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Section 1: Measurement of the resistance of Ag NWs
Figure S1 shows a process of a measurement for the resistance using two-terminal method1−3. In this study, specific pro-
cess is shown as follows: The Ag NWs were fabricated on the glass substrate by FsLDW (Step 1)4, then the Ag NWs were
coated by a copper mesh (line width of 50 μm) to form a 50 μm-wide isolated channel (Step 2). After evaporating the Ag
films electrode, the electrical contact pads with a size of 500 μm × 500 μm were evaporated on two opposite sides of the
Ag NWs to allow for the electrical characterization (Step 3 and Step 4).

The electrical resistance of the Ag NWs was measured by a two-probe setup in Fig. S1(b), because the sum of the con-
tact resistance and electrode resistance (~3 Ω in this work) can be ignored1. Two probes were positioned on each elec-
trical contact pad, and I-V curves were measured by scanning the voltage over the Ag NWs from –0.1 V to 0.1 V and
measuring the current  through the Ag NWs.  We have calculated the resistance value of  our fabricated Ag NWs elec-
trode according to the equation R=V/I. 

Section 2: Morphologies of Ag NWs produced from Ag ion solution at different concentrations of proline 
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Fig. S1 | (a) Flow diagram of measuring resistance value R of Ag NWs. (b) Schematic of two-probe measurement of resistance. (c) Real-time im-

age of the measurement process. (d) SEM image of the Ag NWs evaporated by electrical contact pads.

 

a b c

200 nm 200 nm 200 nm

CProline=0.1 M CProline=0.15 M CProline=0.2 M

Fig. S2 | Morphologies of Ag NWs produced from Ag ion solution at the concentrations of proline of (a) 0.1 M, (b) 0.15 M and (c) 0.2 M.
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Section 3: The measured I-V curves of Ag NWs electrodes irradiated at different laser power densities
 

Section 4: The measured I-V curves of Ag NWs electrodes irradiated at different nanosoldering time
 

Section 5: The melting point versus the diameter of Ag NPs
Theoretical consideration about the size effect on the melting point suggests that the melting temperature of Ag NPs is
found to be size-dependent and significantly lower than that for bulk material5. The decrease of the melting point ΔT for
small NPs of radius r can be calculated from the Gibbs-Thomson equation6: 

ΔT =
4σMTm

ΔHmrρ
, (1)

where σ= 1.02 J/m2 is the surface energy, M= 107.9 g/mol is the molar mass, Tm=1233 K is the melting point of the bulk
Ag, ΔHm=11.3 kJ/mol is the melting enthalpy and ρ=10.5 g/cm3 is the density of Ag.

The melting point dependency on the diameter of Ag NPs is obtained as shown in Fig. S4. Compared to the bulk ma-
terial of Ag (Tm=1233 K), the melting point of Ag NPs with the size of 8 nm (the smallest NPs were obtained in our ex-
periment, as shown in Fig. 5(a)) can be reduced to 0.2 Tm (Fig. S5).  Here are two special cases:  (i) For Ag NPs with a
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Fig. S3 | Measured I-V curves of Ag NWs electrodes including Ag NPs at different diameters of (a) 30 nm, (b) 28 nm, and (c) 15 nm.
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Fig. S4 | Measured I-V curves of Ag NWs electrodes including Ag NPs at different diameters of (a) 30 nm, (b) 28 nm, and (c) 15 nm.
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Fig. S5 | The melting point versus the diameter of Ag NPs.
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particle size of 20 nm at room temperature (300 K), the required heat generation to reach the melting point is 490 K. (ii)
For Ag NPs with a particle size of 40 nm at room temperature, the required heat generation to reach the melting point is
707 K. 

Section 6: The calculated light field intensity at the gaps between the adjacent Ag NPs
To quantitatively evaluate the collective response of the optical field enhancement among the aggregated NPs, numeric-
ally  reconstructed the NPs distribution of  NWs using the statistical  morphologies of  the Ag NPs were studied via the
FEM simulation. As shown in Fig. S6(a), simplified random distributed Ag NPs satisfy the statistical results of a 30 nm
average-size, which corresponds to the Ag NWs fabricated from Ag ion solution of the concentration of proline of 0.1 M
or 0.15 M.

Figure S6(b) shows  that  the  Ag  NPs  under  the  average  light  field  irrespective  of  surface  plasmon  resonance  (SPP).
When we consider the SPP in the simulation, the enhanced light field intensity in the gap increases tens even thousands
of times compared to the average light field. The black areas, also named “hot-spots” express the enhanced light field in-
tensity increases 100, 200, 400, 1000 times [Fig. S6(c−f)], respectively.
 

Section 7: Heat generation versus the diameter of Ag NPs and laser power density
In the steady-state regime, the local temperature around a single NP is described by the equation7,8, and the maximum
temperature increase occurs at the particle surface and is given by:
 

ΔTmax (I0) =
R2
NP

3k0
ω
8π

∣∣∣∣ 3ε0
2ε0 + εNP

∣∣∣∣2Im (εNP)
8π · I0
c√ε0

, (2)

where T is the local temperature, I0 is the laser intensity, R is the radius of Ag NP, k0 is the thremal conductivity of the
surrouding medium, εNP and ε0 are the dielectric constants of the NP and surrounding medium, respectively.

 

10
0

2

4

6

8

10

20 30 40 50 1

1 1 1 1200

The higher the light field enhancement magnification, the smaller the hot-spots area

400 1000100

100

50 nm

Diameter (nm)

N
um

be
r o

f p
ar

tic
le

s

a

c d e f

3

6

9

6

3

b Uniform light field

Fig. S6 | (a) Simplified particle size distribution similar to the case in Fig. 5(a), calculated the concentrated light field intensity. (b) Irrespective of

surface SPP effect. (c−f) The black areas for the concentrated light field intensity increased 100, 200, 400, 1000 times.
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Fig. S7 | Calculated temperature increase for a single Ag NP at different diameters of (a) 20 nm and (b) 40 nm.

Opto-Electron Adv  4, 200101 (2021) https://doi.org/10.29026/oea.2021.200101

200101-S5

 

https://doi.org/10.1063/1.4952591
https://doi.org/10.1063/1.4952591
https://doi.org/10.1021/nl301045a
https://doi.org/10.1021/nl048435y
https://doi.org/10.1021/acs.jpcc.6b08395
https://doi.org/10.1140/epjd/e2005-00319-x
https://doi.org/10.1007/s11671-006-9015-7
https://doi.org/10.1063/1.4952591
https://doi.org/10.1063/1.4952591
https://doi.org/10.1021/nl301045a
https://doi.org/10.1021/nl048435y
https://doi.org/10.1021/acs.jpcc.6b08395
https://doi.org/10.1140/epjd/e2005-00319-x
https://doi.org/10.1007/s11671-006-9015-7

	Section 1: Measurement of the resistance of Ag NWs
	Section 2: Morphologies of Ag NWs produced from Ag ion solution at different concentrations of proline
	Section 3: The measured I-V curves of Ag NWs electrodes irradiated at different laser power densities
	Section 4: The measured I-V curves of Ag NWs electrodes irradiated at different nanosoldering time
	Section 5: The melting point versus the diameter of Ag NPs
	Section 6: The calculated light field intensity at the gaps between the adjacent Ag NPs
	Section 7: Heat generation versus the diameter of Ag NPs and laser power density

