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Fig. 1. (a) Distribution of equivalent resistance of SGT MOS; (b) equivalent DC circuit of SGT MOS.
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Fig. 2. (a) Distribution of capacitance and charge of SGT MOS; (b) equivalent capacitance circuit of SGT MOS.
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Len J5# WA 0.87
Ween TP 1.20

3.1 Rii4atE MOSFET B4 HIfiE
fii ] Verilog-A w5 H IR, A
TR B AR S HON: Ry = 125.2 Q, Rpp =
465.8 Q, beta = 8.84, P, = 1.232 x 10* cm, P,
=1.1x10°cm-V 95, Py = 13 V. HiFHFEREA LAY

BHON: Tyon = 298.15 K, Tepp, = —0.1809 K1,
Terps = 1.505 K2,

4 FIE 5 4350k 25 °C AT 150 °C R g
R ERE RS S G, A R R e
G D5 E LR AT 28 2 BRI #8 g 2
. SGT MOS iy # th FEPE ih Ze AU T Vg 7E
0—6 V Y [l 2EIRVE Rl AR SCHEST 1Y B AR 7Y
REASAR AT M AL & S PRl (B, H RE A% A 250 Wit 32
X BRI . an, N 4(a) ATHT 25 C
TERBIE R R Vi, 16 2.68 V 2247, I 5(a) A
HI150 C FafFr MR E Vi, £ 245 V A4,
1 {1 H, s i 2 0 32 8 T i & 2R Am A%, MAIET 4(c)
& 5(c) RTINS EROAR AT L Vi, B2 I8 B A T
K.

3.2 FikilatE MOSFET HE&A4FMISIE

HEHE Cos, Cap, Cpg W A& H M
R3], TN R A AR O, i HLAE
Coss %ﬂfiﬁ%%@ Crssa E’fl‘]ﬂg%%\ﬁﬂ‘FF)fZﬁ

CGD = C]’SS) (223)
C’GS = Ciss - CTSS7 (22b)
ODS = Coss - C’rss- (22C)

TEMERAE S9N 1 MHz 444 T 7S 2
2 Gy Cogs F1 Co W, IFiE T (22) 15 2 5))
BHE Cus, Caps Cps HIEHE. I Verilog-A 4’5
HL SRR P, F A A S H O BN m =
0.5, my, = 0.0654, ky = 6, ky = 1.7, Loyeqn = 0.35 pm,
Lgpequ = 1.14 pm.
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107 F o yoi =10 v i (a) go| ® Vos=0.1V Wi (b)
o Vps=2.0 V llitfii e0®® 1120 o Vbs=10 V Hlitfi
— ViEdE » o Vps=2.0 V {llE{E
100k 705 7 4100 — DLl
B s T 60F o5
< 180 <« >
2 > “
S 07 {60 £ 3 40r
S}
440
104+ 20 F
420
10-6 40 ok
1 1 2 3 4 5
Vas/V Vas/V
200
(c) T=25°C 140 ()
Vos: 2.8-5.0 V J—
160 | o B 120 R — iFfl
— P T=25C
Vas: 2.8=5.0 V
< 120
~
oo}
£
80
40
0 . syveceygsues
0 1 2 3 4 5 6
Vps/V Vis/V

K4 25 CTH (a) BeRAFIEINLZL, (b) BT G, MZE, (o) f i RRPEITZE TN (d) f i il Gpg 4R

Fig. 4. The curves of (a) transfer characteristic, (b) transconductance Gy, (c) output characteristic and (d) output conductance Gpg
at 25 C.
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° Vps=20V e e b o Vps=2.0 V IR o0
101 | — it 120 — it o
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< 100t < = 40r
< 80 % <
L g 2 ~
101 160 O
140 20
10-2
420
10-3 L 1 L 40 0
0 1 2 3 4 5 1 2 3 4 5
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160 100
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Vas: 2.8—5.0 V o iEE
120 o AN 80 . — P
T=150 °C
- Vas: 2.8—5.0 V
< > 60 X
~
2 80 im
e a 40
O
40
20
0 0
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Vps/V Vbs/V

K5 150 C T (a) HBRIEML, (b) BT G, 1L, (o) fth At Ze i (d) %l S Gps 4R

Fig. 5. The curves of (a) transfer characteristic, (b) transconductance Gy, (¢) output characteristic and (d) output conductance Gpg
at 150 °C.
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Fig. 6. Capacitance curves on bias voltage: (a) Curve of Cqp on Vpg; (b) curve of Cgg on Vpg; (¢) curve of Cpg on Vpg; (d) curves

of st7 ams and Crss on VDS'
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5t e M 75 F MOSFET B9 FF 645 5 B %

Cas M1 Cop M LB AFRMEAR DG, PR I B A 78 A
FE, AR (1) R e T B AR R SRR RS BE . A
AL SGT MOS [ FF e PE, AR SCRHE 7(a) BF
AN I e B, P L TR I O 1 mA, R R
E} 30V, 4hHBH R, A 3 Q, SGT MOS J )i i}
B TAERLIR I, M 10 A.

K 7(b) s S SGT MOS TAEHL i L, M
10 A FIFOCRRE R f5 Fth e Al 2. I
ATLE S, JFE i AR SGT MOS #55 #I A 1
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K 7(b) W Vg “F- 13 DX AT DU A mis f 2=

(a) (b) 3 40
— WA
15 — PiEfE
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D + > 20 2
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5r 110
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QD I
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(a) MCAL #: (b) TAERUA L, = 10 A TR IR SeReik th 4k

Fig. 7. Verification of switching characteristic: (a) Switching characteristic test circuit; (b) switching characteristic curve at I,, = 10 A.
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Abstract

Shield-gate trench MOSFET in a low-to-medium voltage range (12—250 V) plays a key role in the power
conversion market due to its low power loss caused by the sheild-gate structure. In order to eliminate the faults
resulting from the parasitic effects of the device and improve the conversion efficiency, the device model is
indispensable in designing a circuit system. In this paper, a compact model of shield-gate trench MOSFET
based on BSIMA4 is proposed, including the DC model and the capacitance model. In the DC model, the basic
MOSFET structure uses BSIM4, and the equivalent resistances of the basic MOSFET in series are divided into
three parts. The equivalent resistance model of JFET region is established by using the electric potential
difference between both ends for the first time, and the equivalent resistance model of electron diffusion region
is also introduced, in order to solve the problem of current error caused by neglecting the source potential of
JFET region. The equivalent resistance between drain and JFET region and the equivalent resistance of
electron diffusion region both prove to be constant. In the capacitance model based on BSIM4, the model of
shield-gate to drain capacitance is added to the model of drain to source capacitance, and the voltage bias
between drain and gate in the model of gate to drain capacitance is modified into the potential difference
between the node at the end of the gate-drift overlap region and the gate. Poisson equations are used to solve
the electric potential of this node. Furthermore, the gate oxide thickness factor k;, the shield-gate oxide
thickness factor k,, the equivalent length of gate-drift overlap Lyyeq, and the equivalent length of shield-gate
Lgpequ are introduced to redefine the position of gate and shield-gate, thereby simplifying the Poisson equations
and ensuring the smoothness of the potential curve of the node. Comparison of the data from the simulation by
using Verilog-A program with the test results from the experimental platform shows that the model simulation

results fit well with the test data, Therefore, the proposed model is verified.
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