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Abstract

The systems with probe and SIL(Solid Immersion Lens) mechanisms have been researched as the technology to
perform NFR(Near Field Recording). Most of them use the flying head mechanism to accomplish high recording
density and fast data transfer rate. In this paper, ABS shape of flying head was optimized with the object of securing the
maximum compliance ability of OFH. We suggest four different optimization processes to predict the static flying
characteristics for the OFH. Two different approximation methods, regression analysis and back propagation neural
network were used. And we compared the result of directly connected(between CAE and optimizer) method and two
approximated optimization results. Design Optimization Tool(DOT) and pGA were used as the optimizers.
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Fig. 1 The methods of optimization
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Fig. 2 The initial 3D-model and distribution of pressure
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Table 1 The parameters
Disk Rotation Speed 4500 rpm
Skew Angle -2~ 15 (deg)
Radius(Inner-Outer Skew) 5.8~ 11 mm
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Table 2 The characteristics of initial model
Id_ OBJ_FH | Id_Min FH Id Pitch | Id Roll_
57.03nm 54.14nm 29.55urad | 4.51prad
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Table 3 The selected design variables

Table 4 Effective analysis using DOE

Id_08J_fh load(18%), x2(12%), x3(8%) 1d/Od_min | Id/Od_obj | 1d/Od_pitch | 1d/Od_roll
Id-Min_fh | load(17%), x2(10%), X2 20/20 | 24/24 | 15/18 4/3
x3(7%).,y6(7%) X3 15/20 | 18/25 | 15/23 473
ld_Roll y6(14%), y5(11%), y4(6%), y3(6%) Y3 0/0 1/0 5/1 15/0
Id_Pitch crown(11%), load (8%), x2(8%), Y4 5/2 2/0 2/1 15/20
x3(7%), base_recess(6%) Y5 1/3 3/4 9/5 23/20
0d_OBJ_fh | load (16%), x2(13%), x3(12%) Ye 10/5 3/1 6/4 29/41
Od_Min_th | load (14%), x2(11%). x3(10%), Load | 26/21 | 28/24 | 11/13 4/6
base_recess(6%) B_recess 8/8 8/8 1/3 1/1
Od_Roll y6(12%), y5(7%) Recess | 8/11 6/7 8/9 0/0
Od_Pitch | x3(12%), x2(10%), load (9%). Crown | 3/5 | 0/2 | 22/17 | 1/2
crown(8%), base_recess(6%) 2 (%)
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Fig. 4 Selected coordinated design variables
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Table 5 Weight analysis using BPN

Id/Od_min | 1d/0Od_obj | 1d/Od_pitch | 1d/0d_roll
X2 24/23 | 27/27 16/20 5/4
X3 16/21 18/25 14/23 4/4
Y3 0/0 2/0 571 16/1
Y4 6/2 2/1 2/2 14/20
Y5 1/3 4/4 10/6 23/21
Y6 1277 4/2 7/5 30/43
Load 19/17 | 23/20 9/10 4/5
B_recess 7/8 8/9 0/3 1/1
Recess 10/13 7/9 9/10 1/0
Crown 5/6 3/3 26/20 2/1
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Table 6 Optimization result for RSM-DOT

1d_OBJ_FH/Od_OBJ_FH

Real value 50.4/48.4nm
Approximation 50.0/50.0nm
Error 0.94/33%

=3

Y : Width (mm)

15 2
X : Length (mum)

Fig. 5 The geometry change for RSM-DOT
(solid:optimal, dash:initial)
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Table 7 Optimization result for RSM-uGA

Table 9 Optimization result for BPN-uGA

1d_OBJ_FH/Od_OBJ_FH

1d_OBJ_FH/Od_OBJ_FH

Real value 50.1/49.4nm Real value 50.4 / 49.6nm
Approximation 50.0/50.0nm Approximation 50.0/50.0nm
Error 0.24/1.15% Error 0.86/0.83%

.

~

N

Y : Width (mum)

- //7 4
15 2
X : Length (mm)

Fig. 6 The geometry change for RSM-uGA
(solid:optimal, dash:initial)

Table 8 The result of constraints

Table 10  The result of constraints

Id_Min Id_Pitch Id_Roll
BPN-pGA 47.6nm 28.7urad 1prad

Od_Min Od_Pitch Od_Roll
BPN-uGA 42.4nm 37.5prad -0.2prad

Table 11 Optimization result for directly connected
method

1d_OBJ_FH/Od_OBJ_FH

Value

49.7/50.1nm

Id_Min Id_Pitch Id_Roll
RSM-DOT | 48.0nm 28.3prad 4.9urad
RSM-uGA | 48.5nm 26.6prad 3.7purad
Od_Min Od_Pitch Od_Roll
RSM-DOT | 43.5nm 35.5purad 1.3prad
RSM-uGA 45.1nm 33.0prad -1.3prad
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Fig. 7 The geometry change for BPN-uGA
(solid:optimal, dash:initial)
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Fig. 8 The geometry change for directly connected
method (solid:optimal, dash:initial)
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Table 12 The result of constraints

1d_Min Id_Pitch Id_Roll
Dir-Con 47.93nm | 27.96prad | -0.59urad
0Od_Min Od_Pitch Od_Roll
Dir-Con 44.35nm | 36.49prad | -1.97urad
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Fig. 9 The Variation of flying height on the interesting
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Fig. 10 The variation of flying height on the aperture

T2 333 optimizer & A 3F AAE 9o W
Wol a4 ZAalel Fig. 8 & 53709 AF W4 5
Ael 9F ¥y 25 A4 dse2A 34 3 3
AL Uehdis agoith aze UM A} HF
3 Al AR EHAY 6 Al HE H5e) 4 9 9
HuSE 10 7)) 2ok 48 /)9 W o 2E ©
A} AnYL =@k w2Al A3 F(directly
comnected)= 6 /|9 F& FUL T T AF
S8 Table 128 B3 & F U

ol# e X3 AAHL AN F &golde ¥
4 EHE 27 mdo A vug ARE Fig 9
~Fig. 10 o] e 2ic.

Fig. 9 2 A= FAHor g BA Folo wizlz
A HH3 AL AY F EE ¥F Eod
50nm o Jl, 9] At A £ F AL B
¥ Atk

Fig. 10 < Fig. 8° EA Heol ¥ 1,2,3,49
AR Mol 2r|mdd HAMHATD B3 Fol

Fig. 11 Optimized and fabricated optical flying head
system

AsE el ok @ 1,2,3,4 5 242 929
SE FA 9HT AEEA, o He 2A Fo
9 H YT (flatmess)’t FESTF BEIL oA A
gk il He EE B4 wolk A= FH F
E BA Fole} ZE 50nm o|th Fig 10 & E3
FA3 J3 T 9 FY 24 Folvt 7] 24d9
H)8] 50nm RZCE A olFslgoen HIPx
=3 27129 2o 4 H9eL B 5 ok

ANA Bl ZyEdst 3y zdo d¥iue
H] ZA} & A 3}(directly conmected)ol] J3F AFAE
& AlgstT) shAeE M Hel AAY ZAL
HA3E 23 2IAEX 99 Ao Ao ZHF
AE 4L F ASdth =3 8|ZAF HHgd 9
g HAHs= ZA A3 gl vlE oz
A9 A4 Aol Woldted €& A HEE 2
TaHe @do] ik

44 HE wy o

gM 3 @ A3 49 F u2AE 2 E e
4 A 2sle(Fig. 11) o33 2ol 493t ch

A OBI FH & &3 3dtx, 4 7% A vg
U BAgolel HA, ¢z ®HEFE HY
(modulation)E =74 3} At}

Ao+ dual-beam LDV & Ab&3lA dhte
W "a3d, 28x g& v Q9e £oho)
o & o] LDV & g 4N A TAY I}
2 3¢t Loy 9 &% tYgs w9y A
ZYZt Smm/s/V, 2pm/V 2 ALE S ov LDV =
2nm ¢ AFEE AT Ut LAZAFIT A
9] MEZ % B (sampling rate)S 2ms o]t} AGo] A}
£ ¥ gaar fd(gass) d23g gaze A
52 9 7um o)H, 4EL 3 F29 v Ho]
E 9olx 1Y sdon, &etoltiy AF i
= <k 1/100nm ool

A9 As F=3 @ F)R4oEE Fig 12
of Jeld AXNA o 57om & BAEE ZoE &
A HYdh a23e AEFoeld 279}t oF Tnm R
E o7} YA, tazel AFEFH e AA A
oA LAHE 48 J1H 2AEL 1Y 4
HAg d3g B Aoz v Hrh

1

5]



310

N

Displacement(nm)

Time(s)
Fig. 12 Flying height of OFH
(at linear velocity, skew: 5.2m/s, 15deg)

Displacement(nm)

5 2 k- .
Time(s) x10%
Fig. 13 Flying height modulation

Fig. 13 & €gojdd EEdgoldE Yeu
Qlor, Ful W9 A} (peak to peak)?t & 12nm E =
A HAct wxe} o dig ZEHIE A
A4 zole F A3} EF, & 10prad &F 1}
et olgid ADE £ o, o HAAIT T4
stodx Zgolrlel F4o] 100nm °l8tZ FA o
AL Y T Ao, gEpx 23FY a3
Evanescent 519 &32 &4 Al 4 Y& &
/‘* olo—l];]_

5. 8
B =FAs 259 ARAF 7= =3
% 7]%&([Near Field Recording)?] 232 $3iA

SIL(Solid Immersion Lens)E BT &otolvie 3
7} 24kl o] 8 E H(Air-Bearing Surface)oll td A
AAE FP&d v 7tA9 HHs AP L F
8tod A H(Static) AEfolA OFH 7} AA & =
AL 2F UEFY, A= FAAA W, &F 42
sonm £ FASE 24948 42 F JAdH

3 AAs 230 JALHE o4 24 F
23 gL &AL Az HEoE £ AEFolA
A8 94€ F ANeH, =3 H{Z=aFH
optimizer & A dAde WHMISA AFF
)l 1 2 %e EARES M4 = FA
[=]]

3 A Ao

zoz A9L Bakod AA ZAgol ABHo)
Hel @RE AW F3a= AL Fa gow,
ol £3) AgUolHE o8 J43 ARE
3¢ 4 A

o] A7 dFFAAG AA FFATw HF
AN 9] drnAdos FHEHUFU

e

UZL'

E

(1) Taesun Song, Hyunck-Dong Kwon, No-Cheol Park,
Yuong-Pil Park, 2002, “Elliptic Solid Immersion Lens
for NFR; Compensation for disk thickness variation
and disk tilt,” Optical Memory and Optical Data
Storage Topical Meeting, International Symposium on,
pp- 210~212

(2) Matthew A. O’Hara, Yong hu and David B. Bogy, 1996,
"Effects of Slider Sensitivity Optimization,” IEEE
TRANSATIONS ON MAGNETICS, Vol. 32, No. 5. pp.
3744~3746

(3) Cha, E. and Bogy, D. B., 1995, “A Numerical
Scheme for Static and Dynamic Simulation of
Subambient Pressure Shaped Rail Sliders,”ASME
Journal of Tribology, Vol. 117, pp. 36~46

(4) Jongsoo Lee, Seungjin Kim, 2001, “Applications of Soft
Computing Techniques in Response Surface Based
Approximate  Optimization,” KSME International
Journal, Vol. 15 No. 8, pp. 1132~1142

(5) Giunta, A. A., Balabanov, V., Haim. D., Grossman. B.,
Mason, W. H., Watson, L. T. and Haftka, R. T., 1997,
“Multidisciplinary Optimization of A Super-sonic
Transport Using Design of Experiment Theory and
Response Surface Modeling,” The Aeronautical
Hournal, Vol. 101, No. 1008, pp. 347~365

(6) Krishnakumar, K., 1989, “Micro-Genetic Algorithms
for stationary and non-staionary  function
optimization,” Intelligent Control and Adaptive
Systems, Vol. 1196, pp. 289~296.

(7) Coello, C. A. and Pulido, G T, 2001, “Multi-
objective Optimization Using a Micro-Genetic
Algorithm,”GECCO 2001, pp. 274~296

(8) Fu, T. C. and Suzuki, S., 1999, “Low Stiction/Low
Glide Height Head-Disk Interface for High-
Performance Disk Drives,” Journal of Applied Physics,
Vol. 85, No. 8, pp. 5600~5605.

(9) Kim, W. S,, Lee, J. S., 1999, “System Decomposition
Techniques in Multidisciplinary Design Optimization
Problems Using Genetic Algorithms and Neural
Networks,” COSEIK, Vol. 12, No. 4, pp. 619~627.

(10) Carpenter, W. C. and Barthelemy, J. -F. M., 1993,
“A Comparison of Polynomial Approximations and
Artificial Neural Networks as Response Surface,”
Structural Optimization, Vol. 5, pp. 166~174



