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Effect of High Temperature Annealing on the Characteristics of
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Abstract

The effects of high-temperature process required to fabricate the SiC devices on the surface
morphology and the electrical characteristics were investigated for 4H-SiC Schottky diodes. The
4H-SiC diodes without a graphite cap layer as a protection layer showed catastrophic increase in an
excess current at a forward bias and a leakage current at a reverse bias after high-temperature
annealing process. Moreover it seemed to deviate from the conventional Schottky characteristics and to
operate as an ohmic contact at the low bias regime. However, the 4H-SiC diodes with the graphite
cap still exhibited their good electrical characteristics in spite of a slight increase in the leakage
current. Therefore, we found that the graphite cap layer serves well as the protection layer of silicon
carbide surface during high-temperature annealing. Based on a closer analysis on electric
characteristics, a conductive surface transfiguration layer was suspected to form on the surface of
diodes without the graphite cap layer during high-temperature annealing. After removing the surface
transfiguration layer using ICP-RIE, Schottky diode without the graphite cap layer and having poor
electrical characteristics showed a dramatic improvement in its characteristics including the ideality
factor[n] of 1.23, the schottky barrier height[d] of 1.39 €V, and the leakage current of 7.75x10° A/crt at
the reverse bias of -10 V.

Key Words : Silicon carbide, Schottky diode, High temperature annealing, Surface transfiguration layer,
Graphite cap, Leakage current
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Table 1. List of annealing conditions.

Temp. | Pressure| Time | Gas |Graphite Cap

as dep. - - - -

1600 C|650 Torr|30 min} Ar | With Cap

1600 C {650 Torr|30 min| Ar | Without Cap

1700 C|650 Torr|30 min| Ar | With Cap
C
C

1700 C|650 Torr|30 min| Ar | Without Cap
1600 C|100 Torr|30 min| Ar | Without Cap
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Fig. 1. Forward I-V characteristics with various

annealing condition.
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Table 2. Electrical characteristics of diodes with
various annealing conditions.

e Turn on| Ideality Barrier Ir at
No. V‘E%,aige fa[cnt]or he[‘q%ht ~10V[A/em?)
1 1.38 1.29 1.48 5.56%10
2 1.33 1.79 0.98 892x10™

3 0.87 - - 0.28
4 1.34 1.42 1.39 8.16x1077
5 1.05 - - 1.08
6 1.00 - - 3.63
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Fig. 4. Schematic diagram of the fabricated SiC
schottky diodes (a) diode fabricated
without high temperature annealing, (b)
diode fabricated after high temperature
annealing without graphite capping layer.
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Process schematics of SiC schottky diode
including removing of surface modified

Fig. 5.

interface layer by ICP-RIE process.
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