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Abstract ~ In magnetic hard disk drives, higher areal recording density requires reduction of head-disk spacing.
To overcome the increase of stiction associated with reduction of head-disk spacing, a padder slider, which adds
pads to slider’s air bearing surface, can be one of the practical solution for sub 20 nm flying height, and even
for pear contact recording. This study investigated the tribological characteristics of a padder slider. A padder
slider took off slowly but showed less friction force than a normal slider. The hot/dry CSS test and drag test indi-
cated that pad wear of a padder slider was negligible. The tribological performance of disk is an important factor
to be considered. In particular, less carbon overcoat layer of the disk will result in higher stiction and wear in
slider/disk interface. In conclusion, a padder slider shows encouraging tribological performances for practical use
in HDD.
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Fig. 1. Flying height trend vs. recording density.

o7} 20 nm AEYLE 2 o7t 20 nms &Etol
7t gkl 238 A8 vz o)A Ay
9] Wlael Salor] Alole] ZHdo] WA Ete] B Al
24 A& AN 53] stictione] 7171 £
AZ RFEL Ach F Sepolrs} vi2ze) 7}
£0)7] SBIME t2=z o)y WEY wolg 7tk
7)= Zlo] Aol #ol4 YEe] Eo]7} of=
Al oV AT A stiction®] F43) 78 ok
[2]. W= CSS 714 4sl) 918k stctionS
0|34t dhe TS thE WyEe] d7Ea Utk
I F9 shirt &Etelr ¥7] Wlojd EW(air bea-
ring surface, ABS)l = (pad)yE® T=+v ARo|th3].
= &etolr] (padder slidery= ABS$I9Y etchinge)ut
lithographic 7]&-& o]&at] AT HEY S /A AY
Hole B 71 A9 F=(landing pads)E ==
Aoz Az We] grasiths gaol Uth4,5].
EE 7R 37] Wo" sl sefeoluist b2z
Atole] HF: WAL A £9 stiction 74 &7}
ATk Zlo] odg] ApAES ol dPzoz Fys
ATH3,5,6]. BRAINE, CSS 54 o FRH F =/
27 HE o3 olEE H= vlEE H=E 71
ABSelA slg=ojol ke EAlolt}7]. 3 T]AF9)
87 9 JE Qu|FE(carbon overcoat) H 3T
EgjolBRA] EAR H= SElojdo] 2 AA g
ofof sh= EAIZE ATH3]. o123 ZAH 9 84
=5 FHAsEP] faire BEF 2 Y (take-off)3h=
¢ H= 7] Wl EEfelre rhr S4L 6
AH o2 d&shs Aol ey, Mraz Qe
ojzof SlojA] theket = AAI9) SlEF o] HEE

lo Mo

1;}4

o >

S

oo

2 AT 313

o e FAS| ArEelok gt &, AE A
E geloltiE 4#) HDDo| H-&sked SlojA a4
sjob & £AZF v Holgls AAolth & =AM
= A A 39 A= Efoiris} M ot g
ti3g o8l o] FR/e €SS 4 St
A getelde] vt e 548 BNl dAE

HDDe| A8 &+ A=X& HESITh £¢, J=
St AA| Al IEsjor d o] 71A A e

< AESA
24 H

& dpolMe sle]sa A3l & Lotus CSS
B 2E] Model 72008 AM&-319L, back-cogging w2k
d¥ellE CETR CSS HEEE AM-ElATt A3
F dde = % faze] iy 2 Effe]EzX]
52 Wkete ol YubEel JlEe] HE 6 FFe
e T8I A3 FFHe Eelnrt 271 7
Aol gEtoluirl o] ¥4 54E 2] ¢
g lcycle CSS A% 2 20K cycle CSS 4%, =
2/AF(55°C/10% RH) 2714 20K cycle CSS
AE, fly stiction CSS 2, drag 4¥, 223 back
-cogging "I Ago|t}. 22 IH CSS APL Al
g HE A A2(25°0), AEE@0~50% RH)YIA
SO 43] WHESGICE ZH Ao 27e) Table
1ol el ek 42314 (suspension)e] &&to|t] &
T3l iz vheke 2718k, & preloads 3.0 of
ojty. zt AFolMe H2EY F2E stain gageS ©]
&ate] nfEAHE S S o, 24 npEdEo] By
8.3 gf Hu £& AF 715 npE S Zasio] AR
A 2 A= HAEATE 1cycle CSS AL
BAPECA 5400 ipmell =EEF7 174K 9] AJZbo] 3%,
% Al 12, 540014 #Y ZE(landing zone)ol] T}
Al A5 W7o A7 & 24 AR 7%, 28
3 ABA AR 122 A8 1eycle CSS A9
gffoltm]aae] HE A wdshr] Ak stain
gage?} acoustic emission(AE) AME o83t wpz
A 9 AE Aegs 45 B89 Fy stic-
tion2 Sl=7F €7 717HEst t2a 95 s §
TAEE stctiong 2R}, Sl=rt sl Qs
U4 29EF 9 FEHF 5] SElolgmaz Alo)
of &AEo] Sto|rr]aa Alole] RS 271 A
# stictiono] F7HW Eetelre] R Folr}h

oft > ox

Vol. 17. No. 4. 2001



314

Table 1. CSS tests performed and test conditions
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Test Test Condition
1 Cycle CSS : Acceleration : 3 seconds / Settling: 1 second / Deceleration: 7 seconds /Rest: 1 second
20 K Cycle CSS 20,000 cycles with 1 hour parking every 4,000 cycles and 24 hours parking at the end of the

20,000 cycles.

1.Do 4,000 cycles CSS and park the head at landing zone for 1 hours and measure the break-

Fly Stiction CSS

away stiction force at every 2,000 cycles after 1 hours soak.
2. Spin-up and move the head to OD at r = 1.70 inches and fly the head for 24 hours at OD.

3. Park the head at landing zone for 24 hours. Measure the stiction force: this is the fly stiction

Drag Test

500 rpm of constant speed with duration of 7200 minutes on the landing zone

Back-cogging : 0.25 seconds or 0.375 seconds

Back-cogging Test
Final speed : 5400 rpm

Return to original position : 0.25 seconds or 0.375 seconds
Acceleration : 2.5 seconds or 2.25 seconds
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Fig. 2. Schematics of slider configurations (a) a normal
negative pressure slider, (b) a padder slider, and (c) a
sectional view of padder slider.
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Fig. 3. Flying height variation with disk radius for
normal slider and padder slider.
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Table 2. Design parameters of tested disks (a) a
normal disk (type A disk), (b) a disk for padder
slider (type B disk) .

Normal Disk for
Item Unit Disk Padder Slider
(Type A)  (Type B)
Roughness, Ra A 6.5 6.5
Bump Height nm 16.5 13.0
Bump Diameter tm 6 11.0
Bump Pitch
(Tgential ity M 40 25
Bump Pitch
(Radfal Dir) Hm 25 25
Carbon Thickness A 50 50
Lubricant Thickness A 14 17
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Fig. 4. Stiction force variation as a function of CSS
cycles for (a) a normal slider tested with type A disk
(b) a padder slider tested with a type B disk.
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Fig. 5. SEM pictures of pole tip area of a normal slider
after 20 K CSS cycles.
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Fig. 6. Predicted stiction value as a function of laser
bump height of the disk.
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Fig. 7. Characteristics of take-off and landing process
for normal slider (a) AE-rms values (b) friction forces.
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Fig. 8. Characteristics of take-off and landing process
for padder slider (a) AE-rms values (b) friction forces.
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Table 3. Measured pad height of padder slider
before/after hot/dry 20 k cycle CSS test

Test Set  P1(A) P2(A) P3(A) P4(A)
1 409 433 428 421
Untested 2 428 434 427 431
Head 3 423 432 431 427
4 448 440 433 436

Average 427 43475 42975 42875

Std Dev 1614 359 275 634

Test Set  PYA) P2A) P3A) PaA)
1 411 416 419 407
Hot/Dry 2 396 423 423 401
CsS 3 373 418 423 277
4 368 407 413 373

Average 387 416 4195 3645

Std Dev 2011 668 472  60.18
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Fig. 9. Fly stiction value as a function of CSS cycles for a padder slider.
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Fig. 10. Stiction force variation as a function of CSS cycles during drag test.
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Fig. 11. Stiction force variation tested with a thin carbon overcoat disk as a function of CSS cycles.
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Fig. 12. Effect of motor back-cogging on stiction force.
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