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Part I: Accuracy of Two-dimensional Calculations
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Abstract: Power semiconductor devices are the core of electrical energy conversion in power electronic equipment. As
the world’s largest consumer of power semiconductors, China faces a low self-sufficiency rate and a heavy reliance on
imports, highlighting an urgent need for breakthroughs. Power semiconductor device simulation software, as an essential
tool for multi-physics analysis and design optimization of devices, presents significant challenges in terms of high devel-
opment complexity and low return on investment. Currently, almost all power semiconductor TCAD tools in use are
developed by foreign companies such as Synopsys and Silvaco. Since 2019, the team has carried out the research and de-
velopment work of power semiconductor device simulation tools. Based on the analysis of the physical models and
solution difficulties of power semiconductor devices, this paper focuses on introducing the preliminary research progress
of the two-dimensional simulation tool for power semiconductor devices, and conducts a detailed comparison with the
calculation results of the world-leading commercial software Synopsys TCAD Sentaurus Device to verify the accuracy of
the two-dimensional calculations.
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Table 1  Error and convergence rate of numerical method for a

PiN power diode (L*-norm)

N OEw) Em " P P
o o Ko

0 3.14 — 1.15%10! — 1.15x10! —

1 3.18x107! 3.30 8.95x107! 3.68 8.95x107! 3.68

2 1.03x107! 1.63 2.71x107! 1.73 2.70x107! 1.73

3 2.82x107? 1.87 0.71x107! 1.94 0.71x107! 1.94

4 6.00x1073 2.23 1.47x1072 227 1.47x1072 227

2 PINRITHR A S LVEECT AIRE K RIS
Table 2 Error and convergence rate of numerical method

for a PiN power diode (L*-norm)

74 n p
NOEW e Y e P g
0 1.38x107! — 4.79x107! — 4.79x107!

1 1.26x1072 3.45 2.96x1072 4.02 2.96x1072 4.02
2 4.08x1073 1.62 8.95x1073 1.73 8.95x1073 1.73
3 1.12x1073 1.86 2.36%x1073 1.93 2.36x1073 1.93
4 2.40x1074 2.22 4.92x107 2.26 4.92x1074 2.26
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Table 3 L?-norm error and convergence rate of numerical

method for a power BJT
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fhesidiy

2.32x107* —
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8.21x10°°  2.06
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2 2.59x1073 1.95 3.01x1073 1.79
3 471x107* 2.46 6.22x107¢ 2.28
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Table 4 L*-norm error and convergence rate of numerical

method for a power BJT
e p
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(W) " (1) e (p) Weoh

4.58x107 —
2.33x10% 098
6.81x107°  1.77
1.46x10> 222

3.24x107* —
2.56x107 0.33
7.99x1073 1.69
1.69x1073 223

0 1.28x107° —
1 2.02x10™ 2.66
2 9.17x107 1.14
3 1.02x1073 3.18
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Table 5 Relative difference between our solver and sentaurus

device with only the low-field mobility model enabled

AR BCTN) n X ER  pHMER  yiXER
R (IE 1 558) 4.81x10714 4.33x10714 1.61x10714
AR (R IR BRI 2.24x10712 521x107M 9.85x10715

I BIT(HE-SHARBA)  1.58x1071 5.82x10710 9.99x10712
ThE BIT(HY-HEAk A 7.60x10712 4.20x10710 1.44x10712
Ih#% BITCER Ml i) 8.07x10714 2.57x10712 9.08x10715
AS-IGCT(IE [ FHLBT) 1.37x10° 1.78x107 1.23x10710
AS-IGCT('J-BHAR W) 1.47x1078 2.88x1078 7.51x10°8
RB-IGCT(IE [A1BELIET) 6.84x10710 8.28x10710 8.39x10711
RB-IGCT(JX [ BELIST) 1.51x10710 5.03x10710 9.40%10710
RB-IGCT(I"]-F#% LT 2.42x1071 5.48x1071 2.15x107!!
EPI-IGCT(IE 4] BHLIET) 4.98x1077 4.58x1077 8.84x10710
EPL-IGCT(/']-[I#k BT  2.93x107® 2.21x10°% 5.32x107

£ 6 NUIT)E EHIE R R AT FIA X 2 7
Table 6 Relative difference between our solver and sentaurus

device with only the high-field mobility model enabled

FAFEA(CLH) nMNER  pMHMNER  yiXER
TR (E R 5E) 8.79x10714 8.76x10714 2.54x10714
AR (R IR BELIT) 3.85x10712 2.29x10713 7.08x10715

TE BIT(HE-SH BRI  1.34x107! 5.59x10710 1.06x10711
TiE BIT(H-HEAkBA)  3.25%1078 2.99x1079 2.37x10711
D2 BITGE:MR fih % F38)  3.69x107° 9.69x107? 7.73%10710
AS-IGCT(IE [ L) 2.47x10710 3.93%x10710 1.97x107!!
AS-IGCT(] J-BItRBENT)  1.39x107° 2.73%107° 7.65x107
RB-IGCT(IE [F1BHLIET) 1.58x10°8 5.42x1078 6.00x10710
RB-IGCT(Jx [F1BHLIET) 1.32x10°8 4.37x10°8 9.65%1078
RB-IGCT([']-BItk BT  6.46x107° 2.38%10°8 4.60x1078
EPI-IGCT(IE 7] BHLIT) 1.86x10710 1.70x10710 1.13x10710
EPI-IGCT(| J-BARFENT)  9.68x1077 5.86x107 4.40x107°

R T AT IR Rl B A TR A X 2
Table 7 Relative difference between our solver and sentaurus

device with only the impact ionization model enabled

AT n X ER  pHMER yiXER
TR E ) 5E) 4.83x10714 4.85x10714 1.35x10714
AR (R BELMT) 2.24x10712 2.38x10712 1.03x10714

% BIT(ZE-$I R P  1.46x1071 3.69%10710 1.17x1071!
ThER BITCHH-SEARBHN)  1.09x10710 9.69x10°8 1.49x10712
DyER BITCE Rk i) 8.22x1071 7.91x1074 8.19x10715
AS-IGCT(IE [ FHLBT) 1.09x10710 1.68x10710 2.64x10711
AS-IGCT(| J-BtKEE)  4.93x107 3.75x1071 1.95x10711
RB-IGCT(JE & BELI¥T) 1.83x10710 9.86x10711 6.68x10711
RB-IGCT(Jx [F1BHLIET) 2.96x10710 8.33x10710 2.05%107°
RB-IGCT([']-Bi#kFH M)  3.02x107" 4.14x10710 2.31x1071
EPI-IGCT(IF [ BH I¥7) 1.93x107 1.77x107 3.32x10710
EPI-IGCT(| ]-BI#RBEIET)  4.93x107!! 1.43x10711 3.51x1071
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Table 8 Relative difference between our solver and sentaurus YDy Ypur
M4
device with all the models enabled I:IR
AL n MR ER pHXER y ANER 1 1 &
A (E I SE) 4.97x107 472x10°  2.03x10710 TVoe Tca thgd L
A ORI 1.88x107!! 4.72x107° 4.12x10710 o
IR BIT(&-HHHRBEK)  1.82x107! 4.99x10710 9.93x10712 (a) % v VU068 B B4 o %
R BITCH-JEARBAI)  2.44x10710 3.48x107° 1.36x1071! A 15
Ihee BITCEMR AR Fil)  1.15x1078 1.43x1078 555107 . Vo
AS-IGCT(EFIFANT)  2.61x10710  2.44x10710  4.82x10710 IGCTY [k é% LB N
AS-IGCT(I J-BMFHIT)  4.79x10710 2.71x10710 9.46x10710 ~ -
RB-IGCT(IE v BELIET) 3.14x1078 1.51x1078 3.77x10710 @ ; N g
RB-IGCT(J A BELIET) 3.23x10°8 1.26x10°8 2.56x10° rig ? g
RB-IGCT(I"]- A BEET)  4.79x1071° 1.08x107 5.43x10710
EPI-IGCT(IE 1 BELMT) 1.68x107° 1.61x107° 5.40x10710
EPL-IGCT( J-BAMFEMT)  2.13x1078 5.08x10710 9.24x10711 1
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