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Abstract Noncontact direct-printed conductive silver patterns with an enhanced electrical resistivity are fabricated
using a silver ink with a mixture of silver nanoparticles and nanoplates. The microstructure and electrical resistivity of

the silver pattern are systematically investigated as a function of the mixing ratio of the nanoparticles and nanoplates.
The pattern, which is fabricated using a mixture with a mixing ratio of 3(nanoparticles):7(nanoplates) and sintered at

200°C shows a highly dense and well-sintered microstructure and has a resistivity of 7.60 pQ-cm. This originates a
mutual synergistic effect through a combination of the sinterability of the nanoparticles and the packing ability of the
nanoplates. This is a conductive material that can be used to fabricate noncontact direct-printed conductive patterns with

excellent electrical conductivity for various flexible electronics applications, including solar cells, displays, RFIDs, and

SENsors.
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Table 1. The mixing ratio of silver nanoparticles and nanoplate-
lets.

Spherical Ag nanoparticles  Ag nanoplates

NT 0 100 0

NT 30 70 30
NT 50 50 50
NT 70 30 70
NT 100 0 100
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Fig. 1. (A, B) FE-SEM and (C) AFM images of (A) commercial silver nanoparticles and (B, C) silver nanoplates synthesized by a

solvothermal method.
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Fig. 2. X-ray diffraction patterns of (A) commercial silver
nanoparticles and (B) silver nanoplates synthesized by a
solvothermal method.
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Fig. 3. FE-SEM images of directly printed Ag patterns with (A, E) only spherical silver nanoparticles, (B, F) S0 wt% nanoparticles
and 50 wt% nanoplates, (C, G) 30 wt% nanoparticles and 70 wt% nanoplates, and (D, H) only silver nanoplates thermally treated at

(A-D) 200°C and (E-F) 300°C.
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Fig. 4. FE-SEM images showing the cross-section microstructures and image analysis results which show the pore (black) and
dense (white) area of directly printed conductive patterns thermally treated at 200°C using (A) commercial silver nanoparticles,
(B) 70 wt% nanoparticles and 30 wt% nanoplates, (C) 30 wt% nanoparticles and 70 wt% nanoplates, and (D) only silver
nanoplates thermally treated at 200°C.
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Fig. 5. A graph showing the resistivities of the Ag patterns
fabricated by the powders consisted of silver nanoparticles
and (or) nanoplates with a different mixing content.
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Table 2. Comparison of the electrical resistivity of direct printed silver patterns.

Average particle

Curing

Lowest resistivity

Conductive materials . o Reference
size (nm) temperature (°C) (uQ-cm)

Ag NPs 2.1 200 6.8 Y.-L. Tai et al [17]
Ag NPs 50 260 16 H.-H. Lee et al [18]
Ag NPs 40 180 5 J. R. Greer et al [19]
Ag NPs 20 160 8.8 Z. Zhang et al [20]

Ag NPs 100 200 119+3.65 This work

Ag NPs + NTs Nts : 518 (thickness: 30 .
g 30:70) fos: 100 ) 200 7.60+0.65 This work
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