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Abstract

Hard Disk Drive(HDD) is widely used as a storage system in
PC and other information devices. Although another storage
devices such as optical devices(ex CD R/W, MODD etc.) and
flash memory are developed, recording density and access time
of such devices are yet under developing. The main advantages
of the HDD 1is rapidly growing density and fast access of the
data.

At this time, the growing of the recording density of HDD
depends on the write head. To achieve high recording densities,
the size of recording head should be small so that the magnetic
field of the recording head is focused at the small region; In
this thesis, magnetic fields of the recording heads are analyzed
by three dimensional nonlinear finite element method. Optimum
design scheme for highly focused recording head has been
developed and head for 100Gb/in® has been designed.

In addition, the method to achieve high data rate has been

presented using eddy current analysis with flux damping.
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Atk o]y AHEL T Y (Network)d] Huo=Z Q1sle 08 Hial
w2 etz sk ARE 4 F A HAW SAGES ARt
Aol whel oL g Fom WSyl HQal o] ® iAol e
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Rl
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A BAE rolEs FE
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= =3 4 glojopyt grp

B E=RgME I 712 958 3= g3 =go]lHE 93 write

headE& HAISH7] 98 WS AASIH AANZ 11 7|5 U= o)
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st= T ~A =2to]lH O] write head®] TAFRIC] W& write field 573
= el oM st= Hiaa =efolHrt RS 57| o] WA=
22 Mo mE I AIE fMsted TR e Bol gk shAwt
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& o g7l wiEel "Alel mE Age dMs & 7 glrk o
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9.2.1. AH] wA A

P}

e AFE FAS WA Maxwell B84 Bz WAL g3

o] Fojxitt.
v<H=],+ 1, (2.2.1)

veE= =G (2.2.2)

v B=0 (2.2.3)

B=uH (2.2.4)

B=oE (2.25)

o714 7} 7159 on= thgn g
B:ANEAZ [ Afm]
AL b/ ]

A7V Vm]

Sl mlowl

w: A7V FAE HY )

2 (223)225E A7) M ¥ &4 (magnetic vector potential) A

A (226609 HAR AoH i



B=vxA (2.2.6)

2 (222)8F A (226)0ZHE TS Aol g Y}
E=—"% — V¢ (2.2.7)

o714 ¢+ A9 (electric scalar potential)

21 (22.4), (225), (226), 227)<= Z%sto] 2 22D ystd o

V(v A) = — o2 v 4T, (2258

1
AZIM ym A7) AdEelH 2 Foldith
A A A (2.2.8)2 ME Ao] 3781 vl mA = 470 (Ax, Ay,

@ el Fae o Was Hch Bad ® shtel A

Az, g)olBn= T
B ANe HEe XS FAe % ¥AA (current

continuity equation)ol] 2] (2.2.7)S W

vlo g tove)=0 (2.2.9)



g v =0 oth

2.2.2. A2 3} ( fomulation )

% Hold Z=E3 Al A (228), (2290 Wl F g4
(shape function)& 7}% ¥ (weighting function)d}e] Galerkin' ©
23} (formulation) stttk zear Aulf WA 2ol A o] AIZE n]E &of
et = A A A ekt

A uf A

21 (228)9] tlak =z} (residual) pE The I )

R= [ [ [Nvx(vvxAaV+jos | [ [ NAaV

tof [ [Nvgav— [ [ [NTav

o 714
$(v < F) Vx($F) — Vo< F
= [ [ [vxWwv<dav+ [ [ [vN<(vvxA)av+
joo [ [ [NAdv+ o[ [ [Nvgav— [ [ [NJav
weh A



fffvxm = ffszdS: Gauss™8 &
= [ [ (N < A)as

- ffva,-x(uvxT)dv

—joo [ [ [NAav+o[ [ [Nvgav

B ffszTodV (2.2.10)

(residual)+= oS3 2tk

[[x(NyvxA)as=o0
R= — ffvaix(uvxj)dV

+jwo [ [ [NAav+ of [ [Nvgav

_ffsz'TodV (2.2.11)

Al AL (22.9)0l] e A} (residual) Ry
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Ry = [[[Nv-(iwo A+ cvpav
=fffv-Ni(jwa71>+ oV HdV
—ffvai-(jwajJr ove)dV

— [ [N(iwo A+ 69 - nas
(2.2.12)
([ fon-GaoAtevpav

AR ROAE A ARdol vehbed A AR melsA gob

= He AAE #A "I A (residual) = Y3 2t

ffNi(jwajél)%- 6V $) + ndS=0

R¢:_fff c(jwoc A+ ov ¢)dV (2.2.13)

2.2.3. o] Ak3} ( discretization )

(2.22)914 AAgtste] FE=F 4 (2211), (2213)& °]itsstr] ¢

S gRas rd oo g

X A

Zay_ayyzaxJ“az”yaz_az”yax

tioo [[[Naav+ o[ [[NSEav—1J [[[Nav

e fff( aaz;fanAx ON;  0A,  ON, 9A, N, 0A, .

_11_



v ON; 0A, oN; OAV_ ON; 0A,
fff( zax_ax”zay+az”xaz OZV’COy)dV

—|—ja)afffNiAde—|—afffNi%de—]yfffNidV

R—fff( 0N, 0A,  ON, 9A. N, 0A, .

yax_ax”yaz ay Yr oy oy Y o4z

tijwo [[[Naav+ o [[[ N2 av—7 [[ [ Nav

¢ A%
' N, N, oN;
Ro= oo [[JCMa s Mg o)
- ON; 54 ON; 9¢ oN; EM 2.2.14
o J LTS e s av 221

A (22145 olitststr] S $-27F gF s @9 229 d9s
3 e AEA 24w Bty APEA] 24Ul uzx @4 AS A}
o]

FEE DA AL A R g BANE
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0= 31NN,
=o 7 76

Njy = v (ajot byx + cjpy + djg2)

6

v = % (a1t agyt+ aszgt+ ay)

Z(—l)i{xj(ylzk—ykzl) +xk(y]'21_y12]')

+ 2 Cyez; — v;2,) )
bi=(—l)i{yj(zk—zl) + yi(zy—2;) + v (z,— 2z,)}
ciz(_]-)i{zj(xk_xl) +Zk(x1—Xj)+21(x]——xk)}

d; = (_l)i{xj(yk_ Y1) +xk(y1_ yj) + x1(y,‘_ yk)}

a A7b nrC A7d _ a! bl ¢! d! (0
J || NN NeNtay = (a+btctdrayt bV

ole] gk #|A AL 2 (2.2.14)e] skl oAbt thS T o] HTh

11
36V9 Kolty

R
—I-jwd 20 2 1+ 31])Ax,+ 2 b — fﬁx

R, S {(eieit dd)AT— b A’ —dbAY)
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R, ﬁﬁ;;{ bic,A;+ (bb;+dd)A’;—dc,A%)
+Jw620 Z(1+3U)A§/ 24 C¢f %Jﬁy

1 1
B =736V por, 121{ bid;, A%~ cd; AL+ (cici+ bib)A”}
A

.V 6 0 <h 0
+]CUO‘ 20 ]Zl(l+3ij)Azj+ 2 ]Zld/¢i 4 Joz

4
—joryy B(bAT A i+ dAL)

o 4
- Vﬁ Zl{(bzb]—'— CZ'C]‘+ d,dj)géj (2215)
=

olACRRE EA A= 16x16 24 FE (element matrix), &

o=0°12% 12x12 243 (element matrix)S AT

4 A #
P& [KIUEFIgH 2 £A5 2 7 7|5e 4221607 2e Ao
2 xddc.
kxx kxy kxz kx; Ax ﬂ fgx
. kyx kyy kyz ky . A _ ]o
Bi= | g g gz g Ui= |l F=y f;":
k¢x k¢y k¢2 k¢¢ p ¢ ; 0],
(2.2.16)
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= —]——]—(cc +dd)+]wo—[(1+8z,)

36V7 1oty
kY= W_oﬂ% CiCj
= —ﬁﬁdb
k"¢——2‘74—b
P = —36]?—#1#—75@
k”—ﬁjﬂ—(bb —I-dd)—l-/a)dL(l+81,)
P = —ﬁﬁd-c
kyzzﬁ_ﬁ
K = —?G]W—ﬂlﬂ—ybd
B = ﬁﬁczd]
P %]W—ﬂlﬂ—(cc—i—bb)—wwo—v_(l—i—&])
k2¢——204—d
k# gjl—b
k¢y=§l—c
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¢2: _0_ )
k 2 d;

k7= —j‘b W(bzbﬂL cic;t did))

st Z2HYske] A 3 & (system matrix)S WHEIL A
_—('5‘__

oAU Fold a|aa

\
/

Input B.H. Curve
T | =1+ 1

Material Solving 1
Update B.H. Curve

Error

” Ai+1_Ai ||<€

a8 22 oA H e EE X (flow chart)
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2.3. Field Gradient 34} ®H

StE taa =0l H 9] write headol A9 7| EAAE sAsl7] 913}
o fFetaisiHE AF&E3ol lolA head®] HAA A7l H]Ete] head
gap®l =717} FHEe] dm v Z7] wdel] dubAel e w4
o FE 1 A AR st gap F-He] 7 E
A F7F glvh gap #4919 A AEEE =o)7] fAlAE LaTFE
3 SEof b= o A WA A=l AUXA FIFate] A
o] ¥t #E Aol o] wr|EEEE EAGT] A=
gap F-#o] B Folx 7] wjiEe] 324 v A7|EEe|Ae] A
A o or 3l7] wito] B A ME gap T AAL AAAE

2 AYWstA A & = programS s WA duk £33 o

>
R

ol
-

B>

7] 2 headE R A3t =42l magnetic potential &&=
T o] HEES o8ty B AFdA MAE programS THA] A&

bol gap 919 AAS AAFEE SNSAT 29 228 2 ALY

o
£

ol

Aol gt sAEE =43 sk Aol
2 gt Magnetic = =]
S8t A8 [=»| Laplacian - Field - 2 i
of & & 1t Gradient = &

a9 2.2. field gradient 3|4 &4 %= (flow chart)

gap field& AYWaA A3t 7] Y3 programe Laplaciang % &3}
Ae=dl, GapelAd ZAHE dl=AA oate] 715e] dojuts Tt
= current source’} §17] W&o Laplacian® A -&o] 7}s3dl7] wjiEo]

n
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2.3.1. 99y

HDD head® fieldE Laplaciang %3 sjAy o=z sjAs o
[e)

Mr o o

o
Fig. 2.3.2014 YelAT}. o] REL 72| =9] A7 BAst=
olth, 712F =2 HAY WS 002 HkS w 7|29 ¢XE 0.06
~ 0.075 mol YA Y3 HHAAIAL 0.1m7t HE= Hozw HAs)
ATh

Analysis
Area

18 2.3. Laplacian Z§& 4%
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HDD head®] field gradientE @a}Asf=t] dojA AvkAd f3k

=2 v 71w RS

fo

[e)

= AA R AHEstrlol= B, L o= ¥ 2.4004
vlel o] head] HAAQl sizeol vl3te] gape] size’t YF 7] o
o gap Y 84AE FES| Ur7I7F oH 7] "ol

2o Ao RE 1 A W o R <QsjA] head design® A}
H

e &

7m 6 im 5 /m

-~
4.71/m

Upper Bottom
Pole Pole

19 24. head® poled} gap9 size

2.3.2. Magnetic Potential for 3D analysis

a9 2339 o] Y JHds Wi Bks As 74 a4l 9l
)

= R0 @gEe A% 4

1
u
i
iul
i
N
I,
ko
F>
)
fo
B
S
°
o,
N
rlo

QurAel F3 9 ZaaddAi FagoR et Aok 7%

=
=9 field gradient®] 7} T3 FEo] gap H&o A7 wfiEol o]

v o 2 A3t field gradientE 3H@.8}-Eﬂ o] A FAsHETE, o]
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i
o

25. Fojzl oz HE zhel A

ogul  Haa oA Aol Z+ 249 potentialFe wlgoz
Laplaciane ©o]§ 2.4A}o]¢] potential gt ES B A3}

2
8Zgﬁ+8d>

8%
ox o’ +

2 —
Ve = 527 (2.3.1)

a8 26. 349 2449 Laplacian A&
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Aol Ly 2.7

-

(o3
—

o

=

}o] potential %t

FSA o

°

i<

A
°]-&

]
= =2
=

=

=

Oy 2622 Y (2.3.1)
b ol

potential #k
[e}

CI -
KK 3
= )|
L
_ '
zm_orAme
N W
@Mﬂm%ﬂ
ﬁrJ@%
=0 —_— .
G
o o
5 I o) m® of
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N X Ho ER
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tol 1%l 2.8914] e}

17 $1%

olg Hs

B

/\El

)l\l,

QA4 F¥ Laplacian

497

LRI

o

|

ol

ﬁo

TH

1% 2.9 4

ERIEE

Ko N
=]

1]

)

=
=

te ol

)

HolE % ALg

}\E]

o

0]
s

PN
g2

]

7

et

s,

Gl

tel 29 2.1000 A
glar AAgke] Folxd =(line) F#&

5|

‘(H

a3 2.9914 dEhd eaE F017]

il

1

AAE 7t

o] 1

=
=

Fack 2 A3 A

5|

s BA

B

# Laplacian®.

2.110 A ¢} 2ol Abehxlt.
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e
a9 29 FHL7Z 84 g HA A A3
I
]
o PRI G P
X v i Xy
B N =W ;
L]
B B = =W ¥ @
x x
2 31 z2 13 4
Vie = /) ] 1 1
+ + + + 4+ + +
z1 z2 l3 lé
a9 210, F HA Aoz AA zho]l = X WA AAE
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B |

o9 211, 239 HAS Laplacian A4S & &3] A& Al

RIS o)
Eorr
m?i‘ ol
o o

N
)
v
ol
N
LM
A

m
_E
=
A
o)
Ho
2
o)
-
ol
rﬁ
m o
=
ot
o
ot
w
w)
o

W o] potential #E= 78 AT 1 A 1 2.129} e kg A
3D potential ko] T3 At}

2 A= 5 dAF ol 9ste] track WEHoR V5= Ant
= AHF Aotk F2 A3 FEMOoE Yru= potential #He] ME
2|7} 7122 A 9] vector field7} ® T}
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%Y 212, Laplaciang A-83Fo] FFazl 32+ xeld Hw

2.3.3. Gap Field of the Recording Head

HDD head®] field& 3l7] ¢kl F38llxl A A 3Dl potential %t
o gradientE 3 3tt}.

T{ Z—ngﬁ(xy,z)_&é s
_(ax“ T oy & T o )

(2.3.2)
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® «
O

Pl otay, Vot o Zgy)

Hy #31
Wt

@y, Yip, 201)

EI _ _$ar — du , E; _ _bas — Py
by Iy Ly l
— b — b > Do — b
Hy = lop lyy Ha = loy log
FI _ b — du , E/Z) _ b — P
Y ly) Iy lop Iy
— by — buy > b — b
Hy = log Ly Hy = loy ly
FI b3 — P , F; b — Do
N b Iy = Ly hy
— b3 — b1 bon — b
H log hy H loy lop



H. = Xi — X
H = ——*L

g yi — i (2.3.3)
H. = R — &

(2.3.3)9] 41& o]& Laplacian®@ ¢¥ojx R E potential HoJHE
S gradient o= EF WHEEAT 2 Ay tL3 o] diteE 99

o] ®E 3D head field®} field gradiant #< T8 ¥ 4 gt}

I -0.32216656 *-0.30044465
B 0.30044455 - 0.27872234
I 0.27R72234" 025700003
I o.25700003 " 0.23527773
I 0.23527773° 021355547
N o.20265542 7 0.19182011
N 019183311 " 17011080
B 7001080 " -1 ABIBEAY
O 0.14838849 " 0.12686618
I 12666616 " -0.10494387
D0 10494387 " 41.08322157

008322157 ~-0.06149826

06149926~ -0.0097 7695

000977695 * 001805464

A0.01B054E4 * D.0BIEETET
D0 DOBIGETET " 0.02538998
D 00753099 * 0.04T11229
I 004771229~ 0.0GBEIAED
N 005883460 * 0.09055690
I n.0s055690 ~ 001227921
I 011227921 7 0.13400152
I 013400152 - 0.15572303
I 015572383 " 0.0 TT44B14
I 0177446147 019916845
I 015916045 © 0.22009076
022089076 ~ 0.24261306
0.24261 306 * 0.26433537
I 026433537 T 02660576
B 025605768 " 030777599
I 030777999 7032950230

a9 214, A7) A4
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| R HTTRR L LR
B 058095039 055797897
I 055797897 051500756
B 053580756 051200614
R 051703614 " -0 AF906ATY
B 04890473 -0 4EE0AIIN
I -0.45589331 ~ 044312190
P -0.44312190 " -0.42015048
P -0.42005048 ~-0.3971 7906
L 039717906 " 037420765
D DA7A20TES " 035121621
035123623 ~ -0.32826462
032026482 ~ 0.30529740
030529340 ~ -0.26232199
020232190~ 0.25975057
D 025905057 " -0.23637915
D -0.23637916 " 0.213407 74
P 0213407747 019043832
N 0.19043632  -0.167 46491
B 016746431 T -0.14449349
I -0.14449340 7 0.1 2152208
012152208 ~ -0.09855066
009055066 ~ -0.07557924
007557924~ -0.05260783
05260703 " 0.02963641

]
=
]
()
B 0.02963641 " -0.00666500
]
]
[==m)
B

A0 DOGEESD0 ~ 0.0 EI06 47
D.UIEI0E4Z ~ 003527783
0039277 " 006224925
006224925 " 008522067

I
jaic)
[\l
—
SH
-
of,
>
N
=)
[
S
ke

I 0.43561733 " -0.35985747
I 033985747 ~ -0.36409762
I 0.35409762 " -0.32633777
I 032633777 " -0.29257791
I 0.25257791 " -0.25681606
[ 025661806 " -0.221066821
[ 022105821 " -0.18529635
[ -0.18529635 " -0.14353650
[ 0149538507 -0.11 377665
[ 00377865 -0.07ROIBTY
[ 00760187 " -0.04225894
004225894 ~ 000649903
000643508 ~ 0,02926076
0.02926076 ~ 006502062
D.OESO2062 ™ 0.10076047
[ 010078047 " 0.13654032
[ DI3ES4032 T0.ATZI0008
0.17230018 ~ 0.20806003
[ 0.20806003 0.24381988
0.24381988 ~ 0.27957974
P 027957974 710.31533959
0.31533959 ~ 0.35109944
I 0.35109944 7 0.38565529
I 036685929 T 0.42261915
042261915 " 045637500
I 0.45837900 0.4941 3685
0.4941388%5 ~ 0.52 365671
I 052909871 " 0.56565856
0.56565856 ~ 0.60141841
I 0601840 T 0631 7E2T
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0.4961

Field Strength [T]

-0.3654

Field Strength [T]

-0.006

IL |
a7

2.
Down Track Direction [um]

a9 217 9 2= B4 43 g =

/

6.25

3.0
Down Track Direction [um]

a9 218 3 = 4 A ag=

_29_
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Al 3 & Write Headd +4 A 59 EA

ZN5HES AAE FE& FLAA =A FABI] st 753 =
&3 TIAELEES 2h= AES AHEsE T
ZE AEeth B AFdAE e xR VEI A st B

ARG E = AR FARE R EFASHUETE V] EAA A A= dFE

¢

i

WA write head®] 7]¥ design models 1% 3.13 Zo]3}al write
headE /43t WHol W& fielde] WslE dl4lsty] flste] 1A H
write headE& A&l we} AFZow AT B3 AR 5S4
w2 fielde] W3tE alAlst7] st 19 3.2 YEY e Y 2E
BH curveE 217} <Q17teksivt

2 VEAHAE F2 JYoA AR I head?] pole tipoll A ZA
How 27|87t DASHA ] 7] Lo wel Ao E27F A
FIFS WA fHr E AFolA = head AE] v|HdE zAr)xste]
= A7 flste] TSzl AV 2EEAS A FAE} E3hA

3}

I~

v

dpx

)

wrztow By 18 313 Zo] ARtE Fx&3 =1}

s
!

h

g 2 ARF ogdel tETrd JFd= 54S BAFAL. S
BETre WA, BAE, TaEAng Sol JSAA¢ rAE 9P
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(a) AA Write Head =%

(b) & F&e] tAl g

Simulation Parameters

Type
Pole Tip

Untrimmed Poles Length
Untrimmed Poles Width

Current

Inductive Ring Head
80nmXx80nmx1um
3.5um

8um

300mA

1% 31 34

_31_
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05

2500

1500

1000

HIA/m]

-H curve
ERT

B

48

3.2, A m el

a4

I B

TR ME

o

=

3.1. Write Head® ©

A HE 2 write head”}

A7}ate

= O
=2 =2

dg-olth o] A9 29 3.2¢ e BH AR

]

S
A

745 o}

R

+

el

i

[e)
Gy

Q]
sA&A =} A Aol wel 7] 52

o W] Exp&o] 10002 F¢sh 10000

=

oA 713
A A7 A ZFol7F Ak

2
1=

-
X
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0.4

a9 33 9 A5E FAY J= 2

1000 10000
u &Bs

a9 34 @Y AR FAY J=9 4 A
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oA m9e 39 350 b A3 2ol write heade] whRZol
shibel MRS TE3 AE E Y R shtbe] ARE Ak ¥
M A§d mdolth 3 mu e Wy

om T oA mAL §4 e
A3t 1Y 363 2

rlo
iin
=)
il
4
3£
v

a9 35 FHe] Alsr FAE &=

d

04 r

1.2-1.511.2-1.9(1.5-1.9|11.9-1.9(1.21.5/1.2-1.9|1.5-1.9|1.9-1.9
1000-2000

u &Bs

a9 36. T AR FAE J=9 &4 Ay
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A WA mee a9 379 UEd AAR headd) W2 PRI %

R a9 E oY PR A R 77 549 Ang Asbets

e Agd mdolth ¥ mdy 2 wMow A WA mu 84w
A

9.

=

fuic
w
(0}0]
=
T
Au)
T
%0,

a9 37 A e ARR Y sl= 2d

04 r

12- | 12- | 122 | 15| 12- | 1.2 | 1.2- | 1.5
1.2-1.5]1.2-1.9|1.5-1.9]1.5-1.9(1.2-1.5| 1.2-1.9|1.5-1.9| 1.5-1.9

1000-3000-5000 1000-3000-10000

u &Bs

a9 38 A e ArE TAY dl=9 4 At
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2tzy el Az FellA b 2 fielde @S mlawE o] Y
3.99 YelY k. AeA] B Zo] write headE FAsH= wlA7} 2
MR FAAH g A M L ANE A4S F UAdT wEA
o] o]F o] AFtellA= & AFelA HAe AiE H F 7HA A9
T o7 o]Fo]lA write head designs ©] €331t}

0.0548
=
B
O
c
S 0.05475 |
wn
°
o
ke
0.0547
10000-1.9 5000-1.9,10000-1.9 5000-1.9,5000-
1.9,10000-1.9

Structure of Head (u, Bs)

a9 39 = A E dA A vl

A

32. 7153 =9 FAs R XHAELE FF

A

v AgeA = mfjAle] 744 BRe]l write head®] X g3F En
ofgl wiAle] 540 mE write fielde] WalE 7] 93l 77t
E4S 7 wWAE Qutste AlEd ol A sttt 1 AdE 19 3.4,

3.6, ¥ 3.8914 &1E 7 vk 77 agzE Ay = o

st 2719 pEks 7H vE pgts A o AR a

I
o

o
N



A & Aol write fielde] ZL7)e] o 2 Q4§ 1

gt WA 1 EE StETAaE 93 write head?)
=

A p kol

27 s Aol Eohe AL & 4 Aot

Amuds 94 279 pghe 7

1o
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Al 4 & Write Head®] Shape Designe®l| W&

NFAA ) GG

write head 2] shape design®l] W& write field®] W3lel] ozt AF+=
at7) ekl a9 3139 2L 2o 7t Ao design WE JFS

a4 sl o

4.1. Back Throat®d] Zo] W3slo w& Write Fieldd W3}

9 416 YERY = ¥ A | back throat®] AolE W)
g RS stk o] W A7Ee BH AHE 19 42¢] Rol A
I 2k o] W AR Ar|H 540l F& AR head fielddl S
@o] M X head UHEF¥ E H Fito] Qrbstdth Uw A AZE head
P2 v 2] Bt Q17 dth o] i sloping region®] ZHol& 0 7
35m= WsE FAh o] Aozt AW 7| Ao Frkste]l A A9 Al

717 kA, o] Holrt @ow 7]l pole tipo®E FoJA| A ¥l

il
-\
B
>

pole tip 9] A=EE E3lo] bottom pole® A HEEZ 7] HFH 9 =

Ae #obxitt, i A3 05molA 71 £ A3dE EATh

_38_



9 4.1. back throate] Zo] Wale] w2 write fielde] W3}

H[A/m]

a9 4.2. B-H curves of the head material
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014
=
&
=
o
T 007 f
[&]
e
D
o
X
m
O 1 1 1 1 1 1 1 ]

35 3 25 2 1.5 1 0.5 0
Distance from Bottom of Pole Tip[ zm]

19 4.3 back throate] Zo] W3lo] wlE |4 2z}
4.2. Pole Tip9 Zo] W3}lo] wE Write Fieldd W3}

e AAFeNA HA st sloping region®] ZolE A&7 R
Fig. 13914 H+&= ule} 7o) pole tipe] Zo] WIS F9] write field2
Hsts Au Bt <17k B-H ARe d Edy 22 As ARESHS]
a1, pole tipe] Aol& ¥ 449 YERE AAH 025 7 1m7tbA] ¥HEE
FATE o] A5 2" 459014 vERd vk ol 025 mel A5 A st
2l

o PN
435 HAS & 5 9l
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Bx(Perpendicular) [T]

0.3

0.15

¥ 4.4 pole tip Zo]

g

3o W& write fielde] W3}

—_

g

0.75 0.5 0.25
Pole Length [ um]

45 pole tip 20| Hslof w2 a4 Z3f
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4.3. Back Throat®] Y¥] ¢ W3lo] wE Write Field 3}

o mdo] HAstd RdS wgor a9 460 vEhd 3 2o
back throate] WH| ] WstA7IH Algeolds kit o] uf Fo
21 BH A8 AA] oF BeoA AL&3 ABE AREatSlth o] A9 19

4790 e A} 2ol 17 8m7kA WestE FH AlEd A ol

s
A3k 1Y 479 vebd 24 5me A9 AMs B 4 b Ak
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Bx(Perpendicular) [T]

0% 486. back throat Ld| Hzlof|l wE write fieldel s}

027

024

0.21 1 1 1 1 1 1

Width [nm]

a2l 47. back throat LH[o w2 sfA A3}
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4.4, R WA 2do) )3 Write Field & 23 2 s A4et

pole tip dl=9 Aol wE 7|5AAe] Wl tiste] A eAt
AdRE AHEAE 4 F %ol 4 field®] A71E 0.39[T] AEelal &
3 fielde] Z7]= 0.15{T] Hxeolth o] Axelr Aozl FHEL pole
tipe] Zo], back throate] Z} Zold tiste] HA 3 HAFNE EF
st 11 BAE Y nyo]E gver-write dH7]olE =3 gholtlh w3
FAI FPAA ] FEAA & F Aol field®] focus® grain size
Al &7 2ARY Avds s o4 F Ak
A% st=t~aE 98 write headE AASH] i A= o

al
B Aol BAE Zold mACk ATk WA of AN BAD

=

12

1
Az 29 4108 29 4110049 2L EAAS 2SS U ddTh s
tu239] write head= gapol A A3l leakageE ©] &3t 7| =3}

= AQld 27 4100149 o] Ut ring headoll A& F i3t leakage
7F A write fieldE FAsEd ¥ 411004 B A= AAH
modified® pole tip headoll A= F3t leakage”} TAYsFA] & oht). o]
23k o] f+= top poled} bottom pole?d] vPlFEH = WA o] Ho] pole tipol
focusing = o #A7]go] EAs= Aol ol AF top pole®] HbEl
A bottom poleZ A7 o] A7 wiol| A7]= TAlelt). o9
o FAE dj4d3s7] Y= top poledl Al bottom pole® k3= major

fieldE FH 3k o A3= designe oo 3},

_44_



A 2] B field
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0386550

0195566

Longitudinal

Component BY

000457206

—~
o8]
—

<3 d= BX (Qum x 2um)

00497487 0147208

Perpendicular

Compangnt BX

0246705

Simulation Parameters

Gap Length 0.2um

Untrimmed Poles Length 0.5 um

Untrimmed Poles Width 5um

Pole Tip Length 80nmx80nmx250nm
Current 300mA

Max By(Longitudinal) : 0.386559 [T]
Max Bx(Perpendicular) : 0.147208 [T]

2% 49, A A4 me 4 -5y As



19 4.11. pole tip head®l A €] write field
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4.5. Head Shape Designdl WE 7]Z Field? ®H3}

write head®] ©tAQlel] W& 4% 7| E field®t &3 7| = fielde] W3}
g 4129 YERY =

g A7sqh of AFE s 489 wLe o

Bdolt}, o] Bd Ar] HAI YAQlS AL A Fgpernz 27| B
do A dAyst Ayl Hlzsl {3 EAE i Ade AHRE Holu
ot =3 mdo A gap sizeol =bolol wElx WS E field7t @t

ez a9 4133 2% 4140 YERG AAH gapel sizeE 1um, 0.5um,
0.3um, 0.05um= WIS FACH 2 A3 9 415004 HARE= AAH
4 fielde] e gap? size’t WEFE AA L £ fielde] #2S gap
o] sizeZt FEFE A= AS & F QUrh o] ARoA & F AE
AL 57 fielde] A7) gapel sizeZt F-34 Wi )4 A= Aol
ofyele Aol BEo] Tyl whel tha kol 7F AAAIT 0.2 T 1ym
Abol o] ol A HAstE 427 fieldE ¥4 & dSS & 5 AUtk

glot U WP o Jhx wdg Hgste] £ fieldE Al

2 AL} o fields 1 WEo] 712 wt]o]E over-write 3}7]oE
Al F-Estrh wheba] o] = Aol A= T E

2 dA3%3l head designe ATl AAAA 7|E HyolE T &3]
over-writing & F U= field FAol 7Hse +9 fieldol e H A3t

ATE P8
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Y 4.12. gap 7)o wWE write field ¥3 H& »d

Componsnt BMOD
0.0

1.280793
TR e —

29 4.13. gap sizeZb 1 m¥ A%
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Component BMOD
0.0 1284307

19 4.14. gap sizeZF 0.05 m 45

‘l By(Logitudinal) W Bx(Perpendicular) ‘

06
0.523991

1 0.5 0.3 0.05
Size of Gap [um]

13 4.15. gap sized WE & - 3 write field 23 ¥l
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4.6. 11 7124 Write Headd &z A7

AEdd vhel o] Z7]o tAQlgh write head= 1 tAkQle] 54
tolE $13 write fieldg F&3] TAAIZIA] X

gt olH g tAelA @S HAAsta webA o] YIS Hekdte
ATE AFAH. 2 A A TR 29 41600 dERY AT top

pole®ll 4] bottom pole® ¥rAJ &= major fielde] FS &°]7] 314 top

pole®] W] WAL Zol= t]AS 9L, fielde focusingS £ 30
bottom poles WE3le] Fv 73 field7t U 4 IA A<l &)
T3 3 fieldes A& 7|ES SR AAIIOEZ gap sizes

50nm=z AAsH ) o] YyAlES A E&slo] write headE TAFSI
stal W o] AEdd HAHs mdYySs AX YRS HAsE 3 ¢

FEM. ai4& st Aa7F 29 4 170 yeby dvh o] 235 &

, bit size : 70nm, track

o
<
@
=
=t
@
ok
>
s
aly
ofje
M
ot
)
(rt
i
14
X
K

size : 190nm¢] WA TRHEQ] grain sizeE A& F AATH AT
Z 3l 715 "EEQ 100Gh/in*el 715 YWRE &4 87F = grain
size?l bit size : 60nm, track size : 100nm<e] L+ 7L F534A X
ot kA ol A= o e HA 3 tAle]l 87U o] ¢
2}l S A gdto] A& fieldE HP® O & recording simulation 3 23 1
H 4180 vehd AF<l 56.6Gh/in?d 71E HEE GAT F ASTh
a9 4199 YERt 292 flying heightoll W& fielde] =Z7]E YERA
Aoty akof mE field 74 FHo] 2FA 27| Fu= AS & F U

At

i
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= B

145

—

(a)top pole®] ¥ WA I} gap size TAR

Compaonant BMOD

oo

Companent BMOD

0o
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(b) bottom pole2]



Component BWMOD

i

—_—

() #A "AQ

9 416, H A fApe

]

O LLSE

FOFELE

29901
AH usuodulon

(2um X 2um)

(a) Longitudinal Field
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lH]

FASRTAS 29t 985" £ 86k
wH usuodilo

(2um X 2um)

(b) Perpendicular Field

Qlelll

9L elil-
7H usuadiuo

(2um X 2um)

(c) Track Field
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o)
9 4000
e
IS
c
o
195}
©
o 0 \
L
~4000 : !
2.525 3.525 4.525
Cross Track Direction [um]
(d) down track %3] Field Strength
8000 r
©
O 5000 f
=
O
c
o
)
e
o) ZOCD B
e
~1000 ' '

— 0 1
Down Track Direction [um]

(e) cross track #&°] field strength
a9 417 A O Ae A



(Bt Length:32nm, 85 Gb/in?)

a9 418 AR 7| E AlEHolAd A
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Longitudinal FH:10nm Perpendicular

7577
133537

3 @«
: :
> %
£ £
o= gg
FH:15nm
o &
Z &
3 Z
3
i i
FH:25nm

3

150.47

301605
615 384

Componant HY
6 7436

1-

29 4.19. flying heightoll W& write fielde] 37| H| X

Componant HX
-2380 96
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of Relo] el thA] HA 3}t yAls A8 Edo] wpm 19 4.20
o Yet} 9= mdolt} fielde] focusingS ¢ pole tipe] HEejE W
3993l bottom pole 9A] &= U untrimmed AlZT. 2 A3 19
4219 YeEbG A=A A bit sized track sizeZ} ZrolA HTp 11 WEE V)
53 4 & write headE AT 7} A

Aol Al Ho]l A= AAY 7410.46[0el9] field strength® i H 2}
HolE Fw38] over-writing & & S+ Z7]olal bit sizew 60[nml,

1

track size 140[nm]Z &3 &=Fo] F3s] HS 7)ot} AT A&

fr

o] o] WAL 7E] writing WA WE £33 field 7|5 WA LS
Aoy 2dS HE5e] HA st A7 A Hd 9000[0e] A=)
field strengthE €& & Yol glvs A4 234E AAJH £33 5

Mo A §357] A% A=t U gopx

=

it size®} track sizeE "

b
AASKE @ik AW AFAA AN FH PHoRE o} F o

d
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Componant BMOD
15 an

00
_:_j:d

OEEREDIEENEERE P

Component BMOD
0o 15

(b) B ¥ write field &S 913 pole tip A1 A&
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Companent BMOD
[uli} i85

(c) A txel A4 wdo Z Iy 2
a9 420, HA fAel AL 2

7410486

370927

Component: HY
8067681

(a) Longitudinal Field (2um X 2um)
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98'85kc

9885k
7ZH weuodwos

(2um X 2um)

(b) Perpendicular Field

898'85FC

98 85k
7H usuodwosy

(2um X 2um)

(c) Track Field
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Filed Strength [Oe]

—-6000 : : :

Field Strength [Oe]

O "

2.525 3.025 3.525 4.025 4.525
Down Track Direction [um]

(d) down track &9 write field 18]

9000

~6000 : :
-1 0 1
Cross Track Direction [um]

(e) cross track ®3Fe] write field &)=
19 421, FA gxiel He wdd i i At



Al 5 & Head Field Delay°l] #3 7

= @457 A= oAl ol Al =9

al
2= A 37 data rateE =Y FLF 9

s},

A7 el 71EAAE HAAT 7] 9ste] gAYE T AGS
A7bsHAl Hedl, A7ld = 2 F27F 2 FAE AR AEHS =]
7] 918k mdo]l #AUE inductore} B2 FERE st o F UE
A9 gE =e7] %3}04 A7 A GE FoA BAGE AEHSS &Y
Fojof 3l=d], o] A% B 9EA A7 E =2 inductance® A =7}
stA fAvt. 5 ddFol ofste] wAst= A& & o] inductance

oln®, ZIFAAE Eol7] #de] AHYE FIHANEFEH =9
inductance®™ &7 F7F3tt}. dl=9] inductance”’} S7FshH Q7R
of edte] WA= AF AAAE LA, data rate’} FobA
A AFY 7SR Ads wEbrbA Xske A9 AV do S
ABA] o]4e] data ratedl WA= ATIE| =] 7] E5AA S DAY GOl
AAs] Fo]EA A

71E8 =9 data rates =¥ A5 WA= F oA SAE Al
e e A e | R | s B o = dl=eo] Fag x3}
AEUE7E 22 A5E MR 4 Ade] =& (conductivity) =
A S718 A$7F e, Arldl=e] =g Fetwl argesfo A
Aote obdFe dx wAsHA F7kea. Arls = o dFr R st
Aok el o7k AAE o] FAAER A= HAAAE A
3= Ad88S A Frh wetA nFEgE 442 273 =9 inductance

0Ol

o|N
N

=
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2 eddy currente] ¢sle] 7|Zs| =9 ALl oAFEFE data
rates =0|7] el = o] F b & digt B4 I9dA V=
o] g stA €t}

5.1. Inductance®] €] 3 Field Delay

write head”} high data rateE W3t &2 Al7F oo B
71%o] Zhseloksitt. A b wE HDDe data ratex= 63.9
Mbytes/sec A= £L & zt=t) ol Fu4= F4kstA 500Hz A
1/ 500M = 2.0e-09 Sec o|t}. wa}h
oF 11 9] recordings & & dojof It
thoolef e S WS A7IE™ AlgtE AZF el recordings
ofof st R A G b o] AgE AU ool i HAE mr]o]

2 ZF53] over-writing & 4 UE write field7}F &S 4= Qojof I

ol
-

ne

Iy 5.1 A771=3 =9 inductanceo] 93 571325 JERS
o dE= Aade mde AFI §=9]  inductance’t L,
capacitancet= A 4 it} ol9 & R-L 5713 RoAM =
5.29F 2ol Q7F At ot HAF AlZFAA(time delay)o] WA SHA
Hoh 29 5.2004 AAE = AR7F A4 oF 63%°l =26ty A
o AIZbS yERUH ofe] AeA fE¥ vke} o] inductance©] B
Fal A3l whe| g s}, inductance”} 71 A time delay”} =3}

A o] recordings & & v FAM/A =LA X A "t o]
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ri
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