm‘ﬁ'u Faansinfunmsunsnaenuwuuduasy wasluvnenduiu Lﬁaﬁaga{}mﬁm
fioamsie 1 uazgndeuseudne dndeya -1 (nsdliiudiian) uesmdgndygms unduaze
wn Fauanvindunsusnasauuuanvevdmasainliinnisiawaialunssuaunisenu
AR
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0] 0] 0 1- | 1- | 1- - - -
0 0 1- 1- - -
01010 1- | 1- | 1- - - -
Single Bit Case Constructive Case Destructive Case

JUN 3.4 gunuudanusunaursiuuuTeesdelilsussuuulidedieduudasnsdl [32]

aciaa

(a) naiioufien (b) nsaifivian () nsdifugilan
3.2 vmsdasUuuudayanauiinistudin

\Wesmnnisunsnaenaasiiiuuuaavouniu duavliiiansianandonszuiugiy
Tyanaunduyeddateyafiisireants seiudeidtnisiofisvannisianatsvesszuulng
Fsitugu 3 35%e mssenuuudnelaivesmsseniuuaiesn T LagseNLULNIS
vihsiadeya

3.2.1 n1seaniuudaislawesuuvassdif

Tudruilaredureiaisnisasnansznuvad IS uaz 1T TagendonislanisiAnaaails

wardmolawesaasiin [12] Feazllaussoueiginiidaelaweiviisfin(14]

Toedayy i B | Smo'laes F
a C s Hmw o (+v | Fowoy | o viedi O
Ui : Detector |
E i oA S TR ST Lot H LR e o
i
I
i miiin G
i
3
i g
H dr T
[ 5

e > GDY | et e Wy

U 3.5 wuuinassasdynadmiumsssnuuumiiinaesifuasdmolawefandia
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P 2/ v §

Wateya a e {1} Hrudesdyan BPMR Nilnansuaussdyyiuiasiuvandi

H(m,n) Ineagladgyanneiundu r, Ssunsaliouwnusmeaunsi 3.1

rj.ff = Z Z hm.naf—m.k—n + n;.r’r (3-1)

o

g £, Ao Avdudsyavdvostesdygn H(m,n), n,, PORYYINTUNIU AWGN,

r, , AOdRY USRI uag a,, Aodyynvid

7 ar =

nduTNATY Wedygyiueundu r,, aggnitluddainlawesasdia

F(D,,D,) Migunnumeaunisn 3.2

FO,DY= Y S 7DD @

m=-=M n=-K

10g Lo, e grduseAndues F(D.,D,)
{M,K} fie wudhwudiuuan |
(2N Ao @udeumiae (unit shift usuaeunsn
D, Ao Wdeumie (unit shift Tuuusmuundn

Wil F(D,, D.) avuiupuantivesdygiusunauliausadilatumsiingas

=

7 G(D,,D,)n1unsain1s neunazdiludesasnsiamimest (Viterbidetector) e

Anussnaewduleya a,, @ife ao ) 9l G(D,, D) FaTeuwmildsnuaunsi 3.3

G(D,,D,)= iingﬁi", ' (3.3)

m=L n=0

1y

0q
oY
o
3.
D

3
E |
=

]

Ao sdaumwmualuiug W]lJLL‘Yl%ﬂ

vor B
b
e
L

A9 Adaudiuridlunuinuunsn

o

]
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& as ° o W w = . =
NUNINRTNATUALIINMIATIIMAFUTYARNITTBINTNNG (f = 0) Beay
Idldlamsdayameiueimawintu laef Z,, fio Sanelawesvewminnans uaz d,, fie
wwmvsaninnaw Werimuald F(D,, D,)sglugdumvdnduunn (2M +1)x (2K+1)

lasaaunisy 3.4

.f—M,—K .f—M‘O jf—M’,Ki (3.4)

F= fo,-l( fo,o fo,K

_fM,-K fMo fw.:c_

vl G(D,, D,) Wegluzuamvnduunn (2L +1)x (2L +1) Wifvaumsi 3.5

_g—.!,‘ﬂ gf.!,,!, 87{,,21_ { (3.5)
G = g(‘}‘o g('),], gD:ZL
HETNY Qe \\(® B
g 2M +1 A duaUvesETY

N=2K+1 fa s1nuwivveidmelawes
IR fa iU msiinlundazian
mumamwmmama"i,amawmumﬂﬂmammmumaawaﬁ 8104 BPMR lugy

'Vl 35 amﬁm,mauﬂ']wawaua"Lﬂmuanmw 3.6

o= Z Z b ] o (3.6)

m=-M n=-K

£ 74 b

%4z, WU shasuligduuuuassdid (2D Convolution) sewiedeya 7, M

U 1.k
AR

le:f—M,—K f‘-MﬁKH f-M,K f-M+i,—K f;) j.:l,-f,Kfl fM,K:IT

g9 fAsnnweasuuInewssdmalawes Miunisthaudnlunsasuoiveauning
F anSsweiudunnmes £ #flaundn MRN +1) ¢
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i
rk:[rnf,k+K Pussca 77 Tk T 7 w7 Pukeka rM,K:l
¥ 1, AD LINLABTLUINDIF Y B UNdUNTAINFaRRd IR ULIALReS f T

anwauziRgiuiuioyalemymamsifinveawinnandidwingu d, Sadeuldauaunsi 3.7

;
g:[gﬂz.o 8ty 7 Bron Bmio 7 8ou 7 &Laun g,f,.El.:|
Topdl g@e naweswwinmewiiin lnadunishaundnlusdasionaaumving
= o = 3
G wdsweiudunnees g
wszazdunasinsenisdudeya z, uarddudoya d, dawiniuw, Jadeu
lamuauns 3.8
E[WZJ WAt aRaWaIAMaE0ILaae (Minimum square error: MSE)
= o
AUEUNTSN 3.9 Tnedl
R:E[rkr;f] ABLMInTORamduiusratoya 1,
P =E|na |founmindanduiustunesioyar, fua,

xS E[:a,‘af] AaLamMInadnavduusuasioya a,

L
7] (3.7)
dk = do"‘ 7 Z gm,n -mk—n = g!ak
m==1L n=0
w, =z, ~di=f'n.—g'a (3.8)
E|w |=B((z,~d,) | =F"RI +g"Ag2f"Pg (3.9)

Tumseenuuumiiinuagdaielawes IngiSnnstoRawanaidiaesadeiosiian

s D

(minimum  mean-square errorMMSE) agldsauledadsduluiin lnafi g,, =1 afia

ee

'
fadaoa

wandsansladimoulduaud (f = g = 0) waziiiovdnidesnisldiusesnmamimesoana

Audutougn Aagvinslatoulatsdudndenildlviiu g Taemsvinliendudssansves
¢ 82 ¥ = o al <1 P o w .

minevInindrnfgsiwuaiidnlu 0 iefdanansznuees M (zero ITI forcing

constraint)  wagyinlvaunsaldransnsiandimestuuuldale fegrwemsie G i

o
=

YUIA 3x3 NAAMNLNIVBS IS wag T Wwiidu 3 wiy Seaenpdesiuioultdvassdat

Y ] = v o =
Aawandluannisi 3.10 lngamnsalisulieglugunnmesidnuaunisi 3.11
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0 0o 0 (3.10)
G= 8o 1 &
0 0 0
g=[0 0 0 g, 1 g, 0 0 0] (3.11)

fetudeulrtsAuTaassLuuazannsaswluaunisiaae

Efg=1 (3.12)
Tnef
38 P s 1 g (3.13)
LLElS
(o~ N\ 72202000 (3.14)
1 0.0 0 0 0 0 00
RN 7/ ok ) Wy 8- L
2 WMoY / 8l e Ot
09 800 60lm,) 70
000 00000 10
1§ g/ oEmEE> Weo Hdihl

= aa

#9795n73 MMSE Nladeuledaruiaassuuvasneteuyinliat MSE luaunish 3.9

o

finndeengalasshu 1 E'g =1 naoniiar nanifenisesniuunisiinisiazyinlien

E[wzjﬁmﬂaaﬁqmﬁa A ﬁanmma%Lgmﬁaﬁﬁam%mﬁuﬁa@mmﬂimﬁﬁﬂmu 7 A7
(ADAAABINUTIINLIVBIUNNSNG ET ) snsiaunisi 3.15
EI:WZ:I -E

(z, —d, )| = " RE+g"Ag 2 Pg2A" (E"g - ) (3.15)

MniurzyimMIneyiusvesaunis 3.15 Wieutufg uaz A udlinadwiivindu

0 fagldmnauayldniuaunis 3.16 84 3.18
A=(E"(A-P"R'P)'E)"I (3.16)
g=(A—PTR"P)']El (3.17)

f=R'Pg (3.18)
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Fesoluisasmdulszansvemsiin (G) wavduusyansvesdmelawes (F)

TneFuaunsy 3.16 59 3.18

3.2.2 N1999NLUUNITATIINILUUEDINA

Tussuumstuiindeyaidaimin wiessuueninfarniagiu svarfoiiugiuainieas

]

: 2 ;o
(Viterbi detecton@aliulasnsiamadiv (seq

LR o L LA

e R GINIH
Ingordisdanaiiiuimesi (Viterbi algorithm)[25] uagldnsnonsiiadoyailignidsviade
“iﬁaﬂau‘h@%"u(convotution code) uldlun1seanuuu9950599m1 (Detector design) 34
Mmaﬂﬁﬁﬁmiﬁ%ﬁmsmd%ﬂuﬁmé’zgmgmﬁgm%ﬁﬁaﬂauh@ﬁ?uﬂwLﬂwﬁ!&ﬁﬁﬁmﬁﬁa

(code rate ) winiu 1 Wisfidunndeyaitun 1 In ndwinimsdisiaudiaglidoya

'
& add =

niymeanut 1 In 3929950599 Imestiiauanuisaiisznansiadoyaldiogiadl

Useansainudaziinisunsnaaaunisunfiudonainiy lagwnnisunsnasndauin anu

U

'
=

FUTDUVDI99505I99 U e s DRRgBs N Ly wagluyanduiuminnisunsnasniitiae
AT UGB UYDIIIATIITUI LN DS UADL U8 adnUNANN1THI9IUYB 919950579V B 5T
NUIANAMNAS 18 UNANMTANNINYBI2995MTIT I Ne 5 0a090R Sadadlavannisvineu

YOINITNTINNINDSUNHINAUAN AN s L AnS AN T 91UL 893 995A52 9 e <Tae

aeimualigmaelawesidunuuaiysl (perfect equalizer) munuusaessUil 3.6

= o

Wow, ~ N(0,0%) Fedyannsuniu AWGN lumsUfiiiseinnamimestaginisiey

u L3

NOYUUNUFINUBINUNNINTARE (trellis diagram) feuansluguil 3.7 Tusvedu udnydnwal

o

1
Yar =

a P 2
Tuuwwunwnsadalasnold v, =[a, ., - a_,,[leganus (state) Maan k,Q=|4|
Aodrwrudntugninuaiululd |4 fedmsudiindululiianuavosdunm v Ae

<4 at s s

MeANUTIVB BTy MNITONISIAR uay (1,q) Aedndnuaildununisiuieuanius

<

Pnanue » Wanus g

wi~ N(0,6°)
s d i
- MIna i
I S S N s
7 \ AIIVHNAUNDTY A
agy ——> G(D) — ¢ R e Y
\_’/ HUUHUHILR

U9 3.6 wuudnaestesdynynuuuauya [32]



30

na k k+1
"\-,,ﬁ‘ .
; seoghl k :
4_ e e e e e v » ,>-
k-th state

o

JUN 3.7 AesuneununIvsadd [32]

v

ludasdeugas PRE @mnsaudnsinaeuuulaunwinsadaldnasun 3.8 laoh

=

H(D)=1-D? & 0=2% = 4 apug Nawrsauanslanliedyanwel (0),(1),(2)uax(3) 1ila
ladayadunm a e{+1} lumahemvesdanesinimeid wdewihmsmuiumiuniany

(branch matric) lunniaaaaileg n a1 & I8snisilasunda’nindniuy &k +1 Hude

. o £

@, (g) wazrIUmu (predecessor) dmSUNAEIIUE g 818 k+1TwAe 7, () 399

lartanugsnauLazauIsan vuadunIInIsiUasuao usianan (best  transition)

4

A9HINUN WATUITENIUL (2) 0 118 &+ 1 92dUn 190 siUasuanIug 2 1duniene

= =

o A oa = A 2 Aoy = =
(1,2)uaz (3,2) danesfiuimastavidanidumeinnanisdatemeifiuideaanus (2) u van

9

o
e s

19 w v e d ey o v
k+ 1 inmaudunna (1,2) fedunimsiudeuaaugiindian dniuseld 7, (2) =1

q

0
0 -1-1 @-\\- e :O = ap= -1
.,____\\“\ e . =
0 e 04~ |
(1) 1] O\ ———mim—
@ -11 Or()’ \\ ::O@k-i(z)
»
2 TN Ted2)
3 11 Gé——w—->‘o

Ul 3.8 ununinsadavesesdynio PRE H(D)=1-D? [ 32]



31

] 2
o w aa =1

loglunuidendnwil32  Jdenldmsifauuvaumasaueminduesiosdnyg o
=

@

2 o = ¢ o aa A i oy s £
VU 3x 3 MUAUNITN 32,19 LaZeWHIENIMNGADINA G NUAFUUTLENIVDILNSNUU

2 e W = v ¢ £ & A ' =
HATLLNINANNIAUAIANNTTN 3.14 LLagf\]Eﬂl@La’]‘V}wWﬂ@\?W'ﬁLﬂ@]ﬂiﬂ%ﬂ'}ﬂ‘l_} dk MUALUNTN 3.20

G,(D)| |b ¢ d (3.19)

d, = b(a—l,k +a)+ela, ., T4, )+ d(a—l,k—z +a, )+ p(ao,fc—T) +w(ay,_,) (3.20)

lsaansyuu BPMR lvnaifinaeslifuuvanngs fwilvawnselddoyaduwaves

WnSnUY a_,, uazuning”s g, unsaiulddeiaingu

GREVERTP N - A0UE g a8 k+1
(A +a1,k—1) |:aﬁl_k +al_;¢:|/d (a_y + at,k)
(@it A 43) Aok y (@yg T a,)
Qo e o ok
a1 uEY & .4

3U¥ 3.9 msdumdasanugluniadunisaivizeumuaiwnsadanainanmfiiauuy

dunng[32]

VoAl af g~ and g =] (3.21)
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3.3 ABnsdngunuudeyanauyitnisuuiin

3.3.1 ABnsdngunuulindeyanaunisiuiin (Recorded-bit patterning: RBP)[32]
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Aesmsviniaesguiuuvasindeyaiiviesnistufinfissnelifinmsunsnaenuuuannou o

Q ST v oo = 2 1 ET 1
Llikat QRIf\(afa"\f\QIFImQMQ’\@ @mANel s IS NI AY 1950
FI 1 ¥iBIIVITI 4 1 1vi N1 L d U 1 o

«
'
s = e =F

UT1AINEYIUTUNIULAEAMUAANAIANIIAILALY FaLUUT1809U098 D98 Yy 1N 15U

TP UILAENSoUaaNaSAL RBP uanslugun 3.14

g 2 - V1 \ -

o r14 P 4 3 i

:j: aun RBP ' a2 \U &y D 1‘ 2D
a.u § Reeeiver R : Detector : J Equalizer
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pattern)uazminueniviioainilaziiointugiuudnaiu (constructive data pattern ) Tng

M1519% 3.1 wansgunuuteyanvuanvaulalidygyiusiundu ilinsesunenssiuiu

£ o=

JayalnLie?
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A15197 3.1 suwuudayanuuanvau[32]

Destructive Upper Track CenterTrack Lower Track
pattern number " K Ger1)" )" K" k+1)" (1" K" (ke1)”
1 1 1 1 1 -1 1 1 1 1
2 -1 1 1 1 -1 1 1 1 1
3 1 1 G| 1 -1 1 1 1 1
q -1 1 -1 1 - 1 1 1 1
5 1 1 1 -1 -1 1 1 1 1
6 1 1 1 1 -1 1 1 1 1
7 1 1 1 1 -1 1 -1 1 i
8 -1 1 1 T al. 1 -1 1 1
9 1 1 1 1 -1 1 -1 1 1
10 L 1 -1 1 -1 1 1 1 1
11 =] -1 1 -1 1 -1 1 -1 1
12 1 o -1 =1 1 1 1 -1 1
13 <1 -1 ! % 1 -1 -1 1 1
14 i <1 1 <1 1 1 =1 -1 1
15 -1 -1 1 -1 1 a1 -1 <1 1
16 1 = -1 -1 1 = ~1 -1 1
17 -1 -1 -1 &'l 1 -1 = -1 1
18 1 1 1 1 i 1 1 1 -1
19 - 1 1 i -1 1 1 1 -1
20 1 1 -1 1 -1 1 2 1 ]
24 -1 i =1 1 -1 1 1 1 = |
22 1 1 1 1 -] 1 -1 1 -1
23 -1 iy 1 1 -1 1 -1 1 -1
24 1 1 -1 1 51 1 -1 1 -1
25 1 =l 1 -1 1 -1 1 -1 1
26 -1 -1 1 -¥ 1 =L 1 -1 1
27 1 -1 -1 -1 1 -1 1 -1 -1
28 -1 -1 -1 -1 1 -1 1 -1 -1
29 -1 -1 -1 -1 1 1 i -1 1
30 b | -1 = 1 1 1 -1 -1 ]
31 1 -1 1 -1 1 -1 -1 -1 -1
32 -1 -1 1 -1 1 -1 -1 -1 -1
33 1 =1 -1 -1 1 -1 -1 =1 -1
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WenNN13YinIuTessasidnsia RBP afunglddiagui 3.15 laenisfiansandeya 3

& e = ] oo & = & w
LLW%ﬂ ﬁ}’]ﬂuuW’!ﬂ’lﬂLﬂE}UﬁﬁWﬂﬁ%uﬂﬂ 3x3 Vliﬁ‘]]ﬂﬁiuijﬂﬁwmm%ﬂﬂﬁfld (Z) ﬁ]’lﬂﬁ;m?l}m‘u

medregavaaunin ludsiumisgavihemearngnraanin udrdusiusiuvuanmeud

WNATUNIUA e an15suAUnITIN 3.1 ntuivusliunsnnais (7) aaf1 ansuvin

'
=

nsapwA (circular shift) luun3nuu (7-1) uasunSnane (/+1)ieadraguuuudoya

=]

Dululdonun Fdluusaznisideusuuninuy (-1)wazunina (1+1) fazvigilunis

a v & 4 o o o v o a X s o =
@auniianmnas iedudwiugluuuteyaannaunanuafiiindu Weviinisideuiuau
Asuianuaud asvhmsfisuimsideuastlaiilisuuuudoyaanneunieniian deaziiu
JUuuuiiiign 9ntuasvinstuiindmuasafildlunsidewiuvssadeyayaiu Wsldly
msdewudeyalinduisdumiadn Turesesnsia RBP iniasy
oy . . fd
Upper track shifting direction | %

£
st kit :
NN

YU

Upper track Iy "Wy 1 *1

H

Center track Tl (A 1 e s

Lower track Naviaatt] \WP | sl id 9 8

=i
:

< Lower track shifting direction

&

U 3.15 Whinaun 3x3 289353 RBP(32]

3.3.2 A5a1sdngduuudndeyanaunisiuiinnairsunin (Multi-track
Recorded-bit patterning: M-RBP)[32]
ounthillafinisnanils Bnsdngunuuinteyanaunisiudin (Recorded-bit
patterning: RBP) wsiliiasainisnns ReP Qﬂaamwmﬁ'aﬁmﬁ@mmmu 3 un3n faun
Autthasit uwazane Tiinsinauei®nig M-RBP fudesdynnildsiaduiuundnduans

3, o w

Tuguit 3.17 lesisuduanmsudsardivlndeoya (data  sequence)a, e {£1} Aduddy

i 73 dl 7] = 1] 5 1 o = f d‘ o
doyaiidoinstuiin Insudseanidu 5 unin Nntugnasluidana3fiu M-RBP ey

L Qs A 3 = o =2 14 a @ =f g o - =] v Ld
n1swnsiaTayaneufiazinstuiinteyaasludedudin lnadivdannisvirauiindrety
dane3iu RBP Aafinnsandeya 3 unin Mnduimnidewmiuuin 3x3 Allgeudnans

‘4 E:. 2/ 2/ ar o 1 2
funinnan (1) ngadudunndrsgaveaunin Woshumliaaienwigavounsn

) ada X ¥ o a o < & o
LLEE{’QNU?]']U'JUEULL‘UUﬁﬂVI@UﬂLﬂWHuWQﬂﬁJﬂIﬂﬂﬂ'lﬂUﬂ?inElUﬂUGﬂi'NV] 3.1 NUUAINUALA
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unsnnans (1) ail niduvihnisdeuau (crcular shift)  Tuundnuu (1-1) uazuninans

(7+1)weadngunuutoyanilululivionun Jduudazaisvasmsideuruuninuy (1-1)

2
Q ]

uazunsnana (I+1) Aazvidrlunmsidountsimnass iielfudnugluuutoyaanmon

Manueiedu eviinisideuiuauasuisuands asiinsifsuiinindeunsilaiily
v =) P~ = 3 s ] o w  ef o &

JUluvvByaaaviauiussiian Geaslusuiuuinnfian antiussyinistuiinduauaseildly

msidswiuvesyadeyayaiu ielilunsidewiudeyalvindundumiaiu lursasnenswa

M-RBP #inasu

a, SRl i —

a, M-RBP
Transmitter

2D-VB
Detector

. s
Receiver

3U# 3.16 wuuwuudaewessdygunsiuiindaunaiisullifendeusanesfiu M-RBP
ntuagld wiheswun 3x3 - 4w 2 Yinludaszainiu Taefiguinaisves
wihssiiuninuy (1=1) uazunindrs (7+1) ndufifmuali wnsnuu(/-1) wasuns

' = v oo - g 4 = o & =
nea(/+1) Asil uawinisideuiuwnini/- 2 wasl+2ieniduauasidunisideniuge

Yoya Minlildgduvuidngaduifoafunisidensuludiuusn vesyadoyaluunin
Ll

EY)

{1=2,0-1 wag I} uaz {I,1+1 uazl+2} Lﬁaﬁ%ﬁ%Laé"a%lé'gmwwaﬁamvﬁﬁq 5 un3n
Nndauazvinisvuiinasdevuiinuardruiuasslunisifouiuunin /-2 waz/+2nsay
o Y de v o [ ad v o o 2 o e 2

Smauassivhldinsideuiuyadoyaingn uasfunausliwugihislunsdlfiunindoya
1nn31 5 wnsnlalaenisandunsiudnenzifertumsidewvludiufiaesiauniiazasy

[ 10 = o = 7] u’; 1 g <t [ v o o .:’i' P! %] [

Nnwnin Ieslidndusoadivaudesiuiuseninaundndoilmdunmsiiudenlunsdaiy

Joyadnmeniling
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e | K™t J - v AT
k=1 l (k+1)"si k-1

J-1-1) 101 -1].

~_ | shifting
direction

shifting
direction

shifting |
direction |

shifting |~
directioni _~

gﬂﬁ 3.17 WRNTUIA 3x3 V93515 M-RBP [32] (a) nsantdunisluaiuwsn

(b) MSAWRUNNT MAIUNAS

Ing38ns M-RBP Idlinsiusuuguuuudeyaimismsanvouiiintu wldluns
Anarnimnasan (accumulation weicht calculation) Inanuadiminilduen
AINTULSIWRINNSUNINAnaeeiA Geanunsaidululddamnsuan (postiveluazmsay
(negative) ln aﬁuagﬁﬁ’udﬁﬂmmiﬂa@mﬁLﬁm%uﬁ#u%ﬂu’lugmmwﬁqLa‘%u(constructive) w30
wuuanvou (destructive). TnefinsintsanAniminainnisiarsanashmdnannsaing
suluudayavuin 3x3 Fazdululaonun wazddyrugIunduresinnanslusas

sUsuulauins A aniisuiudy e unduveslnngIfeaunigi 3.25

Y Qe oyl 120 (3.25)
—(¥|+¥) ¥ <0 and ¥ >0

B | 2 R Nt 0)/Sand ] X720
|Y,]—Y_“ g O @hd 9Y, <0

I as =Y

Tne amm‘sﬁL"fJuﬂﬁﬁﬁmmmamﬂau**uawmﬂmﬂutwiasgﬂLmumﬁﬁmmlﬁﬁauﬁu

i)

v
Qs

s undudinges w7, ﬁamﬁmﬁﬂgﬁuwﬁ i wpstoyn 3x3 Y, Aeusundyadynin
grunduvasdnfien Tneisnsildamiwind i 512 sUuuu lufedremssd 3.2 Tasay
ﬁwﬁwﬁwﬁﬂﬂﬁiﬂ%’wumswgﬂLL‘uuaﬂwm fAsnsazauAmiminiun 3 35 F5nsusald
ﬂ’]i%ﬁmaiimﬂﬂﬁﬂﬁ’mﬁ'ﬂﬁzﬂﬁﬁwaﬂLLaz‘ﬁa‘U FaosgnmanuynAtminusianisauan
uariBgningszmuasimnaniminudianizarau Tasisaadeduisnsiafign ies
mesaaﬁ%uiﬂmaFi'lﬁ'mﬂ’mmUaﬂwauﬁ)sqﬂauﬁwlﬂﬁqagﬂuwaﬁma‘%n lnisHasan

ol e

& Y o 2 ey A
wigULuuingatu ndulildguuuuyadeyaifian



A19719% 3.2 fpg19A1EMn [30]

Index Upper Track CenterTrack Lower Track Weight
Pattern )" 'y et )" 'y G e 'S en)”
1 -1 -1 -1 -1 -1 -} -1 -1 -1 1.1255
2 1 -1 -1 -1 -1 -1 -1 -1 -1 1.0298
3 -1 1 -1 -1 -1 -1 -1 -1 -1 0.4947
4 1 1 -1 -1 -1 -1 -1 -1 -1 0.3991
5 -1 -1 1 -1 -1 -1 -1 -1 -1 1.0298
15 -1 1 1 1 -1 -1 -1 -1 -1 0.0957
16 1 1 1 1 o -1 -1 =1 -1 0.0000
17 -1 -1 -1 -1 1 -1 sl -1 -1 -1.1255
18 1 -1 =1 ) 1 -1 -1 -1 £] -1.0298
19 A 1 -1 -1 1 -1 -1 R -1 -0.4947
254 1 o 1 1 1 1 1 1 Rl 0.3991
255 -1 1 1 1 1 1 1 1 -1 0.9341
256 1 1 1 1 1 1 1 1 -4 1.0298
257 -1 -1 -1 -1 -1 -1 -1 -1 1 1.0298
258 1 al -1 -1 -1 -1 -1 -1 1 0.9341
259 -1 1 -3 -1 -1 -1 -1 -1 1 0.9331
494 1 4] 1 1 = 1 it 1 1 -0.4947
495 -1 1 1 1 1 1 It 1 1 -1.0298
496 1 1 1 1 -1 1 1 1 1 -1.1255
a97 -1 -1 -1 -1 1 1 1 1 1 0.0000
198 1 1 -1 -1 1 1 1 1 1 0.0957
508 1 1 -1 1 jl 1 1 1 1 1.0298
509 -1 41 1 1 1 1 1 1 1 0.3991
510 1 & 1 1 1 1 1 1 1 0.4%47
511 -1 1 1 1 1 1 1 1 1 1.0298
512 1 1 1 ;) 1 1 1 1 1 1.1255

a4
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3.3.3 Bnsdnguuuuindeyareunistuiinlufeduiiniitinisdnensisddoya
wuuLbes (Staggered island Recorded-bit patterning: S-RBP)[32]

99N Autthasit was Chanon laginnhaueiEnsdaguuuuindeyaneunis
ﬁuﬁﬂluﬁaﬁuﬁﬂﬁ'ﬁmss‘a’ﬂm%wé“ﬁagauwL?Taq (Staggered  island  Recorded-bit
patterning: S-RBP) [15]9nuwnAnvuesdanasiiu RBP 71 Autthasit wazams leinnstiaus
mriawﬁ']ﬁT,@]ammﬁmmwﬁﬂLﬁaagﬂuuwmﬁm%m&aﬁﬁaqmiﬁuﬁnﬁ%fia“"LﬁLﬁﬂmﬁ
unsnasauuvaaneu JuiliAaauiianaisldinelunissiunduresteya Suarnnns
fosanludesdyg iU ranndygasuniuiasauAamaInNIeFILILY Ssuuudiass
mawaaﬁggmﬂmﬂﬁﬁuﬁﬂﬁmLmeLﬁ%uﬁﬁaﬁﬁmﬁﬂm%né%'a;gauuu@aaw%hué’aaa‘%ﬁu
RBP uandluzui 3.18lagT8mstl asunninsnTsnrsimimnludunsiiiwinesun
Undrafvandaios 7 In meldranisnevaussweniasnu augud 3.20 fe 3 Jaluund

nnane () uas 2 Iannuninuu (I-1)uag 2 On 91nundnans (/+1)

= W

\dledruindeys (data sequence)a, < {£1} Mluddudoyaifenisiuin lng

Y

¥ [~3 [ ) ] Qs  as a =f - o 8 LY. +oa o
wudaanlu 3 unsn mnuuas@nﬂﬂﬂmaaﬂawu S-RBP LWEJ‘VI']f‘I'ﬁL‘?J'ﬁWﬁ"UEJ?&ﬁﬂE]‘VI%SW']

w2 4 e o ' Qs a o = th = 1 = 1h [ s
mstuiinfeyaadudieduiin Tnsdiygnaounduresdndayadl £ Fsetguuunin 7 (Juds

AN (3.26)
r}.k 3 zzbf—m,k—nh(m’n)+wf‘k (326)

mmmmmrfi'}ﬁ’uﬂ555%%8&Namauauawmﬁda@ﬁmmﬂmaaqﬁa h, , lusguy
S-BPMR laannmsdnsaegae (sampling) HanBuUAURIEY g uRRYBUN 1L ToYA fifiaruian
00 (bit period) T, wishessagvinsswindnves Dieviniimmifiuasmilassauna
Tufidisuuuund Jafinsuindae 0.5 wazauniravesunin (track pitch) 7, nganunse

Weuladaaunisi (3.27) wazanunsampanauauaidyaaiadinddeunuvassdifdmiu

52UV S-BPMR Weuuaunisldmsaunisd (3.28)

hm,n = P((m+ OSH)T;’HT:") (32?)

p i ’ (3.28)
A
(x,z) = (A)exp _% [CJEJrAx)} +(Cz(+ :)J
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P(x,z) Aa wanavaussdya I dideuwuuaesdinli2]

My
o))
®

WONNATAUDINARBUAURIF YNSRI B UL VDR (4 = 1)

>
ol
@

ATUARIALARB LD I wi‘im,ﬂ’ls‘ffa;aaluu,mmu LLVI%H,

>
o))}
©

S AVImAAIALARBUYBI I NeTayaluLLIYIUNSN

v @

; PW,, v098q 1auiaalubiimuunsn

LU
A
pol)3
©

a ar

PW,, woddqaaaluluiviaunsn

o
=
ot}
©

ol
©

AmnINTeIdy g uiadnasmilweeunignggn

>
ol
©

ANIUAIALARDUN WAL T LA TLLLIA NN SN

>
)}
©

! AUAIAAREUN LB T dayaluL LI uNEN

]
o) !
©)

AeaiaTiuauduiEsewing P, lazAndsauumnnsgiures

drynanndlduy (¢ =1/2.3548)

lawmuali A, A, Gudupudanainvesiunusnegdoya (positon  jitter

Y

. o ¢ ' 2 & o PP s d & !
noise) "ﬂﬁﬂﬂ“ﬂqaaﬂiﬂﬁ]ﬁ\jﬂsﬁuﬂ?qﬂuq%gLUuLLU‘ULﬂ’laL‘ﬁUuwmﬂqLﬂﬁﬂiﬂUﬂUULLﬁSﬂ"lﬂ'](]ll

Ll

2

wsusiu o e o, Wiuesiduivesmiugnada 7,

i L SRBP
P Transmitter

2D
Equalizer

Arax DR T,

ol RBP bus 2D-VB
. Receiver - [M 5., | Detector | |

3Uil 3.18 wuudraswwesdesdyyrumsiuiindaunnisuiifeniinisdneriisddeyauuy

LUDINTBUTANESHY S-RBP[31]

= 4 o o w ' = & '
13Ul 3.18 Wedwiudeya ¢, gnuvseaniliu 3 wnin {a,,,.a,,.a,,,} fouss

i Qo s =2 L

dudnaeasidisiia SRBP iivefiagviinsduiindeyaasludeduiinidu 3 dudoya
3n

U

'
=y g

(B ks Drasbre F 719U 3 unin AdnduAeunin (1-1),() wazr (+1)awddu wazly

nIgUIUMIEUdayandu Mesniaiu ¥is 3 undnasgnanulae 3 sy wiold 1 vsui
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@

azuninuaniudeualiludvivesnsovtisausifiazunsn antuiinssuiunisey

ki

L2 o

(read process) @dudeyavosdygruewundu r, vzgnusulequalize) Tnodmalaiwes

24
&, 0w W o |

wuudesdif (2D equalizer) wevhmsuSudygralnduddudoys s, , ntuassiuiems

nTIanTImeilansdi (2D Viterbi detector) fauiinginmsdedoyaludsdaneiiu SreP

‘ﬁmﬂ%'uLﬁaﬁwmil{%'ﬂaﬁwﬁu%'aagaiwﬂ%aﬁaaawﬁ aﬁ'wLwa%vﬁawﬂfwmmﬁﬂumﬂﬁusﬁ’aya

| |
‘H— -------- T=14.5 nm——p|
|

Tz=14.5nm

P i e e o o — —— —

A

Lower track A [ | fx27.258m
e W

“lz=7235nm ¢

UM 3.19 spuwananisasvausstashouludatuiindaunadisuiiine

= @ ¢ v &
NUANIINBIITEVOYARUULEDI[32]

mMsvinIuLesane’iiy SRBP efungaghelay Buanmsiiansandndeyar On

melsinan1snouauaswe e nNguel 31980 3 aluuninnans (IYuez 2 dnvn

]
=l

uninuy (I-1)uaz 2 Ga nundndas (1+1) Tegarlflunsdumsuuvudoyadias

reliilfinguuuunisunsnasauuvanvion fasvihliAnanufianaialunszuiuniseiundu
Tasagyinisdadoyaluuninnaralidud andussinisdeuassdnuuuinluundauy
(1-1) Wmevnitagwilidn was Beuassdanuualuundngns (1 +1) Wimsdefiaznils
ﬁms‘émwfaxﬂmﬁau%ﬁmiﬁfuﬁﬂmummﬁaumasﬁmﬂwmﬁmﬁwEULLUUﬁﬁﬁq@]‘Lumiﬁ’uﬁﬂ
foya uarldmismmuduinlimstunsideuvesyadeyaussiimstufinduaundilums
euyndeyaitinliAnguuuredoyaiiffianadiuse

nsfwndSeudieu lnemstuswiugluuudeyaiiinnsanneuiiintu 1
FurnAiwiinaza (accumulation weight calculation) Taeswunatwdndlduen
AIINTUUSIVBINISUNSNADAaRdiA Feaunsaldululdansuan (pesitivelaznieau
(negative) I(ﬂE}%U‘:J’E‘};ﬁU'j’]miLm‘iﬂﬁ'EmﬁLﬁﬂ%uﬁgu’%L%U‘LUEULLUUﬁ'\‘lLﬁ%JJ(COnstructive) [32]
viouuvaanou (destructive) Tnsfinsfiansunddmdnannisiarsandniminginais

asguuuutoyans 7 dafezdululdvionun wastihdyaiusunduvesdnnaislunsay
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s 1

sunuulauyhnisAuaisuiudygiusiunduvesdnpedneaunisn 3.34 Wunsih

L)

fygnaeunauvesianardluwsas susuundwmsuiudygrusiundudnmen

A-A  A>0 and 4 >0 (3.29)
- |[4|-4, A4 <0 and 4 <0
A4 +4) 4>0 and 4>0
L(A,]mv) A4 <0 and 4 <0

£
< i [ ar

W, Ao AnbmtnguwuuR 1 veadeyans 7 dnnelinaneuaussuesiie
A, Ao woNNAAFTRIMEUNaUYBITIBIY
A, Ao weundyndyanaeiunduyesinmie)

1Pg3EN15HLAAIINLN LN 28 sUwuY lumegranisnd 3.3 lagazidaniwin
Tlultunumsssuuuuanau §ismsazananimdniome 3 33 nsusnldnsmmasiy

AN mRTIsAIvINUREaY T5NE8RERINATINMNATHIVTALAIANIZAIUIN uazitaning

=

g wmasmynAdmilnusilanvatau lngdsaavhaduiinsiangs eunwssaosisusn

vAnimtinuuuaameulggnauaslumeguuuudaesn ilinsiiasaamnguuuuiiaign

' ‘
b

tu nduldldzunuuyndoyadinviage
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n1519% 3.3 A189713A1UINYe935N1T S-RBP  Tnenanavausswesinetuludeduiinda

o oa

WWALASUTILAE Alinsdnesisddayanuuibals)

Pattern 2bits of upper track 3 bits of center track 2bits of upper track
indexith Left Right Left Center  Right Left Right Weight
1 -1 -1 -1 -1 -1 -1 -1 1.0906
2 1 -1 | -1 l -1 «3 0.697
3 -1 1 -1 =] -1 -1 -1 0.697
4 1 1 -1 1 -1 1 1 0.3033
5 -1 -1 1 -1 -1 -1 -1 0.7872
63 e 1 1 1 I 1 - 0.3033
64 1 1 1 1 1 1 &l 0.697
65 -1 -1 =1 ~ -1 -1 1 0.697
124 1 1 -1 i 1 1 1 0.7872
125 -1 -] 1 1 1 1 1 0.3033
126 1 1 1 1 1 1 1 0.697
127 -1 1 1 1 1 1 1 0.697
128 1 1 1 1 1 i 1 1.0906

3.4 ayulgmiwazuuaniudilatgym

Tuunilslenanfslamnisunsnaondodipninaiusuuss Swalviiauinnain
Tunszurunserundudeyauazidiefinisiiurnusmuiuiulunistusindeya Aasvilitgm
AnaI TSI Mellgluuudygnasmunduuasguuuudndeyaiioginesou ulladed Ay
witlitiamsunsnaenaeadli Awawwmssdlydgwidiog 3 5nmanldunnisesnuuy
omelalres NM1598NLULINTIATIAM wazn1seanuuunIsiinswa lnednerdnusiliay
Aeamsiiviladevesdotuiiniiinisdaguuuuimedeyauvuibes uasmsihienisnnsidrsa
o = o Yo 4 o = da as s & a Yo A o o Ao o
TayaezhlldAvdeduiinhinisdnguersisduvudnfunldiudetuiiniiinsdaguuuy

imngdeayauuuibas lneswazidunvesmsinvinaiiiazesungluunsely
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UUALNALASUILA L UULE D

ol

£
- o L7

Tuau3duily ”’Jﬁlﬂlﬂﬂ’mﬁﬂﬂ‘lﬂﬂﬂﬁ]ﬁ]ﬂ@l’m‘]W‘Vl’ﬂ'ﬂaEUﬂJ'IEME}”luﬂaUMﬂ’MQJLLSNLLN‘EJ‘LE

uaedsaneg Aelidygynsundulinnugndes nuilmuinvesnzdeys werdnsndiu
spgvinesEnIsindeya(Bit range) wavssuzvaseninsundndoya(Track Pitch) Tudetuiin
Joyainiinisdnguiuvansdifios(Staggered island bit pattern media) Inasioaunus

VOSHEYYIUBUNGU WazyIzandns1iniawain (Bit error rate: BER) 899 n3suuUnd uaz

=

inmsAinymuItiimadisiateyauwasnisiagusvuyateya douvhnstuiin[i5] awnsa

Winauudausdiunduausunduidunalianmiuianatalunssuiunisnissungu

[ ]

9 =f

Foyaliodrdiduddy dedalannitnndisiadeyadaedsnsmyuiusiuuuindeya

<

4

nowinM TN Feranisneaesainsarfinnunlauswesd g neunsuIInssuUUnR L

s o W o '

wonNiISed i Tsf as i minasan (Gecumulation weight calculation)unlglunns

U
&

wWiguiiiey Anundausiwesdgyaimeiundulussuy BPMR  Taaseninadsnass-RBP v

Bmsvywninvayaneuvhmatuiin Tnefinsifivvludiuanuudsussvesdygiueiundu

U

lngmsmArvtngzauagy

AN msidsiateyaeitaegautiaitansidhsfadeyaludetudin

‘UE]EJﬂ‘V]ﬂJﬂﬁﬁ]ﬂiULL‘U‘U@’]L'ﬁEngEJG G’f’;aﬁ%’ﬂﬁ%’mmmuﬁmﬁamfiaumiﬁ’uﬁﬂiuﬁaﬁ’uﬁﬂﬂﬁﬂﬁ

Y U

99558 ’E]ﬁJﬁLLU‘ULEJ@\? (Staggered island Recorded-bit patterning: S-RBP)[15] lawd

u

LL‘U‘UfSwaawawaaaﬁgmwmuamlugﬂw 4.1

. .., NN [;{_u Niava A -
& a SRBP | Fuhh A5 :
. TR g, b.,i{ || fﬂtagfgered f‘ﬁ‘\?’; . AWGN
ny : vk o Bais oAt
T i e e
’ MR . -
; +
SR = ,:':‘,,P)[\rhk i
" ha|
S — 2 — Y v ¥
< D1 DT :
SRBP b 2D Viterbi s, -
T (e b — DR - 4 H
Receiver ki B' Detector { 2D Equalizer ,;_
= (3 ¥ M- <p - Rl Fos T B

d o 1 s ac e = U L = dl L2 = d‘d
UM 4.1 wuudnassasdyyuvesiinmidngunuutndeyansunsiuiinludetuiinifinns

%’ﬂm%wé%gmmmﬁaa (Staggered island Recorded-bit patterning: S-RBP)



|

4.1 U99uNiNanssnumaaussOuUsYDITsuy

4.1.1 maninvunvesindayal33]

INAIANYIIR LI IIMIUT AmuRanaiavesdyyineundutuinein

2
=

oy IvediauAgiuimnvuinseunizdayaiivun

g

I =3

wszledyausiundundusidu sanunsandasidnianaindadunisiinyseaninm
vaszuulagsa §Ifedwhnmsmeasdasiidoulvanuuaniiuweswuindndeyadsiing

Wisuifigulumsvaaeuiinineseanesdeyafivuiainiu 1 (A, = A, =1)uaznsnaasud

TAveINEtaYavUIANY 1.2 (A, = A, =1.2) IaevinisilTeuiisuiiteuluvesds

2/ 1 s

ayasieiulnewvalu 3 n3di fensdiund nydififignuasnsaliugiian

1Y) P

INNNTINABIDIFYYINWUTININAFDUAVLINVD NI Toua AVLIAAAY 1.2

u

U = a =

(A, =A, =12) Fadlvwwlnaindr SUssdndawininmsvaasuiivuinvesnizdaua

Y

WU 1 (A, = A, =1) Fsladeyaiivuiaiannd luynastizesguuunindeya Tunsd

imedeyafivunniniu 1.2 (A, = A, =1.2) 39l szesiasewinensdifnanuaznsdl
Mudiigaiisvuysinsanas uaglunstifiugign Sallussaniamaendt sunuuitfanuosnis

nagauiInre AN IwlaganuIWIiY 1 (A, = A, =1) f3uil 4.2 uansieuszavsnm
yaessuuiidileiinsidisuiiisuiialinsifinvesvwnvesnzdayauasfina1um19wensd

Undeyalunsdliag

]
D . —- Normal Case: Island size = ]
—&— Best Case: Island size = 1
—O— Waorst Case: Island size = 1
=-EF- Normal Case: Island size=1.2 |
-=A=- Best Case; Island size = 1.2
==©-- Worst Case: Island size = 1.2

10°

BER

107}

et
<

SNR (dB)
5U7 4.2 nmslSeuiisulszaniam mnonsdaianaia(Bit eror rate: BER) U8ISEUU

SRBP ilafisufunsidsiauuvaudiefinsiinvuevasdadoya
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4.1.2 m5Lﬁué’mﬁﬂﬁquﬁzaxﬁ1ﬁwdﬂaﬁm%’a;&aﬁ'mzazﬁwswimm%ﬂ%’aya

(Bit aspect ratio: BAR)[33]
Trnangidelshnmeaeuanyfigimnuuavesmedeyaiivunlnauunds
ziinangnalssonnuudinsassdygyrmusrundunasiinastralssioszuulagsin 990
mMsEnuuyhlvsui deseiineuliie Anuiiamanavasdygasunduiuinen

unsnaenaedld (2D1) veslndrafssanisunsnaeamsdydneal (S) Tukwimuwnin way

Y o =f

mauInaeanluluIvaunin (M) §idedvsauyignuinmnaunsoankansgnuannng

[

unsnaeatuuwuivawnsin (M) adlefazidunisansnsiOnfianatnasduin Snsiaazaiuise
ilifinauudansswesdyginsundulaviolil Fusdunmsiindszadndnmuesssuu
Tae571 Lﬁamwaﬂﬂu3suuﬁaﬁ’uﬁﬂﬁﬁmﬁﬂm%wéfﬁa:&ameﬁmﬁ'u SEYLY195ENINaUn(bit

range) vasdavuTintiadddvinduaSwiisesamiunatluieduiiniinsdnensduuuund

[

= ' 2w A o ' w
uazmniiuszozinavewmindeya(Track  pitch) sanly msnedunieanzdeyafas

Tnawdsalunsaldnmen

. 1

Pifedvihnisnassdleafiteuluanuuandsiuressasdiusseevinassninada
Toyaruszesvitsseninunindoya (Bit aspect ratio : BAR) #aiimaiuFauifioulunns
maauﬁwaxﬁnwwiwﬁm%’aga(Tx)(bit range)  WfiusregvisenInuwninteya (7,)
(Track pitch) . (7, =T.) (BAR =1) Uazdasidiussuzrinseningindoyaiuszugiing
sevinunindeya (Bit aspect ratio : BAR) Fafinnwsuiieulunsundeuiissogsing
sewinOndoya (7,)(bit range) 1 1.5 wih veesseernsEuIunSndeya (7)) (Track

pitch) (T, =1.5T.) (BAR=1.5) T,r;-]av’hm'ﬁLU%’BULﬁaUﬁﬁaulwaﬁim%’a;&a&iwﬁulaa

|

LL‘U\‘iL‘lJ‘N 3 nsdd Aansdiunf ﬂiﬂJﬂWﬂﬂLLﬁ“ﬂ‘iMﬂLLE}Wﬁ@

1NN1T91889YBIF VU N UIIASuRdaULtUS s utievlun1sneaaunsnsidau

<o

seugvinaszwindadeya (7,) (bit range) \Uu 1.5.wi vesszezsywiunindeya (7))
(Track pitch) (T, =1.57.) (BAR = 1.5) -iiUseBnsn1maninn1svagaufinsnadaud
dmsduszesieseninslndeya (7,) (bit range) winiussagvineszwirsunindoya (7)

(Track pitch) (T, =T.) (BAR =1) lunnnsdivesguuvudntoya Tu asiiuin fiszuziing

k24

sevintdndeya (7,)(bit range) 1Uu 1.5 Wi a9ssvevinesswinaunindaya (7)) (Track

Y

pitch) (T, =1.5T,) (BAR =1.5) ilnan1inagsunansliiiuinnonsidiussesving

! = s 1w 1 ] J [ £ ] 1
IEINUATDYAYININULS INUBITE8EMITEMmINUNINTaYa (T, =1.57,) T288n9TenINg

aaaa Vi -

nsfinAfaauasnsdifugfigniissoesinsanas uaglunsdiiuga 4AY04Y BAR=15 &3]

q
el

‘U'iw'ﬁ'ﬂﬁﬂ']‘ﬂﬁ\‘i n77 i‘LJLL‘U‘Uﬁﬂ'ﬂ WUENﬂ']'i‘VlC‘]ﬂE)U'VIBGﬁ']ﬁ'JUiv?_Ivﬁ']\ﬁ“"’/i’l’NUﬁl?I’é}NaLVi’]ﬂU

o

wasma‘szmw,t,mwau“a (I,=T,) (BAR=1) 1unﬂﬂ3fu°uaﬂgﬂuuuummuua mgﬂ‘w 4.3
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wanfalsEanSnwvesssuUNdeiin1siTsuisulofn s LY 9 ns1d1uredsL 8L g

sswindadayauasseorvinssenitunindiausisvesnsiiindeyalunsdlineg
o

10 ¢ : i
i —&— Normal Case: BAR = 1
—#4— Best Case: BAR = |
- —6— Worst Case: BAR =1 ]
-1 \H ~~EF~ Normal Case: BAR=1.5
Ea --Ac- Best Case: BAR=1.5 7
-=©-= Worst Case: BAR=1.5
o
LL] L
o 10
-3
10 _
| 51
10" ; .
J 5 10 15

SNR (dB)

3UN 4.3 n1swSeuliiuuseAnsaw ansnsdalinwana (Bit error rate: BER) 48352UUS-
RBP LﬁmﬁauﬁumiﬁwsﬁaLLU‘UﬁuLLaxﬁms;ﬁuﬁmwéam}mwasﬁwﬁm%’aaﬂauax

SHEVNTENINUNGA (Bit aspect ratio : BAR)

'mﬂmiﬁﬂmwaﬂaam‘sLﬁmmmaqgmsﬂ’uﬁn‘ﬁ@;&aLLasmiLﬁué’mmmwaq
szeyvielntayaiayseeyrinaseniauwnin (Bit aspect ratio : BAR) fiiiroszuuiildiznis
Inguuuuindoyanounistiuiinluiievuiiniinsdnensisddeyauuuifes (Stagsered
island Recorded-bit patterning: S-RBP) wanﬂsmaa~3LLE{®€LﬁLﬁudﬁ33UUﬂﬁé’ﬂgﬁLL‘UU“GG]

]
@ = =

%’agaﬂ'aumiﬁ’uﬁn‘f,uﬁauumwﬁnﬁ%’mm%ﬁéﬁayjmwuL?Taa (Staggered island Recorded-
bit patterning: S-RBP) fiuszAnSnwidu Lﬁaﬁmmﬁu%umaqé’mwmwa\ﬁsasmaﬁm%’a;ﬂm
WAEITHEYUNIENINUNSN (Bit aspect ratio : BAR) 3o Lﬁaﬁﬂ”riLﬁmm‘uuwuaamw%Qa
Fatunansliiiugn ssuumsdnguuuulndeyaneunistuiinludetufinfiinisdaendise
%’agauumﬁaa (Staggered island Recorded-bit patterning: S-RBP) anunsaviiulafivunm
Lﬂw%'a;%xaﬁmmmﬁmt,as andIessreyviedndayauassservinesenitaunsn (Bit aspect

ratio : BAR) ¢ laaensfiuszansniw
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ao

4.2 mmﬁwaimmwamaam ANUaua[34]

o w

PNNTANBINUIIY AL AE AL ARIINNITUWNTNADAADINR (2D interference) @4

@

Usznausienisunsnaaannednanenl (S)  Tuwuiniuundn waznisunsnaenluwulviig
wndn () Adululsfanisunsnasauuudaady (constructive) uagnIsunsnaenLULRnans
(destructivecase) mmwwuaLm%aammmmunauummmummeﬂuuaum’twmm
Aanasvesdunnaeunduananissandyarasundumantd ANNTNUNURDA IR

ar

FUNIULA sammmiummmaawmlmmu ‘VI’]GL‘WLﬂﬂLL‘U’J ﬂm’]mﬂmmmwamamgmmu

L]

]
a1

vasyndeyanneliiinnisunsnasnaesfifiuuuanmeu (destructive case) nouvinistiufin
1§ Avzanunsafiuyszansnmunsszuuy PAveiaausnmndaniaieidusagnslunmsiiiu
mmmwmammmmuﬂaulmwﬂimmwamammﬁmwmmuiﬂwamauaﬂaum
mstuiingail

..é.
SRLCE
N

B
&

St

5
ro

Readback Signat Ampluder !

o

Readbock Sigoal Ampliuds
. Reacback Signal Ampitude

L
T 5
&

EER T e TR T . T TR T BT S e T NG Cran T 120500 e 38

O “’(’\ "’ﬁ (’

No effect Destructive (+) Constructive (+)
Bit | Surrounded by Bits 0 Bit I Surrounded by Bits -1 Bit 11 Surrounded by Bits 1

FUN 4.4 n5ANINANIENUYBINTISUNINAORE DR

diyi
Input data b-: """""" :d, y » Channel T : Read back Signal
(d,) i dr ["LDI 3 track (Cj,)
i
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d: ..d,

I RS E Rt Eo W |

ie d, e{x1} Wugnudseanidu 3 unin {d }ouvzdadn

desiygasmndygssunusiinbidedes Wdyagnuswndu ¢, Fawnsomldan

@

Sy = sza‘—m.k-nG(ms”) (4.6)
i
g ¢, #o dyqradwundy
d,  fe Oniitudin{z1}
G(m,n) Ao HENDUAUDIUDIYDIN QY UERINA
i Ao ansuluuen
J A arduluwan
m fo f Nursounzdoyalunuiniuunin
n A é‘f'ﬁﬁ%mﬁwmmscﬁa;&aluummmm%n

Feluszuu SBPMREN  Glm,n) @1uasanilantsdnaiogis (sampling)
wangUauesdyaiaduatmedeya iflmunailn (bit period)  Tx usdeszogsing
sewihalaves Hesindidwihiunsmilwosmunanluiidewuuung Sainisuandas 0.5
wazANNIN9eILnsn (track pitch) Tz Toganunsodeulddaunisy (4.7) wazanunsom
HanoUANBIdY Y IMNasIMATs LU VAR5 UTEUU S-BPMR . Weutduaunasléiss
aumsi (4.8)

G(m,n)y=S(m+0.5mT, ,nT.) @.7)
JGE G(m,n) A NANDUAUDIUDIY IS IERINRA
S Ao HanevAUSIRUMATILLUUARA
m fis i uwniwenmetayaluneuinine {-1,0,1}
4 o & o 1 2 [
n Ao m%mmmuwaqmea;da’l,mmq MUUNINE {—I, 0, 1}
T Ae szgvvieseninds/aunadn (bit period)

T, fip Aundeasunin (track pitch)
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. i (4.8)
S(x,z) = Aexp —% (PCI;XVJ +(PCP;/J

lng S(x,z) A NaRBUAUDIFYYIMNADEULUUADITR
A Ae Sy neUaueINgaTian (A=1)
PW,  fe PW,, vesdyanuiadiuiuiniuuwnin

PW,  fa PW,, wosdganuvadiuiuivinaunin

X Ao famalunuimuunsn
z Ao AienalululvNunsn
C fio AnuduiusTEndne PV, fudrudeavuainsgiuveand

\Weuwaa e (C =2.3548)

mnmisingUuUuYederaiiiliAnnsunsnasndosifinuuaanou (destructive
case) {IpTuinufnfinzanniuguLsvesERansdifndn Taensudnideanisiie
sUsuugadayameiBnmmuiugluuudadoyanewiimstudinlaserdunismanmidn
YDIAYNINBIUNAY %ﬂ%ﬁﬁLﬂum'iLﬁmffmmuiwaqa‘*’mumﬂmémﬂﬁuiﬁﬁumﬂgﬂL,Lw%'a;ga
neuvihnsuLingnaae

3x3

Data e Original

T Generatg |} Paem ) ReBaa Weigh =
3x3 Ly 7 S}gﬂi i 3. Calculate v 4.KeepThe Original ;
biaiieci ~ Channel . Weight [ 7 Weight & The Best Weight |
Ix9
3x3
~ Data Lo s Rotated 1x9 poo
Data Pattern . Pa;?m 6. Rt Data Pall{:m
» H -7
5.Reform To 1D *——-)‘ Data Paftern -—-—-—-—-——b .Reform To 2D
R\ \ G/ I, 4 " M 7 v
Current L 4 Data Pattem
s Current pree——————  Read-Back Cr— it
Weight | | Sigsal |
F 10. Compare Between = 9 i
3 ’ l— ; et 8.Ch |
{ The Best Weight and Current Weight . Weight : A

I Best Weight

‘ 11.Keep The Best Weight and

Number of Rotation

‘S‘U‘V! 4.6 ‘Iﬁﬁﬂﬂ']‘S‘V’I’NTLI‘U%N’Jﬁﬂ’]i'ﬂﬁ]'ﬁﬂiL‘UU‘UWU@LIaWJEl'Jﬁ‘lﬁ@Ju’Zlu‘i‘ULLUU‘U@&Iﬁﬂ@‘UﬂTﬁ‘U‘uWﬂ
I‘UﬂQUuVlﬂVl&lﬂ"l'i’i)ﬂ’e)’?ﬁLiEJ?lEJllﬁLL‘UULEJaﬂ

idelavinsasagluuuvesdoya 3x3 mumulﬂimmwm 128 sunuuyntaya
mﬂuummﬁmmu " Wudeyadruvisiundrvesdyg i iomdygrasundusanin
mnuuuﬁlﬂmmf;ummmmﬂﬁuaqammmmunawad31Jmemﬂuaua " Jalgensimn
mnmwvmmimuLﬂummmu‘lﬂ&zL‘Uummwuﬂﬁumammmmuﬂawmmmavuwnmmu
mwmmmmnvﬂuﬁlumawu
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mnﬁ?wﬁ%’aﬁwm%’ama n" Lﬁuﬁy’umﬁwmﬁmﬂLLUU’Lmeﬂ 3x3 WU 1 x 9 wazv
mmumusﬁmamamﬂma Lz.auuumwuummu 1 a% mﬂuuﬂ%vmmﬁmmmwmaua
1><9 nauluily FULUU 3x3 AaLAu Lwammimammmmuﬂauaaﬂm Lwaftmumimmm
muwuﬂmaaaz:ummmuﬂawaamﬂmwumuimwwmamaLﬂumu'muﬂmaqammm
muﬂa‘uﬂm}w Li.lEllﬂﬂ']U']‘HUﬂ‘U@ﬂﬁﬂJﬂJ’lElé@’mﬂauﬁ"\}ﬂ‘uuLLa’val'lﬂ'TiL‘UitJUL‘l/lEJUﬂUﬂ’]
mwunmaaammmmuﬂa‘ummummmwumumumunfuaqawmmmunawwa@ Ay
mmumwumuaamﬁﬂuma ninNan 1SS suLRaunUI mmwuﬂmaaammmmuﬂau

=1

‘ﬂ"ﬂQUUNﬁWWWﬂT}ﬂ’]'L!'ﬁﬂ‘LJﬂ‘U8%‘1E‘LIEU']ELIE]’H‘L!ﬂﬁ‘U‘VlW/iE’fﬂi“"U‘Uﬂfﬁﬁao%ﬂ‘ﬂ’e}llﬁ‘ﬁﬂu LW’Q‘L‘U‘V]']

E
LY

‘uumaumaiﬂ uaINRanTSIUS UL RBuNUIN ﬂ'mmuﬂmaaammmmuﬂauﬁﬂwumma&m1
muwunmmammmmuﬂa‘umwam wuuﬁJumﬂ'%m*mun‘uaaammmmunauﬂﬁmummw
L‘Uumuwuﬂ%dﬂmmmmunauwwm LazaL mmmmumimmwaeﬁwuummmu
FIUUNITUYUIY mﬂuusvuuuwam 3x3 wmmwmmuiﬂum 1 %9 viananlunsudy
sUuuugadeya 1x9 nduludu Uiy 333 mraidu tiavihnsid s undusenun
Lwaﬁl'ﬁ‘lum'immmmmwmaaammmmuﬂawawﬁﬂmimmuiﬂuwﬁumamL'Uum
mwumxaaammmmuﬂauﬂ%uuaﬂ 8 pss mmmmﬂulﬂlmaa'ﬁﬂLLUM’LuLmawmaua 9
ulﬂmmmﬂ‘uaqammmawnawmwamwmunummumwmmwmmu'lmmawwLLUU
ﬁmﬂuamLwauwlﬂ’lﬂummamwmauaﬂa‘ulﬂLﬂusuammmwaﬂmmm@lﬂ

A2 Y =1

3U# 4.7 TemsdnguuuuindeyameiBnyuiuguuuudeyaneunistiudin

KLUﬂTSF’]']U’JEUl,UiEJUW}EJUﬂ’]uq‘lﬁuﬂ“ﬂ@\‘iﬂﬂ}mﬁma'?UﬂaU Iﬂ&ﬂ’lﬁUUf\}’WUQU‘iﬂLLUU

a7
E

mamammmmwaumnmu ldn1sArurmAdindnasay (accumulation weight
calculation) T,ﬁwmwuﬂmmwuﬂﬂ‘ﬁuanmamumwaammmnaaﬂaaem FIAWII0
Jululgfamauan (positive)itazn1eau (negative) Ima‘nuaEmummiam*maaﬂmﬂ%uuu
szifulugunuudaeaiu (constructive) vidawuvannau (destructive) Tneiinsfiansmne
ﬁ?ﬂ‘ﬁﬂ’i}ﬂﬂﬂ’ﬁ‘ﬁlfﬂ’l‘iﬂnﬁ’lﬁ?%ﬁﬂﬁl’lﬂﬂ’]’ia%ﬁﬂgﬂLLUU‘E@H@%@ olinfeniululiamun uasth
é’l’ggmgmdmﬂé’wmﬁmnmﬂmwiaxgﬂu:uUﬁlﬁu'w‘hmiﬁmmtﬁauﬁ’uﬁmvzymé'mné’waa
TnLfenfeaunisi 4.91@51Lﬂumiﬁ'}ﬁ'zp,mﬂmémﬂé’waaﬁmﬂa'miumiasgﬂz,t,wmﬁwam



58

WevAudyyingundulnnes luudazguuuuvestaya vie slnnreldnanouaussves
e lagTsnsillaaniminguiui2s Ui [15]

A-4  A>0 and 4 >0 (4.9)
v |4|-4, 4 <0 and 4, <0
"4 +|4) 4>0 and 4, >0
|-(4|+4) 4 <0 and 4 <0

lng W Ao Admtinguuuun i
4, Ao wenwAgndya e unauYeIDnfe) JULUUT
A A woLWAYRF e MNAUTBITIB Y

o

NINIeaeI e inalSauLiaussnisAdminvesdy e undu

asuiisuiuanhwinvesdygmdundundimaynugysuugadaganseusiuiun s

L%
9]

insuyuiugluuuyadeyaninlilinduminve sy ineunduiif figaisiun 128
sUnvuazdulylsidemnsnsi 4.2
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A15199 4.1 fednanihwmingedyyineundulnenanavauswesiisuludetuiinds

=

uwaLisuiiiie Ainsdaguuuudadeyaition wasiisumnusisesaimin

v
@ as

TRadR I WNAUsTRINANhrindsAiuAnhrinnaRInn s yLULE

<

wiandnnunsmuiibidaguwuugadeyadinfan [34]

Patt Nth
attern 3x3 Data Pattern .
index Of Weight
”th d,u',' d;_g d,} d_:_; dglg d_:'g dj',' dg__) d3_3 Welght Rotation difference
10 -1 -1 -1 -1 -1 -1 -1 -1 -1 1.0997059 " 0
IR -1 -1 -1 -1 -1 -1 -1 -1 -1 1.0997059
20 i -1 -1 -1 -1 -1 -1 -1 -1 1.090648 " g
2R i -1 -1 -1 -1 -1 -1 -1 -1 1.090648
30 -1 i -1 -1 -+ -1 -1 -1 =1 07060771
3R S RS NS W o S (S [ | 1 1.090648 g 0.354571
40 1 1 -1 -1 -1 -1 -1 -1 -1 0.6970192
4R 1 LA I~ DON\\W//2A4 1 1.08159 8 0. B85
50 1 A 1 T -1> -1 “=1 —<1—0.7060771
5R 144 1 Al EBL-R3c H OS4 1 1.090648 ¢ Rt
60 -1 1 -1 -1 -1 -1 -1 -1 0.6970192 \ fi
6R -1 1 -1 -1 -1 -1 ‘-1 -1 0.6970192
630 L 1 1 1 1 1 -1 -1 -1 0.2943324 2 "
63 R S 1 1 1 1 1 -1 -1 -1 02943324
64 O 1 gl -——— 11 /<17 -1 /-1 03033903
64 R -1 1 1 1 1 1 1 -1 -1 0.6879612 3 0-384371
650 -1 o -1l %) NA 11 -1 0.7060771
65 R L1907 -1 <1 (7)ol eseasyoaiins, 1 1.090648 2 et
66 R 1 L-17 4 YT - R 1 -1 -1 0.6970192
66 R 1 =~ -1 1 -1 -1 <1 -1 -1 07872576 3 i
670 LT ¥ -1 i R i -1 -1 0.3124483
67 R EANQA | 1 e ¥ Sl S L 1 0.7872576 ; sty
68 O N T il YN 2 1 -1 -1 0.3033903
68 R 1 XN/l -T NN/ 1 0.7781997 8 R
1230 =) 1 -1 1 1 1 1 -1 -1 0.2943324
123 R S | 1 -1 1 i 1 1 -1 0.3845709 . R930238
124 O 1 1 -1 1 1 1 1 -1 -1 0.3033903
124 R =f 1 1 -1 1 1 1 1 -1 0.7781997 1 eA2En
1250 -1 -1 1 1 1 1 -1 -1 0.2943324 0 9
125R -1 A 1 1 1 1 -1 -1 0.2943324
126 0 1 -1 1 1 1 1 1 -1 -1 0.3033903
126 R 1 1 -1 1 1 1 1 1 -1 0.6879612 1 B3BaErL
1270 -1 1 1 1 1 1 1 -1 -1 0.6879612 0 .
127R -1 1 1 1 1 1 1 -1 -1 0.6879612
128 0 1 1 1 1 1 1 1 -1 -1 0.6970192
128 R -1 i 1 1 1 1 1 1 -1 1.08159 i 0384571
) Total 253.0502

Average  0.4942387

* R=Rotation Pattern, O= Original Pattern
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a b2

Tunsirassdosdygadideyslfauaulafunaiiunnuuswe sdygimsy
nduiislanusonunIusenIsunsnaenaeIlifa U Na UM LN NABATNG Fyanuallag
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didenunanimlnvesdgyausunduiilannnisldineiiansmyuiuiieieu
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Coding Sector size ~ Average Weight' - . Encoder © ~  Additional Time /block
Scheme (Track x bits) = (after procéss)‘ Complexity ' --'Mémory ' (Sec):
S-RBP 3x 4080 0.1706 nyxm L, (4 log, n,)xn, 18.610
Rotated v1 3% 4080 0.1585 L Lx4 0.479
Rotated v2 3% 4080 0.1666 L2 (L, /2)x4 0.1155
Rotated v3 3x 4080 0.1662 L3 (L,13)x4 0.1149
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dysyinisuniu(Signal to noise ratio: SNR) iiteaifu wulunsdifudfigavesguuuudoyaid
yualwgninAdaidns1infanarn(Bit error rate: BER) isnni Laaﬂ\‘lﬁwwﬁw%mwﬁamd'}
nseifnnaauesgUuudeyariafianlunedoyaiifiuuauni (3]
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AULTIVRIFY Y UDUNAY Uaztreanans1DnRanaia (Bit error rate: BER) 8931055V
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9 kY

MbAvTnmasresNsh 3 dlifwinduaivneisre Sannsi 2

A15197 4.3 wansuSeuiisumnududeulaznuis NS LRl

Coding Sector size Average Weight Encoder’ Additional Time /block
Scheme (Track x bits) . (after process) Complex;'ty Memory (bit) ~(Secy*
S-RBP 3x 4080 0.1706 . 3,3573,000 48 18.610
Rotated v1 3x 4080 0.1585 4,080 16,200 0.479
Rotated v2 3x 4080 0.1666 2,040 8,320 0.1155
Rotated v3 3x 4080 0.1662 1,360 5,440 0.1149

** Intel® Core™ i7 5500U 2.4GHz memory 8GB OS: Windows 10 64 Bit
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Read-Back Signal Amplitude Improvement Using Rotation Method in
Staggered BPMR Channel

Chitaworn Boonlorm, and Autthasith Arravangkool
College of data storage innovation, King Mongkut’s Institute of Technology Ladkrabang
s6609005@kmitl.ac.th, kaauttha@kmitl.ac.th

Abstract

This puper propuses an alternative for reducing
effect of rwo-dimensional interference (2DI) in
staggered bit paitern media system (SBPMR). Bv
analyzing 3%3 data matrix which will be recorded in
the channel, we found that 2DI can be both
constructive and destructive signal. The destructive
interference reduces the read back signal sirength. To
avoid the destructive cases, we change the data pattern
by rorating technique. Then the statistical resulis show
that the proposed methodology can improve the signal
amplitude abour 49%

Keywords: Signal Amplitude Improvement, 2D
interference, Staggered BPMR,

1. Introduction

In the present the recording area requirements is
growing up rapidly for digital media. musie, photo and
social media content siorage. Consequently dara
storage industry needs more capacity for hard disk
drive (HDD). Unfortunately the super paramagnetic
etfect | 1] limits the maximum areal density (AD) of the
magnetic recording in HDD. Therefore the Bit Partern
Media Recording (BPMR) is one of the possible
technologies to achieve this limitatien. The BPMR can
be consisted of not only regular array media but also
staggered media.

Some research {1] focuses on the coding scheme to
avoid the worst destructive patern for regular array
BPMR. For example, Groenland et al, |2] introduces
the 779 coding methodology using fixed additional bits.
Moreover, Shao et al. |3] presenis the 3/6 encoding
scheme with parity bit and error correction ability.
Then A. Arrayangkool et al. [4] proposes the recorded
bit pamerning scheme by simple shifting method and
accumulated weight decision. However this paper
contributes the new rotating method in another
dimension for reducing the destructive interference in
SBPMR which provides the different condition.

read-back signal,

P i
» "

No effect Single Bit

S K.J U ‘\.) k
DO - XE CXe;

et

@ C i

Gy & '

o

-

Destructive effect Bit | Surrounded by Bits -1

Constructive effect Bit | Surrounded by Bits |
Figure 1. 2DI effect

2. Channel Model

Input datn '"_:%_L' o e Read bk
ey —=——sl  Channel f—  Sigml
2] 115, A :

——  3wracks(G}

Figure 2. Channel Model

In this paper, we analyze the discrete staggered
BP’\dR channe} in |5]. As in figure 1. A message inpu
d E ; is separated into 3 wacks (upper track
d ij2 ral, f

they are passed to the discrete channel without noise a:

= Z Zdi_m,;_ﬁG(m,f;«) ,» Where ¢, ;

main track: &, ., and lower track: 4 } an

=10
is 3 tack:

G{m,n) describes 3x3 channe
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Matrix which is
Gmmy=S{(m+0.35mT .nT,)

value from sensitivity function which is defined as

determined by
S represents the

S(.r,:]:.»!expfi—— +i

e e ¥ (e Y. moana
i 2| PWx) \PWz] |

i e{-l,(),l} mean indices of the bit island in

down tack and cross track respectively, [ is the bit
index, j presents frack index. and A means peak

amplimde of the sensitivity function, C is Constance
for ihe relattonship between PI—i-’m and standard

deviation of normal distribution, ( € =2.3548 ). P
and P, are pulse width a1 50% of amplitude (p;;:_‘o)

in the down track and cross track direction, X and =
are down track and cross track position in nm.

3. Proposes Methodology

L Bl AKeepTo Crighoal |
v s 1 L Ol a\‘m-az&1nmum;gng

i
—'——}é TRfoem Yo 2D
L,

changed size w0 1x9 format. Then we rotate the 1x9
data pattern. After rotating, we changed data pattern
from Ix9 dara patiern back o 3x3 data pauern for
passing 1o the channel again as in figure 4. Then we
got rotated center bit read-back signal to caleulate the
rotated weight. In order to find the best data patern,
we compare between best weight and rotated weight. If
the rotated weight is more than the best weight, we will
keep the rotated weight and number of rotation. The 57
to 117 steps will be repeated for 8 times (ail possible
rotation). By this method. the weight represents the
severity of the interference. If the weight is positive. it
means the data pattern provides the constructive effecr.
On the other hand, the weight is negative when it is
calculated from the destructive data pattern. For weight
calculation, we used the equation
R A0 and A >0
e '; i.-l}- A A<l and 4, <0

i |4 450 and 450

Cildli g A<l oend 4, <0

based on [4]. where .4,. and A; are the read-back

amplitude of central bit and
respectively.

single bit case
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Based on figure 3. we firstly generated all possible e N, . NP A e P 0
3 x 3 dara patwerns. Then each 3x3 data pattern is BP0 11 2 4 L 0
127R 2y 1 d 1 b F? B : 1 1 D.e8E
passed through the staggered BPMR channel. After L S S B S R i L N Y ™
12K R e TV s 2 g V1 1 a4 tem s

that, we got the central bit read-back signal to calculate
weight and keep it as the original weight and the best
weight. As in figure 3. the original 3x3 dara patiern is

Totul 2XI.H5420

Averzge  0.49424

*R = Rotated Pattern, () = Original Pattern
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4. Experiment

In the simufaton model we focus only on the effect
of ITI and IS without AWGN and media noise. The
table | shows the simulztion results with the weight
calculation. By comparing between the original weight
and rotated weight, we found that each rotated weight
13 equal or higher than its original weight for all 3x3
data patterns. Furthermore, average of difference
berween the original and rotated weight is about 0.4942
which is the 49% relative 10 the peak amplitude = 1.

5, Conclusion

The different weight result shows that the proposed
methodology constructs the peak amplitude about
49%. Therefore, the methodology can conceptually
improve the read-back signal amplitude by using
rotation method and the weight calculation. In the next
research, we will use this finding 10 design coding
scheme to reduce the bit error rate in the staggered
BPMR channel with AWGN, media noise, equalizer
and detector.

References

[1}] W. Chang and J. R. Cruz, “lnwer-Track Interference
Mitigation for Bit Pawermed Magnetic Recording,” 1EEE
Trans. Magn., vol. 46, no, 11, pp.3899-3908, Nov. 2010.

[21 ). P. 1. Groenland and L. Abelmann, "Two dimentional
Coding for Probe Recording on Magnetic Panterned Meadia,”
1EEE Trans. Magn., vol. 43, no. 6, pp. 2307-2309, Jun. 2007.
[3] X. Shao. L. Alink. J.P.J. Groenland, L. Abelmann. and C.
11. Slump, “A Simple Two-Dimensional Coding Scheme for
Bit Patterned Media,” |EEE Trans. Magn., vol. 47, no. 10,
pp. 2559-2562, Oct. 2011,

[4] A. Arravangkool, C. Warisamn, and P. Kovintavewat, A
Recorded-Bit Parterning Scheme with Accumulated Weight
Decisicn for Bit-Panemed Media Recording”, IEICE Trans.
Electron. Vol, E96-C, no. 12, pp 1450-1496, Dec, 2013,

[3] Yibin Ng. Kui Cai, and B.V.K Vijaya Kumar, “‘Channel
Modeling and Equaizer Design for Staggered Istands Bit-
Parterned Media Recording,” IEEE Trans. Magn., vol. 48,
no. 6, pp.1976-1982, June. 201 2.

81



82

A Study of Island Size and Bit Aspect Ratio Factors in Staggered BPMR
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Abstract

One of the biggest problems in bit patterned media
recording systems Is the nvo-dimensional interference
(2D1). Because aof the 2D can reduce‘amplifv the read-
back signal amplitude. w can cause an ervor at the
read-back process. Mareover, the 2DI severin: depends
on the distance berveen bir islands and bir aspect ratio
{BARj as well. Thevefore, this paper presents the effect
of the island size and BAR of the swaggered bit
patierned media recording (SBPMR) channel swith
staggered recorded-hit patierning (SRBPj method.

Keywords: Island Size, But Aspect Rauwo, staggered bit
patterned  media  recording - (SBPMR). . siaggered
recorded-bit patterning (SRBP}.

1. Introduction

To serve the abundance of the data storage demand,
various data storage technologies have been improved,
However, some methodology faced with the super-
paramagnetic limitation that delays growing of hard-
disk drive capacity. A bit-patterned media recording
(BPMR} system is one of allernative approach, which
expected 10 crop this limil and achieve an areal density
{AD)} beyond 4 Tbiin~ [1]. In BPMR, the two
dimensional inlerference (2DI) is a major problem
because of the small track pitch and hit fength at high
arzal density {AD). Therefore, many researchers
proposed some methodologies such as the way
reduce the 2DI by placing the recorded bit island in
staggered pattern {2] and shows that the bil error rate
{BER) performance can be reduced using the staggered
bit pattern, the 2D coding scheme to protect the data
from the severe 2Di as presented in our previous
proposed method [3-5]. The 2D is onginated from the
magnetizalion of surrounding magnetic islands which
has an efiect on the recorded bi. Therefore, our
previous work proposed the staggered recorded bit
patierning {SRBP) scheme {5] to reduce the destructive
inter-track interference (IT1} in staggered BPMR

channel. Qur proposed scheme well performs in bit

aspect ratio equal to |; however, it never considerad in
other BAR [actors and bit 1sland size. Therefore. this
paper presents the resulis of the study of these factors
that have an effect on the SRBP performance.

The paper is organized as follows. After describing
a SBPMR channel model in Section 2, Section 3
briefly explains how the SRBP decoding scheme
perform. Simulation resulis are given in Section 4.
Finally, Section 3 is the conclusion of this paper.

2. Channel Modeling

We consider the discrete-time staggered amay
BPMR channel model [5] with the propessd SRBP
scheme as shown in Fig . A binary input sequence a;
€ {+1-1} with a bit period T, is split into 3 tracks, and
is sent .to the SRBP transmiuer block before passing
through a channel which introduces the inter-symbol
imterference (ISI), ITI, and position jiter noise. The
read-back signal is further corrupted by electronics
noise, wi normally modeled as an additive white
Gaussian noise (AWGN) with zero mean and variance,
;. The read-back signal from &-th data bil on the i-th
track can then be expressed as

LilS Zzb!__m_—‘_v_h{rn.n'l+ W (h

where h.’s are the recorded bits, fma) is the 2D
channel response coefficients, m and » represent the
indices of the bit islands in down-track and cross-track
directions, respectively.

a rt,-
2 SO e 5 e s
s G & ppered L
[ Trapsmiter B0 Dbedia X YWEGX
T o A mven
& 2 h i ited 3 5
i i . 3 Fau:
‘ A, T o Detectar T+ W Enwalizer

Fig. 1: The SBPMR channel model with the proposed
SRBP method.
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Fig. 2: Configuration of the staggered array 1slands for
2.5 Thin~ under the isolated island's pulse response.

For the staggered array BPMR system, the 2D
channel response coelficient 2{m.n) can be obtained by
sampling the isolated island’s pulse response at non-
integer multiples of the bit period T, and the track pitch
T, ie,

him,ny=Plim+0.3m7.. 7.}, 2)

where Plx.z} 18 the selated isiand’s pulse response. x
denotes down-track direction and r denotes cross-track
direction. We consider the isolated island’s pulse
response in a formof
i !' raml X3
P = dexpl -2 A T2
| EL \LePW,

x

7

ol >_!1
\:L-rd, 19
il

PW 3)
where 4 is the peak amplitude of the pulse response,
which is assumed 10 be |, Ag and A, are the down-
track and cross-track island  size  Ducluatons,
respectively. A, 1s the down-track location Huctuation,
A, 15 the across-track location {luctuation, PWy 15 the
PWg, of the along-track pulse, PW, 15 the PWg; of the
across-track pulse, and ¢ 15 a constant o account for
the relationship between PWso and the standard
deviation of a Gaussian pulse (¢ = ['2.3548) [6]. Here,
we assume that there is only the along-track lovation
fluctuation in the svstem (le, A; = 0} and 1t is
modeled as a truncated Gaussian  probability
distribution function with zero mean and oy, where o;
is specified as percentage of the bit period T, Next, the
read-back data sequence ryy s equalized by a 2D
equalizer to obtamn the data sequence s;¢, and it is fad 10
the 2D Viterbi detector {57 to determine the most hikely
inpul sequence.

Finally, the SRBP receiver block 15 used
rearrange the dala sequence with an aid of the

additional buffer memory. Specifically, the daw
sequence in each track will be shifled back 10 f1s
original position according to the number of shifting
stored in the additonal buffer memory 1hat 15 obtained
from the SRBP transmitter block.

3. SRBP Method

The proposed SRBP scheme can be explained as
follow. We consider the 3 data racks as shown in Fig.
2, then the 1solated island’s pulse is moved (ceniered at
the center track) from the beginning to the end of the
irack. In each shifing ume of the isolated island’s
pulse, the weight (signal amplitude} will be computed
and accumulated through all bit seguence to obtain the
wial weight. In one shifting ime. we define the weight
o describe the severity level of the 2DI within the
1isolated sland’s pulse as illustrated in Fig. 2.
According to our investigation outcomes, we found
that the value of the weight could be either positive or
negative, depending on whether the 2D1 15 constructive
or destructive. However, in this study, we consider the
total weight obtained only from the negative weighl
summation $0 as 1o take only the destrucuve effect into
account. Then, we given the detected &-th bit on the i-
th track, the weight of the i-th daia pauern denoted as
I¥; 15 defined as following

(A=A, A >0andd, >0
EM:;*A\* A <bandd >0 )

W=

j—{;‘{ +HA4]). 4 >0and4 <0

\=(j4]e4); 4 <0and4 <0

where 4; and 4, are the peak amplitude of the read-
back signal obtained from the /-th data pattern and the
single bit case, respectively. Based on (4), we can find
128 weighis for all possible daia patterns [5].

4. Simuiation and Results

We test the performance at the AD = 2.3 Thiin’.
The along-track PWy, 1s 19,4 nm, and the across-track
PWsp is 24.8 nm.

A signal-to-noise rauo (SNR) is defined as

SNR = 20logiG(1 o) (3)

in decibel (dB}, where I’ is assumed Lo be the peak
amplitude of the readback signal. The 2D 3x3 target
and 2D 3x7 equalizer are designed based on an MMSE
approach [3] in the presence of position jitler noise at
the SNR required to achieve BER = 107, In the
simulation, each BER is compuled based on a
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minimum number of 300 erroneous bits, and one data
sector consisting of 4032 bits.

Fig. 3 shows the BER performance of differences
schemes, where the labeled as "Normal Case: Island
side = 1" represents the system using the island size A,
= A, = | and without SRBP coding scheme, the labeled
as “Best Case: Island side = 17 also represents the
system using the island size A, = A, = | but performs
with the proposed SRBP coding scheme, and the
labeled as “Worst Case: Island side = 1" represents the
possible case that system must be faced with the most
severe 2D1 and using the island size A = A, = 1.

3

14 r

—&— Nermal Case: Islamd size = |
—&— Best Case: Island size = |
—&— Worst Case: lslind size = |
-=8k~ Normal Case: Iland size = |2
--&r= Beyt Case: Klandsize = |2 E
oo~ Worst Case: [sfend size = 1.2

=
i

0

=
Iy

SNR (6B}
Fig. 3. BER Performance comparison with other
schemes when the bt island sizes were increased.

1w . ’
—&— Norma! Case: DAR = |
—&— Bagt Cose: BAR = |
—9— Wors: Case: BAR = |
I —-8-- Normal Case: BAR = 1.3
10k, Pe

-=ér- Best Case: BARw= | 5
==& Werst Cose: BAR = |3

19 -
o 5 10 1
SNR (dB}
Fig. 4. BER Performance comparison with other

schemes when the bit aspect ratios were increased.

The labeled as “Island side = 1.27 represenis the
system that given the Ay = A; = 1.2 (e.g., in case of
mgger slands). The result shows that the bigger island
size provides the better than the normal case {smailer
1stand s1ze). However, our proposed SRBF scheme suli
yields the bast performance in both cases.

We also study the effect of BAR of our proposed
scheme by changing the bit period 7, and the track
pitch 7. Normally, we defined the 7, 1s equal 10 T,
(BAR = | as shown in Fig. 2} however, 1o find the
BER performance when the BAR was increased (e.g.
BAR = 1.5}, we define the 7, = |37, (BAR = 1.5)
instead. As illustrated in Fig. 4, when the BAR was
increased to be 1.5, although the gap performance
between the proposed scheme was decreased when
compared with BAR = 1. However, our proposed
scheme still yields the beuier performance than the
normal one (red line). The reduction of gap
performance is due to when the BAR i3 higher; the IT1
severily will be decreased. Therelore, 1 this study, we
would like to design 2D coding to avoid the severe I T
That1s why the BAR = | was used in our research

5. Conclusion

This paper presents the results of the effect of bit
island sizes and BARs 10 the proposed SRBT coding
scheme in a SBPMR systems. The results show that the
SRBP performance is greater when the BAR andior
island size are reduced. Consequently, the SRBP can
work with small island size and BAR.
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