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Motivation Evaluation

B Sidewall roughness in SiC Trenches crucial factor for gate oxide reliability
and mobility [1, 2]
m Typical trench formation process:
— Photoresist mask patterning, oxide hard mask etch, resist strip,
SIC etch
— Trench sidewall roughness can be influenced by every step and
transfers from layer to layer

®m Commonly subsequent sidewall roughness reduction

Profile image analysis
B SEM surface images under 52° tilt

B Grayscale from profile analysis (see Fig. 3)

m Relative roughness (RR) from divergence of
normalized grayscale [6]

Data comparison

B RR compared to root mean square average
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| | Fig. 1. Oblique view SEM image of roughness (R,) gained from AFM measurements
by high temperature annealing step [3] SiC trench after dry etching and on sidewalls gf tilted samples
— Disadvantage: changing trench geometry - less geometry control cleaning. The shown structures are (only measured on Si substrates, see Table 2)

- Goal: Reduction of sidewall roughness from lithography step on 1 um wide (drawn on mask). = Results on Si substrates comparable to SiC,
Processing although not completely matchable due to optical
Lithography properties causing differences in lithography
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Fig. 3. Profile image analysis evaluation of oxide sidewall
(section length 1 um) of SEM surface images shown in
Fig. 2 (a) and (b). Analysis was done in ImageJ.

Comparison of sidewall roughness values

Oxide Etch Fig. 2. SEM images of oxide hard mask after dry etching with (a), (c) CAR Table 2. R N 2 ) of
B Reactive ion etching (CHF; / C3Fg / Ar) mask and (b), (d) DNQ-based resist mask (resist already removed) on SiC a < O]?t mean >Quare avergge roughness (R;) O_
of 1.5 um TEOS oxide with substrates. Exposure in (a) and (b) was done on a mask aligner, exposure in Sldewallls O r?SISt masks and _OXIde masks (etched with
end point detection (c) and (d) was done on a stepper. The shown structures are 1 um wide resp?Ct|Ve resist) measured with AFM compareql tO.
(drawn on mask). Oblique view (tilted and rotated) for better visualization relative roughness (RR) values gained from profile image
of the sidewall roughness. analysis. Samples in this table are Si wafers.
Table 1. Relative roughness (RR) values gained from profile image analysis of SEM CAR DNQ

surface images shown in Fig. 2.
Resist Oxide Resist Oxide

CAR DNQ mask mask mask mask
Exposure Tool Mask Aligner Stepper Mask Aligner Stepper AFM R, (nm) 4.7 2.2 17.0 18.6
Grayscale RR (A.U.) 2.3 9.0 4.8 9.8 Grayscale RR (A.U.) - 4.4 - 8.3

Summary & Outlook

B Reduced photoresist sidewall roughness leads to reduced sidewall roughness in oxide mask used for SIC trench etching
— Sidewall roughness of CAR smaller than DNQ-based resist
— Roughness characterization can be simplified by using profile image analysis of SEM images
B Combining oxide mask with reduced sidewall roughness with enhanced SiC etch creating bottom corner rounding (7], trench geometry can be optimized
— Gentler annealing step enabled and therefore better trench geometry control
B Further characterization of resist- and SiC trench sidewall roughness remaining for deeper insights into roughness transter in whole trench formation process
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