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Abstract The annealing of a Cu(4.5at.% Mg)/Si0./Si structure in ambient O,, at 10 mTorr, and 300-500°C,
allows for the outdiffusion of the Mg to the Cu surface, forming a thin MgO (15 nm) layer on the surface. The
surface MgO layer was patterned, and successfully served as a hard mask, for the subsequent dry etching of
the underlying Mg-depleted Cu films using an O, plasma and hexafluoroacetylacetone [H(hfac)] chemistry. The
resultant MgO/Cu structure, with a taper slope of about 30°, shows the feasibility of the dry etching of Cu(Mg)
alloy films using a surface MgO mask scheme. A dry-etched Cu(4.5at.% Mg) gate a-Si:H TFT has a field effect
mobility of 0.86 cm?Vs, a subthreshold swing of 1.08 V/dec, and a threshold voltage of 5.7 V. A novel process
for the dry etching of Cu(Mg) alloy films, which eliminates the use of a hard mask, such as Ti, and results
in a reduction in the process steps is reported for the first time in this work.
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Fig. 1. The cross-sectional view of the a-Si TFT, with a
Cu(Mg) gate, formed using a surface MgO layer as a hard
mask. A self-aligned surface MgO mask replaces a hard mask
such as Ti.
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Fig. 2. The effects of the Mg content on the etching of the

Cu(Mg) alloy films, using H(hfac) and oxygen plasma
chemistry.
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Fig. 3. AES depth profiles of Cu(4.5at.% Mg)/SiO,/Si multilayer samples, annealed in 10 mTorr of O, for 30 min, at various
annealing temperature; (a) 300°C, (b) 400°C, (c) 500°C, (d) 600°C.
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Fig. 4. Cross-sectional SEM micrographs of the patterned
features of the as-annealed MgO/Cu(4.5at.%Mg)/SiO,/Si at (a)
300°C and (b) 500°C, respectively.

Fig. 5. The cross-sectional TEM of the over-etched pure Cu,
on Ti, following the dry etching of a Ti(30 nm)/pure Cu/
Ti(10nm)/Si structure, using the upper Ti as a mask.
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Fig. 6. The cross-sectional SEM of the patterned pure Cu in Ti/
Cu/Ti/Si0O,, with a Ti mask.
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Fig. 7. The etching sequence for the orientation-dependent Cu
etching, using an O, plasma plus H(hfac) chemistry.
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Fig. 8. The cross-sectional TEM of an etched Cu(Mg) alloy
film, used as a surface MgO mask.
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Fig. 9. Transfer characteristics of the a-Si TFT against the
voltage applied to the drain electrode.
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