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TFC I Bt R /& — M5 A 4 [l 44
FTAR T2 0 2 W B R A R, HLE— A 55 R
IR RS 2 T OISO T AR O A, Y
R BT 52 AN IR PEAR IR, A7 A AN R A
BRI, Hovh s A AR S i ) FAAS T LR 2
TGS B L A (R B T Sk /i T B SR TR
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W RS, P LSRR R T B Sk /A
PR () S e A T AR AL

A8 L COMSOL Multiphysics 1F 4 £ 2 [
B 5 1 T H, Al #uft 3 8L (heat transfer
module). [l 44 Jj 2245541 (solid mechanics module).
JEERH AR ER (film-damping shell module) >k 4 37 T-
FC I Y -2 1) - 44 1) i (R £ e i A Horpr, 4
& FREHCR AL T B @ L HUA A, IF Hags
TN AL R EAE R 1 FEA AT T ) 2 A
HOnt WA G P I 7 R TR BH 52 A H UG R A4S 1E
BT RE (24) 20, A 5 SO R B S N AR TE X
F-K B8 RE IE.

h T RSO S AR T R SRR ) Y
Wi DX 35, AR TEC 43k (1) 4548 Je 25 20 G843 R 44
BHREE, R L8 PR32 A 45 D It (0 467 B DR 3= DA &
A BRI S, PR AR HEAT 07 020 B I, R
JE T — DR B A A BIE ST 42, s At 2 s Ry
B, AETHE T, I A SRR A8 SR A A 77 #2493
T AR B o0 A0 T )5, B T AR AR 5 AR
B R Ty B, AT BRI VR T, W Heas <
AR IR TE e Ahr VE N B Ja— 2 KRR 6 W 7
PRIV AT, B 2445 2R TE i Wiy Je 3 1 1) <
WA ) oA, BeR ST 5 TEC 3k 1 B
SEPR AR T R R — B0, bz, IS
ARSI 2 KB )2 R RS AE R, i
DLt R SR AT O 500 M. T TR IX A 404
I3 M BEAT A

3.3 ETZYBIFNFHEMR
3.3.1 B Z AT

BN FAZS S BER AR R R sg e, [ i 0 A
I P 10 mW, KJE a2 14.5 pm, JEfEch
3 um, FHREAEFN N 35 W/ (mK), B2 nHEs 1
P d, VEEAN R RN W R R R A AT AR T LA
Je SR D). 5 S IR AR i B2 4l ok
19 pm, 28.5 pm, 38 pm B Sk AT HARTE 117 .
D5 B AT LE R E 4 300 K. A Hhmf LLE 31, 4
ATE TR AEAR R EH T 1), AH AR A AL, Ui
WYKL TT AT R AR T, %A ) AR T 0 2
AR ) — . T HAE S T ) 1 s KR TE
HIRAEINFAGE IE N 7, BEAE IS AN 19 pm 3
K2 —, KRBT 7.55%, IN#ES &

FEXE BRI WA, e KA R AIR T 5.05%.
AT DA Y 0 s v P PR B O 3 Ak B A s i
FEAT PRI

w/nm
A 0.1212

B 5 TFC Sk i H R TG U Ko 4 it
(b) FJ% 28.5 pum; (c) /% 38 um

16 Jr s A = Blon B i BE R S ARl R R T
Wy Bl 2 LRI B A AT VAR T B DL R
A g, REAARR by ot 28 I s B B AR D AR )
PEES, INAESAL T 50 um &b, 53k S5 Sk K47
EEE TR, B 6 (b) TS 5 KR R B
Sy mE AL = I

W 6 (a), (b) T LU 555 KA T BB 45T
FHE R HGK, X5 B AT A, Atk i = A

(a) HIE19 pm;
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X} I R 23S Bl 7 7743534 0.0698 N, 0.07 N, 0.0702
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A B i B AE S HON T R S

(a) M

WEFCH, AR A E a 24 14.5 pm, JE % ¢ R 3
pm, =8 d R 28.5 um, FARHN 435 W/ (mK).
s 1) o el T R CEAE NSRBI, B KA TR AL T
WS 5 BRI ATHE AL, R HEA Ul R 1 s g AT
R 30 & Ty, WA 3 PR, Krhig KAETE
i 8 L7 1) B R B KA TR

3 Wik EET s KA T

AT/ mW it /K K /nm 25Ul 1 /N

7.5 14.09 4.5258 0.0690
10 18.79 6.0343 0.0700
12.5 23.48 7.5429 0.0711

AT LLE B, ISR DR AT S 2.5 mW, B
TR 2y 4.7 K, B KR B AL 2 4 K29 1.5085
nm, 1% EA TR 1 mN, i T AR
TE 23Sl 0 5 A D 20 () 3 e AL 52 1 L1

B 7 JT o =R 2R AR R T
T ) P2 b R B 0 AT AR T DA K S S
AR TH R ) B 45 B R AR bR Ry bt 2k b A3
AL EEBS, 5 3k 5 S 4 AL T 37 pm Al
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Th R HAR R R ) A RE 2 g v T,
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K7 (b), (c) A LAF H AU H AL IR T 32 8 5% i 4%
IR 1A, B Sk S S PIR AL AL A
—EMSAR, BIRS SR I RO TR E R
BRI R 5L, BS ke g, prls
S AR KT R B I 2 AR AR . B 7 (c)
H 40 pm AR Y. IR 23 Al i s (B AR Rt = AR T
—EMFAR, I3 K.

] 5 i P88 0 S B ¢ 3 um. 5 B d M 28.5
um, FHEAEFN 435 W/(mK), i1
P 210 mW, 500 A K R 0 F: i 1) 52 i,
SRR N RER mRT  B R AR DA R SR
AR 1R 4 ok,

®4 WS dmEL T M KA

P EA TS S = B NG A & | PR/
B /pm /K /om  &J /N 1014W.m—3
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Multiphysics-based simulation on heat conduction

mechanism of TFC head and its influencing factors”

Ao Hong-Rui’ Chen Yi Dong Ming Jiang Hong-Yuan
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( Received 15 August 2013; revised manuscript received 30 October 2013 )

Abstract

In order to precisely control the flying height of TFC head with consideration of microscale thermal effect, the
thermal conducting characteristics and the influencing factors on TFC slider which is in an operation and multi-physics
field condition were analyzed. In consideration of rarefaction effect of ultra-thin film at the head/disk interface, the
models of slider heat conduction, air bearing surface heat transfer, and gas flow were established; the thermal deformation
mechanism and the effect of thermal conduction on dynamic characteristics of slider were analyzed by using finite element
method. Results show that the thermal conducting model and the proposed modification of Reynolds equation in this
study are suitable for solving the problems of thermal deformation and dynamic characteristics of head slider. The main
parameters that influence the thermal property of slider can be considered to be the heater height, heat generation rate,
and the heat conductivity coefficient of the material. The change of the slider flying height is determined by the air
bearing force and the air bearing surface thermal extrusion at the head/disk interface. Simulation results provide a basis

for the design of heater in head slider and analysis of dynamic characteristics of air bearing.

Keywords: TFC head, multi-physics field, thermal conducting, air bearing
PACS: 44.05.+e, 47.61.-k DOI: 10.7498/aps.63.034401
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