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Analytical models of lateral power devices with arbitrary vertical
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By solving the 2D Poisson’s equation, analytical models are proposed to calculate the surface potential and electric
field distributions of lateral power devices with arbitrary vertical doping profiles. The vertical and the lateral breakdown
voltages are formulized to quantify the breakdown characteristic in completely-depleted and partially-depleted cases. A
new reduced surface field (RESURF) criterion which can be used in various drift doping profiles is further derived for
obtaining the optimal trade-off between the breakdown voltage and the on-resistance. Based on these models and the
numerical simulation, the electric field modulation mechanism and the breakdown characteristics of lateral power devices
are investigated in detail for the uniform, linear, Gaussian, and some discrete doping profiles along the vertical direction
in the drift region. Then, the mentioned vertical doping profiles of these devices with the same geometric parameters are
optimized, and the results show that the optimal breakdown voltages and the effective drift doping concentrations of these
devices are identical, which are equal to those of the uniform-doped device, respectively. The analytical results of these
proposed models are in good agreement with the numerical results and the previous experimental results, confirming the
validity of the models presented here.
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1. Introduction

The reduced surface field (RESURF) technology has been
widely used in lateral power devices. It can lower the on-
resistance and reduce the chip size of a lateral power device
while maintaining a high breakdown voltage.[1–3] The elec-
tric field distribution in the drift region of a device is of great
significance, especially due to the involved RESURF effect.
In recent years, several analytical models of RESURF de-
vices have been introduced.[4–10] Based on solving 2D Pois-
son’s equation, Chung et al. obtained the analytical models
of surface potential and electric field distributions for the first
time.[5] He et al. obtained the expressions of surface potential
and electric field distributions by utilizing the integral form
of the 2D Poisson’s equation, and further discussed the op-
timization of the breakdown voltage.[6] Li et al. presented a
full breakdown model for both the completely-depleted and
partially-depleted cases.[7] However, those models are all for
epitaxial RESURF devices in which the drift doping profiles
are considered to be uniform. In fact, the uniform-doped drift
region cannot be satisfied in many cases. For example, to
be suited for advanced technology processing, the drift re-
gion is formed by a lightly-doped N-well region, so the ver-
tical doping profile is Gaussian.[10–12] References [13]– [16]

presented a buried P-type layer structure in which the verti-
cal doping profile is discrete, realizing a good trade-off be-
tween the breakdown voltage and the on-resistance. In addi-
tion, some researchers believed that the vertical linear doping
lateral double-diffused metal-oxide-semiconductor (LDMOS)
exhibits a superior performance.[17,18] Obviously, the vertical
doping profile in the drift region can be various. To the best
of our knowledge, there has not been any general analytical
model of a lateral power device so far which is suitable for
arbitrary drift vertical doping profile.

The purpose of this paper is to present analytical mod-
els for bulk silicon RESURF devices with arbitrary vertical
doping profile. Based on the 2D Poisson’s equation, the so-
lutions of surface potential and electric field distributions for
completely-depleted and partially-depleted RESURF devices
are derived. Then, the breakdown voltage due to the electric
field peak is calculated. In addition, the quantified optimum
criterion for the maximum breakdown voltage and a lower on-
resistance is obtained. According to the proposed model and
numerical simulation, surface electric field distributions and
breakdown voltages of RESURF LDMOS devices with differ-
ent vertical doping profiles are investigated. The optimal ver-
tical doping profiles and the overall electrical performances of
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these devices are also examined.

2. Surface potential/electric-field model
A schematic cross-section of a RESURF LDMOS device

with arbitrary drift vertical doping profile is shown in Fig. 1(a),
where x measures the horizontal position relative to the left
edge of the drift region, y measures the vertical position rel-
ative to the surface of the drift region, and ts is the epitaxial
silicon thickness with permittivity εs. The drift region length
is Ld; N (y) represents the doping concentration of the drift re-
gion, where 0 ≤ y ≤ ts. The substrate doping concentration
is NA. The drain of the device is biased to a positive voltage
Vd, while the source, the gate, and the substrate are grounded.
The lateral depletion width and the vertical depletion thickness
are denoted as Wd and tv, respectively; and tb is the depletion
thickness within the substrate.
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Fig. 1. RESURF LDMOS device with arbitrary vertical doping profile.
(a) Schematic cross-section of the proposed device structure, (b) coor-
dinates and variables for the depletion, (c) vertical electric field distri-
bution under the drain.

In the depletion, we take two neighborhood layers arbi-
trarily at y= η with thickness dη as shown in Fig. 1(b). When
dη is small enough, the two layers can be regard as uniformly-
doped, and the impurity concentrations are denoted as N (η)

and N (η)+ dN, respectively. The potential functions in the
two layers obey the 2D Poisson’s equation

∂ 2ϕ1(x,y1)

∂x2 +
∂ 2ϕ1(x,y1)

∂y2
1

=−qN (η)

εs
,

(0≤ x≤Wd, 0≤ y1 ≤ dη) ,

∂ 2ϕ2(x,y2)

∂x2 +
∂ 2ϕ2(x,y2)

∂y2
2

=−q [N (η)+ dN]

εs
,

(0≤ x≤Wd, 0≤ y2 ≤ dη) . (1)

The electrostatic potentials of the two neighborhood layers can
be approximated[19] by simple parabolic functions

ϕ1 (x,y1) = a(η)+b(η)y1 + c(η)y2
1,

ϕ2 (x,y2) = [a(η)+ da]+ [b(η)+ db]y2

+ [c(η)+ dc]y2
2, (2)

where coefficients a(η), b(η), and c(η) are only functions of
x when y = η is given.

Using the continuities of the potential, the electric field,
and the doping along the interface of the two layers, the poten-
tial functions satisfy

ϕ1 (x, dη) = ϕ2 (x,0) , (3)
∂ϕ1 (x,y1)

∂y1

∣∣∣∣
y1=dη

=
∂ϕ2 (x,y2)

∂y2

∣∣∣∣
y2=0

, (4)

∂ 2ϕ1 (x, dη)

∂x2 =
∂ 2ϕ2 (x,0)

∂x2 . (5)

Substituting Eq. (2) into the continuity conditions (3)–(5),
we obtain the differential equations

d2a
dη2 =

b(η)

dη
+ c(η) ,

db
dη

= 2c(η) ,

dc
dη

=− q
2εs

dN
dη

.

(6)

Then by calculating the integral in Eq. (6) along the path of
0–y, the following expressions are derived:

a(y) = a(0)+ c(0)y2− q
2εs

∫ y

0
dN
(∫ y

η

dη

)2

,

b(y) = b(0)+2c(0)y− q
εs

∫ y

0
dN
∫ y

η

dη ,

c(y) = c(0)− q
2εs

[N (y)−N (0)] .

(7)

Taking into account the continuity of electric flux density
across the top and the bottom boundaries of the epitaxial
silicon,[8] we obtain

b(0) = 0, b(ts) =−
2a(ts)

tb
. (8)

With the substitution of Eq. (7) into Eq. (8), the following re-
lation between a(0) and c(0) can be obtained:

c(0) =− 1
2t2

{
a(0)− q

εs
[Neff−N (0)] t2

}
, (9)
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where t is defined as the characteristic thickness and is written
as

t =

√
tb
2

ts +
t2
s

2
, (10)

and Neff denotes the effective concentration and is expressed
as

Neff =
1
t2

∫ ts

0
N (η)

(
ts +

tb
2
−η

)
dη . (11)

Combining Eq. (9) and the 2D Poisson’s equation leads
to a differential equation for the surface potential distribution
function ϕ (x,0)

∂ 2ϕ (x,0)
∂x2 − ϕ (x,0)

t2 =−qNeff

εs
. (12)

Solving Eq. (12) with the boundary values of ϕ (0,0) = 0
and ϕ (Wd,0) =Vd yields

ϕ(x,0) = V0 +(Vd−V0)
sinh(x/t)

sinh(Wd/t)

−V0
sinh[(Wd− x)/t]

sinh(Wd/t)
, (13)

where V0 = qNefft2/εs. By differentiating Eq. (13), the surface
electric field distribution is obtained as

Ex(x,0) = (Vd−V0)
cosh(x/t)

t sinh(Wd/t)
+V0

cosh[(Wd− x)/t]
t sinh(Wd/t)

. (14)

The lateral depletion width Wd in Eqs. (13) and (14) satisfies

Wd =

 t arccosh
(

V0

V0−Vd

)
, Vd <V0 [1− sech(Ld/t)] ,

Ld, Vd ≥V0 [1− sech(Ld/t)] .
(15)

When Vd < V0 [1− sech(Ld/t)], the drift region is partially-
depleted, Wd can be obtained by substituting Eq. (14) into
Ex(Wd,0) = 0. For the case with Vd ≥V0 [1− sech(Ld/t)], the
whole boxed drift region is completely-depleted, Wd equals Ld.

In the vertical direction, we neglect the influence of the
drain junction depth and assume a uniform substrate depletion
thickness tb at the first-order approximation.[6] Then, based on
the basic theory of the double-sided PN junction, the vertical
electric field distribution along the drain edge is approximately
obtained as shown in Fig. 1(c).[20] The applied drain voltage Vd

is thus given by

Vd =
1
2

qNA

εs
(tb)

2 +
∫ ts

ts−tv

∫ y

ts−tv

qN (η)

εs
dη dy. (16)

The vertical electric field peak is expressed as

Ey (ts) =
qNA

εs
tb =

∫ ts

ts−tv

qN (η)

εs
dη . (17)

Combining Eq. (16) with Eq. (17), we obtain a quadratic
equation

tb = tv

(√
1+2

εs(Vd +Vf)

qNAt2
v
−1

)
, (18)

where

Vf =
∫ ts

ts−tv

∫ ts

y

qN(η)

εs
dη dy

has the voltage unit and relies on the vertical doping profile of
the drift region, tv is equal to the epitaxial silicon thickness ts
when the drift region is completely-depleted. Otherwise, by
substituting Eq. (18) into Eq. (17) and utilizing the software
Matlab, tv and thus tb can be solved.

3. Breakdown voltage model
For RESURF devices, the avalanche breakdown occurs

at the location with the maximum electric field. A useful pa-
rameter to identify the onset of avalanche breakdown within
the device is the critical electric field;[21] when the maximum
electric field in the device exceeds the critical electric field,
the device breaks down. For the case that the drift region
is completely-depleted, the electric field peaks are at the sur-
faces of the P-well/N-drift and N-drift/N+-drain junctions and
at the interface of drift/substrate under the drain. Substituting
Eq. (14) into the breakdown condition [Ex (0,0) ,Ex (Ld,0)] =
Ec,lat yields the lateral breakdown voltage

V PN
B,cd = Ec,latt sinh(Ld/t)+V0 [1− cosh(Ld/t)] , (19)

V NN
B,cd = Ec,latt tanh(Ld/t)+V0 [1− sech(Ld/t)] , (20)

where V PN
B,cd and V NN

B,cd are the breakdown voltages when the
breakdown occurs at the surfaces of the P-well/N-drift and N-
drift/N+-drain junctions, respectively, and Ec,lat denotes the
critical electric field when the breakdown occurs in the lateral
direction. By substituting Eq. (17) of the vertical electric field
peak into the breakdown condition Ey (ts)=Ec,ver, where Ec,ver

denotes the critical electric field when the breakdown occurs
in the vertical direction, the vertical breakdown voltage V ver

B,cd
is obtained as

V ver
B,cd =

εsE2
c,ver

2qNA
+Ec,verts−Vf. (21)

For a low applied voltage, the drift region is partially-
depleted and Ex(Wd,0) = 0. In this case, the electric field
peaks are at the surface of the P-well/N-drift junction and at
the interface of drift/substrate under the drain. The breakdown
voltage can be obtained from Ex (0,0) = Ec,lat and Ey (ts) =
Ec,ver, so the lateral breakdown voltage V PN

B,pd and the vertical
breakdown voltage V ver

B,pd are expressed as

V PN
B,pd = Ec,latt sinh(Wd/t)+V0 [1− cosh(Wd/t)] , (22)
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V ver
B,pd =

εsE2
c,ver

2qNA
+Ec,vertv−Vf. (23)

In fact, there is only one position at which the break-
down occurs. So the breakdown voltage of the completely-
depleted case is VB,cd = Min

[
V PN

B,cd,V
NN
B,cd,V

ver
B,cd

]
and the

breakdown voltage of the partially-depleted case is VB,pd =

Min
[
V PN

B,pd,V
ver
B,pd

]
.

4. RESURF criterion
The main objective in optimizing the RESURF LDMOS

device is to minimize the on-resistance and maximize the
breakdown voltage. This can be achieved if the drift region
is designed such that it is completely-depleted and the two
surface electric field peaks at the drift region edges are equal
to each other when the breakdown occurs.[6] By substituting
Eq. (14) into Ex (0,0) = Ex (Ld,0), the optimal lateral break-
down voltage is derived as follows:

VB,lat.opt = 2qNefft2/εs. (24)

To ensure that the breakdown occurs due to the high elec-
tric field at the drift/substrate junction rather than at the sur-
face, the optimum criterion of VB,lat.opt ≥ V ver

B,cd, Ex (0,0) =
Ex (Ld,0)≤ Ec.lat should be satisfied. As a result,

εsEc,ver

2q
≤ Nefft ≤

εsEc,lat

q
. (25)

This is a generalized RESURF criterion for lateral power de-
vices with arbitrary vertical doping profiles in the drift region.
For the uniform drift doping, it reduces to the format illus-
trated in Ref. [6]. By utilizing Eqs. (24) and (25), we can
determine the optimal drift doping profile when the geometric
parameters of the device and an anticipated breakdown voltage
are given.

5. Results and discussion
In order to verify the proposed analytical models, the lat-

eral power devices with different vertical doping profiles are
numerically simulated using 2D semiconductor device simu-
lating tools, Medici. Table 1 gives the analytical expressions
of different vertical doping profiles. To assist our analysis, fig-
ure 2 shows the schematic cross-sections of RESURF LDMOS
devices with the discussed discrete doping profiles. For con-
tinuous doping profiles, the surface potential and electric field
distributions can be obtained just by substituting the analyti-
cal expressions of the vertical doping profiles into Eqs. (13)
and (14). While for discrete doping profiles, due to the com-
plexity of the depletion edge in the partially-depleted case, our
proposed models are only suitable for the completely-depleted
case. During the calculation, we first divide the whole drift re-
gion into several regions according to the vertical doping pro-
file, then use the proposed analytical models separately in each

region, and finally utilize the continuity conditions of the lat-
eral electric fields to obtain the surface potential and electric
field distributions.[14]
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Fig. 2. Schematic cross-sections of RESURF LDMOS devices with
discrete vertical doping profiles: (a) D-RESURF, (b) T-RESURF, (c)
Dual-CL.

Figure 3 shows the surface potential distributions of
RESURF LDMOS devices with different vertical doping pro-
files when the breakdown occurs. These devices have the
same geometric parameters. The lines represent the analytical
results of the proposed model, and the dots are the correspond-
ing numerical results obtained by the Medici simulator. From
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Table 1. Analytical expressions of different vertical doping profiles.

Vertical doping profile Analytical expression of N(y)

Continuous

uniform ND

linear (Nbot−Nsur)y/ts +Nsur

Gaussian Nsur exp
(
−(y/ts)

2 ln(Nsur/Nbot)
)

Discrete

double RESURF (D-RESURF)


−Ptop, if x ∈ [L1,Ld−L2] and y ∈ [0, tP]

ND, otherwise

triple RESURF (T-RESURF)


−Ptop , if x ∈ [L1,Ld−L2] and y ∈ [tN, tN + tP]

ND, otherwise

dual conduction layer (Dual-CL)


Ntop, if x ∈ [L1,Ld−L2] and y ∈ [0, tN]

−Ptop, if x ∈ [L1,Ld−L2] and y ∈ [tN, tN + tP]

ND, otherwise

ND: drift doping concentration; Nsur, Nbot: doping concentrations at the surface and at the bottom of the drift region; Ptop, Ntop: doping concentrations of

the P-top layer and the N-top layer; L1, L2: distances of the P-top/N-top layer to the P-well/N-drift and N-drift/N+-drain junctions; tN, tP: thicknesses of the

N-top layer and the P-top layer.
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Fig. 3. (color online) The surface potential distributions of RESURF LDMOS devices with different vertical doping profiles ((a)
uniform doping profile with N(y) = ND, Ld = 20 µm, ts = 5 µm, NA = 1×1016 cm−3, (b) linear doping profile with N(y) = (Nbot−
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Nsur exp[−(y/ts)2 ln(Nsur/Nbot)], Nbot = 1×1014 cm−3, Ld = 20 µm, ts = 5 µm, NA = 1×1016 cm−3, (d) discrete doping profiles with
ND = 3×1015 cm−3, Ntop = 6×1015 cm−3, Ptop = 1.5×1015 cm−3, NA = 1×1016 cm−3, Ld = 20 µm, ts = 5 µm, tP = 1 µm).
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Fig. 3, one can observe that no matter whether the LD-
MOS devices are completely-depleted or partially-depleted
and whether the vertical doping profiles are continuous or dis-
crete, the analytical results are in a good accordance with the
Medici simulation results, except for a few small discrepancies
near the junctions. The discrepancies in the analytical results
are due to the ignorance of the curvature and the built-in po-
tential of junctions in the present model, and the penetration
of the space charge region into the P-well and N+-drain dif-
fusion regions. However, these kinds of discrepancies have
little effect on the breakdown characteristic analysis. The sur-
face potentials at both boundaries of the depleted region co-
incide with the applied voltages, which rise from 0 V at the
P-well/N-drift junction to Vd at the depletion boundary. In ad-
dition, with the increase of the drift doping concentration, the
potential drop increases at the P-well/N-drift junction but re-
duces at the N-drift/N+-drain junction. When the drift doping
concentration is large enough, with which the depletion region
cannot punch through to the N+-drain edge, the potential drop
at the N-drift/N+-drain junction decreases to zero.

The analytical and the Medici simulation results of sur-
face electric field distributions for RESURF LDMOS devices
with different vertical doping profiles are given in Fig. 4. The
results are obtained with the same conditions listed in Fig. 3.
From Figs. 4(a)–4(c), it is evident that there are two electric
field peaks along the silicon surface when the drift region is
completely-depleted, one appears at the P-well/N-drift junc-
tion and the other at the N-drift/N+-drain junction. The two
electric field peaks strongly depend on the drift doping con-
centration. After being partially depleted, there is only one
electric field peak at the surface of the P-well/N-drift junction,
and further increasing the drift doping concentration leads to
a movement of the depletion edge from the N-drift/N+-drain
junction to the P-well/N-drift junction. As shown in Fig. 4(d),
the discrete doping brings a new additional electric field peak
at the right end of the P-top layer. This coincides with the
present and the previous numerical analysis results.[13] There-
fore, we can see that the drift doping concentration is a very
important parameter influencing the electric field peak, and
thus determines the breakdown voltage.
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Fig. 4. (color online) Surface electric field distributions of RESURF LDMOS devices with different vertical doping profiles ((a)
uniform doping profile with N(y) = ND, Ld = 20 µm, ts = 5 µm, NA = 1×1016 cm−3, (b) linear doping profile with N(y) = (Nbot−
Nsur)y/ts +Nsur, Nbot = 1× 1015 cm−3, Ld = 20 µm, ts = 5 µm, NA = 1× 1016 cm−3, (c) Gaussian doping profile with N(y) =
Nsur exp[−(y/ts)2 ln(Nsur/Nbot)], Nbot = 1×1014 cm−3, Ld = 20 µm, ts = 5 µm, NA = 1×1016 cm−3, (d) discrete doping profiles with
ND = 3×1015 cm−3, Ntop = 6×1015 cm−3, Ptop = 1.5×1015 cm−3, NA = 1×1016 cm−3, Ld = 20 µm, ts = 5 µm, tP = 1 µm).
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To verify the proposed breakdown model, the results from
the analytical expressions are compared with Medici numeri-
cal results. Figure 5 illustrates the analytical and numerical
results of the breakdown voltage as a function of drift dop-
ing concentration for uniform-, linear-, and Gaussian-doped
LDMOS devices. In order to achieve a better agreement
between analytical and numerical results, the critical elec-
tric fields Ec,lat and Ec,ver are adjusted within the range from
2× 105 V/cm to 5× 105 V/cm.[22] For a given device with
a light doping, the breakdown voltage increases with the in-
creasing doping concentration due to the surface breakdown
at the N-drift/N+-drain junction, whereas, when the drift dop-
ing concentration approaches an optimal value, the highest
breakdown voltage is exhibited. A further increase of the drift
doping concentration will bring a rapid decrease of the break-
down voltage because of the partial depletion of the drift re-
gion. Meanwhile, the variety of the drift doping concentration
can lead to a movement of the breakdown location among the
N-drift/N+-drain junction surface, the P-well/N-drift junction
surface, and the interface of drift/substrate under the drain.
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Figure 6 shows the calculated breakdown voltage as a
function of the drift region length along with the Medici nu-
merical results and the previous experimental results reported
in Refs. [23] and [24]. Note that, the tendency of the analytical
results coincides well with the experimental and numerical re-
sults. For a given set of parameters, increasing the drift region
length increases the breakdown voltage up to a constant value
determined by the drift/substrate junction breakdown.
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Fig. 7. (color online) The optimization of different vertical doping pro-
files ((a) continuous doping profiles, (b) discrete doping profiles).

In order to enhance the breakdown characteristics while
maintaining the low on-resistance, obtaining an ideal surface
field distribution is much needed, and the drift doping con-
centration is of considerable importance. Figure 7 shows the
calculated analytical results and the Medici numerical results
of optimal vertical doping profiles for the devices discussed
above. Accordingly, the calculated analytical and numerical
values of the effective concentration Neff are given in Table 2.
It is clear that all the values of Neff are approximately equal.
This is because the geometric parameters of these devices are
exactly the same, then their characteristic thicknesses are al-
most identical, and according to Eq. (25), the effective con-
centrations should also be equal. In addition, according to
Eq. (24), the equal effective concentration and the identical
characteristic thickness lead to the same breakdown voltage.
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The fact can be further confirmed by the simulated electric
field distributions at breakdown in Fig. 8, the surface field
distributions and the vertical field variations of the six opti-
mized devices are consistent. Therefore, no matter whether

the breakdown occurs in the lateral direction or in the vertical
direction, their breakdown voltages are roughly equal. More-
over, the numerical results of breakdown voltage, the analyti-
cal results of VB,lat.opt and V ver

B,cd are also listed in Table 2.
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Fig. 8. (color online) Electric field distributions of the optimized LDMOS devices at breakdown: (a) surface electric field, (b) vertical
electric field under drain.

Table 2. Summary of electrical performance and Baliga’s FOM values of the six optimized LDMOS devices (in the on-state, VGS = 5 V, VDS = 0.5 V).

Device type
Neff/1015cm−3 VB,lat.opt/V V ver

B,cd/V VB/V Ron/Ωcm FOM/W · cm−1

(model/Medici) (model) (model) (Medici) (Medici) (Medici)
Uniform 2.39/2.50 120.4 123.6 125.4 13.1 1200
Linear 2.39/2.56 122.9 126.1 120.7 11.9 1220

Gaussian 2.38/2.62 125.3 125.3 120.4 12.1 1200
D-RESURF 2.20/2.35 126.2 122.2 120.8 13.4 1092
T-RESURF 2.26/2.47 125.5 124.5 120.6 14.3 1020

Dual-CL 2.30/2.63 129.6 129.8 121.2 15.3 959

10

12

14

16

18

20

0 5 10 15 20 25

O
n

re
si

st
a
n
c
e
/
W
Sc

m

Gate voltage/V

uniform

linear

Gaussian

D RESURF 
T RESURF    

Dual CL

Fig. 9. (color online) Dependencies of the gate voltage on the on-
resistance for the optimized LDMOS devices.

Figure 9 gives the influence of the gate voltage on the on-
resistance for the optimized devices. The drain voltage is 0.5 V
in simulation. It must be noticed that although the optimiza-
tion of the vertical doping profile has little influence on the
maximization of the breakdown voltage, it has some effects on
the on-resistance. The linear-doped device shows the lowest
on-resistance. The Dual-CL device is the worst case. Table 2

summarizes the overall comparison among the six optimized
LDMOS devices. It seems that the vertical linear doping pro-
file is the best choice for obtaining the lowest on-resistance
Ron and the highest Baliga’s FOM (V 2

B/Ron) value.

6. Conclusion
This paper focuses on general analytical models of bulk

silicon lateral power devices with arbitrary vertical doping
profiles in the drift region. Firstly, by discretizing the drift
doping profile vertically and solving the 2D Poisson’s equa-
tion, an effective concentration of the drift region is intro-
duced, and analytical expressions for the surface potential and
electric field distributions are further presented. Secondly, the
breakdown voltages for both the completely-depleted and the
partially-depleted cases are obtained based on the electric field
peaks and the concept of critical electric field. Thirdly, a gen-
eralized RESURF criterion that is available for various drift
doping profiles is derived. According to the proposed mod-
els, the surface potential and electric field distributions of the
drift regions with the uniform, linear, Gaussian, and some dis-
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crete doping profiles are investigated in detail. The dependen-
cies of the breakdown voltage on the drift doping concentra-
tion and the drift region length are discussed respectively. The
mentioned vertical doping profiles are also optimized to max-
imize the breakdown voltage while maintaining the low on-
resistance. Finally, it is proved that the maximum breakdown
voltage is independent of the drift doping profile, and just re-
lies on the geometric parameters of the device. When the ge-
ometric parameters of the device are set, the optimal effective
concentration of the drift region and the maximum breakdown
voltage are equal to those of the optimal uniform-doped de-
vice. All the analytical results are verified by the numerical
results and the previous experimental results. Thus, the ana-
lytical models proposed here afford an effective way to reveal
the influence of the vertical doping profile on the RESURF
effect and provide a theoretical basis for optimizing the drift
vertical doping profile.
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