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Modeling of a triple reduced surface field silicon-on-insulator lateral
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An analytical model for a novel triple reduced surface field (RESURF) silicon-on-insulator (SOI) lateral double-
diffused metal–oxide–semiconductor (LDMOS) field effect transistor with n-type top (N-top) layer, which can obtain a low
on-state resistance, is proposed in this paper. The analytical model for surface potential and electric field distributions of the
novel triple RESURF SOI LDMOS is presented by solving the two-dimensional (2D) Poisson’s equation, which can also
be applied to single, double and conventional triple RESURF SOI structures. The breakdown voltage (BV) is formulized
to quantify the breakdown characteristic. Besides, the optimal integrated charge of N-top layer (Qntop) is derived, which
can give guidance for doping the N-top layer. All the analytical results are well verified by numerical simulation results,
showing the validity of the presented model. Hence, the proposed model can be a good tool for the device designers to
provide accurate first-order design schemes and physical insights into the high voltage triple RESURF SOI device with
N-top layer.

Keywords: analytical model, triple reduced surface field (RESURF), silicon-on-insulator (SOI), n-type top
(N-top) layer

PACS: 73.40.Qv, 73.40.Ty, 85.30.De, 85.30.Tv DOI: 10.1088/1674-1056/25/2/027305

1. Introduction
Owing to its ideal dielectric isolation, higher speed, less

parasitic effect, and higher integration, silicon-on-insulator
(SOI) technology is of great benefit to high voltage lateral
double-diffusion metal–oxide–semiconductor (LDMOS) de-
vices and has been widely developed for a variety of power
ICs , such as automotive driver IC, display driver IC, high-
voltage switching IC, LED driver IC, etc.[1–7] One of the main
issues when designing LDMOS is the trade-off between break-
down voltage (BV) and specific on-resistance (Ron,sp).[8–14]

Triple reduced surface field (RESURF) technology[15–21] is an
excellent method in mass manufacture to achieve the trade-
off between BV and Ron,sp. With a floating p-type buried
(P-buried) layer inserted into n-type drift region, the triple
RESURF structure provides dual conduction paths to reducing
Ron,sp. Because of the three-sided vertical depletion, the drift
region doping concentration can be three times higher than
that in single RESURF, with the BV maintained. Compared
with the conventional triple RESURF SOI LDMOS, the novel
triple RESURF SOI LDMOS with n-type top (N-top) layer
can achieve a lower Ron,sp , with a high BV maintained, be-
cause the incorporation of N-top layer has a weak effect on the

breakdown characteristics and provides a lower on-resistance

surface conduction path. Hence, the novel triple RESURF SOI

LDMOS with N-top layer can achieve a more optimal distri-

bution of impurities for triple RESURF structure to improve

the tradeoff between the BV and Ron,sp. Some similar work of

the triple RESURF LDMOS with N-top layer on bulk-silicon

is reported in our previous work.[20,21]

In the present paper, an analytical model for the novel

triple RESURF SOI LDMOS with low on-state resistance is

presented. The model for the surface potential and electrical

field distributions, which is based on the two-dimensional (2D)

Poisson’s equation, is obtained. The analytical expressions of

surface potential and electric field can be simply applied to

single, double and conventional triple RESURF SOI LDMOS.

Further, the analytical results of BV and optimal integrated

charge of N-top layer (Qntop) for the novel triple RESURF SOI

LDMOS are obtained. The analytical results of the presented

model can show great agreement with the numerical simula-

tion results. Hence, the proposed model can give guidance for

designer to optimize the novel triple RESURF SOI LDMOS

with N-top layer.
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2. Structure and model

Figure 1 shows the cross-section of the triple RESURF
SOI LDMOS with N-top layer. The P-buried layer is in the
N-well, and the doping concentration is NPB. Compared with
the structure of the conventional triple RESURF SOI LDMOS,
a high-doped N-top layer with doping concentration NT is in-
troduced at the surface of N-well. As a result, lower Ron,sp is
achieved because of extra majority carriers, which provides a
lower on-resistance surface conduction path. The doping con-
centration of the N-well is Nnwell. The N-well is divided into
five regions along the edges of P-buried layer and N-top layer,
and their boundary positions are given by: x = 0, L1, L2, Ld,
and y = 0, t1, t2, td. The tox is defined as the thickness of the
SOI layer.
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Fig. 1. The cross section of triple RESURF SOI LDMOS with N-top
layer.

When the device is biased in the off-state and the N-well
is fully depleted, the potential function in the silicon must sat-
isfy 2D Poisson’s equation, yielding:

∂ϕ2
i (x,y)
∂x2 +

∂ϕ2
i (x,y)
∂y2 =−qNi

εs
, i = 1,2,3,4,5, (1)

where q is the electric charge, εs is the dielectric constant
for silicon, N1 = N3 = N5 = Nnwell, N2 = NT + Nnwell, and
N4 = NPB−Nnwell. The boundary conditions for the potential
function are given by

∂ϕi (x,y)
∂y

∣∣∣∣
y=0

= 0, i = 1,2,3, (2)

∂ϕi (x,y)
∂y

∣∣∣∣
y=td

=−ϕi (x, td)
Ktox

, i = 1,3,5, (3)

ϕ2 (x, t1) = ϕ4 (x, t1) ,
∂ϕ2 (x,y)

∂y

∣∣∣∣
y=t1

=
∂ϕ4 (x,y)

∂y

∣∣∣∣
y=t1

, (4)

ϕ4 (x, t2) = ϕ5 (x, t2) ,
∂ϕ4 (x,y)

∂y

∣∣∣∣
y=t2

=
∂ϕ5 (x,y)

∂y

∣∣∣∣
y=t2

, (5)

ϕ1 (L1,0) = ϕ2 (L1,0) =V1,

∂ϕ1 (x,0)
∂x

∣∣∣∣
x=L1

=
∂ϕ2 (x,0)

∂x

∣∣∣∣
x=L1

, (6)

ϕ2 (L2,0) = ϕ3 (L2,0) =V2,

∂ϕ2 (x,0)
∂x

∣∣∣∣
x=L2

=
∂ϕ3 (x,0)

∂x

∣∣∣∣
x=L2

, (7)

ϕ1 (0,0) = 0, ϕ3 (Ld,0) =Vd, (8)

where K = εs/εox and εox is the dielectric constant for SiO2.
Equation (2) is the vertical electric field at the semiconductor
surface, which can be ignored. Equation (3) is the continuity
of electric flux density across charge-free boundary. Equa-
tions (4)–(7) are the continuity equations of the potential and
electric field along the boundaries of 2–4, 4–5, 1–2, and 2–
3 regions, respectively. Equation (8) is the voltage condition
applied to the device. The potential function can be Taylor
expanded with respect to y coordinate up to the second-order
terms as

ϕi (x,y) = ϕi (x,0)+
∂ϕi (x,0)

∂y
· y

+
∂ 2ϕi (x,0)

2 ·∂y2 · y2, i = 1,2,3, (9)

ϕ4 (x,y) = ϕ4 (x, t1)+
∂ϕ4 (x, t1)

∂y
· (y− t1)

+
∂ 2ϕ4 (x, t1)

2 ·∂y2 · (y− t1)
2 , (10)

ϕ5 (x,y) = ϕ5 (x, t2)+
∂ϕ5 (x, t2)

∂y
· (y− t2)

+
∂ 2ϕ5 (x, t2)

2 ·∂y2 · (y− t2)
2 . (11)

Substituting Eqs. (1)–(5) into Eqs. (9)–(11) leads to a gen-
eral differential equation for the surface potential distribution
function as

∂ 2ϕi (x,0)
∂x2 − ϕi (x,0)

t2 =−
qNi,eff

εs
, i = 1,2,3, (12)

where N1,eff = N3,eff = Nnwell, and N2,eff = Nnwell−η1NPB +

η2NT. The t, η1, and η2 denote the characteristic thickness
value of drift region, the vertical doping factors of P-buried
layer, and N-top layer, respectively, and are given as follows:

t =
√

0.5t2
d +Ktdtox, (13)

η1 =
1
t2 ·
[
(td +Ktox) · (t2− t1)−

1
2
(
t2
2 − t2

1
)]

, (14)

η2 =
1
t2 ·
[
(td +Ktox) · t1−

1
2

t2
1

]
. (15)

Solving Eq. (12) constrained by Eqs. (6)–(8) yields the distri-
butions of surface potential and electric field as follows:

ϕ (x.0) = Vi,eff +(Vi−Vi,eff)

× sinh((x−Li−1)/t)
sinh((Li−Li−1)/t)

+(Vi−1−Vi,eff)

× sinh((Li− x)/t)
sinh((Li−Li−1)/t)

, Li−1 ≤ x≤ Li, (16)
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E (x,0) = (Vi−Vi,eff) ·
cosh((x−Li−1)/t)

t sinh((Li−Li−1)/t)
− (Vi−1−Vi,eff)

× cosh((Li− x)/t)
t sinh((Li−Li−1)/t)

, Li−1 ≤ x≤ Li, (17)

where i= 1, 2, 3 and Li−1 ≤ x≤ Li, Vi,eff= qNi,efft
2/εs, V0 = 0,

V3 = Vd, L0 = 0, L3 = Ld, and y = 0. The L1 and L2 are the
positions of two boundaries between N-well and N-top layer.
The V1 and V2 are the surface potentials of two boundaries be-
tween drift region and N-top layer and can be obtained from
the condition (Eqs. (6) and (7)). It is worth nothing that the
analytical expressions Eq. (16) and Eq. (17) are also appli-
cable to other devices without being modified, such as single
(NPB = 0, NT = 0), double (t1 = 0) and conventional triple
RESURF (NT = 0) SOI LDMOS.

Solving the potential function partial respect to y and sub-
stituting it into Eqs. (1) and (2), the vertical electric field dis-
tributions can be described as

Eiy (x,y) =
ϕi (x,0)

t2 · y, i = 1,3, (18)

E2y (x,y) = ξ · y, 0≤ y≤ t1, (19)

E4y (x,y) = ξ · y− q(NT +NPB)

εs
· (y− t1) ,

t1 ≤ y≤ t2, (20)

E5y (x,y) = ξ · y− qNT

εs
· (y− t2)−

q(NT +NPB)

εs
· (t2− t1) ,

t2 ≤ y≤ td, (21)

where

ξ = ϕ2(x,0)/t2 +q(η1NPB−η2NT +NT)/εs.

For the novel triple RESURF SOI LDMOS, the peak field at
O2 in the N-top/N-well junction is larger than that at O3in the
N-well/N+-drain junction because the P-buried layer is intro-
duced and lengths of N-top layer and P-buried layer are close
to the length of drift region. Therefore, there are two surface
electric field peaks at O1 and O2. The lengths of P-buried layer
and N-top layer are both almost equal to the length of drift re-
gion. So assuming L1 = 0 and L2 = Ld, the vertical breakdown
can only occur at either O4 or O5. The electric field at O4 for
the N-top/P-buried junction is larger than that at O2 due to the
influence of vertical electric field at O4. Hence, the lateral
breakdown voltage BV lat can be obtained from E(0,0) = Ec

when the breakdown occurs at O1. The BV lat can be described
as:

BVlat = sinh(Ld/t) · t ·Ec− [cosh(Ld/t)−1] · qt2Nnwell

εs

+ {cosh [(Ld−L1)/t]− cosh [(Ld−L2)/t]}

·qt2 (η1NPB−η2NT )

εs
. (22)

Besides, the vertical breakdown voltage BVver1 can be obtained
from E2y(L1,t1) = Ec when the breakdown occurs at O4, and

BVver2 can be obtained from E5y(L2,td) = Ec when the break-
down occurs at O5. The BVver1, BVver2, and BV are given as
follows:

BVver1 =
t2 ·Ec

td
− q(η1NPB−η2NT +NT ) · t2

εs

+
t2 [qNT (td− t1)+qNPB (t2− t1)]

εs · td
, (23)

BVver2 =
t2 ·Ec

t1
− q(η1NPB−η2NT +NT ) · t2

εs
, (24)

BV = Min [BVlat,BVver1,BVver2] . (25)

The analytical Qntop can be obtained when the N-well is
fully depleted and the breakdown occurs at O4. The Qntop in-
cludes the charges of N-well and N-top layer. The vertical
depletion extension d1 into the N-top layer can be given as
follows:

d1 =
εsEc

q(Nnwell +NT )
. (26)

The optimal Qntop for the N-top layer is expressed as

Qntop ≤ (Nnwell +NT )d1 =
εsEc

q
. (27)

3. Results and discussion
In this paper, all the numerical results are obtained by 2D

device simulator MEDICI and the analytical results are ob-
tained by the analytical model. Figures 2(a) and 2(b) show
the numerical and analytical profiles of surface potential and
electric field for the novel and conventional triple RESURF
SOI LDMOS, respectively. The novel and conventional triple
RESURF SOI LDMOS obtain BV values of 450 V and 454 V,
respectively. A fair accordance between the analytical and nu-
merical profiles of surface potential and electric field may gen-
erally be found for the novel and conventional triple RESURF
SOI LDMOS. For the novel triple RESURF SOI LDMOS, the
heavily doped N-top layer results in a weak increase of the
peak electric field in P-well/N-well junction. Because the P-
buried layer is introduced and the lengths of N-top layer and
P-buried layer are close to the length of drift region, the surface
peak field at the N-top/N-well junction is larger than that at the
N-well/N+-drain junction. Figures 2(c) and 2(d) show the nu-
merical and analytical profiles of surface potential and electric
field for the single and double RESURF SOI LDMOS, respec-
tively. The analytical expressions (16) and (17) can be simply
used in single (NPB = 0, NT = 0) and double (t1 = 0) RESURF
SOI LDMOS without being modified. The single and double
RESURF SOI LDMOS obtain BV values of 445 V and 447 V,
respectively. The analytical results of surface potential and
electric field distributions for single and double RESURF SOI
LDMOS show good agreement with the numerical simulation
results.
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Fig. 2. Numerical and analytical profiles of surface potential and electric field of (a) novel triple RESURF SOI LDMOS, (b) conventional triple
RESURF SOI LDMOS, (c) single RESURF SOI LDMOS, and (d) double RESURF SOI LDMOS in drift region.
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Fig. 3. (color online) (a) Numerical results of BV, Ron,sp, and FOM versus Nnwell for conventional triple RESURF SOI LDMOS, (b) numerical
results of BV and Ron,sp versus NT for novel and conventional triple RESURF SOI LDMOS, and analytical maximum NT.

Figure 3(a) shows the numerical results of BV, Ron,sp,

and power figure of merit (FOM, defined as BV2/Ron,sp) ver-

sus Nnwell for the conventional triple RESURF SOI LDMOS

with Ld = 35 µm, L1 = 2 µm, L2 = 31 µm, t1 = 1 µm,

t2 = 2 µm, and td = 8 µm. The conventional triple RESURF

SOI LDMOS has a correspondingly optimized NPB for any

given Nnwell. Ron,sp decreases with the increase of Nnwell. With

the increase of Nnwell from 3.2×1015 cm−3 to 4.4×1015 cm−3,

BV is maintained at a similar value of above 450 V firstly.

With the continuous increase of Nnwell from 4.4×1015 cm−3

to 5.6×1015 cm−3, BV decreases. With Nnwell = 4.4 ×

1015 cm−3, the conventional triple RESURF SOI LDMOS

obtains a BV of 454 V and a Ron,sp of 40 mΩ·cm2, yield-

ing a highest FOM of 5.15 MW/cm2. Figure 3(b) shows the

numerical results of BV and Ron,sp versus NT for the novel

and conventional triple RESURF SOI LDMOS, and analyti-

cal maximum NT with Ld = 35 µm, L1 = 2 µm, L2 = 31 µm,

t1 = 1 µm, t2 = 2 µm, td = 8 µm, and Nnwell = 4.4×1015 cm−3.

When NT = 0×1016 cm−3, the device is a conventional triple

RESURF SOI LDMOS which achieves a BV of 454 V and

a Ron,sp of 40 mΩ·cm2. As NT increases, the N-top layer

is formed. BV can maintain the same value, and Ron,sp de-
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creases because an additional N-top layer introduces more ma-
jority carriers to significantly reduce Ron,sp, which alleviates
the inherent tradeoff between Ron,sp and BV. Then, BV de-
creases whenNT continues to increase. For any given NT, the
device has a correspondingly optimized NPB when the drift
region is fully depleted. When NT is 1.6× 1016 cm−3, the
novel triple RESURF SOI LDMOS can achieve a low Ron,sp

of 31.3 mΩ·cm2 which is 22% lower than that of conventional
triple RESURF SOI LDMOS at the same BV level. Accord-
ing to Eq. (27), with t1 = 1 µm, the analytical maximum NT is
1.56×1016 cm−3. When NT exceeds the value, BV decreases
with the increase of NT.
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Fig. 4. (color online) (a) Numerical vertical doping concentrations and
(b) corresponding current density distributions in the drift region at
x= 25 µm for the novel and conventional triple RESURF SOI LDMOS.

Figure 4(a) shows the numerical vertical doping pro-
files in the drift region for the novel and conventional triple
RESURF SOI LDMOS with Ld = 35 µm, L1 = 2 µm, L2 =

31 µm, t1 = 1 µm, t2 = 2 µm, td = 8 µm, and Nnwell =

4.4× 1015 cm−3. With an extra N-top layer, the novel triple
RESURF SOI LDMOS has more majority carriers at the sur-
face of N-well than the conventional triple RESURF SOI LD-
MOS. Meanwhile, in order to keep charge balance for a high

BV, the increased NPB is needed. The two structures have
similar doping profiles of N-well below P-buried layer due to
the same Nnwell. Figure 4(b) shows the corresponding current
density distributions. Currents passing through the path be-
low P-buried layer maintain for the two structures are approxi-
mately the same. However, current passing through the surface
path of the novel triple RESURF SOI LDMOS is increased by
near 175% in comparison with that of the conventional triple
RESURF SOI LDMOS. Hence, the N-top layer provides a
low on-resistance surface conduction path for the novel triple
RESURF SOI LDMOS, contributing to a lower Ron,sp. There-
fore, compared with the conventional triple RESURF SOI LD-
MOS, the novel triple RESURF SOI LDMOS with N-top layer
can achieve a lower Ron,sp while maintaining a high BV.

Figure 5 shows the numerical and analytical results of
BV and numerical results of Ron,sp versus NPB at different val-
ues of NT for the novel triple RESURF SOI LDMOS when
Ld = 35 µm, L1 = 2 µm, L2 = 31 µm, t1 = 1 µm, t2 = 2 µm,
td = 8 µm, and Nnwell = 4.4×1015 cm−3. For the numerical re-
sults, with increase in NPB, BV has a maximum value when the
N-well is fully depleted for any given NT. The Ron,sp is almost
constant with the increase of NPB due to the nearly equivalent
n-type impurity in the n-type drift region. As NT increases,
Ron,sp is reduced for the same BV first. Then, BV decreases
when NT continues to increase. The analytical BV values ob-
tained from Eqs. (22)–(25), when the device is fully depleted,
accord with the numerical results, showing the validity of the
presented model.
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Fig. 5. (color online) Numerical and analytical results of BV and nu-
merical results of Ron,sp versus NPB at different NT values for the novel
triple RESURF SOI LDMOS.

Figure 6 shows the numerical results of BV versus Qntop

at different values of t1 for the novel triple RESURF SOI LD-
MOS and the analytical maximum Qntop when Ld = 35 µm,
L1 = 2 µm, L2 = 31 µm, td = 8 µm, and Nnwell = 4.4×
1015 cm−3. The thickness of P-buried layer in the simulations
is 1 µm. With the increase of Qntop, the BV can be first main-
tained at a similar value and then decreases because of too
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high a dose of N-top layer. According to Eq. (27), the analyti-
cal maximum Qntop is εsEc/q. The analytical maximum Qntop

is an upper theoretical bound for the dose of surface conduc-
tion path, which can guide the designer in achieving an opti-
mal distribution of impurities in the drift region to optimize
the tradeoff between the BV and Ron,sp. The critical electric
field Ec is a weak function of the doping. With the decrease
of t1, the concentration of the N-top layer will increase at the
same Qntop, which causes the increase of Ec. So, the analytical
maximum Qntop will increase with the decrease of t1. The ana-
lytical maximum Qntop values are obtained at different t1values
and are also shown in Fig. 6. With t1 = 1.0 µm, the analytical
maximum Qntop is around 2.0×1012 cm−2. Hence, compared
with the conventional triple RESURF SOI LDMOS, the novel
triple RESURF SOI LDMOS can maintain a high BV and a
lower Ron,sp with Qntop ≤ 2.0×1012 cm−2 at t1 = 1.0 µm.
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Fig. 6. (color online) Numerical results of BV versus Qntop at different t1
values for novel triple RESURF SOI LDMOS and the analytical maximum
Qntop.

4. Conclusions
In this work, an analytical model for the surface poten-

tial and electric field distributions of the novel triple RESURF
SOI LDMOS with N-top layer are presented. The correspond-
ing analytical model for the surface potential and electric field
distributions are also applicable to single, double and conven-
tional triple RESURF SOI structures. Besides, the analytical
BV and maximum Qntop are obtained. The analytical maxi-
mum Qntop is an upper theoretical bound which is useful to
control the implantation doses and energy for the N-top layer.

All the analytical results obtained from the given expressions
can show fair agreement with the numerical results, indicating
the validity of the presented model. Consequently, the pro-
posed analytical model can be a good tool for the designer to
optimize the novel triple RESURF SOI LDMOS with N-top
layer. The novel triple RESURF SOI LDMOS can achieve a
more optimized distribution of impurities in the drift region to
further improve the tradeoff between BV and Ron,sp than the
conventional triple RESURF SOI LDMOS.

References
[1] Qiao M, Zhuang X, Wu L J, Zhang W T, Wen H J, Zhang B and Li Z J

2012 Chin. Phys. B 21 108502
[2] Luo X R, Yao G L, Chen X, Wang Q, Ge R and Udreab F 2011 Chin.

Phys. B 20 028501
[3] Wang Y G, Luo X R, Ge R, Wu L J, Chen X, Yao G L, Lei T F, Wang

Q, Fan J and Hu X R 2011 Chin. Phys. B 20 077304
[4] Zhang J, He J, Zhou X Y, Zhang L N, Ma Y T, Chen Q, Zhang X K,

Yang Z, Wang R F, Han Y and Chan M 2012 Chin. Phys. B 21 047303
[5] Wang Z G, Zhang B, Fu Q, Xie G and Li Z J 2012 IEEE Electron Dev.

Lett. 33 703
[6] Qiao M, Zhou X, He Y T, Wen H J, Zhao Y Y, Zhang B and Li Z J

2012 IEEE Electron Dev. Lett. 33 1438
[7] Zhao Y Y, Qiao M, Wang W B, Wang M and Zhang B 2012 Chin. Phys.

B 21 018501
[8] Zhang J, Guo Y F, Xu F, Lin H, Yang H, Hong Y and Yao J F 2015

Chin. Phys. B 24 028502
[9] Hossain Z, Imam M, Fulton J and Tanaka M 2002 14th International

Symposium on Power Semiconductor Devices and ICs, June 4–7, 2002,
Santa Fe, USA, pp. 137–140

[10] Qiao M, Jiang L L, Zhang B and Li Z J 2012 J. Semicond. 33 044004
[11] Qiao M, Zhang B, Li Z J, Fang J and Zhou X D 2007 Acta Phys. Sin.

56 3990 (in Chinese)
[12] Zhang J, Guo Y F, Xu Y, Lin H, Yang H, Hong Y and Yao J F 2015

Chin. Phys. B 24 028502
[13] Zhang W T, Wu L J, Qiao M, Luo X R, Zhang B and Li Z J 2012 Chin.

Phys. B 21 077101
[14] Luo X R, Yao G L, Zhang Z Y, Jiang Y H, Zhou K, Wang P, Wang Y

G, Lei T F, Zhang Y X and Wei J 2012 Chin. Phys. B 21 068501
[15] Wang Z, Lu M T, Zhou X, Wang J and Zhang B 2014 Electron Devices

and Solid-State Circuits, June 18–20, 2014, Chengdu, China, pp. 1–2
[16] Disney D R, Paul A K, Darwish M, Basecki R and Rumennik V 2001

13th International Symposium on Power Semiconductor Devices and
ICs, June 2–7, 2001, Osaka, Japan, pp. 399–402

[17] Lee S H, Jeon C K, Moon J W and Choi Y C 2008 20th International
Symposium on Power Semiconductor Devices and ICs, May 18–22,
2008, Oralando, USA, pp. 141–144

[18] Su R Y, Yang F J, Tsay J L, Cheng C C, Liou R S and Tuan H C 2010
Electron Devices Meeting, December 6–8, 2010, San Francisco, USA,
pp. 20.8.1–20.8.4

[19] Mao K, Qiao M, Jiang L L, Jiang H P, Li Z H, Chen W Z, Li Z J and
Zhang B 2013 25th International Symposium on Power Semiconductor
Devices and ICs, May 26–30, 2013, Kanazawa, Japan, pp. 397–400

[20] Qiao M, Li Y F, Zhou X, Li Z J and Zhang B 2014 IEEE Electron Dev.
Lett. 35 774

[21] Qiao M, Wang Y R, and Zhou X, Jin F, Wang H H, Wang Z, Li Z J and
Zhang B 2015 IEEE Trans. Electron. Dev. 62 2933

027305-6

http://dx.doi.org/10.1088/1674-1056/21/10/108502
http://dx.doi.org/10.1088/1674-1056/20/2/028501
http://dx.doi.org/10.1088/1674-1056/20/2/028501
http://dx.doi.org/10.1088/1674-1056/20/7/077304
http://dx.doi.org/10.1088/1674-1056/21/4/047303
http://dx.doi.org/10.1109/LED.2012.2188091
http://dx.doi.org/10.1109/LED.2012.2188091
http://dx.doi.org/10.1109/LED.2012.2210023
http://dx.doi.org/10.1088/1674-1056/21/1/018501
http://dx.doi.org/10.1088/1674-1056/21/1/018501
http://dx.doi.org/10.1088/1674-1056/24/2/028502
http://dx.doi.org/10.1088/1674-1056/24/2/028502
http://dx.doi.org/10.1109/ISPSD.2002.1016190
http://dx.doi.org/10.1109/ISPSD.2002.1016190
http://dx.doi.org/10.1109/ISPSD.2002.1016190
http://dx.doi.org/10.1088/1674-4926/33/4/044004
http://wulixb.iphy.ac.cn//CN/abstract/abstract13114.shtml
http://wulixb.iphy.ac.cn//CN/abstract/abstract13114.shtml
http://dx.doi.org/10.1088/1674-1056/24/2/028502
http://dx.doi.org/10.1088/1674-1056/24/2/028502
http://dx.doi.org/10.1088/1674-1056/21/7/077101
http://dx.doi.org/10.1088/1674-1056/21/7/077101
http://dx.doi.org/10.1088/1674-1056/21/6/068501
http://dx.doi.org/10.1109/EDSSC.2014.7061124
http://dx.doi.org/10.1109/EDSSC.2014.7061124
http://dx.doi.org/10.1109/ISPSD.2001.934638
http://dx.doi.org/10.1109/ISPSD.2001.934638
http://dx.doi.org/10.1109/ISPSD.2001.934638
http://dx.doi.org/10.1109/ISPSD.2008.4538918
http://dx.doi.org/10.1109/ISPSD.2008.4538918
http://dx.doi.org/10.1109/ISPSD.2008.4538918
http://dx.doi.org/10.1109/IEDM.2010.5703403
http://dx.doi.org/10.1109/IEDM.2010.5703403
http://dx.doi.org/10.1109/IEDM.2010.5703403
http://dx.doi.org/10.1109/ISPSD.2013.6694429
http://dx.doi.org/10.1109/ISPSD.2013.6694429
http://dx.doi.org/10.1109/LED.2014.2326185
http://dx.doi.org/10.1109/LED.2014.2326185
http://dx.doi.org/10.1109/TED.2015.2448120

	1. Introduction
	2. Structure and model
	3. Results and discussion
	4. Conclusions
	References

