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m 4H-SiC Schottky barrier diode

thermal neutron

m 4H-SiC: wide bandgap material Ni Schottky contact
m Applications in harsh environments — 10B4C neutron converter OLiF
high temperature, high voltage, Aot ont n-type 4H.SIC
radiation e &l a o~ epitaxial layer

m Neutron detection
m Border security

®m Nuclear material detection Ni ohmic contact




Defects in 4H-SiC

m Defects can be introduced
m Unintentionally — during growth process
m Intentionally — radiation, particles

m Electrically active defect can degrade the
performance of the device

m Some defects considered “lifetime killers”

Graphical representation of energy
levels based on DLTS studies
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--Ievel transient spectroscopy (DLTS)

m Detection of electrically active traps

e e . (A)t=0,V=V, W (b)0<t<ty, V=V,
for majority charge carriers: . R .

m Diode voltage pulsed — transient
capacitance measured

m Detection limit: ~ 10° - 1010 cm-3

m Parameters: V,;, to Vp

m e electron emission rate (©) p<t<T,V =V, (d) v,

u C, electron capture rate
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-rity carrier transient spectroscopy (MCTS)

m Detection of electrically active traps

. . . a)0<t<t
for minority charge carriers: @ '

hv > E,
m Fixed reverse bias = optical —

excitation pulsed = transient
capacitance measured

" e, hole emission rate

® ¢, hole capture rate
(b) tp<t<T
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-abrication

m Starting substrate: 4H-SiC 350 um
m Epitaxial layer: 25 um chemical vapor Ni
.y semi-transparent Ni
deposition, no buffer layer: n-type
nitrogen doped 4H-SiC, epitaxial layer, 25 um, n
® Ohmic contact — sintered at 950 °Cin an

Ar atmosphere 4H-SIC, 350 um, n*
m Schottky barrier — hard mask — Ni
thermal evaporation S
B 2x2mm?area NI
B Semitransparent: 15 nm

m Thick film for bonding: 100 nm




m Deep-level transient spectroscopy

m For MCTS: 365 nm LED
m Cryostat: ~¥77 Kto 450 K

m Electrical characterization:
m Current-voltage (/-V)
m Capacitance-voltage (C-V)

Computer

v

Temperature
controller

DAC/ADC <>

Capacitance
meter

Y
Current

source

Sample

T. Brodar,PhD thesis, Zagreb, 2021

Comp.
capacitor

Vacuum
pump

e

——

~_Capillary for
LN2 transfer

- Heater




-al characterization — I-V, C-V

Current-voltage (/-V)

®m /-Vand C-V measurements — performed at

-2
temperatures from 100 K to 450 K 107
: , 3L —— 7=450K
m ‘Kinks’ observed in I-Vs at low 104; = 400 K
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-Ievel transient spectroscopy (DLTS)
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-ity carrier transient spectroscopy (MCTS)

m Well known defects: B and D-center
m B:
m £,+0.21eV
m D-center:
m £,+0.65eV

m B peak > D-center peak
m C-rich growth conditions
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-1 profile of B-center and D-center

m Net effective doping — extracted from
C-V measurements:

2
ngiceoAzd (1/62)/d V

Nror(W) =
m B and D-center concentration

extracted from MCTS :

§Cmay 2r"/(7D
Nr = Co 1 _ Nror

m Difference in the slope of extracted B
and D-center depth profile
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Conclusions

m MCTS measurements performed on 4H-SiC Schottky barrier diodes

® Unintentional boron incorporation during CVD growth
m Two boron-related deep-level defects: B and D-center

m Estimated boron concentration (MCTS) exceeds the nitrogen doping concentration
determined from CV measurements

m Steady-state electrical performance of the 4H-SiC SBD is preserved
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