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Notching Phenomena of Slicon Gate Electrode in Plasma Etching Process
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HBr and O, in Cl, gas ambient for the high density plasma gate etching has been used to increase the performance of gate
electrode in semiconductor devices. When an un-doped amorphous silicon layer was used for a gate electrode materia, the
notching profile was observed at the outer sidewall foot of the outermost line. This phenomenon can be explained by the
electron shading effect: i.e., electrons are captured at the photoresist sdewall while ions pass through the photoresist sidewall
and reach the oxide surface a a narrowly spaced pattern during the over etch step. The potential distribution between gate
lines deflects the ions trajectory toward the gate sidewall. In this study, an appropriate mechanism was proposed to explain
the occurrence of notching in the gate electrode of un-doped amorphous silicon.
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Figure 1. Typica notching in doped polysilicon gate line after high
density plasma etching.
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Figure 2. Notching in undoped amorphous silicon gate at etching a
outside-wall foot of the outermost line.
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Figure 3. Schematic of high density plasma silicon etcher.
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Figure 4. Test structures for the distortion experiment of ion trgjectory
(8 with photoresist mask and (b) with oxynitride mask only.
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Figure 5. Notching profiles in un-doped amorphous silicon gate line
according to (@) the variation of bias power under the fixed condition
of 3 mT/xW _bias power/300 W source power/35 sccm Cly/35 sccm
HBr/7 sccm O, and (b) the variation of source power under the fixed
condition of 3 mT/30 W hias power/xW source power/35 sccm Clyf
35 scem HBr/7scem Oy
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Figure 6. Notching profiles in un-doped amorphous silicon gate line
according to the flow ration ratio of HBr and Cl, under the fixed
condition of 3 mT/300 W source power/30 W hias power/x_sccm
Cla/x_sccm HBr/7 scem O..
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Figure 7. Finad gate etching profile after over-etch step with the
recipe; 3 mT/300 W source power/30 W bias power/35 sccm Clo/35
sccm HBr/7 sccm O, The process sequence was composed of
main-etch step, gate oxide remova with CFs plasma and over-etch

step, sequentialy.
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Figure 8. Comparison of test structures in Figure 4 after etching with
3 mT/300 W source power/30 W bias power/35 sccm Clo/35 sccm
HBr/7 sccm O./30 sec.

Figure 9. Etching profiles of test structure with photoresist mask
according to the level of bias power.
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Figure 10. Schematic model for the formation of notching at the dense
and outside of the outmost lines with un-doped amorphous silicon.
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