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Mechanical properties are critical in many applications

- predictive modeling of complex systems
- performance and reliability

Measuring mechanical properties of sub-micron (nano) films remains difficult
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Bowden et a/. Nature 393, 146 (1998).

Volynskii et al. J. Appl. Polym. Sci. 72, 1267 (1999).

Lacour, et al. App/l. Phys. Lett. 82, 2404 (2003).
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Bending of an elastic layer on an elastic foundation:

Ef] d4Z dzZ

A

Assume sinusoidal deflection of the coating:

i E\\\\\\\\\\\\\\\\\ Minimize thecorzs:iv; force in the coating:

M.A. Biot, J. Applied Mechanics 4, Al (1937).
A.L. Volynskii et al. J. Material Science 25, 547 (2000).
R. Huang, J. Mechanics and Physics of Solids 53, 63 (2005).
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Governing Equations

A

i 1/3 1/2
: &

: A, =2nh,| —Z A =h|—-

| e f[SEs] e f[ec j

A\

!

where E =E/1-v?)

Assumptions:

A s thick substrate (A,>> A.)
E=¢&, EN\\W s soft substrate (&, <« £;)

> interface must be well-bonded.

» materials behave elastically
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Labyrinths Herringbones

Huang, Hong, and Suo, J. Mech. Phys. Solids 53, 2101 (2005).

Chung and Stafford, unpublished data.
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@ Metrology platform NIST
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How to ascertain wavelength?

Optical microscopy Small angle light scattering AFM
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Stafford et al. Encyclopedia of Materials: Science and Technology Online Updates (2006).
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Stafford et al. Nat. Mater. 3, 545 (2004).
Stafford et al. Rev. Sci. Instrum. 76, 062207 (2005).
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o Films cast on polished salt plates to facilitate film transfer.
o Wrinkling metrology could measure films down to 100 nm; indentation could not.

o Semiconductor industry needs £,> 4 GPa to withstand CMP.

Stafford et al. Nat. Mater. 3, 545 (2004).
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Stafford et al. Macromolecules 39, 5095-5099 (2006).
R. Huang et al. J. Aerospace Eng. 20, 38-44 (2007).
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Employ a 'sensor’ film of known modulus and thickness to report back the

substrate modulus:
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- Stress decays into the substrate on the
order of a wavelength (1,)
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Wilder et al. Macromolecules 39, 4138-4143 (2006).
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- Application to new materials
- LbL assemblies
* polymer brushes

- Extend metrology o new measurements
- critical strain
- viscoelastic wrinkling
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* thickness grows linearly with reaction time (7,)
- comparable thickness on PDMS as silicon.
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‘E  Wrinkling of brushes NIST

Thermal Wr'nkl'ng Wrinkling wavelength on PDMS:
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H. Huang et al. /n preparation (2007).
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H. Huang et al. /n preparation (2007).
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-====9 Heating/cooling cycle
=== Rinse with solvent (DMF/methanol)

A=178+019mm A4=192+010mm A4=189+0.14mm A=1.88+0.06 mm
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* thickness dependence (linear) * no thickness dependence critical strain (&) is
* modulus ratio to the 1/3 * modulus ratio to the 2/3 through OM or LCS

custom-built strain
stage

laser

mirror

Measure the scattered intensity as a function of compressive strain.
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Stafford, et al. Encyclopedia of Materials: Science and Technology Online Updates (2006).



Critical stran NIST

National Institute of Standards and Technology
Technology Administration, U.S. Department of Commerce

Intensi

Harrison et al. Appl. Phys. Lett. 85, 4016 (2004).
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For small argument, 0 < x <<~/2,  J,(x) = x/2

The intensity of the first order diffracted beam follows the linear
dependence on the applied strain when & <1.25¢,.
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R. Huang et al. J. Aero. Eng. 20, 38 (2007).
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Future Plans ©——> Critical strain/stress vs Film annealing time
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Access to temperature dependent properties
PS Film / PDMS
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Chung and Stafford, unpublished data
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Access to temperature dependent properties
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The amplitude of the instability grows
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R. Huang, J. Mech. Phys. Solids 53, 63-69 (2005).
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(a} High molecular weight polymer (b) Low molecular weight polymer
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Yoo PJ. and Lee, H. H.Macromolecules 2005, 38, 2820-2831
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Scattering From Surface Grating

nA =d (sin[0]+sin[6'])
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s Scattering data is easily reduced

» Exponential growth of intensity with time

s Excellent agreement with theory

R. Huang, J. Mech. Phys. Solids 53, 63-69 (2005).
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Early Wrinkling and Viscosity

Initial stage (constant wavelength, exponential growth in amplitude):
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> AFM results yield ~ 6.4 nm

Equilibrium wavelength:
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Mechanical strain + Thermal strain or Replicate + Mechanical
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