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~ABSTRACT | Sub-Bandgap Light-Induced Carrier Generation CONCLUSION

Carrier generation characteristics in n-type substrate SiC MOS We have demonstrated unexpectedly high generation rates in |

capacitors induced by sub-bandgap energy light are reported. at Room Temperatu re in Silicon Carbide MOS AT, state-of-the-art SiC MOS capacitors at room temperature for
The generation rate is high enough to create an inversion layer Capacitors | F electric fields less than 1 MV/cm due to illumination with light
iIn ~20 minutes with monochromatic light (front side illumination) P p more than 1 eV smaller in energy than the SIiC bandgap.
of energy 2.1 eV in 4H-SiC. Generation and recovery results o SR — Generation and recovery results strongly indicate the involvement

strongly indicate involvement of a metastable defect, whose VA . of a defect exhibiting metastability, whose efficiency as a
efficiency as a generation center increases under hole-rich and (===>a B Sandeepan DasGupta, Andrew Armstrong, Robert Kaplar, Matthew Sandla generation center increases under hole-rich and decreases under

decreases under electron-rich conditions. The generation = Marinella, Reinhard Brock, Mark Smith, and Stanley Atcitty National ﬁ!etc tmn_righ Conditrions' Ihe| gr?tneration rfwte det%engep ol i InhbiaS
ISIOry and monocnromatic lignt energy snows tne aeiect 1o nave

dependence on bias history and light energy shows the defect - : : : .
to have properties consistent with the metastable silicon ggﬁg&%i?%‘@ Sandia National Laboratorles, Albuquerque’ NM 87185’ USA I_aboratones properties consistent with the metastable silicon vacancy (Vg;) /

vacancy / carbon vacancy-antisite complex (Vg; / V. - Cq)): carbon vacancy-antisite complex (V. - Cg).

PULSED MOS CAPACITOR WITH RECOVERY OF GENERATION CHARACTERISTICS JI— GENERATION WITH QC-t sweeps performed using monochromatic light (0.6 to 3.5 eV).

30.05 eV resolution at a photon flux of ~5x1016 cm2s-1.
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capacitors from the wafer line - s : : — : : '- : : . . : :
generation rate i G EOHES | - o. QGeneration rate shows first significant increase (on the order of what is observed
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"KEY OBSERVATIONS

UThe rate of increase of capacitance with time (dC/dt) increases with every ,
sweep and finally reaches saturation Time (s) o Time (s) V. - Cg; 0.83 | 1.39 | 2.11 | 2.56 Vg, in 4H-SIC has the closest level (-1/-2) to midgap at E, + 2.01 eV, V, - Cg, has

OWhen the sweep is performed for the same time and bias using much lower intensity ooy P the closest level (+1/0) to midgap at E, + 1.39 eV.

light (Fig. 1b), subsequent C-t sweeps show negligible increase in dC/dt. Using the same " SURFACE OR BULK 1;},9 V2 & 1816y Photon
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Strong indication of generation happening through 2 photons.
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UMaximum increase is observed between 1.85 and 2.1 eV.
QAfter 2.35 eV, the generation rate does not increase further for higher energies up to 3.2 eV
Arsmegmanm e eS=2 | (sub-bandgap energies above 2.6 eV not shown in for clarity) where band-to-band generation
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low intensity light (as in Fig. 1b), when the same device is swept for a longer period of J QVg, — V. - Cg; under hole-rich conditions would result in the minimum energy

time (so that the capacitance reaches values close to the inversion capacitance), GENERATION ? _ ~1|—— No light 2'11 Vo 130ey PRt f Ve-Gsi | of each of the 2 photons required for a generation event to be reduced from

subsequent C-t sweeps show prominent increase in dC/dt. —— . . . < - B —
Qincrease in dC/dt in subsequent sweeps is related not to the bias, time, or QSub-bandgap generation could be ' With light Sliiesiion 2 —1.39 = 1.51 eV

intensity of light — but to the value of capacitance reached in the previous happening in SiC bulk or at SiC/SiO,

sweep interface

_ _ _ _ O N-substrate Schottky diodes were - Npp o« m, [1] o et
Uincrease in dC/dt not due to any trapping or detrapping of bulk oxide illuminated with same sub-bandgap (N, = flux of photons with sufficient energy for generation), | o pet

charge (every sweep starts from the same capacitance value) energy microscope lamp light _ m = A[d(C/C,,)/dfl/A[(CIC,,)%, [1] m=0.039s1 @
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on(Av>1.8eV or A<690 nm)/N,,(hv>2eV or A<620 nm) ~ 1.73
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