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Figure (a) and (b): BF TEM image of a 28nm HKMG PMOS device. Figure (c): EDS lin-scan results of the gate stack.
The 1.5nm-thick Ta layer can be well examinated.
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Applications of Electron Microscopy in the Investigations on Nanoscale
Copper and Copper Compounds

Lih-Juann Chen (f& 47 4% )"

Department of Materials Science and Engineering, National Tsing Hua University, Hsinchu,
Taiwan
“ljchen@mx.nthu.edu.tw

Copper has been in use for at least 10,000 years. Copper alloys, such as bronze and brass,
have played important roles in advancing civilization in human history. Bronze artifacts date
at least 6,500 years, while examples of brass are known in China for about 2,500 years. In the
middle ages, the invention of printing in the 15th century increased the demand for copper
because of the ease with which copper sheets could be engraved or etched for use as printing
plates. Copper sheathing of the hulls of wooden ships was introduced in the middle of the
18th century to the great benefits of long distance voyages by sea and naval battles. With the
electrification of the world, it has been mostly used for electrical wires, both for electrical
signal and power transmission and as induction coils for electric motors. It is intriguing that
in modern era, Cu-based materials have found new ways into many branches of technology
such as Cu metallization in nanoelectronics devices, Cu oxide based superconductors,
Cu-In-Ga-Se (CIGS) solar materials etc. Furthermore, discovery of intriguing properties and
new applications in contemporary technology for copper and its compounds have continued.

In this presentation, a broad overview of the nanoscale copper and Cu compounds, with
particular emphasis in the electron microscope examinations, will be given. Examples will be
provided on nanoscale Cu metallization in microelectronics devices (Fig. 1) [1], Cu,S
nanowire array cathode in lithium battery applications, multi-level switching behaviors in
Cu,S nanowire resistive random access memory (ReRaM) devices (Fig. 2) [2], switching
devices utilizing facet-dependent electrical conductivity of Cu,O nanocrystals [3],

superlattice Cu,S-Ag,S nanowire p-n junctions (Fig. 3) [4].

References

1. K.C.Chen, W.W. Wu, C.N. Liao, L.J. Chen, and K.N. Tu, Science 321, 1066 (2008).

2. P.H. Liu, C.C. Lin, A. Manekkathodi, and L.J. Chen, Nano Energy 15, 362 (2015).

3. Chih-Shan Tan, Shih-Chen Hsu, Wei-Hong Ke, Lih-Juann Chen, and Michael Huang,
Nano Lett. 15, 2155 (2015).

4. Chih-Shan Tan, Ching-Hung Hsiao, Shau-Chieh Wang, Pei-Hsuan Liu, Ming-Yen Lu,
Michael H. Huang, Hao Ouyang, and Lih-Juann Chen, ACS Nano 8, 9422 (2014).



Figure 1. Observation of atomic diffusion at twin-modified grain boundaries in copper.
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Figure 2. Morphological and structural characterization of Cu,S nanowires. (a) SEM
image, (b) TEM image. Right panels: SAED and HRTEM image. (¢) XRD. (d) EDS
mapping of the STEM image.
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Figure 3. (a) CuyS-CdS core-shell structure. (b) HAADF images Cu,S—Ag,S superlattice
NWs. Right panels: STEM-EDS mapping for the frame region.
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Route 2014: the New Avenue to Nanoscopy 2.0.

Alberto Diaspro,* Paolo Bianchini, Francesca Cella Zanacchi, Marti Duocastella,
Luca Lanzano, Colin JR Sheppard, Giuseppe Vicidomini

Nanoscopy and Nikon Imaging Center, Istituto Italiano di Tecnologia;
LAMBS, Department of Physics, University of Genoa; Genoa,lItaly
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Super-resolution or super resolved fluorescence microscopy, as indicated in the
Chemistry Nobel Prize 2014 awarded to Eric Betzig, Stefan W. Hell and William Moerner,
includes those microscopy techniques that increase the resolving ability of a light microscope
well beyond the classical limits dictated by the diffraction barrier. Several methodologies
have been developed over the past several years including saturated structured-illumination
microscopy (SSIM), stimulated emission depletion microscopy (STED), photoactivated
localization microscopy (PALM), fluorescence photoactivation localization microscopy
(FPALM), and stochastic optical reconstruction microscopy (STORM) [1]. It is worth
mentioning that the Toraldo di Francia approach related to super-resolution [2] was a
fundamental starting point. It is revolutionary today the fact that there is theoretically no limit
for capturing details by means of an optical microscope and that, at the very same time, there
is the possibility of tuning the spatial resolution according to the scientific question posed [3].
In the style of Johannes Faber referred to the Galileo Galilei’s occhialino [4], one can modify
the sentence “microscopium nominare libuit” in “nanoscopium nominare libuit” for the
super-resolution fluorescence microscope that has become a nanoscope. We already are in the

new era of Nanoscopy 2.0 including correlative Nanoscopy [5], figure 1.

This lecture is dedicated to the memory of Osamu Nakamura (1962-2005) and Mats
Gustaffson (1960-2011) that passed away too early.
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Figure 1. Correlative nanoscopy matching AFM-STED.




































































































































