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Synthesis of Metal Nanoparticles and Fabrication for

Functional Micro-Composite Circuits by Laser Ablation
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Vacuum Metallurgical Co., Ltd., 516 Yokota, Sanbu-machi, Sanbu-gun, Chiba 289-1297

(Received March 3, 2003)

The purpose of this research is to develop new fabricating technology for a heat-resistant microcircuit sub-
strate with high quality nanoparticles synthesized using Nd:YAG lasers. The nanoparticles of refractory met-
als such as tungsten (W) and molybdenum (Mo) could be synthesized using the laser ablation method to
increase the source materials for nanoparticles. The geometric standard deviation (o,) value of the nanoparticle
diameter should be controlled to less than a 1.2 with a 20 to 50 nm diameter and new nanocomposite materials
are synthesized by mixing more than two kinds of nanoparticles. As for micropatterning using nanoparticles
films, we produced fine lines with W nanoparticles, micro-coils with W, platinum (Pt), gold (Au), and capaci-
tors using Au/BaTiO3/Au multi-layer thin films by the laser ablation/gas deposition method.
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Fig. 1 Schematic diagram of the experimental apparatus.
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Fig. 2 TEM image of tungsten nanoparticles under differ-
ent pressures (main laser power: 10 J/pulse, assist
laser power: 46.5 J/pulse). (a) 6.7 kPa, (b) 40 kPa,
(c) 67 kPa.”
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Fig. 3 Measurement of size distribution of tungsten
nanoparticles by LP-DMA.
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Table 1 Relationship between Pressure (kPa) and Standard
geometric deviation (o).
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Fig. 4 Comparison of LP-DMA spectrum between a nor-
mal pulsed Nd:YAG laser and a short pulsed one.”
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Fig. 5 Comparison of growth model of nanoparticles be-
tween a normal pulsed Nd:YAG laser and a short
pulsed one (a) 2-normal pulse Nd:YAG laser, (b) Q-
switched Nd: YAG laser.
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Fig. 6 TEM images of classified gold nanoparticles at am-
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50 nm.®
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Fig. 7 Size distribution and geometrical standard deviation
(o,) from TEM image after electric furnace at 1273
K of classified gold nanoparticles of 30 nm, 40 nm.
and 50 nm by LP-DMA.®
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Fig. 8 SEM microphotographs ol gold nanoparticle-films
under different pressures (laser fluence: 5.2 J/em?).
(a) 7 kPa. (b) 20 kPa, (c) 50 kPa. (d) 90 kPa.'®
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Fig. 9 Pressure dependent specific resistance in gold
nanoparticle-films (laser fluence: 5.2 J/em?).!3
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