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Abstract

The effect of the average particle size and shape of silver nanoparticles for the transparent conductive film (TCF) was studied.
Optical and electrical properties of silver conductive lines coated on the polyethylene terephthalate (PET) film was also
measured. Silver nanoparticles produced by Ag-CM, Ag-ME, Ag-EE methods showed an excellent conductivity compared to
those produced by Ag-EB, Ag-CR and Ag-PL methods, but a little difference in the transparency. In the case of the former
three silver nanoparticles, the average particle size was about 80 nm or less and the size was uniform. For the latter case,
the severe agglomeration phenomena of particles was observed and the average particle size was 100 nm or more. This result
was consistent with the result of the uniformity of the pattern shape and thickness on conductive line patterns observed by
SEM. Therefore, it was confirmed that the electrical characteristics could be obtained when the average particle size of silver
nanoparticles is smaller and the uniformity of the particles is maintained.
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Table 1. Characteristics Including Particle Size of Silver Nanoparticles Produced under Various Production Methods

Sample Production method Shape form SEM Average particle size (mean size) form SEM (nm)
Ag-CM Chemical-mechanical milling Near-spherical 40-90 (65)
Ag-ME Microemulsion Near-spherical 30-90 (60)
Ag-EE Electrical explosion Near-spherical 50-110 (70)
Ag-EB E-beam Polyhedral 50-150 (100)
Ag-CR Chemical reduction Polyhedral 50-160 (110)
Ag-PL Plasma Mixed (spherical + polyhedral) 60-150 (125)

Figure 1. SEM images (x 50,000) of silver nanoparticles, (a) Ag-CM,
(b) Ag-ME, (c) Ag-EE, (d) Ag-EB, (¢) Ag-CR, (f) Ag-PL.
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Figure 2. UV-Vis spectra of silver nanoparticles, (a) Ag-CM, (b)
Ag-ME, (c) Ag-EE, (d) Ag-EB, (¢) Ag-CR, (f) Ag-PL.
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Table 2. Viscosity of Silver Nanoparticles Coating Solution and Pattern Characteristics Formed Using Silver Nanoparticles Coating Solution

Prepared by Silver Nanoparticles

Sample Viscosity (cps) Transmittance (%) Surface resistance ($2/sq) Depth of pattern thickness (pm)
Ag-CM 22.8 87.6 89 2.09-3.50
Ag-ME 15.2 88.1 42 1.45-2.91
Ag-EE 14.8 87.8 76 1.22-3.14
Ag-EB 8.4 88.0 429 0.84-3.38
Ag-CR 15.8 88.8 3534 0.50-3.50
Ag-PL 10.2 88.5 Out of range 0.20-4.20

oxygen amount(%) vs. nanosilver type

(a) Ag-ME

. Ag-ME

I Ag-EE

Nanosilver Type

[ |
(b) Ag-EE

Figure 3. SEM images of different silver nanoparticles, (a) Ag-ME,
(b) Ag-EE (left); Plot of oxygen amount vs. silver nanoparticle type
(right).
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Figure 4. Optical microscope images (x 110) of pattern formed using
silver nanoparticle coating solution (a) Ag-CM, (b) Ag-ME, (c)
AgEE, (d) Ag-EB, (¢) Ag-CR, (f) Ag-PL.
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Figure S. Schematic illustration on mechanism of transparent
conductive coating using silver nanoparticles.
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Figure 6. SEM images of pattern formed using silver nanoparticle
coating solution on PET film using Ag-CM, (a) front view (x 500)
(b) side view (x 3,000), Ag-ME, (c) front view (x 500) (d) side view
(x 2,000), Ag-EE, (e) front view (x 500) (f) side view (x 2,000),
Ag-EB, (g) front view (x 500) (h) side view (x 2,000), Ag-CR,
(i) front view (x 500) (j) side view (x 2,000), Ag-PL, (k) front view
(x 500) (1) side view (x 2,000).
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