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Abstract: Semiconductor devices have evolved from 2D planar FETs to 3D bulk FinFETs, with aggressive device scaling. Bulk

FinFETs make it possible to suppress short-channel effects. In addition, the use of low-k dielectric materials as a vacuum gate

spacer have been suggested to improve the AC characteristics of the bulk FinFET. However, although the vacuum gate spacer

is effective, correlation between the vacuum gate spacer and the short-channel-effects have not yet been compared or discussed.

Using a 3D TCAD simulator, this paper demonstrates how to optimize bulk FinFETs including a vacuum gate spacer and to

suppress short-channel effects.
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Table 1. Dimensions and material information for TCAD simulations.
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Parameters Values Materials
Gate length, Ly (nm) 22 TiN
Channel width, Wen (nm) 12 Si
Gate oxide thickness, fox (nm) 5 SiO2
Gate spacer thickness, s, (nm) 15 Si3Na4
Gate height, Hg(nm) 158 TiN
Channel thickness, 7ch (nm) 100 Si
Gate spacer height, Hsp (nm) 158 SizsN4
Vacuum height, Hvac (nm) 43 Vacuum
Vacuum thickness, Tvac (nm) 5 Vacuum
Channel doing concentration (cm™3) 1x10Y Boron
Source/drain doing concentration (cm™%) 3x10%° Arsenic
Substrate doing concentration (cm™2) 3x1018 Boron
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Fig. 1. (a) Schematic of bulk FinFET for simulations, (b) cross-sectional image of the bulk FinFET cut along the x-, and (c) y-direction,

respectively.
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Fig. 2. (a) Simulated /s-V; characteristic of bulk FinFET. Extracted and (b) V't and SS with various gate lengths (Lg).
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Fig. 3. (a) Simulated /ua-V; characteristic of bulk FinFET. Extracted and (b) ¥t and SS with various gate widths (W-n).

Table 2. Summary of short-channel effect sensitivities of bulk FinFET with vacuum gate spacer.

Sensitivity Gate length sensitivity Channel width sensitivity
Vr (mV/nm) +4.52 -8.23
SS (mV / dec:nm) - 1.78 +4.74
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Fig. 4. Extracted V't and SS with various vacuum (a-b) heights and (c-d) vacuum thicknesses.
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