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Fabrication of Microstructures on Single-Crystal Diamond by Press Imprinting Utilizing Pure Iron Molds

Yuji IMOTO and Jiwang YAN

Single-crystal diamond is increasingly used in the fields of cutting tools, semiconductors, micro electromechanical
systems and optical devices. It is important to fabricate high-precision microstructures on diamond surfaces at a low cost. In
this study, a novel cost-effective technique is proposed for fabricating microstructures on single-crystal diamond by
thermochemical reaction-based press imprinting method. Pure iron was used as a mold material and its characteristics in the
imprinting process were investigated under various pressure, temperature and processing time. The processed diamond

surface was examined by scanning electron microscopy, laser probe surface metrology and energy dispersive X-ray
spectroscopy. Results showed that at the same temperature a pure iron mold produced a processing depth four times higher
than that of a nickel mold. The thermochemical imprinting mechanisms for pure iron molds were discussed based on the
cross-sectional observation results of the mold/diamond interfaces.
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Fig.1 Mechanism of interfacial carbon diffusion between diamond and iron
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Fig.2 (a) Schematic diagram of mold fabrication by nanoindentation; (b) SEM
image of pyramidal dimples formed on the Fe mold
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Fig3 Schematic diagram of the high-precision press imprinting machine
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Fig4 Plots of changing cycles of temperature and pressure used for press
imprinting under (a) different temperature and (b) different pressure
conditions, as well as (c) for different processing time
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Fig5 (A) Raman spectra of diamond surfaces pressed under different

temperatures; (B) close-up view of the boxed region of spectra (b) in (A)
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Fig.6 SEM images of microstructures imprinted on diamond under various
temperatures: (al), (a2) 650 °C; (b1), (b2) 700 °C; (c1), (¢2) 750 °C
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Fig.7 Effect of temperature on processing depth of press imprinting using an
Fe mold with comparison with a Ni mold
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Fig8 SEM images of microstructures imprinted on diamond under 60 MPa

Pressure
distribution

Pile-up

\ Diamond indenter I
idge

(@ ®)

Fig9 Schematic diagram of (a) pile-up formation (cross-sectional view); (b)
pressure distribution around an indent during imprinting (top view)
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Fig.10 Effect of pressure on processing depth at various temperatures, with
comparison with the result of a Ni mold ?
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Fig.11 Raman spectra of diamond surfaces after different processing time
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Fig.12 Effect of heating time on processing depth, with comparison with the
result of a Ni mold ¥
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Fig.14 EDS intensity profile of carbon element in the Fe mold
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