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2.1 ESD IE & [ [E i

SGT-MOSFET, VUMOSFET, VDMOS KA
[\ 85 77 i i ESD HBM I 59 1F 2 1] i
g 1 e, v LA =R DI% MOSFET

2% 1 SGT-MOSFET, VUMOSFET, VDMOS A&~

[ 757 i HBM JUH A 1 52 i R i

Table 1. Positive and reverse withstand voltage
data for HBM tests of VDMOS, VUMOSFET, SGT-

# 4 ESD 1% 1F [} i F 5 52 1) i e 0005 A 25 3%
K, H I g & 44K F IE W . 8 44 ESD 1E
S 1) T AR 5008 e T AR o o e R L S P BE A
SHAEIE, IR 2 45 1 TR [R5 77 i R G

T H A AR R g ESD IE | K Ia) i
JEHCAE, X2 1 A g 2T TR g,
B 1 AR, IE 1 RTE, = Fhes 4 ESD K [l &
5 1E ) i e AN A, YA RS 4 MOSFET %) ESD
S I He 55 1 [ i R P SRk, X ME R 3.21; 1%
4t VDMOS k., H¥4{H K 2.35; SGT-MOSFET

MOSFET.
T BT {9 ESD I 141154 P 1E 161 L AL/, L340
/v /v 1.87.
SWO036R10E8S 600 1010
SWO050R10E8S 750 1450 ii //
SGT-MOSFET SWO050R85E8S 670 1390 3.9l VUMOSFET "
SWO050R95E8S 810 1590 N 30 e)/ﬁ'/ﬁ/
SWOS3RO6VLS 480 830 g 281
SWO65R68ETT 520 1640 §; zi P VPMOS | ..
SWO67R68ETT 650 2350 290l
VUMOSFET  SWO068R6S8ETT 680 1970 2.0
SWO065R03VLT 450 1360 L8r
SWO018R0O3VLT 830 2800 Ho 1 2 3 4 5
SW7N60D 1350 3140 Product model
SWI10N60D 1470 3520 1 SGT-MOSFET, VUMOSFET, VDMOS 7= i HBM
VDMOS SW12N65D 1530 3690 WA B2 o) i He 55 1 1) i Hs LG
SW20N65D 1560 3510 Fig. 1. The positive and negative pass voltage difference
SW7NSOD 1670 3940 multiple of SqT-MOSFET, VUMOSFET, and VDMOS un-
der HBM testing.
% 2 SGT-MOSFET, VUMOSFET, VDMOS A Gl 57 5 AR 56250
Table 2.  Related parameters of different products of VDMOS, VUMOSFET, SGT-MOSFET.
el FE SR A ERIPA dFRIE/V BB L/ V FHE L /mQ
SWO036R10E8S TO-220 100 3 3.8
SWO050R10E8S TO-220 100 3 5.7
SGT-MOSFET SWO050R85E8S TO-263 85 3 5.2
SWO050R95E8S TO-263 95 3 5.9
SWO083R0O6VLS TO-251 60 2 9.6
SWO065R68ETT TO-220 68 3 6.3
SWO067R68ETT TO-220 68 3 6.9
VUMOSFET SWO068R68ETT TO-252 68 3 7.0
SWO065R03VLT TO-252 30 3 6.6
SWO018R03VLT DFN5*6 30 1.8 1.6
SWTN60D TO-220 600 3.5 1.1
SW10N60D TO-220F 600 3.5 0.9
VDMOS SW12N65D TO-220F 650 3.5 0.6
SW20N65D TO-220F 650 3.7 0.3
SWT7N80D TO-220F 800 3.5 1.5
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2.2 ESD {FEST
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Fig. 2. The HBM testing circuit.
SGT-MOSFET 7£ HBM # %! F )5 B4 1F 2
] R TR AN 1D 3 BT s, R L A K A% 1
Rupvi = 1 MQ, Rypae=1500 Q, Rypas = 500 Q,
Cipy = 100 pF. EFFEFIA] ¢ 5 SO HL M 10%
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3 SGT-MOSFET f£ HBM S8 N AL BIY (Rupwn =
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Fig. 3. The discharge waveform of SGT-MOSFET under
the HBM model (Rypy; = 1 MQ, Rypye = 1500 Q, Rypys =
500 Q, Cygy = 100 pF).
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Fig. 4. The e-density, h-density, space charge, and electric
field distribution diagram of SGT-MOSFET under forward
and reverse voltage of ESD.
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Fig. 5. Schematic diagram of SGT-MOSFET gate to source capacitor Cgg) (a) and equivalent circuit (b).
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PN L SR ) S8R B A (Clpy B Clp, ). BT
5 R ) A A, A T AR %) R A S L 2 i,
T/

Suspending

Kl 6  SGT-MOSFET iE [ i FE 3 T i b )5 i #5570
L ] B P 35 s ) 2L 2D

Fig. 6. The simplified schematic diagram of SGT-MOSFET
gate to source capacitor Cggs) between the gate and the
cell structure under forward pass voltage testing.
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Fig. 7. Schematic diagram of SGT-MOSET gate to source capacitor Cgg() (a) and equivalent circuit (b) under reverse pass voltage

testing.
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Fig. 8. The simplified schematic diagram of SGT-MOSFET
gate to source capacitor Cgg) between the gate and the

cell structure under reverse pass voltage testing.
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Fig. 9. Schematic diagram of VUMOSFET Cg(4) (a) and equivalent circuit (b) under forward pass voltage testing.
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Fig. 10. The simplified schematic diagram of VUMOSFET
gate to source capacitor Cggy) between the gate and the

cell structure under forward pass voltage testing.
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Fig. 11. Schematic diagram of VUMOSET gate to source capacitor Cgg(y (a) and equivalent circuit (b

testing.

Cas(+) = Cas1 + Coy + Cp + Cipy + Copeg

_ Wa ( Eox > 2(Lg + tgdox) < Eox )
= — [ —— + - —
WCell tgsox

Ween
Ws + 2teox [ €ox

+ WCellg (tgdox) ' ©)

M (9) AT, VUMOSFET 1E [ i R~
BRI LA Cosy) 15 S ATTIIEE W HE
WTEE We BIMRIREIE Lo, LASHIR A AL 2R
s e T fyqon 255 IRFIRRRLES Cog(o)
ANBHIE i HL T Vs 28T AR A LM 27 A FL 25

3.2.2 R@¥/ET VUMOSFET &9z ¥ 25

VUMOSFET 7EJwtiogzs , Mg a1 i 1) i
AR 27 A AT Cos ) An i R SRR A 11
JI7R. BEHIHHR LAY Cas( ) HMMR 5 5 4 a8 ) 1
AERE Cusy, VAR5 T M 25 A 18] () 25 A F
% Coss Gy Copi s Come s Chps s Copa FFIFERAL.

g 7 AE T B K VUMOSFET H# i) B 6 45
PRI B AR MO 254, T LS R S o g1
] MR LA Cos) AHRBURZEIRIANE 12 Fs, -
A Ay o 670 P AR A AR, 0 kg o ) U5 R
P2 1) n-TE RS X FEMHIR B 1) FEL AR B, 9
AR 9 0 ) VRS IX A B YA RE A T 7 A n-TE A% X
e P AU R Y RE A AN Y p A X R PR
FZBZ. BT oIBR8 XGRS, HS VR o L K
T - XA P AR 2 A 22 LS Clps

t 20X

(b)

Suspending
Drain

Gate h

p Ccp2 | | CGpa F
« Cépi | | Céps F
Cr ||
¢ 11

o Cu:

Cas1 ||
I

o

Source

s

&

under reverse pass voltage

=

Cépg - SEIT B LS Cop # 5% 28 IR vy %5,
RIS FL 2 Ol , e BARZ A Clp
Clpy MBI Clps , Chpy PIFERAN, Z—1
B Sz 1) s A2 A B AR R L 2.

Suspending
+ +

Bl 12 VUMOSET J [a if i i i 5 4L J5 i Ak 5 0 e
S g ML 5 ) 4 MR 21

Fig. 12. The simplified schematic diagram of VUMOSET
gate to source capacitor Cgg() between the gate and the

cell structure under reverse pass voltage testing.
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Fig. 13. Schematic diagram of VDMOS gate to source capacitor Cgg(4)(a) and equivalent circuit (b).
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Fig. 14. The simplified schematic diagram of VDMOS gate
to source capacitor Cgg4) between the gate and the cell

structure under forward pass voltage testing.
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Fig. 15. Schematic diagram of VDMOS gate to source capacitor Cgg ) (a) and equivalent circuit (b) under reverse pass voltage

testing.
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Fig. 16. The simplified schematic diagram of VDMOS gate
to source capacitor Cgg) between the gate and the cell

structure under reverse pass voltage testing.
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500Q, Cypy = 100 pF).
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Abstract

In the actual human body model (HBM) test, it is found that the electrostatic discharge (ESD) test results
of various power metal-oxide-semiconductor field-effect transistor (MOSFET) devices show asymmetry between
forward withstand voltage and reverse withstand voltage, while the ESD process does not distinguish between
positive direction and negative direction. Large differences between forward and reverse withstand voltages are
unacceptable for power MOSFETs or as ESD protection devices. The problem of its causing device failure is
particularly pronounced. In this work, by establishing the analytical model of gate-to-source capacitance of
SGT-MOSFET, VUMOSFET and VDMOS under the forward and reverse voltages, we comparatively analyze
the reasons for the asymmetry of the forward and reverse withstand voltages and their different ratios of the
three kinds of power MOSFETs, which provides a theoretical basis for testing the device’s ESD and the
analyzing their reliability. It is found that the ESD forward and reverse withstand voltage asymmetry
phenomena of different power MOSFET structures are related to the variation of gate-to-source capacitance,
caused by the reverse-type layer. When a forward voltage is applied across the gate and source, the device gate-
to-source capacitance consists of the oxide layer capacitance around the gate in parallel; when a reverse voltage
is applied, the gate-to-source capacitance consists of the virtual gate-to-drain capacitance in series with the
inverse layer capacitance and then in parallel with the other oxide layer capacitance around the gate. This
results in a decrease of the gate-to-source capacitance at the reverse voltage, making the device reverse
withstand voltage greater than the forward withstand voltage. The difference in the ratio of ESD reverse
withstand voltage to forward withstand voltage among different devices is related to the change of the
capacitance of the inverse layer in the gate-to-source capacitor under reverse voltage caused by the difference in

device structure.
Keywords: power MOSFET, electrostatic discharge, gate to source capacitance, analytical modeling
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