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H5FL N—FF 1 AV%E (HDD : hard disk drive) DELERBEMEZERTZARE LT, ¥V FIVESE
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L—yavicB0T, BB BEICBE LY —FY A XLy b7 XXT M (BAR : bit aspect ratio) i DWW,
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rate) 2 RO T L T3, ZTORR, ARBHBEMENFEICE YA XOKRERY —XERA VS T L TRIFREE
LY, HaREENEVREICR YA XDNERV - 2RV L TRIFRFELRB T LHHALIh Ao T &
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Abstract Shingled magnetic recording (SMR) is employed to realize higher recording densities in hard disk drive
(HDD). In this paper, we evaluate the appropriate combination of bit aspect ratio (BAR) and reader size for the
intended recording densities by obtaining the bit error rate (BER) of the low-density parity check (LDPC) coding
and iterative decoding system using the granular medium model. The results show that good decoding perfor-
mances are achieved by a large size reader in low recording density and a small size reader in high recording density.
Furthermore, it is clarified that 100% reader achieves no errors at only BAR = 2.5 in 4 Tbit/in2, and 70% reader

achieves for BAR = 1.0 ~ 2.5.
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1. I C®IC

N—RF ¢ A7 3B (HDD : hard disk drive) DEHEEL%
EHT B 72Dy v JIVIER RS (SMR : shingled magnetic
recording) [1] DA NTWVS. SMR T, FFv 7%y
MICEHETZHT LT, BiFRHE Ny RIZ&2k N5y k%
AREE LTW3B. LAL, bSv 7HIC, &Y FI—T O
RIC XD LB h &S 720, by VORIl y VEM
ORALBEBEHIEM L, {KE» F77 AT Mk (BAR : bit aspect
ratio) TWEE v MEEANDEENREWV[2]. X, BEERT
(V=2) DY AR k> T ZBF¥ ITI : intertrack
interference) P (IS : intersymbol interference) D5
BELRITB.

AT, FHTE#E I 2 L—avic kD, HssEIcHE L
fe) =&Y A4 Xk BAR ICDWT, LDPC(low-density parity-
check) 51k - #R LIEB(LAK [ D¥ v FFRD H (BER :
bit-error rate) Z3K Tl d 5.

2. EERBERETIV

11C, BEA Voronoi B [4] ICEDWTET ML L 72EHAE
FBlle& D, B LY S = 2 SEEOERZRY. Kho
BBl UHRBOEREZNTN, 508&RS “1” BXT “0” D
FHENCHEA L X NIz REER PR &R U, IREOTEIEIEIFRLIER R 2
EKLTW3B. TTT, BMHERTFOFENE, FIIRE TR
U 7z R 838 & U IERMERI IR Z Z N E N 5 nm, 20%,
1lnm & LTW3. i, BE _BEBEOEMAZEE L, 5l
Ay RERFEBHOMAAR—V VY, i EEB K UHEE
BEZZNFhN, 4nm, 10 nm, 1 nm & LTW5.

21, ABS(air-bearing surface) HM 5 RIzidExN\v FE
RE2RT. MOKSICEENY P, B Tyw = 50 nm, JEMA
Oy = 75 deg DFEAN=AFDOEHMmE Z>THBO, FL—U >
TJy—IVREFHOYA RY—)IV R GRS, RRFTIE, M
V=V REFHMEEOF vy % 10nm £ LTW5. K31,
BIRE#£DE (FEM : finite element method) 1T & D 3R& 7z 50k
Ay RS (6] ZRT. RFPDO=AFIEEMBERL, YA K
=)V MO EHIBI—F OB L TNE T DN S

412, BB YD = 2 Sk T ¥ & LRY7Z SMR L7z
EOWAL/ B2 —7%2Re . B, RSEAERICHT 2 HASRERE
% 4Tbit/in? LEELTEY I =73 nm, FSY Iy
Flyp =221 nm & LTHEL, gy FEROLENSEN, £
HETABEHLTSMR LTW3. £z, B3 LERIC, ZAF
BEMEZRLTED, RBICEEHRENDS b T v 7 ORI ER
MRIE L IFIEFFELLR%.

AR T, 2.0 ~ 4.0 Thit/in? £ TOWLEREEICNL T,
BAR 7Z 1.0 ~ 4.0 & U THAENT 5.

BAEEETIE, K 5I1RT 70—V FEED MR (magneto-
resistive) v RZEM3. TT T, 4 Thit/in®> DHEHEEESE
HE Lz SMR AR THWAELENY F [7] D&z 100% V) —
FL L, BERFORBLUEHZZNENT = 170m, U = 2
nm, ¥Y—)VRBXUY A RY—)VREOF vy v TEZNTHh

1 BT S =2 Sk

i Cross-track
| direction y

Side shicld : Down-track

d1rect1on X

Main pole

Trailing shield

X 2 ABS 5 RicRiEN Y FIEIR

g
=
=
Q
=
o
B
=
{ )
50 . o =
-60 40 20 0 20 40 60 80 100 =
x [nm]
B3 &2k AR

lc
A Ol "'1 o0
) » @ ,.1% 'g._ 4]"" i
lp V" UI?' 4! “' "; o
E’ .q. g‘# !u( lx':l.l",

b g

N'vﬂﬁg. 4""' J |

; ‘I "b .‘- ‘,.. "' g '.' LT

“ "‘I Q’ g L 'x@.%".:’ 3;:;’

o S o ot 9%

L' q "' " (LU K gy

v s & 'f ?'ﬂ o

' ié 5 q "m .‘.*333'; i3 -
y;! ‘.g'..'!'.‘f "5':"'5.;. R S

! W s "l& a "‘ l.“ T "‘, ”.

':.\ ".fb .oq' t N

X

X 4 SMR DRt/ SZ—

G =22nm, H=30nm & LT, AREZRECKOKRDIHE
BEZK 61RT. MDX S, BAEREIFHRBOREL G
L, V—EDBELRIC XS IO Ty 7 HEIIENDT
LlEoTN3.
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Shield Shield

K5 U—XOEE

Cross-track direction y [nm]

30 -15 0 15 30
Down-track direction x [nm]

M6 H4ERKE
£1 U—SYAX
Reader size [%] | H [nm] | G [nm] | T [nm] | U [nm]
70 21.00 22.00 11.90 2.00
85 25.50 22.00 14.45 2.00
100 30.00 22.00 17.00 2.00
115 34.50 22.00 19.55 2.00
130 39.00 | 22.00| 22.10 2.00

E£1i, XBTHVS ) —FY A AD—E%RT. 7B b
S 7 HADRERRET B 2V —XY 1 Xy, 71
ANSwIAEDO HETREZ, BV EIv I AAEAD G &
URZEZEY. B 7(a), (b) I, 7BANZ v 7/ (z = 0.00
nm) BLKCXY Y T v 7751 (y = 0.00 nm) OFEREZR
T, RIMOFER, AR, MR, —RERB IR ZTNT
, 70, 85, 100, 115, 130% Y —X OFAEREZRL TV5.
7(a) &0, V—FY AL XB/NELTEHLEIOR TV 7 HRAD
BAREOIERFAINNL &0, ITI OFENNE 2N, [
RAICHEREN2EWICET L, BERIBENNE RS, —7,
J—ZY A X REL T2 L EEREOREREMNLND, B
EREOREINEERMICKELRBZ T LADID. £,
T0) &b, XUV Ty I ARADOY A RFHERL TVBICEHE
b5, V—=FT A RAWNE x5 DICE> THERELH/NE
{7xBTehbhs.

X 8 i, MEAEFEMIC AV % LDPC(low-density parity-check)

Amplitude

-30 -15 0 15 30
Cross-track direction y [nm]
(a) 7BAZ v ZFA (z =0.00 nm)

25

2.0

1.5¢

1.0

Amplitude

-30 -15 0 15 30
Down-track direction x [nm]
(b) &Y +Fw U FH (y =0.00 nm)

X7 BERIE

el - SR LULESEARDORFERER T 0y JK[3]) 2R
. ANT—EFRFE, 128/130(0, 16/8) T »Efil# (RLL :
run-length-limited) #5285 L1TEA 30, FIEH 3 DIEH| LDPC
RFER/C L DERRINCESE N, 7T = 2 FHE LICFEER
Ay P& biE&EeEh, R LITRLIY — XA XOBEET
Z 3MEERIET LAy RIckD, BERK I 7 LZ DM
D+ T I BEEENS. AT, ThZTNhOBEERTFE,
INTNhDO LSy VHREEETS LIRELTVS. TIT,
FH URICET 2 VAT LMEZE D SN L (signal-to-noise ra-
tio) %, SNRs = 20log,4(A/os) [dB] TEHT 5. HL, A&
ltp =221 nm D+ T 72BN T 100% YV — X THE LT
KEEDEFILANI, 05 1 E . =73 nm DL FEICBITBF v
FVEY FL—1b fo =1/l DFHRICEITF % AWGN (additive
white Gaussian noise) M 57523 AT LHZDEMNETH 5.
BEINEZNTNOERICIE Y AT LHEZH MDY, f. TR
RaAb & NI HHCEITE R 2, = 0.4 D LPF (low-pass filter)
L, BERTYUIODOZ Yy TH N, = 15 O 2 Xyt FIR(TD-
FIR : two-dimensional finite impulse response) 7 o )LV ZIZ &
D, i8Ny R0 5 TD-FIR 7 « )L Z 77 % TH PRI1(partial
response class-1) F¢tk [8] £755 & S ICEBHF(LT 5. RV T,
APP(a posteriori probability) 5281 & D PR F ¥ LI
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o+=PR1 channel . \

System noise

Input
sequence

o—{ RLL LDPC

encoder encoder |
3 ' #2
. R/W channel |
} ,~==Turbo equalization
° e - SP decoder APP
A

Output decoder H::f d < Siyp decoder
sequence deme o

8 LDPC 81t - SR LESARD

9 B EEERESHITbN, SP(sum-product) BSIC XD
LDPC FE0#IHZBVT 10 EOEELESMTbNS. ¥
7z, APP 58 L SP HEBMIcBI 2 BELES THB X —
RELD 10 BTV, BHERL RLLESSEZEVHAIENS.
BRI T— X EANT— 22K L T, BER 2R TH
ffid 5. iz, ROETE MR LES) 5D APP E5HEH 1%
BEHIE L, SRR L B U7 F v+ %JVEE D (CER : channel
error rate) & AVWTFHEY 5.

3. MHHEFTME

9 I, EEHREE 4Tbit/in® I2HBVT 100% YV — X THE
L7=38& 0 BER M2 RT. RORK, iz, £hZh BER,
SNRs ZRLTW3. RHDO, A, O, V, O, @BLKUAH
¥, ZhFh BAR B4 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0 DIFPHFD
HHEZRLTWVS. B&D, BRELESRZITS T LT, BARD
2.5 DPAICBWVT SNRs = 20 dB TEH L EETh TV
32thbhB. LAHL. BAR=1.0DEEE, bS5y Iy
FHEICPL 5728 ITI OFEHNKE L SNRs =30 dB I
BVWTH BER BEML T3, %7z, BAR = 4.0 &S

SNRs = 30 dB ICBWTiZ & A Y BER DB RSNz,
C T, ITI DBEBIINE B> TW3 50D, Ev FENER
EBRD ISIOEEBHIKREL. K=Yy A L—U v HBREL
el FHREINS.

X, R 10 i, iBBEEICEL 2RE) — XY 14 XL BAR
DBEFERT. ROHK, iz ZhZh, BAR 70D BAR I
NUTHRES Y =Y A XRRLTVS. TTT, BEY—F
¥4 X1k SNRs = 20 dB D& ¥, CER BRI E %Y — &Y
AXTH%B. BHDO, A, O, V, OHE, ERREBEH 2.0,
2.5, 3.0, 3.5, 4.0 Thit/in®? DFEZEFNTHARL TS, K&K
D, WRREBED 2.0 BT 2.5 Thit/in? THD BAR A 2.0
K OEWEEICIE 100% ) —H & DY A ADKERY—ZXER
WTh M5y ZIBHBIENTS ITI OFEBH/PNEL, FlekEh
V—HBEANST L THERENKE k570, BIFEREYE
Lixs. ULhL, HECiREED 3.0 Thit/in? KDL, BAR D
3.5 X DEWEEICI, ITI DEFEZIFIC S WT A XD/hE ik
Y—HEAVSC L TRIFEFENMEONZ T b3S,

-0- BAR=10 - BAR=30
-t BAR= 1.5 -e- BAR=35
-0- BAR=20 - BAR=440
-+ BAR =25

No : \‘; \ .
emorso - 22 24 26 28 30
SNR; [dB]

9 BER %% (4 Tbit/in?, 100% Y —%)

1112, SNRs = 20 dB IZ 3B\ 3 TSR D' 4.0 Thit/in?
DFED BER FEZRT. RO, A, O, V, OHN, ZhF
ho 70, 85, 100, 115, 130%D Y — XY A XZRL T 3.
&0, 100%V —H TRV \IEB TES BAR D 2.5 DFE
DHTH oI, 100%Y —F X /& 7% 70%, 80% Y — X% H
WBT ETITIOEENNE L&D, BAR M 1.5% 2.0 DFE
IKEBOEIEBETETNB T HDHB. LHL, BARD
10 DESWHELEDBES L ITI OREBIRELLDBE
B0, FEHIBLLILEXONS.

4. & § U

ABTR, B I aL—Yaickh, mRREEICEL
feU—&9 A X BARIZDWT, LDPC fFEL - R LES{L
ARD BER ZROTFHMLUTz. TOER, HiLREEN 2.0 B
KT 2.5 Thit/in? THD BAR A 2.0 X D BOBA, 100%Y —
REDY A XDORER)—HEANS T L TRIFRREEL D,
HECEREE D 3.0 Thit/in? X DL, BAR A 3.5 X D EWVE
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-0- 2.0 Thit/in?>  -v- 3.5 Thit/in’
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107 : s - :
DY
€ITOrS - O A 1} - L )
1.0 2.0 3.0 4.0
: BAR

11 BER % (4 Thit/in?)

&, ITI OBBEZFIC VYA XDNE Y — L BH NS
L TRIEFERENBONTVARCLHELh ST Fz,
EECSREED 4.0 Thit/in® DFPAITIE, 100%) —F K D ¥4
ADINE TR 0%, 85% Y —HZHAVBR T LT, B\ BT
&% BAR OFEHDLL KB T LHHELh Lo 1.

HEE AWIRO—IRIL, HIRA b L—UMSHEERE (ASRQ)
DBIDE LIiTbhh 28 DTHB T L 2L, HEREL
9.
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