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Abstract

SiC-based devices perform well in high-voltage environments of more than 1200V compared to silicon devices, and are
particularly stable at very high temperatures. Therefore, 1700V UMOSFET has been actively researched and developed
for the use of electric power systems such as electric vehicles and aircrafts. In this paper, we analysed thermal variations
of critical variables (breakdown voltage (BV'), on-resistance (R, ), threshold voltage (v,,), and transconductance (g,,))
for the three type 1700V UMOSFETs-Conventional UMOSFET (C-UMOSFET), Source Trench UMOSFET (ST-
UMOSFET), and Local Floating Superjunction UMOSFET (LFS-UMOSFET). All three devices showed BV increase, R,,
increase, v,, decrease, and g, decrease with increasing temperature. However, there are differences in BV, R, v, g,
according to the structural differences of the three devices, and the degree and cause of the analysis were compared. All

results were simulated using sentaurus TCAD.
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SiC 718 &2 silicon 422F giH] 1200V o]/de] 1709t el A 531 A F23hy 53] v SEo A Qb A ]
528 HolFoh wghA 2 1700V UMOSFETe] 7] A-54), 3% B = ghitabA AT
M Ha o) B =Rl H2 AFEI e Al T/ 170053 UMOSFET-Conventional UMOSFET (C-UMOSFET),
Source Trench UMOSFET (ST-UMOSFET), Local Floating Superjunction UMOSFET (LFS-UMOSFET)-ol] 3] &%=
A 3H300K-600K) ol w2 A Azjo)| 4 F 23k W4 (breakdown voltage(BV ), on-resistance(R,,), threshold voltage(wv,, ),
transconductance(g,, )9 41243 54& vl FAAT) Al &2 25 25 SVt W& BV 7% R, 7% v, B, 9,3
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Table 1. Device parameters for the simulation.
E 1. AlZe8o|M CldHto|A mzjo|E

v

C- LFS- S1r=
Parameters UMOSF | UMOSF | UMOSF | Unit
ET ET ET
Cell pitch 5.55
Trench depth 15
Trench width 15
N-epitaxy layer depth 16.5
P-base depth 0.7
P-shielding depth 0.3
Superjunction depth - 0.3 - pum
Depth between
p-shielding and - 0.4 -
superjunction
Source-trench width - - 1
Source-trench depth - - 24
Source-trench B B 01
oxide thickness ’
P-base dopmg 11017
concentration
N-epitaxy layer 15 15 15
. 2.6<10"°|2.4x10"" | 4.0<10
concentration )
—shielding d_opmg 55101
concentration
Superjunction _dopmg B 31017 ~
concentration
Table 2. Temperature dependent breakdown voltage.
2 230 uE moet
Breakdown voltage [V]
Temperature C= LFS- 1=
UMOSFET UMOSFET UMOSFET
300K 1723.0 1709.1 1685.6
350K 1722.7 1708.9 1657.0
400K 1722.2 1708.4 1658.4
450K 17214 1707.7 1662.2
500K 1720.2 1706.5 1662.2
550K 17194 1705.6 1759.3
600K 1729.7 1714.6 1756.0
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A% selg
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Fig. 4. E-field according to temperature change

(@) C-UMOSFET (300K) (b) C-UMOSFET (600K)
(c) LFS-UMOSFET (300K) (d) LFS-UMOSFET (600K)
(e) ST-UMOSFET (300K) (f) ST-UMOSFET (600K).
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Table 3. Temperature dependent on-resistance.
¥ 3 2T Haeof w2 2xE

On-resistance [mQ « an?]

Temperature C- LES- ST-
UMOSFET UMOSFET UMOSFET
300K 10.82 9.56 12.80
350K 12.37 10.68 14.32
400K 14.28 12.19 16.00
450K 16.50 14.02 17.72
500K 19.01 16.24 19.58
550K 21.81 19.40 21.56
600K 24.87 23.14 23.62
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Table 4. Temperature dependent threshold voltage.

E 4230 o2 2 det
Threshold voltage [V]
Temperature C= LFS- STr=
UMOSFET UMOSFET UMOSFET
300K 3.92 3.94 3.93
350K 3.88 3.88 3.86
400K 3.82 3.80 3.82
450K 3.74 3.74 3.70
500K 3.63 3.60 3.54
550K 3.46 3.52 3.28
600K 3.22 3.24 2.92
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Table 5. Temperautre dependent transconductance.
¥ 5 2% Hslof| 2 EMA AHEA
Transconductance [m.S]
Temperature Cc- LFS- ST-
UMOSFET UMOSFET UMOSFET
300K 0.102 0.102 0.074
350K 0.079 0.082 0.056
400K 0.062 0.064 0.042
450K 0.047 0.049 0.031
500K 0.035 0.036 0.021
550K 0.024 0.025 0.014
600K 0.016 0.017 0.093
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