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Measurement of Ultrathin Lubrication Film Thickness in Molecular Scale
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ICHZ6NTWE, INLEDHEDMIC I EC &
WiEthan iz bAMEEIEMNT 5, TN &
FEEIFEMBEAEN AN VHET A Z &
BTEL, ZOEMNFOSHEE, Ay P A T7E
HE3~5Hz, 30ME T0.7-0.8nm TH 5.
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T— 1~ 3 HEE, 4 3ENABHATHY,
ENEFNDC x—FIc L) EBREIETE S, 2D
FEBRFEE 2 ZRIThAKRIREICHEET7)—>7
— 2 EE, BECEBERFETELLHICL
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R.H.kiEE L7,
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Rigid Support
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I3, FERVEERY Ilnom DERETH Y,
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WE% 2z Tablel, 227,
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INEBREEY A, EREEROHEEEEI
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FTiRiThloMEE L CBERESEDEET B
EL7:#%, ZooMfEmERBEEEICLy T 5,
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Fig.1 Apparatus
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B LBEL, ThoThiEE sk ko5
(ks=132.5+2.5N/m). Z ZCHIEL % 5 NI,
WO %5272 EEIFATICEID T, FdIZH<
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L2bDTHEEHEZLNDY, AFRNL HIC
W BN, N ERIET 25BEICIIIN%
Bz 20EdH B, UL, fAEIEEEE
WoRLT—22 )V LRIEL. RFET
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MY RIMCERYITL -2, ZOFTENREIC
&> TR Z 2HMNES T O/ ELEILIZ 2 £ N K
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2 T 2 HMh &2 H 5 1E L8 B A D IEHERZEAT
oIl % Fig. 3I1CRd. 2T 7705
b2 EBY, 2HIIEECFATICEICHDTIE

Strain Gauge

(a) Free state (b) Pushed by piezo
actuator

Fig.2 Elastic stage
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Fig.3 Dry sliding

(, BDIE. ZOFATLLDTNIIESLS
22X y0N, Faz@bERTHEPTEZ S Z &7
bbb,

X, REBRTIIW O OREEIIH»VERT
EDOTHOYECICEEL ZT NI 6%\n», K
HETIRIOPENERDE Y ITFEZ 72, FATE
PHER L 1218, FEEMENFOF 72y b RS
TH 5 (Fig.4(a)), BAEKEZ EHZHTO0.1~0.2
cm® O 5, ZTonr EA=Z2H AT L) ELEHE
H1 52T 5 » ¢ (Fig. 4(b)), MR 7— 2
2 HVWTHRMNOA 7y FMEICK T (Fig.
4(c)), ZorE, 2HEMICIIX=Z4ZT] Fn
ET7 7T NT —NWRAS] Foaw DT3B Z &
ICHEET S, INLDNOFMITZE 4 EICHNS
hE, NG 2mEERE L OBBETH S, 1,
ComMlE, 3EARKEZEBICLLEEETH
355, AR FEREBEEEICOWTOFERTH
ANT, LIk 2 WEESE L 2 EEEE L H 50T
BE L LI EICT 5. KIS, Foaw & Fa T
KEVWLNDEG Fr THY, HIThZHAVWTINE
Xy renvshh%iE4g 345 (Fig
4(d)). Thbb, HiFThE5-5ED FHENCHME
2T—T 2R EHP T LIS DD, 2HHIT DR

Tablel Properties of Mica

K (Al,) (SisAl) O, (OH) , 20
1.60®
1.9%10'* rad/s®

chemical formula

refractive index =

absorption frequency w

dielectric constant & 7.0
Young’s modulus E 34.5GPa*
Poisson’s ratio v 0.205*

roughness 0.048 nm(R.)*, 0.62 nm (Fpax)*

* denotes measured value.

Table2 Properties of OMCTS

chemical formula [(CH,),Si0]. ®
diameter 1nm?®

refractive index = 1.409

absorption frequency w 1.60%x10' rad/s ®
dielectric constant & 2.30®

contact angle(for mica)d | 7°*
19.7mJ/m 219
2.35mPa-s®

surface energy 7.

viscosity 7o

* denotes measured value.
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(b) Liquid bridge

(e) Generation of lubrication film
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Fm
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(c) Return to initial position
by elastic stage 2

Fig.4 Procedure of experiment
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Fig. 6 IcR" ¢ & 5 iIcEEDEK 1 %WE 3 4
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R . .
30F | Least square fit
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101 7

Displacement sensor output, nm

O

g0 200
Sliding distance, Hm

Fig.5 Positive offset due to the fluid film
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<. BRWE & T & OMOEEMEES 2K B 72
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B O DEENABAIH ), HE, EHE, K
R BEERNTE % & OBEEEMSIC L) BAEA
Eo T 5, EEEHIEODE— FIZFTEIN
BT EDELD, LId->T, FTAHARERDHEE
T F2EL TB(LEV0H L. ZDUDONDE
— Fi3, #1E 3 15 EKRDT Rigid 2 Elastic 27,
# 1k %< Isoviscous #»* Variableviscous #* O # &
HTHRDLND, TNERETEFXr—hPELT
HAMROCK-DOwsON SR RREEINTELH Y, Z
% Fig. 8 i1c/”. Fig. 8 nER D MK AW
RICBIT2ERGHTH S, 1272L, RPTR-I
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Fig.7 Meniscus force
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viscous, E -1 i3 Elastic - Isoviscous, E-V [Z
Elastic- Variableviscous # ¥ # L, Fig.8 o1&
JERE gr, HEUERE gv B UOFEHITZNTNLT
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LT ERTETH 5.
ge=W¥U2, gv=GW?*U™,
W=F/E'R?* G=aE, U=7nu/2E'R,
R=10"* (m), E’=36.0 (GPa),
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Fig. 8 T O AERICBIT 2HEE—FIZIR-1F72
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=g (it nd), X=2(n7—1) =2 (n-1),

1

T 4&"
CHNRRE R DBEB T3 H(, WEOMAEEIZL > TRTE
LEBEL ST D, BER(4) 2 BEFE TR
MK (A1) 6 Ked 72 HAMAKER E 1 # Fig. A 1I27R
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(A1) HEATEY, EERQ) 2AVETRE L
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10720

-

<(('2 [ (a):equation (A1)
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Fig. A1 Calculation of A;s
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