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Temperature-Dependent Characteristics of SBD and PIN Diodes in 4H-SIC
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Abdtract: Silicon carbide is widely used in power semiconductor devices owing to its high energy gap. In particular,
Schottky barrier diode (SBD) and PiN diodes fabricated on 4H-SIC wafers are being applied to various fields such as
power devices. The characteristics of SBD and PiN diodes can be extracted from C-V and |-V characteristics. The
measured Schottky barrier height (SBH) was 1.23 €V in the temperature range of 298~473 K, and the average ideal
factor is 1.17. The results show that the device with the Schottky contact is characterized by the theory of thermal
emission. As the temperature increases, the parameters are changed and the Vth is shifted to lower voltages.
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Fig. 1. Schematic cross section of an integrated 4H-SIC. (a)
SBD and (b) PiN diode.
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Fig. 2. An image of on-wafer probing system for high-power
device characterization.
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Fig. 3. 1/C? vs reverse voltage (Vy) (@) for schottky barrier diode
and (b) PIN diode in the frequency range of 1 KHz ~ 1 MHz at
room temperature. The contact area is 0.256 mm?.
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Table 1. Results of schottky barrie height and ideality factor
measurement of SBD using a C-V and |-V measurements as a
function of the measurement temperature.

Measurement Ideality Barrier height Barrier height  Reverse
temp. factor -V Cc-v current density
298 K 1.40 1.15 1.01 4.68x10°
323 K 1.16 1.17 4.39x10°
373 K 1.13 1.24 4.37x10°
423 K 1.10 1.27 4.83x10°
473 K 1.08 1.30 5.91x10°
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Fig. 4. Current vs forward voltage (Vi) (8 for schottky barrier diode
and (b) PN diode with messurement temperature from 25 to 200°C.
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Table 2. Results of barrier height measurement of PIN using a
C-V measurements as a function of the measurement temperature.

Measurement Low doping High doping Barrier height
temp. dr " concentration concentration cVv
298 K 1.23x10° 6.93x10"°®  7.00x10% 2.75
323 K 1.23x10° 6.93x10"®  7.00x10% 2.99
373 K 1.23x10° 6.93x10"°  7.00x10% 3.45
423 K 1.23x10"° 6.93x10®°  7.00x10%® 391
473 K 1.23x10° 6.93x10"®°  7.00x10% 437
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Fig. 5. Temperature dependence of schottky diode modd parameters
‘barrier height’.
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Fig. 6. Temperature dependence of PIN diode model parameters
‘barrier height’.
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