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To investigate the mechanism of copper silicide formation and electrical
transport properties, Si NWs were firstly detached in ethanol solution by ultrasonic
vibration and then dispersed on the membrane samples. The SiO,/SisN4 layers, with
thickness of 30/60nm, were grown by low pressure chemical vapor deposition
(LPCVD). Copper pads were carried out by e-beam lithography, metal deposition and
lift-off processes, as shown in Fig. S-1.
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Fig. S-1 The fabrication procedures of in-situ TEM samples.
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To investigate the effect of the temperature on the growth of copper silicides,
various temperatures (from 350 to 600 “C) have been performed. Figures S-2 (a)-(c)
are the HRTEM images of the copper silicide, showing the phases of CusSis, 1”-
CusSi, and n- CusSi, respectively, and the insets are the corresponding FFT diffraction
patterns. Thus, phase/structure and kinetics analysis of the copper silicide grown at
different temperatures was discussed.
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Fig. S-2 (a)-(c) HRTEM images of different phases through various reaction
temperatures. The insets show the corresponding FFT diffraction patterns. (d) Plot of
length vs. reaction time at different temperatures, illustrating a roughly linear growth
rate at 600 ‘C. (e) Plot of the copper silicide volume vs. reaction time at various
temperatures.
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To further confirm the copper silicide structure grown at 350 °C we have analyzed the
n-CusSi structure from higher symmetry zone axes, and the insets are the
corresponding FFT diffraction patterns.
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Fig. S-3: HRTEM images of n-CusSi phase with different zone axes: (a) [-12-13]; (b)
[2-1-16].

Derive activation energy of heterogeneous and homogeneous nucleation.
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Fig. S-4 Schematic diagrams of different nucleation type. (a) half-circular and (b)
circular disk on the n-Cu3Si/Si interface.

The nucleation type we discussed at 1-CusSi/Si interface focused on a newly/initially
nucleated n-CusSi atomic layer. Therefore, the diameter of n-CusSi nanowire close to
the n-Cu3Si/Si interface will be similar to that of the original Si nanowire as shown in
Fig.2 (d) and (e). The similar Vgis. but different shape in the two cases at center and
edge are denoted as C and E. We consider the similar atomic height h with critical
nuclei radius r and v2r of homogeneous and heterogeneous nucleation, respectively.
This is reasonable to assume the nucleation of a circular disk at center and a
half-circular disk with similar height at edge sites ***2

In homogeneous nucleation of a circular disk, the net change of free energy is

AGe =(V, Ag +Ac  yc

silicide/ Si’ silicide/Si

)

= —7zr2hAgV +2arhyc

silicide/ Si

Where Vi IS the critical volume of nuclei when the nucleation occurred, Ag, is the
change in free energy of formation of the silicide per unit volume, A is the additional
interface area, and y is the interfacial energy per unit area, respectively. The upper and
lower cases in these notations denote the different nucleation site and interface,
respectively.

The critical size of nuclei and activation energy are obtained through the first order
differentiation of the above equation.
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In heterogeneous nucleation of a half-circular disk, the net change of free energy is
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The critical size of nuclei and activation energy are obtained through the first order
differentiation of the above equation.
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From the experimental results as shown in Fig. 4(a) and Video-3, every new n-CusSi
atomic layer always start from center of the Si NW. It indicated that the homogeneous
nucleation dominates the n-CusSi growth. Furthermore, the homogeneous nucleation
of silicide growth has been demonstrated in our previous studies.*"** Therefore, we
consider that AG*E > AG*c inequality will be satisfied.

E E E E C
N 7MY silicidersi N 2h75i,icide,Si75i|icide,oxide N 2Ny 2silicide oxide S 7Ny siiicidersi

2Ag Ag 7AgY Ag

\ \ \ v

E E E c.
Y Giicigersi? sitcideloxide i 2hy Zsiiicidel oxide > 7y 2siiicidesi

Ag mAg a 2Ag
Y icigers is considered the same regardless of the different nucleation sites. Hence, we
. _ e _ o -
note that Y giicidersi ~ 7 siicider si ysilicide/Siequa“ty Is satisfied.
= (E 25 icide/ oxide + 2 E _zyz )>0
72-7/ sticideroxide ysilicide/Siysilicide/oxide 2 silicide/ i’
2 V4
= ; ysF}Iicide/oxide —i_E]/silicide/Si)2 = szilicide/Si
T T
= ysl.zilicide/oxide = (ﬁ B E)ysilicidelsi
= yE > 0.65y

silicide/ oxide silicide/ Si



Electronic Supplementary Material (ESI) for Nanoscale
This journal is © The Royal Society of Chemistry 2013

In-situ TEM videos of the dynamic reaction of the copper silicide/Si/copper silicide
nanowire heterostructures.

Supporting video-1: The video shows the dynamic growth process of CusSi. At 450
C, the formation of stacking faults may decrease the reaction
rate since higher activation energy would be necessary to
nucleate CusSi.

Supporting video-2: The video shows the dynamic growth process of CusSi. At 350
C, and it shows faster growth rate compared with that at 450 °C.

Supporting video-3: The video shows that the curvature presented near the edge of
Si/oxide interface during the growth process. It may due to the
high surface energy of silicide/oxide interface. Thus, it would
hinder the formation of silicide.



