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Recessed-gate 4H-SiC MESFET<¢ DCEA
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Abstract DC characteristics of recessed gate 4H-SiC MESFET were investigated using the device/circuit
simulation tool, PISCES. Results of theoretical calculation were compared with the experimental data for the
extraction of modeling parameters which were implemented for the prediction of DC and gate leakage
chracteristics at high temperatures. The current-voltage analysis using a fixed mobility model revealed that
the short channel effect is influenced by the defects in SiC. The incomplete ionization models are found out
significant physical models for an accurate prediction of SiC device performance. Gate leakage is shown to
increase with the device operation temperatures and to decrease with the Schottky barrier height of gate metal.
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Fig. 1. Schematic cross section of the modeled 4H-SiC
MESFET(gate length = 0.7 source-gate space = 0.3, gate-drain
space = 0.8width = 332 um, gate metal = Au, Active layer
doping = 1.7 10").
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Table 1. Material parameters of 4H-SiC employed for the
Caughey-Thomas model.

Electron Hole Reference
=460.0(cm/V - S) WP =108.1(cm/V - S) Ref. 13
ppin = 0.0(cm/V - S)  pmin = 159(cm/V-S)  Ref. 13
N/ =1.94 X 107(em?®) N} =1.76 X 10°%(cm™)  Ref. 13
NS =194 X 10"(cm®) N} =1.76 X 10®(cm?)  Ref.7
T.d=0.61 Y= 034 Ref. 13
B.S=2 B=2 Ref. 14
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Table 2. Materials parameters for the fixed mobility model for
the modeling of 4H-SiC MESFET. Prameters without
references were obtained by calculation.

paramaters value Reference
Energy gap (300) 326eV Ref. 7
permittivity 9.7 Ref. 7
electron affinity 3.5eV Ref. 15
low field mobility 460 cm*/Vs(300) Ref. 7
saturation velocity 1.25 X 10 "cm/s Ref. 7

gate work function 5.1

ni 14 X 107
Nc(300) 1.66 X 10"
Nv(300) 3.3 X 10"
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Fig. 2. I-V characteristics of 4H-SiC MESFET calculated by
using several physical models (Vg =0 V).
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