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Abstract

Process window for infinite etch selectivity of silicon nitride (StN,y) layers to ArF photoresist (PR) was
investigated in dual frequency superimposed capacitive coupled plasma (DFS-CCP) by varying the process
parameters such as low frequency power (Prg), CH,F, and H, flow rate in CH,F,/H,/Ar plasma. It was found
that infinite etch selectivities of Si;N, layers to the ArF PR on both blanket and patterned wafers can be
obtained for certain gas flow conditions. The etch selectivity was increased to the infinite values as the CHF,
flow rate increases, while it was decreased from the infinite etch selectivity as the H, flow rate increased.
The preferential chemical reaction of the hydrogen with the carbon in the polymer film and the nitrogen
on the Si;N, surface leading to the formation of HCN etch by-products results in a thinner steady-state polymer
and, in turn, to continuous Si;N, etching, due to enhanced SiF, formation, while the polymer was deposited

on the ArF photoresist surface.
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Fig. 1. Etch rates and etch selectivities of the blanket
Si;N, and ArF PR etched for 1 min under the
condition of P(400 W)/260 mTorr/500 Ar/80 H,
as a function of the CH,F, flow rate for the Pr
of (a) 100 W, (b) 150 W, (c) 200 W.
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Fig. 2. Etch rates and etch selectivities of the blanket

Si;N, and ArF PR etched for 1 min under the
condition of F.+(400 W)/260 mTor/500 Ar/20
CH,F, as a function of the H, flow rate for the
P+ of (a) 100 W, (b) 150 W, (c) 200 W.
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Fig. 3. Optical emission intensity of H radicals by OES as a function of the (a) H, flow rate, (b) CH,F, flow rate,
() P at a fixed Py of 400 W.
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Fig. 4. The hydro-fluorocarbon (CH,F,) film thickness
calculated from XPS data on silicon nitride
surface as a function of H, flow rate.
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Fig. 5. F/C ratio of steacy-state hydro-fluorocarbon
{CH,F,) layer and Si/N ratio of the etched Si:N,
surface determined from XPS analysis as a
function of H, flow rate.
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Fig. 6. FE-SEM images of the pattem wafer etched for
3 min under the condition of P.(400 W)/260
mTor/500 Ar/20 CH,F,{60 H; (a) pattern with the
ArF PR intact,
plasma.
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