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A new partial SOI (silion-on-insulator) (PSOI) high voltage P-channel LDMOS (lateral double-diffused metal-oxide

semiconductor) with an interface hole islands (HI) layer is proposed and its breakdown characteristics are investigated

theoretically. A high concentration of charges accumulate on the interface, whose density changes with the negative

drain voltage, which increase the electric field (EI) in the dielectric buried oxide layer (BOX) and modulate the electric

field in drift region . This results in the enhancement of the breakdown voltage (BV). The values of EI and BV of an

HI PSOI with a 2-µm thick SOI layer over a 1-µm thick buried layer are 580V/µm and −582 V, respectively, compared

with 81.5 V/µm and −123 V of a conventional PSOI. Furthermore, the Si window also alleviates the self-heating effect

(SHE). Moreover, in comparison with the conventional device, the proposed device exhibits low on-resistance.
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1. Introduction

P-channel LDMOS (lateral double-diffused MOS-
FET) with a high breakdown voltage in both off- and
on-states are widely employed in level shifters for mul-
tioutput driving circuits such as those for display pan-
els and motor drivers.[1−5] This is because an HV P-
channel LDMOS in p-SOI suffers from a low verti-
cal breakdown voltage (VB,V) and the self-heating ef-
fect (SHE). The former problem can be solved by en-
hancing the electric field of the buried layer with the
ENDIF (enhanced dielectric layer field) rule,[6−13] in
which introducing interface charges to increase EI is
one of the most effective methods. Moreover, partial-
SOI (PSOI) technology can increase BV and reduce
SHE due to its Si window.[14−16]

In this paper, a new high voltage P-channel LD-
MOS on partial-SOI is proposed and its breakdown
characteristics are discussed. The value of BB,V is im-
proved because of the enhancement of EI as well as
the modulation effects of the Si window on the elec-
tric field in the SOI layer. The SHE and Ron in HI

PSOI are investigated as well.

2. Structure and mechanism

A field plate, a field limiting ring and a reduced
surface field (RESURF) are adopted to optimize the
lateral BV, its BV lies on its vertical BV (VB,V) and
is composed of VS, VI and Vsub, which are the voltages
shared by the top Si, the buried dielectric oxide and
the substrate layers, respectively. By making use of
εIEI = εSES + Qin on the interface of the dielectric
oxide buried layers EI of SOI/PSOI can be written
as[17]

EI =
[
Vd − Vsub +

tsqσin

2εs

]
εS

εIt
, (1)

ES =
[
Vd − Vsub +

tIqσin

εI

]
1
t
, (2)

where ES is the electric field of Si on the interface,
σin is accumulation charge density on the interface,
εS and εI are the permittivities of Si and the dielec-
tric buried layer, Vd and Vsub are negative drain and
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substrate voltage, and t = 0.5tS +εStI/εI is defined as
the characteristic thickness of SOI, respectively. From
Eqs. (1) and (2), the BV of PSOI is obtained as

BV = VB,V = ESt +
qσintI

εI
+ Vsub. (3)

As regards the p-type drift region (the high elec-
tric potential), the dielectric buried layer and the
substrate (the low electric potential), as an MIS-like
structure, and σin has the expression as

σin =

√
2εSk0Tpn0

q2
exp

(
q(Vd − Vsub − ϕS)

k0T

)
, (4)

where pn0 = n2
i /Nd is the equilibrium minor carrier

concentration of the drift region, Nd is the impurity
concentration in the drift region and k0, T , ni, and φS

are the Boltzmann constant, the absolute temperature
(T = 300 K at room temperature), the intrinsic car-
rier concentration of Si and the surface potential on
the interface of top Si layer and dielectric buried layer,
respectively.[18] From Eq. (3), σin increases exponen-
tially with φS and should effectively enhance EI and
the BV as shown by Eqs. (1) and (2). Each addition of
σin to 1×1012 cm−2 can enhance EI of 46.4 V/µm. In
the conventional PSOI, however, σin cannot be fixed
because the extraction of the lateral electric field is
actually ignored.

The cross section of the proposed HI PSOI LD-
MOS is illustrated in Fig. 1. A positive charge (holes)
layer is made on the interface of the top Si layer and
dielectric buried layer (SiO2) in which equidistant high
concentration n+-regions (an HI cell has been shown
in Fig. 1) are made, and there is a drain-Si window;

Nn+, Nd, and Nsub are impurity concentrations in the
interface n+-regions, the drift region and the substrate
layer, respectively. D, W , Ld, and LW are the lengths
of the n+-regions, the spacing of the two neighboring
n+-regions, the drift region and the Si window, respec-
tively. tS, tI, tsub, and H are the thicknesses of the
top Si, the dielectric oxide buried, the substrate layer
and the n+-regions, respectively.

Figure 1 shows that when a high negative volt-
age Vd is applied to the drain and substrate while the
source and gate are grounded, the accumulated holes
form islands in the spacing of a series of n+-regions
by compositive operation of the vertical, lateral elec-
tric field and Coulomb’s forces. From Eqs. (1) and
(2), the accumulated holes can enhance EI from the
conventional εSES/εI ≈ 3ES to (εSES + qσin)/εI (the
increment of EI is EI = qσin/εI as shown in Fig. 1) and
therefore increase BV, shielding the Si layer ES from
a high electric field and avoiding Si layer premature
breakdown. A Si window makes the substrate share
voltage and modulates the electric field in the drift
region. Moreover, it offers a heat conduction path.
Both of the above result in a high BV and a low SHE
for the HI PSOI.

In Refs. [16] and [17], the authors used dielectric
trenches to prevent the extraction of holes by the lat-
eral electric field. However, the island charges (holes)
of HI PSOI are accumulated by the compositive op-
eration of the electric field and the Coulomb forces.
The fabrication process of HI PSOI is fully compati-
ble with conventional CMOS/SOI technology, except
for the arsenic implantation to form n+-regions before
twice bonding.

Fig. 1. Device structure with its mechanism and vertical electric field distribution under the source of an HI PSOI LDMOS.
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3. Results and discussion

A two-dimensional device simulation[19] is employed to investigate the operation of the proposed HI PSOI
LDMOS, the comparisons with conventional PSOI and SOI LDMOS are specified in Table 1.

Table 1. Device parameters used in the simulation.

Device parameters HI PSOI Con. PSOI Con. SOI

Drift length, Ld 30 µm–150 µm 30 µm–150 µm 30 µm–150 µm

Thickness of SOI layer, tS 2 µm 2 µm 2 µm

Thickness of buried layer, tI 1 µm 1 µm 1 µm

Thickness of p-substrate layer, tsub 30 µm 30 µm 30 µm

p-substrate concentration, Nsub (1∼10)×1014 cm−3 (1∼10)×1014 cm−3 (1∼10)×1014 cm−3

Thickness of HI layer, H 0∼1.2 µm –

n+-region length in HI layer, D 0∼2 µm –

Spacing of two neighbouring n+-regions in the HI layer, W 1∼3.5 µm –

n+-region concentration in HI layer, Nn+ 1×1019 cm−3 –

The hole distribution in the HI PSOI at break-
down with tS = 2 µm, tI = 1 µm, tsub = 30 µm, Ld =
80 µm, D = H = 0.5 µm, W = 2 µm, LW = 15 µm,
Nd = 5.5 × 1015 cm−3, Nn+ = 1 × 1019 cm−3, and

Fig. 2. Hole distribution in the HI PSOI LDMOS at

breakdown (tS = 2 µm, tI = 1 µm, tsub = 30 µm,

Ld = 80 µm, D = H = 0.5 µm, W = 2 µm, LW =

15 µm, Nd = 5.5×1015 cm−3, Nn+ = 1×1019 cm−3, and

Nsub = 2×1014 cm−3). (a) Interface hole distribution. In-

set is the hole distribution in the HI cell under the source.

(b) Hole distribution in the HI cell under the source with

different vertical distances.

Nsub = 2 × 1014 cm−3 is shown in Fig. 2. The hole
concentration at the source is over 1018 cm−3 and is
shown in Fig. 2(a), and holes are only located on the
interface, whose density increases linearly and self-
adaptively. The insert is the hole distribution in the
HI cell under the source and the highest hole concen-
tration occurs at the middle of the two neighboring
n+-regions because of the maximal Coulomb forces.
Figure 2(b) gives the holes distribution in the HI cell
under the source with different interface thicknesses
and it is obvious that the accumulation layer is about
180 nm. From Eqs. (1) and (2), the interface hole ac-
cumulation should effectively enhance EI, weaken ES

and increase BV.
The electric potentials and fields distributions at

breakdown for the HI PSOI and the conventional
PSOI are illustrated in Fig. 3. Figure 3(a) shows the
surface potentials for the two structures. The sur-
face potential of the HI PSOI increases almost linearly,
then maintains a high potential in the whole drift re-
gion from the source to the drain, however, that of
the conventional PSOI is concentrated in the source.
This means that the electric field in the drift region is
effectively modulated by the interface holes as shown
in Fig. 2 for the HI PSOI, which can be seen obviously
from the uniform equipotential contours of HI PSOI in
comparison with that of the conventional PSOI con-
centrated on the head of the drift region in the insert of
Fig. 3(a). Figure 3(b) shows the vertical electric fields
and potential distributions for the two structures. It
can be seen that EI of HI PSOI increases from about
81.5 V/µm of the conventional PSOI to 580 V/µm
due to the enhancement effect of the accumulation
charges (∆EI = 498.5 V/µm). Moreover, accumula-
tion charges reduce the Si layer electric field on the
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interface to 1.2 V/µm and completely shields the Si
layer. In simulation by MEDICI, the BV of −582 V
for HI PSOI compared to −123 V and −123 V for
the conventional PSOI and SOI, respectively. For the
HI PSOI structure, above 95 % of the BV is shared
by the dielectric buried layer (VI = tIEI = −580 V)
shown in Fig. 3(b). It can be concluded that the in-
terface holes can assuredly enhance EI, shield the Si
layer and increase BV.

Fig. 3. Electric fields and potential distributions at

breakdown for the HI PSOI, the conventional PSOI tS =

2 µm, tI = 1 µm, tsub = 30 µm, Ld = 80 µm, and

Nsub = 2×1014 cm−3 for all. Nd is 5.5×1015 cm−3,

1×1015 cm−3 for the two structures, LW = 15 µm for

PSOI. D = H = 0.5 µm and W = 2 µm for the HI

PSOI. (a) Surface potential (y = 0.001 µm) distributions.

The inset shows the equipotential contour distributions

of the HI PSOI and the conventional PSOI. (b) Vertical

electric fields and potential distributions under the source

(x = 1.5 µm).

Figure 4 demonstrates the relationship of the in-
terface ES (y = 1.999 µm) and EI (y = 2.001 µm),
the hole concentrations and surface potential φS (y =
1.999 µm) in the HI cell under the source with Vd.
Figure 4 shows that the self-adaptive holes and the
surface potential gradually increase with Vd, which
induces a sustaining enhancement of EI and, simul-
taneously, ES is less than 10 V/µm, until the high
BV reaches −582 V. However, because of the lack of
interface charges, EI of the conventional PSOI is al-
ways limited by the formula of EI = 3ES from Eq. (1)

and Fig. 1, and ES rapidly reaches the Si critical elec-
tric field (30 V/µm) when BV is −123 V. Hole islands
can enhance EI and weaken EI, self-adaptive change
simultaneously.

Fig. 4. Dependences of the interface electric fields of

silicon layer (y = 1.999 µm) and dielectric buried layer

(y = 2.001 µm), the hole concentrations and surface po-

tential φS (y = 1.999 µm) in the HI cell under the source

on the applied voltage Vd. The device parameters are the

same as those in Fig. 3 and x = 1.5 µm for all.

Figure 5 gives the dependence of voltages and
hole concentrations on Si window length LW under
the source for HI PSOI. For HI PSOI, although Vsub

slowly increases because the depletion layer extends
into the substrate, BV decreases with the increase of
LW as shown in Fig. 5, the number of the islands and
Qin reduce with an increase of LW, resulting in the
falls of EI and VI. From Fig. 1 and Eqs. (1) and (2),
the enhancement of BV by interface charges ∆V (σin)
for HI PSOI can be derived as

V (σin) = VI − 3tIES.

V (σin) is about 99% of VI for all the LW from 0 to
50 µm whereas the percentage of V (σin) for BV de-
creases with the fall of LW, and ∆V (σin)/BV is above
90% at LW = 15 µm.

In order to obtain a maximum BVmax, the total
charges in the drift region should satisfy the RESURF
principle. Figure 6 shows the influences of different
structural parameters on BV with a constant LW of
15 µm. It can be seen from Fig. 6 that there is a a
maximum BV=−582 V with D = H = 0.5 µm and
W = 2 µm. Comparing parameters H, W , and D,
the influence of H on BVmax is more distinct. The
maximal BV increases with the increasing Ld. When
D or H is 0 µm, the HI PSOI becomes a conventional
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PSOI (BV=−123 V).

Fig. 5. Influences of silicon window length LW on volt-

age and hole concentration under the source. The device

parameters are the same as those in Fig. 3 except LW.

Fig. 6. Influences of device parameters on breakdown

voltage with a constant LW of 15 µm (tS = 2 µm,

tI = 1 µm, tsub = 30 µm for all. Ld = 80 µm for D,

H and W . D = H = 0.5 µm and W = 2 µm for Ld.

Nsub = 2×1014 cm−3 for all.)

Figure 7 gives the surface temperature and three-
dimensional temperature profile of the three devices
as a function of Vg and Vs in the on-sate condition.
The substrate temperature is 300 K and the gate volt-
age (Vg) is −20 V for all simulations. At the power
of 1 MW/µm, with a Vs of 60 V, the drain surface
temperature of HI PSOI is the lowest, whose maximal
temperature Tmax is 315.72 K, but that of the con-
ventional SOI is the highest whose Tmax is 315.78 K.
Moreover, Tmax conventional SOI and conventional
PSOI are situated under the source, whereas HI SOI
is the middle part of the structure, which is very clear
in Figs. 7(b) and 7(c). The proposed HI PSOI has a
higher BV and a lower SHE from the above simula-
tions.

Fig. 7. Thermal characteristics with Vs = 60 V and

Vg = −20 V. The device parameters are the same as those

in Fig. 3. (a) Surface temperature profiles (y = 0.001 µm)

of the HI PSOI, the conventional PSOI and SOI. (b)

Three-dimensional temperature profiles of the HI PSOI.

(c) Three-dimensional temperature profiles of the conven-

tional SOI.

The on-state characteristics between the HI PSOI
and the conventional PSOI have been compared. The
simulation results are shown in Fig. 8 and tabulated
in Table 1. It is clear that the HI PSOI has an su-
perior current handing capability. The simulated HI
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PSOI has a Ron of 2.65 Ω·mm2 at Vgs = −20 V,
Vds = −20 V while the corresponding values in the
conventional PSOI are 6.7 Ω·mm2for the same bias.
It is calculated to be 60.4% lower compared to that
of its counterpart. The improvement in the on-state
characteristics must be due to the fact that higher
concentration n+-implanted layer implemented in the
drift region results in the heavy dopant in the drift re-
gion, which reduces the on-resistance of the HI PSOI.

Fig. 8. On-state characteristics of the HI PSOI and con-

ventional PSOI; the threshold voltage (Vth) for both de-

vices is −16 V.

Table 2. DC performance comparison between the

HI PSOI and conventional PSOI.

Device VB,V/V Ron/Ω·mm2

HI PSOI Vgs = −40 V −582 2

Vgs = −20 V 2.65

Conventional PSOI Vgs = −40 V −123 3

Vgs = −20 V 6.7

4. Conclusion

A novel P-channel interface hole island (HI) struc-
ture of a PSOI HV device is proposed in this paper.
HI PSOI provides a new method to accumulate the
interface holes, whose physical mechanism is analysed
in detail. HI PSOI effectively utilizes the accumu-
lated interface holes to enhance the electric field of
the buried dielectric and stimulate the electric field of
the top silicon layer and so increase BV while allevi-
ating the SHE by a silicon window under the drain,
and Ron is reduced by 60.4% compared with those of

a conventional PSOI LDMOS. HI PSOI is a potential
device for applications in high voltage and power in-
tegrated circuits due to their favourable performances
and easy fabrication.
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