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Motivation

Bipolar 4H-SiC devices for high blocking voltages ( > 10 kV) are gaining in importance
® Efficient carrier injection and conductivity modulation require high charge carrier lifetimes

® Carrier lifetimes currently limited by Shockley-Read-Hall (SRH) recombination
at point defects (Z,,,, EH¢/7)

® Carbon vacancies (V) found as origin of Z,,, and EH,, [1]

" Epitaxial growth of 4H-SiC layer determines the as-grown Z,, concentration [2, 3]

Aim of this work

" Comprehensive analysis of the influence of epitaxial growth parameters on Z,,, defect
concentration and minority carrier lifetime T

® Comparison of experimental data to thermodynamic models of point defect generation
(entropy AS, formation enthalpy AH;) during epitaxial growth

® Revealing the relationship between minority carrier lifetime t., and Z,,, concentration

Influence of epitaxial parameters

Experimental details

¥ 25x commercial 3" 4H-SiC substrates

® Constant growth conditions: 11 um thick, R,oun: 15 pm/h, N

growt

® Varied growth conditions: T growt

" Effective minority carrier lifetime t 4 on full wafer area (5 mm

" Extraction of 1 at DLTS location from p-PCD mapping

® Front side contact: Ni Schottky contact, 1T mm in diameter
® Back side contact: all-over ohmic Ni contact

® High accuracy measurement through different time windows
pulse voltages (-0.2, -0.5, -0.8 V) at blocking voltage of -5 V

Epitaxial 4H-SiC layers grown by CVD in an Epigress VP508 reactor [4]

5. 5-10%—-1-10" cm-3

n 1575°C = 1650°C, C/Siratio: 0.9-1.9

Minority carrier lifetime by microwave detected photoconductivity decay method (u-PCD)

edge exclusion, 250 um raster)

Point defect characterization by deep level transient spectroscopy (DLTS)

" DLTS samples with 10x10 mm? were cut out from wafer center

(64, 128, 256, 512 ms) and

Thermodynamic consid

eration
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Conclusions

" Variation of [Z,,] between 3.0-10"3 cm=3 and 1.9:-10" cm=3 and increase of t achieved by
adjusting the growth parameters (temperature and C/Si ratio).

" AH; and AS of Z,, strongly depend on the specific thermal process and the epitaxial growth
parameters.

" Second dominant recombination mechanism (t,.) beside SRH found under [Z,,] of 4.5-1012 cm-3
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