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Abstract

A threshold voltage model of SiC N-channel MOSFETs for high-temperature and hard radiation
environments has been developed and verified by comparing with experimental results. The proposed
model includes the difference in the work functions, the surface potential, depletion charges and
SiC/SiO: acceptor-like interface state charges as a function of temperature. Simulations of the model
showed that interface states were the most dominant factor for the threshold voltage decrease as the
temperature increase. To verify the model, SiC N-chnnel MOSFETs were fabricated and threshold
voltages as a function of temperature were measured and compared with model simulations. From
these comparisons, extracted density of interface states was 4%10" cmeV L
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Fig. 2. Simulated variations of the threshold vol-
tage components of SiC N-channel MOS-
FET upon temperature.
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Table 1. SiC parameters for model simulations
used in Fig. 2.
parameters values
Na 3%10" c¢m™
Tox 400 A
Dir 4x10" em eV
Eg 29 eV
&r 10.0
n 26x10° cm™
x (electron affinity) 3.3 eV
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Fig. 4. Extraction of the threshold voltage of SiC
N-channel MOSFET(VDS=0.1V).
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562

A" SiC N-Ad MOSFETY E=H#<do] o
3 Z2EAL 24HE 2H4E 39 544 e
ek o] 2FAN AO)e B =EdA Az
SiC N-A'd MOSFETY #8AS FFZAoH,
AL B =FA Aty 2dd o3 AE#ol
A Aotk E=F YO ARE 4F
Ryu[7]19} Rebello[9]e] <3 E= @9t 47470l
t}. A 2E SiC N-#AHd MOSFET 444 24 2
el A gHold Aty vnzRE FEE A
AN WE(DE 4x102 cm%eV! ot} &8
ARAH UxE I Hlste & FHoloji

olg HagAYE =¥o] Jaddl, o& st
At ARF Adse 2e 98 A AEE
3t gl

4. 2 &

2 =FoA SiC N-x¥d MOSFETS #8€dY
2dg Addgon, ol AFE st 2AE
Azt FHAG] 25 dgo e WIE 5
At Bd Aol Aot Wmstgch At
g 2EAYg BddAE 43, x9dY, $HY
o Ha}, AW FH 2= T & 54& T

Heon, Matlab Z2IaHE o] &3t AlEdHo|AE
A7 SIiC/Si0; AdAE Axe dFol Y g
AL & F Yok B oA AzE SiC N-A
d MOSFET 49 Z2Ed¢ Hiziy F&54
ARAAE LE(Dp)E 4x10% cm eV ot

zAel 2

2 dTE AGALE A7 NS E
TR E: 990-17-03) R I AJAE £ 2DT
(FAWM 3 2000-2-30200-010-3)%) A Loz 3
HAS

“SiC WEA B %
AN AR A B8 8] =g A,
134, 3%, p. 9, 2000.

AeE, “SIC WEA B AW, B
A7) A A =2 53] 2001—7?—7415}€EH§1‘_—E A, b
13, 2001.

(2]



A7) DA A 883 =52, Vol. 15, No. 7, July 2002

[31 Y. S. Park, "SiC Materials and Devices”,
Academic Press., San Diego, p. 14, 1998.

[4] R. Raghunathan, D. Alok, and B. J]. Baliga,
"High voltage 4H-SiC schottky barrier
diodes”, IEEE Electron Device Lett.,, Vol
16, p. 226, 1995.

[5] C. E. Weitzel J. W. Palmour, C. H. Carter,
Jr., and K. J. Nordquist, "4H-SiC MESFET
with 2.8 W/mm power density at 1.8 GHz",
IEEE Electron Device Lett., Vol. 15, p. 406,
1994,

[6] S. Ryn, K. T. Kornegay, J. A. Cooper, Jr.,
and M. R. Melloch, "Monolithic CMOS
digital integrated circuits in 6H-SiC using
an implanted p-well process”, IEEE Electron
Device Lett., Vol. 18, p. 194, 1997.

[7] S.-H. Ryu, K. T. Komegay, J. A. Cooper,
Jr., and M. R. Melloch, "Digital CMOS IC’s
in 6H-SIiC operating on a 5-V power
supply”, IEEE Trans. on Electron Devices.
Vol. 45, p. 45, 1998.

[8] J.-S. Chen, K. T. Kornegay, "Design of a
process variation tolerant CMOS opamp in
6H-SiC technology for high-temperature
operation”, IEEE Trans. of Circuits and
Systems, Vol. 45, p. 1159, 1998.

[9] N. S. Rebello, F. S. Shoucair, and J. W.
Palmour, "6H silicon carbide MOSFET
modelling for high temperature analogue
integrated circuits (25-500C)", IEE Proc.-
Circuits Devices Syst., Vol. 143, p. 115, 1996.

(101 ==&, Z%E, A9, AFH, “4H-SiC
Recessed-gate MESFET®] DC €4 223
A7, @SR AVNHAANETS] 2001574 &0
3 =83, p. 238, 2001.

563



