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Introduction

Focused electron beam induced deposition (FEBID) is a method for
functional nano-fabrication that enables mask-less, additive
manufacturing of free-standing 3D nanostructures.

This temperature rise results in a reduced residence
times of the precursor and therefore to lower growth
ratesl?l and consequently to stability problems for
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(Fig. 2a) to study the implications on growth stability
and fabrication precision in 3D-FEBID in a temperature
range of +5 °C (slightly higher temperature than
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Temperature Dependence of Multipod Growth and Wire Dimensions

() —— +~ ~ ~ The SEM based growth analysis of tri-, tetra- and pentapods (Fig. 3a-c), fabricated from
' e MeCpPtV)Me, at substrate temperatures T of 5, 10, 15, 20, 25 and 30 °C revealed
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* Multipods get taller at lower substrate temperatures (Fig. 3d)
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* No/minor influence of number of legs on multipod heights (Fig. 3d)
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* Growth boost for low single pulse dwell times (Fig. 3e)
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Figure 3: (a-c) PtC multipods (5 keV, 28 pA) on cooled Si-SiO, substrate. (d) Structure

. . . Figure 4: Width and thickness variations along the wires of a tripod. (a,b) compares
heights as a function of the substrate temperature and (e) vertical growth rates.!3]

multipod wires fabricated at 15 ms DT, (c,d) for comparable tall tripods.!3!

Grain Size Analysis - TEM
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Transmission Electron Microscopy (TEM) was used to ~ Deposition of a pillar on top of the multipods showed
determine the grain size as a function of the substrate  that the number of legs has a strong influence on the
temperature as relevant parameter for the material vertical growth rates (Fig. 5). This is explained by the

properties. Bright field images (Fig. 4a-d) and Feret-  varying number of paths for surface diffusion and
diameter analysis (Fig. 4e) suggest similar grain sizes  thermal conduction of heat towards the cooled substrate.
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down to 10 °C (~3 nm) and a slight increase at substrate Figure 5: Pillar growth rates after the merging
temperatures Of 5 C (a) | :égggzz zonfe, demonstrating that for proper 3D-FEBID 140
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Conclusion

The study revealed a boost in growth rates by cooling the
substrate in 3D-printing via FEBID up to a factor 5.6, with no or
only minor variations in the structural integrity / shape fidelity
, , , _ (Fig. 6) and the microstructure (essential for final
Figure 4: TEM microstructure analysis. TEM images of PtC, tetrapod branches

fabricated at (a) 5 °C, (b) 10 °C, (c) 20 °C and (d) 30 °C. Scale bars are 10 nm.  Figure 6: Comparison of tripods TUNCtionalities). This situation is beneficial in terms of

(e) Mean grain sizes (Feret diameter) for wires fabricated at different substrate with same heights fabricated at upscaling and applications, s ho serious drawbacks were

temperatures.! different substrate temperatures :
shows no shape degradation.!3] found in our StUdy
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