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Electron beam seeding as a new tool for area-selective
deposition of gold
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Gold is a key metal in microelectronics: its low resistivity, resistance to electromigration and chemical inert-
ness render it an excellent choice for stable and reliable electrical contacts. Chemical vapor deposition (CVD) is
a technologically significant route to gold contacts and other metallic functional structures. It relies on the
thermal decomposition of gaseous precursor molecules: those reaching the surface decompose and leave their
central metal atom behind. When decomposition is kinetically or thermodynamically favored on some surfaces
over others, the resulting difference in reaction rates can be exploited for area-selective deposition.

This work presents a novel maskless patterning technique for area-selective CVD of gold [1]; Fig. 1 shows
the process schematically. A focused electron beam locally decomposes the metal-organic precursor
Au(acac)Me: [2], creating an autocatalytically active seed layer for subsequent CVD with the same precursor.
The seeding can be integrated within the same CVD cycle, avoiding cleanroom lithography. It operates at only
80 °C, over 200 K below standard CVD temperatures for this precursor, thereby reducing the thermal load on
the specimen. Because electron-beam seeding works on any even moderately conductive surface, it imposes few
constraints on device design. We demonstrate this with vertical nanostructures of high aspect ratio (around 40:1
and above). Written with a focused electron beam and the same precursor, these nanopillars carry catalytically
active nuclei on their surface. These pillar growth experiments also allow, for the first time, a precise
determination of the local temperature rise induced by electron-beam writing of nanostructures.

In summary, this work presents a new, technologically powerful and easy-to-implement approach to area-
selective gold deposition. Due to the low temperature required, this technique is highly suitable for processing
heat-sensitive polymer substrates, such as those used in flexible electronics and flexible solar cells. In addition,
the maskless direct-write seeding also works on 3D architectures, offering the potential to fabricate
nanostructures or localized electrical contacts on intricate 3D devices.
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Figure 1. Area-selective gold growth by electron beam seeding a) & d) at room temperature (30 °C) or b) & c) at
elevated substrate temperatures. c¢) After seeding the precursor is decomposed at the deposited Au nuclei without
further electron-beam assistance for both. Scale bars represent 2 pm.
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