BT RFERR S ERATAAE [THRPTE] B245

AT & FHR A U s TRUATE R R o Bl R Bk

HH O o B

®E B

N=FRF 4 RZ7EBIZHOONIFEINY FRX5 471, BNy FEESREA i IEEEm
MBS 2BELKAREHZO—ETH 505, ZOFRHCIEHELASGS FRABEEFERD
BUEHEBARRRTH 3. FE, "—FTF4 X720 S v 7EBEELAHMAIEZHNT, HRo
FIRAF ¢y —VERBLUICT 4 A7 BRARBRIN TS, KHETIE, 77 XAF 935 — %
BLT 4 A7 EICHE L FRAEEARERNICES T 8RAEBAL, Th%is ADIEIC
S OEMSPHDO 2ROFETHELTAHIEICELD, TI7RAF v Xy —UhifisdhicT+ A7 E
THH Ny FX5A4 FOF A E T2 HikEmat Ui, 618, ZoftEEE#ALL
VIialb—varVATFLAERREL, THICLXORENLBEED XS 1 7tk KBEHE L.
CDVRATLEMHHATAIEILLD, HBEORKZNNI—VUDBHEET ST 4 A7 LT, #BFX
S ENEEBIL RS54 ¥ DHREDA[REE 15 - 12,

Numerical Analysis of a Time Dependent Molecular
Gas Lubrication Equation
Applicable for Patterned Surfaces Using a
Mixed Film Thickness Averaging Method
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Abstract

In magnetic disk storage systems, a flying head slider is used to suspend a magnetic ele-
ment on the recording medium at a spacing of several 10 nano-meters. To design the head
slider, numerical analysis of the time dependent molecular gas film lubrication equation is
indispensable. Recently, for the purpose of increasing the track density of hard disks, a re-
cording disk with surface texture patterns such as grooves has been developed. In the pre-
sent study, the mixed film thickness averaging method is applied to the molecular gas film
lubrication equation to take the disk surface texture into account. And this lubrication
equation is integrated using an alternated-direction-implicit method, which can give a so-
lution with an accuracy of (At)*. Also, an interactive visual simulator was developed to es-
timate the flying characteristics of flying head sliders. The system has proven to be
effective for designing the slider and the configuration of the surface pattern.
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5. BEHE L XFLDOLEBORN

Ky 27 L, 2 EOEHARAL 3 SOME B HENETETS ST, SHMICED
BENAHER LTS EEEIL, BREY TS A LTHRULT 5.
AL REELT, BEAT v TR T WA DE LTS,
(DFES) 546 0 B
QE RO E
cHBEOEL (D) ICBIAENFEERNT, RS54 70EHHFERITXL HROKEA
(t+D) DR TRBEKRDS OV 7y 7E).
CIDRIAFERETFIMEE LT, BEARRICL D ROEA ((+1) OEHMiE R
%3 (AD 1),
cCOFEASFERCT, BEEHABERI X5 M FORBLRKD, IONTFREE —
H3 5 & THOREHEE1TS. |
) EETRSIESME, o RHHT S EAREMTHNEERT v TRICED, HRIES
EDRS A — S EEEFTS. | -

6. FURFPHEF 1 RIICHBTBRT A FE LM

6.1 R5AFDOHTER v 238
REWZIBEDORSAFICDO0T, TORFEESTLI. ZhoDR T4 FIZFHEEICE
WT, T4 A7 EFTRSEEU=10m/s, FHE F=0.54mN (0.0547gf) OHEITR/NE LT
EFEM0nm B EHICHEFL TS, Fi, COXTAFIZTIZERMA v ¥ 2 3F8%SH
HLELTEY, RSAFHEICBY 2MMOBRMNE, AEMETFEHEZLTNAS.
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F6. LA A VY D#F LB LCHMFIHE (Load) 2577, NFRTOR T 1 ¥ TH UMK

ELTW3,

#6.1 Specifications of sliders

Length [mm] 0.5
Width [mm] 0.39
Mass [mg] 0.34
Inertia(pitching) [mg-mm®] 0.0083
Load [mN] 0.54

UToDM6.1-6.6i1C 3BEDRXS 1 5Dtk ETERERT.

(1) Taper-Flat(TF)

£v¥0000

0.5007

16€0

0.0508

LSY'0

9v€00

9v€00

0.030

6.1 Dimension of TF slider [mm]

(2) Negative-Pressure(NP)

0.5007

16€0

0.0501 0.0501

LsY'0

4800

v(800

0.004

[

X6.3 Dimension of NP slider [mm]

6.2 Shape of TF slider

X6.4 Shape of NP slider
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(3) Step-Pad(SP)

Lst'o

~l
€1v0000

265¥00000

M=

0.5007

S1000
0500

ogo
tyio
]

16€°0

9600

I 0eL'0
9100

ﬁ 0.040
0041 0140 0173 0.106
6.5 Dimension of SP slider [mm] X6.6 Shape of SP slider

62 FTAARIVRADTIAF +/NF—
KBTI, T4 AZEITAHBORRZ NNy —VEER T, T4 A7 ICEUTO 4 #HE»
SHRBING =M, T4 ATVEMEOBELREINS.
LBMOF 7 XAF 639 — @
AT Y — U 1T19.T5+ /R Y — V6.25+HRA/35 — 10.625+ B /Y5 — »3.375
= 200 CHALIE[£m])

FAT R BE E5Z
179.75 6.25 10.625 | 3.375

K6.7D LT/ % — ~ (Longitudinal) 3 X UHEA/¥Y — > (Transverse) %, HIZR
&/%% — (Plateau) %277

Transverse

A4
‘Longitudinal Plateau

6.7 Texture pattern

6.3 X545 DF LK

LRORFAY, FI/RF v+ HET4 X7 EFEML, X514 T OF LAFHERIT LI

74 A7 RiENE, KN%OWABT—yHE (V5 v 7853 OFFTRH NI —ThHbHI:
b, X514 OFEEFLRIIFIT/ Y — T 2BERHEICX > TRFRED, 7 75ER
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HOBERBICRENY — OB RS A FICRABMICMb 208 & UTERAT2 EEZ S
ns.

6.3.1 BEBICHESBNFLTEXORY :

ZITHE, 77 RF v OEEBROIREORT 2R OREBICHE - TRY. K6.813 3 B
DZXFAFZNZENIO0T, BES d=5,10,1505 8 ORBORFERL TV 5. HlhHE
BEms], WEDB/IMNE LY &% holnm]TH 5. KPD d I3HES (depth)TH 5.

/ a=5 - d=10

20 » /.
g b4 {
g
: Slider © 15 il 4
)%™ 2 /
E
—— Q 10 _
JFMFFZWW o
w2
179.75um  20.25um g 5
= TF slider
= 0 w
0.00 0.05 0.10 0.15 0.20
20 20
g g
(=] =
o 15 o 15
-~ =
) b
g 8
g 10 3 10
f= o
w 2]
E s E s
g . g .
g NP slider 8 SP slider
2 0 L 2 0 1
0.00 0.05 0.10 0.15 0.20 0.00 0.05 0.10 0.15 0.20
Time, ¢ ms Time, ¢ ms

6.8 Minimum spacing variation as a parameter of groove depths, d -

B6.8TiE, WITNDXTAF b, T7RXF+/37—OEES (d BRELBBIIO21T
BMNEFETEXFWNELRY, REDBKRES L >TWBED0805, iz, EoBBIHED,
A4 —ERPOREBEROBLIT-TWBM, Rifictdbar LT, Negative-
pressure X 5 1 73Kk bIREIM K XU . Step-Pad R5 4 713, BEEIHBKRELBBITONT
BMNFELETEE hoBHBDOXSATXD NS BH, ThTHHORS A T EHRT 2 &
B /NS, BKELTWBENZS, ‘

K6.9i3 %k LR LEHBRREE, 7/ RXF v/ —VOBBREITERLE LSS T TH S,
ENEFNDTS 7 TIREDODRSAFE/BL T3,
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y TF
20
B
P R N AT e B NI o R IR R AR R
Slider 25 F
h N /
of SP
'S NP
— s 10
SL}\:W”C””’F o
/ w2
g
179.75um  20.25um = 5 1
g d=5nm
g
2 0 1 1
0.00 0.05 0.10 0.15 0.20
Time, ¢ ms
20 20
g g
g g
S 15 gﬁ (LY
'g 10 g 10
& &
g St d=1 S 5
g =10nm £ d=15nm
k= R=
E 0 = 0 +
0.00 0.05 0.10 0.15 0.20 0.00 0.05 0.10 0.15 0.20
Time, ¢ ms Time, ¢ ms

6.9 Minimum spacing variation of three sliders

BEX d=5088, WThOXFA4FHEBERUR/NMEETEEERLTED, FIiT,
Taper-Flat 2 5 4 ¥ & Negative-Pressure 2 7 4 FIIEBEOHEEL > T 5, EMNELK
&, SEHHORSAFIZENEhZENE U S0, 12, Negative-pressure 2 7 1 ¥ TiIiR
B L < 75D, Step-Pad X5 4 ¥ THEVNMELT 229N & - TLL OB B, &
72U, Step-Pad 251 ¥ Tid, BEINImmBEIHOREILB L, ThilRE, S/NELE
TEEOEMINELL B,

6.3.2 BRIICHSERNMNZELTZEDORIE

M6.103ZhEhD X5 A4 720 T, KRS /MNP LT 2O FEME (hoave),
BINELETEEFOHRAM (homax), B/NMNFELT EFOR/ME (homin) ZR L1757 TH 5.
Zhiz, BodBEBICH-T, Eh{SVORETRELADERLILOGDTHS. homax &
homin DEMRENIFE, BOBRBIZ L2 EEBKENENZ B,
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N
1=}
»n
o
N
e

\

10 1 i

=)

h fave

o

SP slider

Minimum spacing,ho nm
>
g

Minimum spacing,#/o0 nm

Minimum spacing,ho nm

TF slider

o

0 5 10 15 0 5 10 15 [ 5 10 15
Groove, d nm Groove, d nm Groove, d nm

X6.10 Maximum and minimum spacing values of ho

WEFRGT 7 AF v /35— OFRIHPRE LD BICHD, REPKE L ->TL 0045
5. homax & homin DED K &K X103 Negative-Pressure 271 ¥ Th 5. Zhickb,
BOBEBRBFIZELIREI T 5 X5 1 ¥13 Negative-Pressure X514 ¥ THBZ &EMGhd.

61137 7 AF /37 — LV OFERSICHEI R/MNFLET &% ho D FHEOENDOKF %,
SHEEOXSA SV THR LS 7THS, HMMEOES(nm], MENE/NEETEE ho
(IO LTS 5. WESOnm OFHFER0nm 5 5 BHA L, #ES 15om £ TOHRE
ALTN3,

20
g
=}
o)
L 15
=11]
£
S
S 10
V2]
g
=
g 5
g
S - average ofho
0
0 5 10 15

Groove depth, d nm

X6.11 Average minimum spacing variation of three sliders

Taper-Flat 5 1 51~ 5 &, Step-Pad 25 4 ¥ 3RS OFWAEKRESCZI TS,
L, LU Step-Pad X 54 ¥ D&, BEIVBIOmmBEE (HBPMELETZFInm EBE) Lo
REKBBERNFLETEETOEMMBDBELALD, BEE20nm TIIMEBFE L TEHELR &
72 -7z, Taper-Flat 2 54 ¥ OEFAICIE, BES15nm BE BR/MNELETXE15nm BE) &
DRKESHBER/NZLET EFOEMADDIELED, ZhUBBZZIIIRUR/MELT S E42#
3505, HBES40nm THEAEEB L. 72, Negative-Pressure 251 7%, ZHh o



P < ERAEA Ll FRGmBE A ER OB R 103

Taper-Flat X 5 1 ¥ & Step-Pad 25 1 ¥ OHHERBREDOHEEZRL T35, HEZH25nm i
ET5ETIREFRUEEOHEGTR/MNELET EEMWNE (D, 30nm THBREL .

BORBIZODVTIE, AvyaB8ERFTEILCLDETORBEIRNZ EELZSNS
B, TIRAF v/ —VOBERIEFNELTEFLOBBRIODVTRBLESAIBIHERD
BOTHBEEEDNS,

7. £&8

AT, FETEIHERBCESIEENERO 77 XF v 85 — Vicwin LA R4
WHBERERL, ADIHEICX D EMAEIO 2 RO THRITEIT S 1o b OBEBIEILEER L
7o, ARETHR LY 27 L TR, ZHEROMMELE LT, ETAROEANMKNOEI
3 EfzES %, 2hUNOEHIIIHOGESZEMA L.

i, KVZAFLIZEORENLIBHORSAFITONT, -V EF 4 X7ickiF
2 L ERE L. ZOBRIUTOEY TH 3,

WIh b, T/ XFrELOBHAOEEF LE20nm » 5D EEETH S,

(1) Taper-Flat 251 ¥

c/MNELETEE hold, BEIBRKRELSBBIIOWTH LT DETT 5.
c BEES1Nm OBEOR/NMNELETXE RIS BETHY, ThLUBRRIBESERES
LTsd, BRRAIURNELT S E2HRFT 5.
BB BNORENT, BEINKEBIICOATHOLELLILS.
(2) Negative-Pressure 25 1 ¥
cB/NELETEE hold, BEIVKRE(ABZIONATHLFSETTS. 20HER
Taper-Flat 25 1 ¥ & Step-Pad 2514 Y OHHBRETH 5.
BRI OBEOR/NMNFELETXFR1I3Snm BEETH D, ThUK, #EEX25nm i
ETHFET, BREIICFEIHFALTRNMNEETEE /NI AS,
EFRSBEAROREZ, MOZXSA SIS ERLE L.
(3) Step-Pad 25 1 ¥
cB/MNFELETEE hold, BESHRILHBIIONTRELET TS (10nm BEE T).
cHBRES10nm OBAOR/NMELTEZT R0 BETH Y, ThUBIBESEREL
LTsd, BIERUB/MNE LT EE2#ERT 3.
EBRBOREZ, BEINKELULBZIZONTHOLELLEEN, HOR5 15tk
N3 ERBII/NE O,

T4 RTEEIT 7 AF v+ H 584, Negative-Pressure 2 54 FIZPRPAKETH D,
Step-Pad 254 F 3R RPEKETH B LWL S, Step-Pad X714 7%, BEIIHEIFELT X
FDERTHROKREL, »o, RBEAPE VD, HROBVHRENBOWEEEZIONS.




104 BT R R S RPN E TR %245 20054F12H

AE, EEFLTEEE220mm ICT3icdich, ThETEFEFLTZXFE0m THo72 X
SATDHEETLENL ODLEB LI, Hf), BEREIT 25 —ABEh-7:. MEPHEELE
BHLUTHEBTZZ LT o7, Ay VaREERET I LTI DEEFETE L EIANZ .
L%, SHICBR/MNFETEEER/NSSUTEHERZTILDICR, ThENWDRITA5IEST
B A y V2 3BERHTILESH S EBbNh 3.

iR
AFFEO—EIL, FERITEEBEEKERSHEBEMEBRESICE T, HERE (HERNAT
FA VBB OMR EBRAEEM~OIH] & UTHRELEZ I A2 T 5.
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