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l. Understanding damage mechanisms

1. Co-deposited films for a direct comparison
between /n and ex situ mechanical testing
2. Indentation to look at controlled stress-field statistics
* Hardness and modulus as a function of depth/strain
3. In Situ TEM testing to look at deformation mechanisms
4. In Situ TEM scratch testing

* - moving towards realism in measurements
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Indentation
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Hardness/Modulus
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/In Situ - Low Load
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/n Situ - Increasing Load
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/n Situ - Increasing Load
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/n Situ - Increasing Load
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/n Situ - Scratch

10.57- 0.38

10.00-

900_ '-1.00
. 800_ _'2.00 '_
pa _

S 7.00- -3.00 %
[0) _ -
O 6.00- #00 5’71
o] )

L. 5.00- AT 2
@ =4 o
£ 400 6.00 2
o -700 Z
Z 3.00- =

5 --8.00

1.00- ~9.00

0.12- ~10.26

001 005 010 015 020 024
Lateral Displacement (pm)

Normal Force (pN)
Lateral Force (pN)

@B |YSITRON"

HYSITRON Correlative Nanomechanical Measurements ~ Douglas Stauffer



Tribology - Grain Rotation
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Tribology - Grain Rotation
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Tribology - Grain Rotation
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Tribology - Grain Rotation
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. Fatigue in Cu thin films

In Situ TEM Tensile Testing
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In Situ TEM Tensile Testing
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Courtesy Christian Kiibel, Karlsruhe Institute of Technology / Karlsruhe Nano Micro Facility
Combination of in situ straining and ACOM TEM: a novel method for analysis of plastic deformation of nanocrystalline metals, A. Kobler, A.
Kashiwar, H. Hahn, C. Kiibel, Ultramicroscopy, 128, 68-81 (2013); DOI: 10.1016/j.ultramic.2012.12.019



Crack Initiation
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Cycle at 1 Hz

P A _ 100uN
R=05= min/ K
Pmax/A 200uN

8] Y'SITRON



Crack Growth
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* 256,960 total cycles before this graph starts
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Shallow Indentation: xProbe

Single 1.4nm Indent on 3nmDLC/Glass
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Density of fused quartz changes at sub 4nm contact
depths, need to use high resolution tip imaging to find

the tip shape for shallow indents
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