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- ' Solid Lubrication Becomes Increasingly

Challenging As Component Dimensions Shrink

MoS,-lubricated machine
parts

new fabrication methods
enable smaller metallic parts =

Lubricating small parts of complex shape FIB section

is a challenge at present. gear rotation

A size decreases, existing lubrication l_._'
approaches are not feasible. A

No successful lubrication approach exists
for sliding contacts in microsystems.

sliding interfaces

through hub
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Our Best Chemisorbed SAM Films Do Not
Survive Mechanical Contact
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g
- ' Alcohols Reduce Adhesion Between

¥ /" Silicon Surfaces
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Lower surface tension, limited adsorbed film thickness, and high
molar volume of alcohols limit capillary adhesion - Sania
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4" ' Vapor Phase Lubrication of Silicon Reduces

- Friction in Macroscale Sliding
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No measurable wear for P/P_, 2 8%

« corresponds to monolayer coverage from ATR-FTIR data
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High MW Product Forms in the Contact
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Increased Operating Life of Gear Train with
Vapor Phase Lubrication

d contacts:
up/down
 actuator _ gear 1 (output gear) dimples
hubs
teeth
F left/right . gear3
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High MW Reaction Product Observed on
MEMS Device

Thermally-actuated device, 5x108 cycles in

pentanol at P/P_,=0.2, without failure (fails at
5x10° in air)
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no evidence of wear, but deposit at dimplé contact

' spectral imaging
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Polymerization Not Required for Wear
Prevention
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Ar+  10% pentanol

50% pentanol ToF-SIMS with AXIA reaction
product spatial maps

73"36“:':3 Reaction product accompanies
S e surface damage
wear track _
*previously, no wear for P/P_, >
monolayer
480 MPa . h!gher contact pressure requires
no wear higher lubricant vapor pressure
to avoid wear
Wearless sliding is achievable
without reaction product
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> 'VPL is Effective on MEMS Devices with Thermal
- /’. Actuators

latch-unlatch motion

20% Psat pentanol

VPL with pentanol produces extraordinary operating life in a variety of MEMS

devices
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_
- ' Packaging Solution Required to Enable VPL
over Large Temperature Range
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» Kemme & Kreps, 1969
e Ambrose & Sprake, 1970
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* bound at high T by need to have monolayer coverage (P/P_,~0.10)

* bound at low T by preventing multilayer adsorption and condensation
(P/P_,~0.95)

Ideal source would supply constant P/P._, over desired operating
temperature range
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Vapor Delivery Approach:

In-Situ Generation

12

Explored thermally
driven reactions to
deliver a vapor as
needed:

1) Retro-ene reaction
* Deliver alcohols or
thiols
2) Hoffman elimination

reaction
* Deliver olefins
3) Thermally removable
protecting group
chemistry
* Deliver olefins
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TGA Data for Bis Ammonium Salt
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TGA data shows the decomposition of a diammonium salt to

produce 1-butene
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Alcohol VPL on Other Materials
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« Chemisorbed monolayer lubricants do not survive repeated mechanical
contact in MEMS

Summary

F

» Vapor phase lubrication can eliminate wear in MEMS contacts via
continuous surface passivation

— pentanol vapor reduces friction and results in non-measurable wear
— ability to replenish lubricant film from the vapor phase

» Vapor Phase Lubrication is applicable to a wide range of materials,
dependent upon adsorption isotherm and surface chemistry

* In-situ generation and multi-component vapors can increase allowable
operating temperature range

* Reliable MEMS devices with rubbing surfaces are now feasible
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