
648 IEEE TRANSACTIONS ON ELECTRON DEVICES, VOL. 65, NO. 2, FEBRUARY 2018

Effective Doping Concentration Theory: A New
Physical Insight for the Double-RESURF
Lateral Power Devices on SOI Substrate

Jun Zhang , Student Member, IEEE, Yu-Feng Guo, Member, IEEE, David Z. Pan, Fellow, IEEE,
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Abstract— Double-reduced surface field (D-RESURF)
technique aims to increase the doping concentration of drift
regions and maintain a high breakdown voltage. However,
conventional 2-D models are too complicated and unable to
elaborate its physical meaning. Hence, the D-RESURF effec-
tive doping concentration (EDC) theory is proposed in this
paper to explore the physical insight of the D-RESURF effect
by equating the sophisticated 2-D structure to a simple
1-D RESURF model with segmented-dopedp-n junction.The
EDC indicates that an NPNP structure may exist because
of the influence of the P-top region. Thus, two electric
field valleys and one electric field peak can be formed on
the surface. Based on the theory, a 1-D analytical model
is presented to qualitatively and quantitatively explore
the impact of D-RESURF effect on breakdown mechanism
of silicon on insulator lateral double diffusion MOS. The
results obtained by the proposed model are found to be suf-
ficiently accurate comparing with TCAD simulation results.

Index Terms— 1-D model, breakdown voltage (BV),
double RESURF (D-RESURF), effective doping.

I. INTRODUCTION

THE development of lateral power devices has made
revolutionary progress as the introduction of reduced

surface field (RESURF) technique [1]–[4]. One of the key
challenges for designing lateral power devices is to obtain high
breakdown voltage (BV), low specific ON-resistance (RON),
and reasonable costs simultaneously [5]–[9]. Compared
to single-RESUR technique (S-RESURF), double-RESURF
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(D-RESURF) enables designers to obtain a better trade-
off between BV and RON via inserting a p-type top
layer into the n-type drift region [4], [5]. Owing to
the P-top region, D-RESURF lateral double diffusion
MOS (LDMOS) provides a higher doping concentra-
tion (Nd ) in drift regions to reduce RON and keep a high
BV compared to an S-RESURF LDMOS [3]–[5]. Such
improvements are qualitatively attributed to the two-sided
vertical depletion in D-RESURF. As such, researchers [4], [5]
have proposed that the doping concentration of drift region
can be increased by two times as much as that in S-RESURF
while BV is maintained. In order to quantitatively analyze the
influence of the D-RESURF effect on BV, researchers have
made the greatest efforts on the development of theoretical
model, Conventional analytical models depict BV, and surface
electric field of drift region based on 2-D Poisson’s equation
due to the geometric complexity of the drift region. These
2-D models can effectively analyze 2-D potential and elec-
tric field distribution. Nevertheless, the mathematical expres-
sions of these 2-D models are very complicated and lack
of clear physical meaning. More importantly, 2-D models
are usually incapable of providing a theoretical guidance on
optimizing the structure parameters due to its complicated
expressions [4], [5], [11]–[14].

In this paper, in order to take the benefits of both the
simplicity of 1-D models and the veracity of 2-D models,
we propose the D-RESURF effective doping concen-
tration (EDC) theory to simplify the complicated 2-D
D-RESURF effect into a 1-D problem. The EDC theory
indicates that the P-top region in drift region results in an
equivalent NP, NPN, or NPNP structure. Therefore, an electric
field peak occurs at the interface between Regions II and III.
Furthermore, the D-RESURF technique can be treated as
an S-RESURF with segmented-doped drift region. Based on
this theory, we further developed a 1-D analytical model for
D-RESURF lateral power device. To our knowledge, the
proposed D-RESURF EDC theory and corresponding 1-D
model for silicon on insulator (SOI) D-RESURF LDMOS is
the first methodology that can provide a clear, reasonable, and
simple explanation of the D-RESURF effects. The analyti-
cal model is validated by the good agreement between the
modeling results and simulation results by MEDICI, a com-
mercial TCAD tool. The simulation models used in MEDICI
are CONSRH, AUGER, BGN, FLDMOB, IMPACT.I, and
CCSMOB [1], [6], [7].
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Fig. 1. 2-D cross section of (a) SOI Double LDMOS and (b) EDC
equivalent structure for modeling (xy plane).

II. EFFECTIVE DOPING CONCENTRATION

The EDC theory assumes that the influence of 2-D RESURF
effects on the breakdown characteristic of drift region can be
represented by a 1-D model with gradually doped p-n junction.
In this paper, we assume that compared to the S-RESURF,
D-RESURF affects the EDC of the drift region to obtain a
lower EDC and form a new electric peak, and ultimately
achieve a better tradeoff between RON and BV. To deter-
mine EDC, the 2-D cross section shown in Fig. 1(a) is used for
modeling. In Fig. 1(a), a P-top region is on the top of the drift
region and the doping concentrations of P-top and drift region
are Ptop and Nd , respectively. Due to the existence of the P-top
region, the n-type drift region is divided into four subregions
along the P-top region edges, and the region boundary is given
by x = 0, L1, L1+L p , Ld and y = 0, ttop, ts . When the device
is reversely biased, a depletion region is formed to sustain
the applied voltage. Meanwhile, the potential function in the
silicon must be satisfied by 2-D Poisson’s equation, which
yields

∂2ϕi (x, y)

∂x2 + ∂2ϕi (x, y)

∂y2 = −q Ni

εs
, i = I, II, III, IV (1)

where q is the electronic charge, εs is the dielectric constant
of Silicon, Nd is the doping concentration of drift region,
Ptop is the P-top region doping concentration, and N1 = N3 =
N4 = Nd and N2 = Ptop. The second-order Taylor series
expansion along the y-dimension is employed to approximate
the electric potential

ϕi (x, y) = ϕi (x, 0)+ ∂ϕi (x, y)

∂y

�
�
�
�
y=0

y + ∂2ϕi (x, y)

∂y2

�
�
�
�
y=0

y2

2
.

(2)

As that in 2-D models, by submitting (2) and boundary
conditions for the potential function into (1), a general differ-
ential equation for the surface potential distribution function
is obtained as

∂2ϕi (x, 0)

∂x2 − ϕi (x, 0)

t2 = −q Nd

εs
, i = I, III (3)

∂2ϕi (x, 0)

∂x2 − ϕi (x, 0)

t2 = −q(Nd − Net)

εs
, i = II (4)

where t = (0.5t2
s + K tstox)

0.5 is the characteristic thick-
ness [5], [16], K = εs /εox ≈ 3 is the dielectric constant ratio of
silicon and silicon dioxide material, ts being the epitaxial layer
thickness, tox represents the thickness of the buried oxide layer,
and Net = (Nd + Ptop)(K ttoptox + ttopts − t2

top/2)/t2 indicates
the influence of P-top region on the drift region EDC. It worth
noting that (4) is exactly the same as the corresponding
expression in the 2-D model [5].

So far, a set of accurate but complicated surface electric
field and potential expressions could be obtained via directly
solving the 2-D equation in Regions I–IV, respectively. Never-
theless, in order to elaborate the D-RESURF effect and provide
the designing guidance of device parameters, we need to
reduce the dimension of inherited 2-D equations. Furthermore,
the dimension-reduction method proposed in [7] is employed
to reduce the dimension of 2-D Poisson’s equations such
as (3) and (4). As shown in Fig. 1(b), such dimension-
reduction method assumes that the charges in sharing charge
region (SCR) only partially contribute to the lateral junction
due to the overlapping between lateral and vertical depletion
regions. The charge appointment line shown in Fig. 1(b)
divided the SCR into the upper and lower parts, and only the
charge in upper part contributes to the lateral junction. The
SCR is limited by the lateral and vertical depletion length
xlat and xver, respectively. Thus, η = xver(Vapp)/ts is the
ratio of the spreading of the vertical depletion region into
the epitaxial layer and SOI layer thickness which indicates
the coupling degree between lateral and vertical structure.
Accordingly, the effect of 2-D coupling between vertical
and lateral structures can be transformed into the variation
of the drift region EDC. By using the dimension-reduction
method reported in [7], (3) and (4) can be further simplified
as

d2ϕi (x, 0)

dx2 = d Ei (x, 0)

dx
= −q N I,III

eff

εs
, i = I, III (5)

d2ϕi (x, 0)

dx2 = d Ei (x, 0)

dx
= −q N II

eff

εs
, i = II (6)

where for the full-depletion case, N II
eff = Nd (1−η·x /Ld)−Net,

N I,III
eff = Nd (1−η · x /Ld) being the EDC of regions II and I, III,

respectively. Therefore, due to the existence of the P-top
region, the EDC of the Region II is reduced largely. In the
one hand, a lower EDC can sustain a higher reverse-biased
applied voltage. On the other hand, as the result of the
incoherence of the EDC in the drift region, a third elec-
tric field peak may be expected at the interface between
Regions II and III.
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Fig. 2. Drift region EDC of the drift region for for various (a) applied
voltage (Ptop = 1.5 × 1015 cm−�, Nd = 1.5 × 1015 cm−3, and ttop =
1.5 µm), (b) P-top region doping (Vapp = 200 V, ttop = 1.5 µm, and
Nd = 1.5 × 1015 cm−3), (c) P-top region thickness (Vapp = 200 V,
Ptop = 1.5×1015 cm−3, and Nd = 1.5×1015 cm−3), and (d) drift region
doping (Vapp = 200 V, ttop = 1.5 µm, and Ptop = 1.5 × 1015 cm−3) with
tox = 2 µm, ts = 7 µm, L1 = 3 µm, Lp = 17 µm, and Ld = 30 µm.

Furthermore, the EDC can be obtained accordingly, which
yields

N(x) =

⎧

⎪⎪⎪⎪⎪⎪⎨
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x
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Nd
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− Net L1 ≤ x ≤ L1 + L p

Nd

�

1 − η
x

Ld

�

L1 + L p ≤ x ≤ Ld .

(7)

It is worth noting that the proposed methodology also can be
applied to the bulk silicon D-RESURF LDMOS. For the bulk
silicon D-RESURF LDMOS case, (7) need to be amended
by using the dimension-reduction method proposed in [6],
accordingly. Obviously, when ttop equals to zero or Ptop equals
to −Nd , the influence of D-RESURF effect apparently would
no longer exist, and (7) is consistent with the S-RESURF
case [15]. So far, as (7) indicates, the original 2-D D-RESURF
lateral power device is equivalent to a single-side abrupt
junction with varied doping concentration.

Fig. 2 intuitively shows the variation of drift region EDC
under varied bias and structure conditions under the condition
of full depletion. The EDC has a big drop at the interface
between Regions I and II as a result of the P-top region, shown
in Fig. 2(a). The same like that in S-RESURF, an equivalent
p-type region would appear in Region II and then form
an equivalent P(x)N(x) junction. Apparently, as shown in
Fig. 2(b) and (c), the variation of EDC in Region II is a strong
function of the P-top region doping dose (Qtop = Ptop × ttop).
As Fig. 2(a) and (d) clearly shows, there are three possible
cases for Region III which are n-type, np-type, and p-type.
Fig. 3(a) shows that for an n-type equivalent Region III, there
is only one forward-biased p-n junction in Region III. The
n-type Region III case occurs when drift region is partially

Fig. 3. Effective lateral structure and the electric field distribution of the
D-RESURF device at the: (a) n-type, (b) np-type, and (c) p-type
Region III.

depleted or just fully depleted, namely, η ≤ 1. Except for
the electric field peak at x = 0, another electric field peak
is formed at x = L1 + L p , as a result of the reverse-biased
p-n junction at the interface between Regions II and III. For a
higher 2-D coupling ratio, an equivalent p-type region appears
and results in a p-n junction within Region III. To form such
an np-type Region III, the 2-D coupling ratio ought to reach
the condition that 1 < η < L p/(L1 + L p) · (Nd − Net)/Net .
In this case, there are two reverse-biased and one forward-
biased PN junctions in Region III. Namely, two electric field
peaks and one valley are formed in Region III. If η > L p/
(L1 + L p) · (Nd − Net)/Net , the Region III would be fully
taken over by equivalent p-type region due to the high
2-D coupling effect. Therefore, only one electric field peak
could appear at the N+N− junction.

In the conclusion, the existence of P-top region alters the
U-shaped surface electric field that S-RESURF lateral power
device has. Furthermore, the effect of P-top region and vertical
structure induced coupling results a sophisticated EDC profile,
which further leads to an unusual three-peak surface electric
field. Using the proposed methodology, it can be clearly
demonstrated that the p-type region equivalently decreases
the EDC and thus results in a further depletion of the drift
region. Namely, the equivalent p-type region may occur in
Region II before the full depletion of the drift region. This
would further result in an electric valley at the interface
of the Regions I and II. Meanwhile, as shown in (7) and
Fig. 2, the depletion in Region III is still determined by
S-RESURF structure since the P-top region and Region II
does not affect the EDC in Region III. Therefore, as shown in
Fig. 3(a) and (b), a new electric peak formed at the interface
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between Regions II and III when a fully depleted Region II
attached to the partially depleted Region III. In other words,
considering the P-top region, the doping concentration of drift
region can be increased accordingly while maintaining the
same BV. So far, by using the EDC in D-RESURF lateral
power device, the surface electric field profile is qualitatively
discussed. However, accurate and simple expressions for the
surface electric field are vital to explore the physical insight of
the D-RESURF effect and further guide the device structure
optimization.

III. SURFACE ELECTRIC FIELD

The breakdown characteristic is determined by the weakest
point in the structure that reaches critical electric field at
the lowest reversed applied voltage. Specifically speaking,
for an SOI lateral power device, the weak points occur
both at the surface of the drift region and SOI-BOX layer
interface. Nevertheless, the vertical breakdown is usually
changes very insignificantly for a specified processing. There-
fore, the analysis of surface electric field is essential for
the exploring on the breakdown characteristic of the lateral
power device. In this paper, we obtain accurate and simple
surface electric field expressions by using the EDC into
1-D Poisson’s equation.

In a commercial lateral power device, in order to meet the
objective of maintaining high breakdown voltages, the drift
region is ought to fulfill the full depletion condition.
Furthermore, for a fully depleted drift region, the surface
electric field profile can be obtained by using (5) and (6) and
continuity conditions of surface electric field profile, which
yields [4], [5], [13]

E(x) =

⎧

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
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2Ld
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εs
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x − η
x2

2Ld
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L1 ≤ x ≤ L1+L p

E0 + q Net L P

εs
− q Nd

εs

�

x − η
x2

2Ld

�

L1+L p ≤ x ≤ Ld

(8)

where E0 = E(0) is the surface electric field at the
p-n junction. The consistency between the analytical solu-
tion and the simulation shows that the 1-D model is valid.
As shown in Fig. 4, unlike S-REUSRF device, the D-RESURF
has three possible electric peaks on the surface of the drift
region. The lateral BV is limited by the weakest point on
the surface; therefore, the surface electric field peaks are
essential to the lateral BV. From the PNd junction to the
N+Nd junction, as shown in Fig. 4(a), the first surface
electric field peak appears at x = 0, the second occurs at
x = L1 + L p and the last one is at x = Ld . As discussed
in Section II, such an abnormal electric field is induced by
the reversed equivalent p-n junction in Region III. As shown
in Fig. 4(b) and (c), the increase of Qtop leads to a further
depletion of the drift region which is consistent with the dis-
cussion in Section II. However, a higher Qtop is not necessary
because of meaning a higher BV. As shown in Fig. 4(d),

Fig. 4. Analytical and numerical surface electric field profiles of the
drift region for various (a) applied voltage (Ptop = 1.5 × 1015 cm−3,
Nd = 1.5 × 1015 cm−3, and ttop = 1.5 µm), (b) P-top region doping
(Vapp = 200 V, ttop = 1.5 µm, and Nd = 1.5 × 1015 cm−3), (c) P-top
region thickness (Vapp = 200 V, Ptop = 1.5×1015 cm−3, and Nd = 1.5×
1015 cm−3), and (d) drift region doping (Vapp = 200 V, ttop = �.� µm,
Ptop = 1.5 × 1015 cm−3) with tox = 2 µm, ts = 7 µm, L1 = 3 µm,
Lp = 17 µm, and Ld = 30 µm.

the overdose of Qtop marked in black line results in over-
depletion of the drift region and further leads to a high electric
field at the N+N− junction. In order to obtain a lateral BV as
high as possible, it is ideal to make the surface electric field
as even as possible. For a D-RESURF lateral power device,
the best scenario is to make the three electric field peaks reach
the critical electric field (EC ), simultaneously. By submitting
E(0) = E(L1 + L p) = E(Ld) = EC into (8), the structure
parameter requirement yields as follows:

Net

Nd
= L1 + L p

L1 + L p + Ld
· Ld

L p
. (9)

In such case, the η = 2Ld /(Ld + L1 + L p) when the surface
breakdown occurs. Although the simultaneous breakdowns of
three p-n junction at the surface are very tempting, the real-
ization of (9) is not easy while considering the commercial
application and process tolerance.

It is worth noting that the proposed method can also be
applied to elaborate the partially depleted surface electric field
profile. For a partial-depleted drift region, the coupling ratio η
can be determined by vertical voltage expression [6], [7]. Then
the drift region depletion length xlat can be obtained by using
	

E(x)dx = Vapp and E(xlat) = 0. At last, replace the Ld

in (8) with xlat. However, considering that the discussion of the
partial-depletion case is a lack of meaning in the application
of lateral power devices, we will not explore it in this paper.

IV. BREAKDOWN VOLTAGE

BV is one of the most important indexes to the breakdown
characteristic of a power device. As the BV is limited by the
minimum of lateral and vertical BV, we will discuss these
breakdown cases separately.
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As discussed earlier, the D-RESURF effect results in various
changes to the surface EDC and electric field profile. Accord-
ing to the breakdown conditions, there are three possible
cases for the lateral breakdown [1]–[4]. By submitting (8) into
1-D Poisson’s equation, the lateral BV can be obtained as

BVlat = E0 Ld − q Nd L2
d

2εs




1 − η

3

�

+ q Net Ld · L P

εs
. (10)

For the PNd junction breakdown case, E(0) = E0 = EC . For
P(x)N(x) junction breakdown case, E(L1 + L p) = EC and
thus E0 can be given as

E0 = EC − q Net L P

εs
+ q Nd (L1 + L P )

εs

�

1 − η
(L1 + L P )

2Ld



.

(11)

For the N+N breakdown case, E(Ld) = EC and E0 can be
given as

E0 = EC − q Net L P

εs
+ q Nd Ld

εs




1 − η

2

�

. (12)

In this paper, the critical electric field (EC) is determined
by EC = 3 × 105/[1 − 0.33 log10(Nd /1016)](V/cm) [10].
As for the vertical breakdown case, due to the severe lateral
BV deterioration, the vertical breakdown only occurs under
the full-depletion condition, thus the vertical BV yields as

BVver = q Nd ts
εs

�

Kηtox + 2η − 1

2
ts

�

. (13)

As discussed earlier, the BV of the D-RESURF lateral power
device is determined by the lowest BV, which yields

BV = Min [BVlat, BVver] . (14)

Fig. 5 shows the BV − Nd , BV − ts , BV − Ld , and
BV − tox characteristics of the D-RESURF lateral power
device. As shown in Fig. 5(a) and (b), the D-RESURF device
successively undergoes Nd N+ junction full-depletion, vertical
breakdown, PNd junction full depletion, and PNd junction
partial depletion with the increase of Nd and ts , respectively.
As Fig. 5(a) and (b) intuitively show the increase of the
P-top region doping concentration makes the drift region
full-depletion easier to occur, thus the doping concentration
can be increased while maintaining the vertical breakdown.
Fig. 5(c) shows the calculated breakdown voltages as a func-
tion of the drift region length, along with the MEDICI simu-
lations. Similar to the S-RESURF case, breakdown occurs at
the NdN+ junction with a very short drift region. Then, when
the drift region is long enough, the lateral breakdown occurs
hardly. It is can be seen that the constant BV is independent
of Ld because of the vertical breakdown. Fig. 5(d) shows the
influences of tox on BV. At a very thin buried oxide layer,
BV is determined by vertical breakdown. When tox increases
to a point in which case the vertical breakdown is higher
than the lateral BV, and BV is determined by Nd N+ junction.
Once the breakdown voltage hits its maximum, the BV began
to decrease with the increase of tox because the breakdown
location moves to PNd junction. If the buried oxide layer is
very thick, the drift region will partially deplete when the
breakdown occurs.

Fig. 5. Dependence of BV on (a) drift region doping (ttop = 1.5 µm,
ts = 7 µm, tox = 2 µm, and Ld = 30 µm), (b) epitaxial layer thickness
(Ptop = 1.5 × 1015 cm−3, Nd = 1.5 × 1015 cm−3, tox = 2 µm, and
Ld = 30 µm), (c) drift region length (Ptop = 1.5×1015 cm−3, ts = 7 µm,
ttop = 1.5 µm, and tox = 2 µm), and (d) BOX layer thickness (Ptop =
1.5×1015 cm−3, Nd = 1.5×1015 cm−3, ttop = 1.5 µm, and tox = 2 µm)
with L1 = 3 µm and Lp = 17 µm.

To summarize, the existence of the P-top region results in
an enhanced 2-D coupling effect that reduces the EDC in the
drift region and thus results in an electric field peak at the
interface between Regions II and III. Therefore, the vertical
breakdown is more likely to occur which enable the drift
region to be doped highly. However, such a complicated
surface electric profile results in a sophisticated breakdown
characteristic, which increases the design difficulty in optimiz-
ing the structure parameters of the D-RESURF lateral power
devices.

V. STRUCTURE OPTIMIZATION

In order to obtain a higher doping concentration of drift
region while maintaining a high BV, it is vital to optimize
the structure parameters of lateral power devices during the
design phase. Especially for D-RESURF lateral power devices,
the abnormal electric field peak at the interface between
Regions II and III leads to a higher degree of optimization
complexity. Meanwhile, the conventional S-RESURF is clearly
no longer applicable for D-RESURF.

First of all, we propose a D-RESURF optimization criterion
to provide a theoretical window for optimizing the drift
region doping dose (Q = Nd × ts). Similar to conventional
S-RESURF case, the limits of the optimized doping
dose (ODD) are determined by vertical and lateral BVs [6],
[7], [15]. As shown in Fig. 5(a) and (b), the upper limit of
ODD (Qup) is determined by the vertical and PNd junction
breakdown voltages. Meanwhile, the lower limit (Qdown)
is governed by the vertical breakdown and N+Nd junction
breakdown. Thus, the optimized doping window of drift region
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Fig. 6. Drift region doping dose as a function of (a) P-top region doping
concentration (Ld = 30 µm) and (b). drift region length (Ptop = 1.5 ×
1015 cm−3) with ts = 7 µm, ttop = 1.0 µm, tox = 2 µm, L1 = 3 µm, and
L2 = 3 µm.

can be obtained by substituting (13) into (10)

Qup = εs EC

q

�
6α2 − 18αβ + 6α − 1

3(α2 − 1)



+ 2Net L P
α

(1 − α2)

(15)

Qdown = εs EC

q

�
6α2 − 18αβ + 6α + 2

3(α2 + 1)



(16)

where α = ts /Ld and β = tox/Ld . For the simplicity,
the EC used in (15) and (16) is EC = 3 × 105 (V/cm).
Similar to the S-RESURF case, α and β are the shape factors
of SOI layer and buried oxide layer, respectively. Hereby,
the structure optimization criterion can be given as

Qdown ≤ Q ≤ Qup. (17)

Meanwhile, the upper and lower limits of the S-RESURF
criterion are given in [7] as

QS-up = εs EC

q

�
6α2 − 18αβ + 6α − 1

3(α2 − 1)



(18)

QS-down = εs EC

q

�
6α2 − 18αβ + 6α + 2

3(α2 + 1)



. (19)

It is worth noting that for the upper limit of ODD, the only
difference between D-RESURF and S-RESURF cases is the
2Net L pα/(α2 − 1). Meanwhile, the lower limit of ODD is the
exact same as that in S-RESURF case. This explains the reason
why the D-RESURF only affect the lateral PNd junction
breakdown while having no influence on Nd N+ junction [7].

For a D-RESURF lateral power device, the existence of
P-top region improves the drift region process tolerance
(�Q = Qup−Qdown). More importantly, due to the depletion-
enhancing effect of the P-top region, the drift region doping
dose required for lateral PNd breakdown is increased sig-
nificantly. Namely, it is possible for the D-RESURF device
to have a higher doping concentration in drift region to
reduce RON while maintaining a high BV compared with an
S-RESURF LDMOS. In practice, for a specific process, the
ts and tox are normally fixed. Therefore, as (15) indicates,
the designing optimization should be a focus on drift region
doping concentration, drift region length, P-top region doping
dose, and P-top region length. As shown in Fig. 6(a), when
P-top region is n-type doped and |Ptop| = |Nd |, the
D-RESURF lateral power device at point A degenerates to
a S-RESURF device, thus Qup = QS−up. With the increase

of P-top region doping concentration, the depletion-enhancing
effect induced by P-top region becomes more and more
obvious and results in the linear growth of Qup. Furthermore,
when P-top region is p-type doped and |Ptop| = |Nd |, the �Q
of the D-RESURF device at point B is about two times the
�Q in S-RESURF case. Fig. 6(b) demonstrates the influence
of Ld on ODD. It can be seen that the D-RESURF effect
significantly improves the window of optimized drift region
doping dose.

VI. CONCLUSION

In order to elaborate the physical meaning of the
D-RESURF technique, we proposed the D-RESURF EDC the-
ory. Using the EDC theory, a complicated 2-D drift region can
be equivalent to the 1-D planar junction with EDC at the same
time considering its breakdown characteristic. In this case, due
to the influence of the P-top region, the equivalent 1-D junction
can act as an NP, NPN, or NPNP structure, which explains
the distinctive three electric field peaks in the drift region.
The proposed EDC theory provides an effective way to reveal
the influence of D-RESURF effect on the performance of SOI
LDMOS. Based on the proposed theory, a novel 1-D analytical
model is presented to qualitatively and quantitatively explore
the sensitivity of the surface electric field and breakdown
mechanism of the D-RESURF LDMOS for the first time. The
proposed optimization criterion provides a simple and effective
tool for optimizing the structure parameters of D-RESURF
SOI lateral power devices. The analytical solutions are found
out to be consistent with the simulation results obtained
from MEDICI, a commercial TCAD tool.
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