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Friction Control and Nanotribology

Takahiga Kato
DSML (Data Storage Mechanics Laboratory)
AIST (National Inst. of Ads d Industrial Science and Technology)

a National Institue of Advasced Industrisl Scieace and Technology

Purpose of Tribology:

Friction control and Reliability
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Magic door in Greece! Pivot bearing was used.
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Thrust bearing of Leonard da Vinci




Bushing with 1.4 m inner diameter is
made of braes and the bushing marface
has many PTFE filled pores.
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Troidal CVT developed by
cooperation of automobile, bearing,
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Tribology issues of automobiles
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How to achieve the friction control?

(1) Geometry modification
(2) Structure modification

(3) Active control
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Examples of stracture modification

Surface energy control by scif assemblod monolayer (SAM)
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What is the role of tribology in early 21% ?
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Nanotribology : the key of nanotechnology

(1) Scale of sliding is 1/1,000 ~ 1/1,000,000 of machine elements.
(2) Machine elements are downsizing,

Examples
EHL fitm thickness: 10 -100 am
Journal bearing in mobile phone: shaft diameter (0.7 mm)
HDI flyimg height: 10 nm
HDI] lubricent thickness: 1-2 nm
Positioning for LSI production: less than 10 am
Positioning for SPM: 1 nm for atom handling,

HDI, the treasury of nanotribology research!
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Ultra high memory density towards 1Tb/in? .
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Tribological issues of HDI

Design tool of HDI for stable flying of magnetic head at lower than 10 nm
18 expected.

1. Understanding the tribology phenomenon of HDI
2. Development of protective hard coating of 2 - 3 nm and characterization,
(DLCorelse.....)

3. Development of lubricant film of 1-2 nm and
characterization, (PFPE orelse....)

4. Modeling the surface roughness and
intermittent contact

5. Contamination

6. Start/stop mechanism with high durability

Memory: ~100GB
Speed :1000MIPS
(10PInstructions/sec)

cPU Memory: ~1TB
Speed: 1P (10'5).”sec

Development of lubricant nanofilm and characterization
(Research topics at DSML:Data Storage Meckanicy laboratory)

1. Dynamic characteristics of nano meniscus bridge

2. Replenishment of lubricant nanofilm

3. MC and MD simulations of lubricant nanofilm

4. Characteristics of mobile and immobile layas

5. SAM on DLC

6. Further problems
-inherent roughness
-dewetting




Dynamic characteristics of nano meniscus bridge
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Dynamsic characteristics of nano meniscus bridlp)|

Amplitude Ratio & Phase Shift
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Force Modulntive
- modulation frequency : 2 ~ 1000 Mz oo T a0
- modulation ampfitude : 1.5 nm Mo dulstion Freyuency 1)
- surface separation(D) : 10 ~ 1000 nm (10 ~ 1000 Rg)
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Dynamic charactenshics of nano meniscus brid@ Dynanuc charactertstics of nano meniscus bridfg)
Rheological characterization
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® The system is dominated by the elastic forea at low frequency and by the
viscous foroe at high frequency.

! &= eoexp(mx)

Example: PFPE in a bulk
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where G’: storage modulus

© The elastic force is predominant at large separation. G: loss modutug
® The viscous foroe ly as the o and the
fequency increases. R .
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Retardation time of

nanomeniscus bridge Summary
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The longer the bridge, the mere elaxtic.

? Insice the bridge:

E Viscom element dominates.
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Replenishment of lubricant nanofilm
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Diffusion equation ’

oh
= = V(D))

h: film thickness
t: time
D(h): diffusion coefficient

Calculation of diffusion coefficient (Mw=4000)
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Example of diffusion coefficient of lubricant nanafilm
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FricSion reduction by SAM esn DLC surface
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Summary
1. Friction controf
2. Importance of nano tribology

3. HDI is the treasury of nanotribology research
4. Recent researches at DSML
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