
Poster: Mechanical Film Properties

Thursday, September 16, 2010

PO4089

Depth profile of mechanical properties for plasma-polymerized tetravinylsilane
films evaluated by cyclic nanoindentation
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The near-surface mechanical properties of plasma polymer films are important

parameters for their progressive applications such as protective coatings, scratch

resistance and wear resistance layers, and functional interlayers. Selected mechanical

properties, the Young's modulus and hardness, can be evaluated from conventional

depth-sensing nanoindentation test, where the measuring cycle (load/unload

-displacement curves) consists of a loading segment followed by a dwell time at

maximum load, and followed by an unloading segment. The upper portion of the

unloading curve can be used to calculate the mechanical properties at a given contact

depth of the indenter according to the Oliver-Pharr method [1]. A new variation of the

conventional test is cyclic nanoindentation, where the sample is reloaded immediately

to higher loads/depths than the previous loading cycle, and thus potentially, the cyclic

nanoindentation could accelerate the depth-profile analysis of measured film from

hours to minutes. The mechanical properties of plasma-polymerized tetravinylsilane

(pp-TVS) films can be controlled by RF power varying the cross-linking of plasma

polymer. The nanomechanical property measurements of pp-TVS films were carried

out at room temperature using a 2D TriboScope (Hysitron) attached to an NTegra

Prima Scanning Probe Microscope (NT-MDT) enabling in situ topography analysis. A

Berkovich tip with a radius of curvature of 50 nm was used. The displacement and load

resolutions of the instrument were 0.0004 nm and <1 nN, respectively. All the

experiments were performed in open-loop load mode. We investigated the effect of the

applied load, loading/unloading rate, and dwell time on evaluated mechanical

parameters of deposited film using the conventional and cyclic nanoindentation method

and ascertained a crucial influence of the drift rate. Reducing the drift rate <0.05 nm/s,

we found out the cyclic nanoindentation to be a reproducible technique enabling

reliable determination of the depth profile of mechanical properties at the same degree

of accuracy as the conventional nanoindentation technique but considerably faster.
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