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Design of the Slider and Suspension for 4x1 Near-field Probe Array
in Micro Optical Disk Drives
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ABSTRACT

The near-field scanning micro scope (NSOM) technique is in the spotlight as the next generation storage device. Many different
types of read/write mechanism for NSOM have been introduced in the literature. In order for a near-field probe to be successfully
implemented in the system, a suitable slider and suspension are needed to be properly designed. The optical slider is designed
considering near-filed optics and probe array. The suspension generally supports slider performance, and tracking servo capacity in
HDD. Moreover, the suspension for optical slider also should meet the optical characteristics, and is also required to satisfy shock
performances for the mobility for the actuator. In this study, the optical slider and the suspension for near-field probe array are

designed and analyzed.

1. M2

gAd Augst 714558 gel oet ARs A
oA 2TFHE ARFS ud Edgog Z)
g1 glch. HdZ JiQle] EfstE RIS
1997 dell 4.7GB A #A) 36GB & 761
2010 dell= 1TB 7441 7H7 A= 3 9ok ¢
029 ARAAIVZIE VEHIAY AR F7}
9 432 7 8%, T AE Fo| aFHA, ¥
8 A7 FoFFORE Qe AL &
gAe]l ZxHe 248 FARAZNNE 2F 3§
2 Ag, Hbdel, 71EQ A79 Fg Autor
Hd AEAZ7N9 71eF #FA xgdstn g
ot ojeldlt o] §=E, AAd FEAAII = AF
Ha gleH, 1 ¥ S gtor A F)
Z (near—field recording) A3Z 7} AFHD
A3, 1 FNAM @3H X RM (near—field probe)
£ o]&% w2lo} gt ole ®©H ETRp G
F&ol 90—-100nm 27184 °o}F A& g2 7
T (aperture) & B3t HE F3A7n W A
< gto} SHZS LAATA BH(1]. old 7
= djAlet AT Alele] AL AMgEE WY 3
29 172 oldt7t Holok 3, EF AFY AF

+ AANIR 7)ATE gsa
E-mail: hongeojin@ yonsei.ac.kr
Tel: (02) 2123-4677, Fax: (02) 365-8460
w QAR FRAG7)7] AT AE
wer QA 7 A FoH7

B A fxHojop gttt E =FdAe o
Bt el =t A (hard disk drive) A AL4-5
© 371 WolH & o] &3t} 2T BHY o]
(near—field probe array) 2t "] Atole] 2H4&
FAB A 3tk olE g WA Fr) Hlolg s
o] gsto] ME o] FF7| AA glo] HelelE &
A QU7 qEe], g3 7N FRAFFA
A M & BAQ AA FFI} o] WadAE F
8 gled, 77t dedAA "¥g. sd=vaz
9 71E¥E oln £ uUx e BA Ho
(flying height) §-Alo] =g 7] wEe] =4
Z B3 ool wald AL Al7le Ro| 753
t},

2 =&dA4= 1TB &
BRAA77] 71€e] &S F 4x1 24 €3
olgol & YT Fo JIAR TE T2 &dolg
8 ol& AAsE= MAANHEE AAsE Aot}
ol $5te & odolE HEET, 20nm 9
X B4 Eolg AR, 23 ddejs 4 &
oA e] FolatE HAidsE &Eteln e dA%
olg AAE & v FARFY &A% F5U
g FAadE @ AAAHY HEH BAFAA
olg3d Aot T3, &Etolrle] TEA I
FE A 243 g2z AFH(flutter) S T
gste] Setoltie] F8 AF EA U E45
@A GF Foly.

-393-



2. 84

dEfo Mol £2tor HA

2.1 MAIEH o Eojey

23R (near—field) % 715& 943 4x
& oldo](probe array): <oyl 3
(trailing edge)°l $1x8t} 715 wixs} 23
(near—field optics) & TN BE =
(flying height} & #=|3t1, @37 Fol o]
£ Hasg stolof st} wetx @3y FE=
9} wjA] Alole] ZHAE 20nm ©|3E FX &1,
Zk 23 odo] Alo]e] RA A= BAF &0l
5% 2 A Exz MAA}AT. B =544
v 238 odHelg % Loolday & o
(leading edge) F2°l F71/%S A s gH
o} At B Fee F s 24 At &9
o dubEQ S=tiAH (hard disk drive) 8 &
golejgls PEEHE F2E JdY FX(bank
structure) 7t k. @A ojzlolx Fe HRE
¥ &84 0.45(mm) x0.25(mm) 8 F3ko] HQ
ste, A9 FZE tA3m %o s A==
7] F53 WA (particle) 2HE @HAF ol o]
£ E3dte 98-S A "o Sgely e EA
o 59l Ay F2E AUEt sdelde AVE
7Z1Ee s=EfAade AHgHE I3 &dold
(pico slider)olA Fol7} Z7}"E  1.25(mm)
x1.0(mm)x0.5(mm)2 F&Art. £ g3JH o
#Holg dHolg A% £EE yasle, Az w
AL 10mm oA, HH MEzz B & 5 9l
£ 0.5m/s 2 A4 ot Agdd F kA 2
o thate] Zhzheo] HA Wl EF g nAE
Qg dhetstsl Yol BARF W ¥ =
o], 7 X2 (pitch angle), &z (roll angle) ol th?t
sgte el 28 d(parameter study)E AlW3R
3, 275 Table 1 o YetSich 74 Folg
7S & o gy T2y BA FolE A

33t

ot
o b o

-
(o]

Type A
Fig. 1 Design parameter for rail shape

Type B

Table 1 Sensitivities of design parameters

Design Type A
Parameters  Flying Height  Pitch angle Roll angle

L1 -1.13nm/mm 0.40urad/mm 0.0lurad/mm

L2 6.00nm/mm -82lurad/mm  3.55urad/mm

L3 11.10nm/mm  70.76urad/mm  2.4%urad/mm

L4 2.80nm/mm  121.65urad/mm  8.60urad/mm

L5 28.00nm/mm  -27.05urad/mm  2.16urad/mm

Wi 17.10nm/mm  -19.21urad/mm  0.09urad/mm

w2 -1.40nm/mm  -55.28urad/mm  -2.20urad/mm

w3 32.50nm/mm  -28.18urad/mm  1.20urad/mm
w4 46.80nm/mm  173.45urad/mm  4.42urad/mm

Crown 0.33nm/nm 0.88urad/nm 0.01urad/nm
Camber -0.12nm/nm -0.48urad/nm -0.01urad/nm
Taper length  15.40nm/mm  -245.5urad/mm  -5.85urad/mm
Taperangle  0.04nm/mrad  -0.88urad/mrad  -0.03urad/mrad
Load -9.78nm/gf 28.76urad/gf -1.32urad/gf

Base recess 0.19nm/um 0.92urad/um 0.05urad/um

Design Type B

Parameters  Flying Height ° Pitch angle Roll angle
L1 5.65nm/mm -4.00urad/mm 1.36urad/mm

L2 4.00nm/mm 0.3 1urad/mm -0.01urad/mm

L3 -3.90nm/mm 60.37urad/mm  0.03urad/mm

L4 -3.85nm/mm 87.76urad/mm  2.50urad/mm

LS 41.60nm/mm  -54.22urad/mm  0.48urad/mm

w1 11.95am/mm  -16.80urad/mm  0.15urad/mm

W2 -490nm/mm  45.4lurad/mm  1.40urad/mm

w3 4,00nm/mm -3.2lurad/mm  0.46urad/mm
w4 17.20nm/mm  254.33urad/mm  4.93urad/mm
Crown 0.31nm/nm 0.99urad/nm 0.005urad/nm
Camber -0.10nm/nm -0.68urad/nm 0.006urad/nm
Taper length  3.00nm/mm  -171.24uad/mm  -3.38urad/mm
Taper angle  0.00lnm/mrad  -0.58urad/mrad  -0.02urad/mrad
Load -14.37nm/gf -30.50urad/gf -1.19urad/gf
Base recess -0.03nm/um -0.38urad/um  -0.005urad/um

Table 1 oA 7% zt ARG g 07
Adgte]l 55 73 AARS U 53 g9
Wert ade R K39, olF wEoE AHF
HE Tt 27|ndE B3, FF &4 (static
analysis)d#¥ Table 2 o ®7|8%h =72
dof  digt ade FAH F7 dH(air
pressure) 2] X = Z+z} Fig. 2 ¢ Fig. 3 o U
1228 Fr4=3

Table 2 Result of static analysis

Type A Type B
Flying height 19.96 nm 19.98 nm
Pitch angle 63.98 urad 51.89 urad
Roll angle -0.63 urad -0.49 urad
A& @A (static analysis)ZI 20nm oA

0.05nm ¢ LAWINE B ol A 9 A
WHO2 Type A& H3 Zo], Type B= & 7
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Fig. 2 Initial model of slider type A and type B
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Fig. 3 Air pressure distribution for initial model

Type A

7HA mde] B

FEES 37 &

49 QA 22 A
El-i]fs:] %6‘1—3“ ‘ﬂ_’]

12 2 o2 32
1o ol Yl Lo

HaEo g fLdts %"‘l*’ﬂ FH o *‘—7] H
(air bearing) 9 7}A] (stiffness)& FE=
< 3

22 et 3o pEHE it MA

A FEOAINANE dAFT 4=

2 JAANTIEZR, JFA YgF2 TF

ol A&EE Frbenh. i &gtolyrt 141
Fo dAgN F7] K5 &Eolry ZJ_
Ol%fz, 3 Z+E oA Hed oy g

2t (skew angle)olgt &Aoo, ojuj Qa}q\ﬂ
g del FYHE T % BT w8
ojltje] FAEA q%g FA Bl wEks A
59l 2774 4T nEde] Yz gF
B4 ol %Zé’%‘.o_i fAGE A 27 2
oh[2], [3],[4]). =3 &3 =518 ool Fst
A BEAE %}J} ZTEH Apojo] BA Fo] @
a7 d3te B4 ®old 5%olUE wEEo]of
gtk 1 AA wholaZ FE SelojRoflA] dFd
olele]l F% FTH HXE IEsd WNAE
10.14mm & 2§ 7o) 0 71EHo 7 33 o] A
AoMY MEEE 0.5m/s £ AAF8H WS/~
S| H}dE 5.03mm/-14.7deg A
12.7mm/7.3deg 7} ¥ RPM & 470.87 ©] ¥

o} & Hela AlgE steldle AEdY AnE
olgsle] AGA E Zte WS ulelr HAsid
nde palgyw, 7 A% 294L Fig. 4 o e

RS
g

Type B

Type A
Fig. 4 Modified model of slider type A and type B for
radius and skew angle
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Fig. 5 Comparison of fly height variation for initial
model and modified model
Table 3 Result of static analysis of modified model

Radius o Type A
(mm) height delta Pitch angle  Roll angle
5.024 (ID) 1.17 nm 45.43 urad 1.86 urad
10.14 (MD) 1.17m 71.35 urad -1.86 urad
12.7 (OD) 1.15 nm 8174 wrad  -1.77 urad

Radius Flying Type B
(mm) height delta Pitch angle  Roll angle
5.024 (ID) 1.14 nm 49.90 urad 1.68 urad
10.14 (MD) 0.96 nm 77.77 urad -1.59 urad
12.7 (OD) 0.81 nm 89039 urad  -0.06 urad
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Table 4 Characteristics of the suspension

Resonance Freq. Stiffness Properties
1 Torsion (kHz)  6.21 Spﬁ&‘fml?ate 2423
Sway (kHz) 1297 Pi(‘lfg;t}g?g‘;“ 0.83
2" Torsion (kHz)  16.86 R(‘l’lllqu;}g?&e)ss 7.79
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