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Analytical study of touchdown characteristics of head slider for quasi-contact recording
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1. [FL®HIC

WRT 4 A7 B Tk~ y REERIZ A 7 A X OB L, Fio~y FMEPNEIZHEER L7 Thermal fly-
height Control (TFC) heater ZMIZL L T~y REOBWIRIZEL D~y FET 0 A7 EIZ 1 nm 2 & THI S TREE
FLEREITH> TV A, RREREAEREO A~y FEEEE~y NI OBEREEEMEZHE L oo/ &< 9521k TFC Power
(TFCP) & @O TN o 7o & & O#Efil (Touchdown: TD) BB D A I = AL EBRET HUNERHD. EFTLATAXIZL-T
I, TD % b LiZH < @ TFCP OGMHARIT~ v FIRE) & #2133 & A S S 720 surfing IREEMR H D . ZHuT
T4 AT W OEBE DB~y K F 4 27 BOFATBICEE UBBEE D Z2RAE L, BEaAHZEBL WDzl
HMESND., EFFEREY, ~y R T4 A7 HORE I ZFGHITHER L TE 2R Y, Tz HWv T Canti & Bogy
5 DN EBRAIC R L7= TD # O loss of contact LR D A W =X LW LMI LY. L LZTDOH~y REITEICHK
INTRIRJE Y HH(ECS) & FR L, % D H O SEHE(ECS/DC) & A #E D RMS fE(ECS/AC)F K Y Acoustic emission (AE)
HA 5, TDIBEBIZBIT 2~y RAT A X OEENRHL T o TE . £ 2 THRICTHBRZE W surfing RISV T,
ek Fm SEFR A AT, TD BEZR BRI LY RE 23D+ 2 ERET 5 & surfing L EZEHECE L L
EH O LY. R ILE OfeH# & LT surfing 3720 TFC AT A X O TD ¥etE3 4 U 55 %R7. £ 72 surfing
REEA M) K E A ) B3 A S~y REEFED 22 W BEiiGi sk 2 BHT 5 HIEICHOWTHELERT 5.

2. BHETIERNE

1(a)lZ u waviness & E#E41 (Disk flatness: DF) % 27 4 A7 WIZZEKEZMIME CBMEZE LT 25~y FATA X
D1 BHEMRITET VERT. TFCP % &) T spacingh (™~ R & T 4 A7 WS & S OFYE SH & O 2 KT
SHETWL EXOEBIVIRSEEZHMEL I 21— a5 BREMMEE XTI 4 X EMEREICK 2 EARBEZE
350 kHz, SHlifBiglb 2 0.06 & 9%, ~v N« 7 A7 R ORE TR EmMT) & 5FRSIOMTH L. 4 2(a)l
AFHE T2 FEAR 25 200 Hz ORI (A1=4 pm, Ax=2 pm, A3=1 um, A4=0.5 pm) EE %, EKOIZEDJE
WEA T MV ERT. FHRIT hanning window % U T leakage 3272 % RE LT RTH 5.
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Fig. 1 Model of head slider and disk surface Fig. 2 (a) Disk surface motion and (b) Frequency spectrum of disk motion

3. TD#ICKEZX spacing EEN & EMAEBNELDIRFTA DU ST aL— 3 VER

AR Y TRLTZAT5 44 B I, 3N T XL 91T, TD I KE 7 ECS/AC & AE EEDIUNAEL, Zh btz
ECS/DC MREMMIZIK T L, ECS/AC & AE (5O WLNEZ 5 &3L1C ECS/DC b E/NMI72 0, ZD®RIZIE —TEDOM/IN e
ESC/AC & AE HME U % surfing I[CITVVREEZ R L TCW5. AT A F Blidsurfing 3L D AT A F AICH~NT, TD A
BA449 % TD Power (TDP)23K) 40 mW K& VY. TDP 23 K& W2 &% TFC heater MBEWZ X 522~ v RO S0
INEWETROT, REAWNILRo TN ETFHREND. 22Ty NEHOGHEE (74 A7 EEEHEGI DL
DOEE) % Ad=-0.050 (GIFEEFHEO msfET02mm) ZF/AEL LTV XD TDIBREAOYI 2L —T 3 B
WT, AT7A4K AIZHWERES Foloxt LT, TD BAGFREDORT /) % aFo (a<1) & /NS Lz & 2D TD Fetkz i~
72. B3 13a=0.850FA T, TD (E# spacing i A 0.15 nm LA EBKERAICIC T L7z & & TD S HIE) #iTn=1,2 A7
v I CIEKE 1% Fs=(0.85 -0.0257) Foo TR T &8, D%, n=1~4 A7 » 7 TF:=(0.8-0.2n) Fo TIKF L Fs=0 (T
25 & LIEBAORERETHD. KOYD Ahms, (€)D AFems DHEFHMEIL, K (e)DEBREDZNEH ECS/AC, AE [ZH
WL, MR BEPEEEEZ LTS, 22k, K 3(), (2T 5k AUIEEAIC L 0 B L= %2 FvCiEfilch
FEAELEEBRT, OHNIMZRSINAVWRE N EZAWEEHA T, RESFOBMAE R AT N TED.
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Fig. 3 Calculated results for the case where the surface force is 0.85Fs0. After TD, Fsdecreases as F = (0.85-0.025n) Fso
atn=1 to 2 steps of decrement Ad = -0.05c. Then, Fs decreases as Fs = (0.8 - 0.2n) Fso (n=1 ~ 4) and eventually F_=0.

(a) Mean spacing, (b) Rms spacing variation, (c) Mean contact force, (d) Rms contact force variation, (e) Experimental
TD behaviors of slider B, and (f) Chang of dynamic total force Fw acting on head slider as a function separation d/c.

4. Surfing RKBEZELDRF4 5D TD HEICKREST T+ RVEARNEBERANOEE

TD EFTO~y REHOZEMPEERN/KRE S EH NN KE LT, TD EZIZ lube O HIZIVRE /DKL T L, JEW
TFCP D fHEE T surfing IRAENE SN D 2T A XITHBWT, TD KED spacing B8 Ahms & $Ef T A Forms \ZRIETT
4 A7 (DF) ORE I EYRE I aFo DRE ZOFRELY, ZTHENK 4(a), (b)) LUK 5(), OITRT. K41
BWT, OFNZX 2 @ DF & fv- & &, +FIEX 2(a)? DF % 2 fFIC L2384, *HNX 12 ICLZBATH 5.
DF 2R & W& TD HED spacing ZH) (LI LIX bouncing & FFINLT WD) I LKRE 250 — 7 X 0.03nm LA
TTHY, TD T 5 spacing DyBiE% 30k W K& TX, ZEERM LRV surfing IREZE{EL LN TEX D, K5
XX 2 OFEHED DF % VT, Fo OfFEa% 1.05(+), 1(0), 095 (R)FICLEED TDHETHD. bR
M K& LTH TD T % spacing % 36 W KELTHZENTELHLEFHEEIND.
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Fig. 4 Flatness effect on TD (41 = 8 [+], 4[0], 2[*] um) Fig. 5 Surface force effect on TD (a = 1.05[+], 1[o], 0.95[*] )
5.

Ny RAT A ZIWZBIT D surfing G, Rim5| ) & RREMN NS R D RE SN TD BRI~y R -7 ¢ 27 HHIC
BT DHEBIENC L VR EINDTZDITAELD LW GRIZESE, surfing IREAZ S DOAT A X A LIFL A EFT
IRNAT A X B DEIRD TD Ktk R OB ES I BGmMICHM TS L L 2m L. £~y NEORE %
RELL, HRNEZHIBERESTHILIZLY D2 L EDnHEEL So(clIMSEED ros ) LRIz TE, £
DEHZIZHEHILD surfing REED spacing & 3oLl RICT&E 2 Z L&/ L7z, Surfing WREETITMMEE I L0 22kl
I ML rIZEL o TWVD ETFREINDD, FIT 3ol 0D spacing fHIL C surfing S ¥ 25 Z L2k v, EREEEME
D EVERRFLER O FTREMESWIFF T & 5. RIS TD FrE R T — ¥ 2R bW T2 72V 7o NHK thic# g2 £ L.
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