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Abstract—In this paper, a high-side p-channel LDMOS (p-
LDMOS) with an auto-biased n-channel LDMOS (n-LDMOS)
based on Triple-RESURF technology is proposed. The p-LDMOS
utilizes both carriers to conduct the on-state current; therefore,
the specific on-resistance (Ron ,sp ) can be much reduced because
of much higher electron mobility. The simulation result shows that
the proposed 300-V p-LDMOS obtains a Ron ,sp of 16.97 mΩ/cm2,
which is about 65% reduced compared with the Triple-RESURF
silicon limit and is comparable to an optimized n-LDMOS (BV =
340 V, Ron ,sp = 18 mΩ/cm2). In addition, due to larger current
capability, the active area of the proposed p-LDMOS is only about
one third of an optimized Triple-RESURF p-LDMOS. The turn-on
(tr ) and turn-off time (tf ) are reduced by 51.2% and 40.0%, com-
pared to the optimized Triple-RESURF p-LDMOS, respectively.

Index Terms—High-voltage p-LDMOS, specific on-resistance,
transmission gate.

I. INTRODUCTION

LATERAL diffused metal oxide semiconductor (LDMOS)
is suitable for smart power integrated circuit (SPIC) [1]–

[8]. Normally, in comparison with the n-LDMOS, p-LDMOS
is used less frequently in high-voltage applications due to
much larger specific on-resistance (Ron,sp ). However, in a full-
complementary IC consisting of p-LDMOS and n-LDMOS, the
driving circuit can be simplified [6], [9]–[14]. And a high-side
p-LDMOS transistor is used with an n-LDMOS transistor for
a symmetrical bipolar output waveform, which affects the har-
monic performance in transmitter ICs in medical ultrasound
imaging applications [5], [6]. To have the same current capa-
bility, p-LDMOS usually takes up an active area of about three
times that of an n-LDMOS, which not only increases the cost
but also degrades the impedance matching [6]. The key issue
when designing a high-voltage LDMOS is the trade-off between
Ron,sp and breakdown voltage (BV). Many technologies have
been proposed to improve this trade-off of p-LDMOS [3], [6],
[8], [15], [16], but the Ron,sp is still much larger than that of an
n-LDMOS. In [17], a new type of high-voltage LDMOS with
two kinds of carriers for conduction is proposed, and the control
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problem for the gate in the tub region is solved in [18]. But
the solution in [18] is quite complex. It includes an amplifier,
a comparator, a buffer, and even a voltage regulator to gener-
ate the control signal in the low-voltage circuit. Moreover, the
trigger signal is detected at the rated current. When the load
current decreases, the value of the trigger signal decreases and
may become too small to be detected, or even be merged by the
noise in the high-voltage system. Thus, the control circuit may
not work functionally.

In this paper, a novel and simple method to overcome the
earlier problems based on Triple-RESURF technology [19] is
proposed.

II. PROPOSED P-LDMOS AND ITS PERFORMANCE

A. Device Structure and Mechanism

Fig. 1(a) shows a block diagram of the proposed device.
There are three main parts in the device, including a modified
high-voltage transmission gate, an integrated inverter, and a
low-voltage power supply.

Fig. 1(b) shows the equivalent circuit of Fig. 1(a), where a
resistive load Rload is connected to electrode D of the device
for the transient simulation, which will be discussed in Section
II-F and Section II-G. Apart from Rload , there are three parts
shown in Fig. 1(b) and are as follows:

Part 1: The high-voltage transmission gate consists of an in-
trinsic PMOS1 (MP 1) of a p-LDMOS and an intrinsic
NMOS1 (MN 1) of an n-LDMOS which are in parallel
connection. Each of MP 1 and MN 1 is in series con-
nection with its own drift region (Ld ) resistance RP

and RN , as shown in Fig. 1(b). After both the MP 1
and MN 1 are turned on, the drift region resistance is
reduced from RP to RP RN /(RP + RN ). Thus, the
specific on-resistance (Ron,sp ) will be much reduced.

In the modified transmission gate, there is a clamp-
ing device consisting of a gate-drain-shorted PMOS2
(MP 2), as shown in Fig. 1(b). This part is used to
clamp the source to drain voltage of the intrinsic MP 1
of the p-LDMOS to prevent prebreakdown.

Part 2: The integrated inverter consists of a high-side
PMOS3 (MP 3) and a low-side NMOS2 (MN 2), as
shown in Fig. 1(b).

Part 3: The low-voltage power supply part (VCD ) consists
of a diode (D0), a capacitor (C0), and a self-adjusted
resistance under the p-base region, which is presented
as Rs , as shown in Fig. 1(c). The value of Rs will be
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Fig. 1. (a) Block diagram of proposed p-LDMOS, (b) equivalent circuit of
the proposed p-LDMOS with resistive load Rload , and (c) proposed p-LDMOS
structure.

self-adjusted according to the depletion degree of the
drift region under p-base region.

The inverter and the low-voltage power supply part consti-
tute the low-voltage control circuit to generate the auto-control
signal for the gate (Gn ) of MN 1 in the floating tub region.

TABLE I
KEY PARAMETERS IN SIMULATION

Parameters Peak Position (μm) Peak Value (cm-3) Diffusion Length (μm)

n-Epitaxy − 4 × 1015 −
n-Base 0 5 × 1016 2.5
p-Base 0 2 × 1017 2.6
p-Well 0 2.7 × 1016 2.8
n-Top 0 5.3 × 1016 1
p-Sub − 1.5 × 1014 −
Ld (μm) 22
Le (μm) 9
Lc (μm) 1
LZ (μm) 1

The basic mechanism of the proposed p-LDMOS can be ex-
plained by using Fig. 1(b). When MP 1 is off, the low-voltage
power supply, i.e., the capacitor C0 is charged to a maximum
value. After MP 1 is turned on, the voltage VSD decreases to a
negligible value and can be taken as 0 V. And the diode D0
is reverse biased; thus, VHC = VSC = VSD − VCD = −VCD .
As long as −VCD is less than the threshold voltage of MP 3
(VthMP 3 ), MP 3 will be turned on and begins to charge Gn to
turn on MN 1 .

To turn off the device, MP 1 is turned off, then VSD increases.
When VSD is larger than the threshold voltage of MN 2(VthMN 2 )
and VHD ≈ VSD ,MN 2 is turned on to discharge the gate voltage
of Gn to 0 V. Thus, MN 1 is turned off and the whole device
is turned off. The detailed mechanism will be discussed in the
following sections.

Fig. 1(c) shows the detailed 3-dimensional structure of pro-
posed p-LDMOS which will be used for simulation in the fol-
lowing sections.

B. TCAD Tool and the Calibrated Models

In this paper, TCAD tool Sentaurus [20] is used to investigate
the performances of the proposed p-LDMOS. When simulat-
ing an LDMOS, the key models, which should be used, are as
follows: Avalanche, SRH(DopingDep), Mobility(DopingDep),
and Mobility(HighFieldsaturation). Avalanche model is used to
model the BV and determines the leakage current of the de-
vice. SRH(DopingDep) model is used to model the influence
of doping concentration on carrier lifetime (τ ), which will also
influence the leakage current because the leakage current is pro-
portional to 1/τ [21]. Mobility(DopingDep) is used to model
the influence of doping concentration on carrier mobility, and
Mobility(HighFieldsaturation) is used to model the influence
of high electric field in the inversion layer on carrier mobility.
The mobility models will determine the Ron,sp of the LDMOS.
All the earlier models are calibrated according to experimental
data [20], and by applying these kind of models, the simulated
results of modern TCAD tool has been proved to have a very
good agreement with experimental results [22]–[30].

Table I lists the key simulation parameters of the device in
Fig. 1(c). In Fig. 1(c), due to the symmetry in the z-axis, the
width in the direction of z-axis is set to be only 1 μm to save
the time of the numerical simulation. Thus, the channel width
of MP 1 is set to 0.8 μm, and the channel width of MP 2 is set to
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0.1 μm. In practice, these dimensions can be magnified accord-
ing to the process dimension at the same proportion. The doping
concentration of N-epitaxy and p-sub are available according to
the previous works [31]–[35].

All the doping concentrations in Table I are Gaussian dis-
tribution. Since multiple thickness of gate oxide (tox ) can be
employed in the SPIC platform, tox for MP 1 and MN 1 is set
to 30 nm, corresponding to a threshold voltage (Vth)VthMN 1 =
|VthMP 1 | = 2V. tox for MP 2 ,MP 3 , and MN 2 is set to 80 nm,
corresponding to VthMN 2 = |VthMP 3 | = 5V, and |VthMP 2 | =
5.5V. |VthMP 2 | is a little larger than |VthMP 3 |, because the
channel width of MP 2 is only 0.1 μm as being set earlier, which
is 1/10th of that of MP 3 when simulating Vth . The reason why
higher Vth for MP 2 ,MP 3 , and MN 2 is needed will be discussed
in Section II-F and Section II-G. MN 2 and MP 3 of the inverter
having a BV of more than 20 V can be integrated with the
modified transmission gate in the right-side region of electrode
H. The capacitor C0 can be an integrated MIS or an external
one, which is a commonly used component in SPIC application
system [36]–[39].

C. Voltage-Sustaining Mechanism and Low-Voltage Supply

As shown in Fig. 1(c), there is an n-base/p+ /n-top/p-base
structure in the device. Usually, this structure does not sus-
tain high voltage. This is because, in a reverse-biased pn
junction of silicon, the main leakage current is caused by
the generation–recombination current, which is expressed as
Jge = (qni/τ)

√
2εs(ϕbi − V )/qN [21], where ni is the in-

trinsic carrier of silicon, τ is generated carrier lifetime, ϕbi is
the build-in voltage of a pn junction, V is the applied voltage
drop, N is the doping concentration of a pn junction at the lighter
doped side, and q is the elementary charge. Since n-base/p+ and
n-top/p-base junctions conduct the same current and the dop-
ing concentration of n-base is heavier than that of n-top, from
the earlier equation, for the same leakage current, the reverse
voltage drop across n-base/p+ will be larger than that across the
n-top/p-base junction.

That is to say, the applied voltage will be mainly sustained
by the heavier doped n-base/p+ junction and the BV is usually
tens of volts for the doping concentration of the n-base. In order
to sustain high BV, a gate-drain-shorted MP 2 in Fig. 1(c) is em-
ployed. When the source to drain voltage of MP 2 is beyond the
subthreshold voltage, the leakage current flows through MP 2 in-
stead of n-base/p+ junction. Thus, the voltage across n-base/p+

junction is clamped and the n-top/p+ junction starts to sustain
the main voltage.

Fig. 2 shows the simulated potential contour of the proposed
p-LDMOS. Due to the clamping effect of MP 2 , the main voltage
is successfully sustained by the drift region. Fig. 3 can be used to
further explain the voltage sustaining mechanism. As it shows,
at the beginning of the source voltage (VSD ) rising stage (0–4 V),
the applied voltage is sustained by the reverse-biased n-base/p+

junction due to its heavier doping concentration and the reverse
voltage across n-base/p+ junction (VSF ) increases with VSD .
Fig. 4 shows the leakage current around MP 2 . In Fig. 4(a), the
source to drain voltage VSD = 2 V. Under this value, the gate to

Fig. 2. Potential contour of the proposed p-LDMOS, ΔV = 10 V.

Fig. 3. Breakdown characteristic and the clamping figure of the gate-drain-
shorted MP 2 .

source voltage of MP 2 is below the subthreshold voltage. Thus,
part of the leakage current flows directly through n-base/p+

junction into electrode F. With the increasing of VSD , the leak-
age current through n-base/p+ junction increases, which will
lead to the increasing of VSF , as shown in Fig. 3. But, with
further increasing of the applied voltage, MP 2 goes into the
subthreshold conducting state, and the increased leakage cur-
rent causing the voltage drop on n-base/p+ junction to increase
will not flow through the reverse-biased n-base/p+ junction but
will flow through the channel of MP 2 due to its larger current
capability than the reverse-biased n-base/p+ junction, as shown
in Fig. 4(b). Fig. 4(b) shows the leakage current around MP 2
at VSD = 5 V. It shows that MP 2 starts to conduct the leakage
current in its subthreshold conducting state. Thus, the voltage
across n-base/p+ junction (VSF ) is clamped at about 4.2 V as
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Fig. 4. Cross-section of MP 2 across z-axis (a) vector of leakage current at VSD = 2 V and (b) vector of leakage current at VSD = 5 V.

shown in Fig. 3. Then, any further increase in voltage will be
sustained by the drift region.

Since p-LDMOS is used as a high-side switch, the source
electrode (S) in Fig. 1(c) is connected to the highest voltage
(+HV) and the p-sub region is connected to the lowest volt-
age (GND). Both the source and drain voltages will be high
after the p-LDMOS is turned on. Then, the n-epitaxy/p-sub
junction in Fig. 1(c) will be reverse biased. Punch-through
breakdown between p-base region and p-sub region should be
avoided. In Fig. 3, the punch-through breakdown is also sim-
ulated, which shows that a punch-through BV of more than
300 V is obtained. Thus, punch-through breakdown will not be
a problem.

Fig. 5 shows the voltage at electrode H [shown in Fig. 1(c)]
with respect to electrode D, named VHD [40]. The voltage VHD
is used to generate a low-voltage power supply (VCD ) for Gn of
MN 1 . There are three different regions of VHD versus the value
of VSD as shown in Fig. 5. The first one is the linear region
(line OA in Fig. 5) in which the VHD increases linearly with the
applied source voltage (VSD ) up to about 7 V, at which point
the n-epitaxy region under electrode H is almost fully depleted.
The second one is quasi-saturated region (line A–B in Fig. 5).
In this region, the increase in VHD is slowed down compared to
VSD . Further, when VSD is up to or more than about 40 V (point
B in Fig. 5), the JFET region under p-base is fully depleted and
the self-adjusted Rs becomes very large. The further increase
in voltage will be sustained by Rs . Then, the generated low-
voltage VHD becomes stable, which is the saturated region [41].
As shown in Fig. 1(c), a diode D0 and a capacitor C0 are used
to obtain the needed low-voltage power supply VCD through
electrode H. The capacitor C0 is used to store the charge during
the off-state and D0 is used to prevent the discharge of C0
during the on-state of the p-LDMOS. The simulated result in

Fig. 5. Relationship between applied voltage and the generated voltage at
electrode H.

Fig. 5 shows that a stable low voltage (VHD ), which varies from
13 to 15 V, can be obtained over a wide voltage range of VSD
from 40 to 310 V.

To further explain the formation of the low-voltage VHD ,
the process of depletion region formation near electrode H
at different values of VSD is presented in Fig. 6. Fig. 6(a)
shows the depletion region near electrode H at VSD = 5.5 V.
This is in the linear region (0 V< VSD <7 V), and it clearly
shows that the n-epitaxy layer under electrode H is not fully
depleted. Then the voltage on electrode H is equal to the
voltage on electrode S. Fig. 6(b) shows the depletion region
near electrode H at VSD = 30 V. This is in the quasi-saturated
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Fig. 6. Process of depletion region near electrode H of proposed p-LDMOS (a) VSD = 5.5 V, (b) VSD = 30 V, and (c) VSD = 60 V (white curves represent
depletion boundaries).

Fig. 7. Comparison of the current capabilities between the proposed p-
LDMOS and an optimized Triple-RESURF p-LDMOS.

region (7 V<VSD <40 V), and it clearly shows that the n-epitaxy
layer under electrode H is fully depleted while the n-epitaxy re-
gion under p-base is not fully depleted. The depleted region
under electrode H acts like a resistor, the voltage at electrode H
will increase slowly with the increasing of VSD . Fig. 6(c) shows
the depletion region near electrode H at VSD = 60 V. This is
in the saturated region (40 V< VSD ). The n-epitaxy layer un-
der electrode H and the n-epitaxy region under p-base are both
fully depleted. The depleted region under electrode H and the
depleted region under p-base both act like a resistor having a
total self-adjusted value of Rs , which is very large; the further
increase in VSD is sustained by Rs and the low-voltage VHD
becomes stable.

D. Comparison of Proposed p-LDMOS and Triple-RESURF
p-LDMOS

Fig. 7 shows the I–V characteristics of the proposed p-
LDMOS and an optimized Triple-RESURF p-LDMOS. As can
be seen that for the proposed p-LDMOS, the current capability
is about 3.4 times of the optimized Triple-RESURF p-LDMOS.

Fig. 8. Ron ,sp vs. BV and FOM of different p-LDMOSs, FOM =
BV2 /Ron ,sp .

Thus, the SPIC chip area can be much reduced since the power
devices in SPIC chip occupy most of the chip area [23].

Fig. 8 compares the Ron,sp and figure of merit (FOM =
BV2/Ron,sp ) of different p-LDMOSs [3], [6], [8], [15], [16]. It
shows that the proposed p-LDMOS not only breaks the silicon
limit and shows a very high FOM among all the state-of-the-art,
but also the FOM of proposed p-LDMOS is very close to an
optimized n-LDMOS having the same rated BV as shown in
Fig. 8.

E. Start-Up Stage

As shown in Fig. 1(c), the total hole current through electrode
S is divided into two parts. The first part flows directly from p-
channel to electrode D through the p-well region. The second
part is transformed into electron current through a floating elec-
trode F and then flows to electrode D through n-top region and
n-channel. Therefore, the total device current can be controlled
by a single gate Gp with an autogenerated control signal on Gn ,
which will be discussed in detail in the following section.

Fig. 1(b) shows the equivalent circuit connection of the
mixed-mode transient simulation for the switching application.
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Fig. 9. Start-up and turning-on process of the proposed p-LDMOS and the
optimized Triple-RESURF p-LDMOS.

The modified transmission gate is set to have an area of 3.3 mm2

and the working current is 1 A. The load resistance Rload =
247 Ω, and the bus voltage is 250 V. An external diode model D0
and a capacitor C0 having a value of 1.5 nF is used in the simula-
tion to supply the low voltage. The active area of the integrated
inverter is set to 0.015 mm2, which is only 0.45% of the modi-
fied transmission gate. Since the area of the integrated inverter
is much smaller than that of the modified transmission gate,
two separated mesh files for them are used in the mixed-mode
transient simulation. Meanwhile, an optimized Triple-RESURF
p-LDMOS is also simulated for comparison. Since the Triple-
RESURF p-LDMOS has a low-current capability for the same
area, as shown in Fig. 7, the device area is set to 10.8 mm2 to
have the same current capability, which is about three times than
that of the proposed p-LDMOS.

In the start-up stage, the bus voltage is ramped from 0 to
250 V in 10 ns. Fig. 9 shows the start-up stage of the switching
circuit. After the bus voltage at electrode S has ramped to 250 V,
the drain voltage (VD ) is automatically ramped to 250 V due
to the intrinsic capacitor of the p-LDMOS device because the
voltage across the capacitor cannot change abruptly. This means
that VSD ≈ 0 V. Then, the intrinsic capacitor starts to be charged
and VSD increases. The bus voltage is gradually sustained by the
p-LDMOS, and the electrode H begins to charge the capacitor
C0 through D0 for the proposed p-LDMOS. C0 is fully charged
within 1 μs, as shown in Fig. 10(a).

F. Turn-On Process

At time t1 = 1 μs, the gate Gp is ramped from 0 to −12 V
(with respect to electrode S) in 10 ns, as shown in Fig. 10(b).
After the p-channel is turned on, VD of the p-LDMOS increases
to about the bus voltage, as shown in Fig. 9. When the drain
voltage reaches more than 245 V, the voltage VHD = VSD <5 V,
since VS = VH (as shown in Fig. 5). Then VHC < −8 V, since
VCD ≈ 13 V. So the input of the inverter becomes low, as shown
in Fig. 10(a), and the upside MP 3 is turned on to charge Gn

as shown in Fig. 10(b). Therefore, MN 1 is turned on. After

Fig. 10. (a) Autogenerated input wave of the integrated inverter and obtained
low-voltage power supply (VCD ) and (b) applied gate wave of Gp and the self-
generated gate wave on Gn of the proposed p-LDMOS in transient simulation.

charging the Gn , the voltage on C0 decreases a little due to a part
of its charge having transferred to Gn , as shown in Fig. 10(a).

The current capability of the inverter decides the charging de-
lay time of Gn . Using the earlier device area (0.015 mm2), the
turn-on delaying time for Gn is only about 15 ns to the voltage
of Gp , as shown in Fig. 10(b). Although, there is a gate voltage
delay for Gn , the turn-on time (from 90% VSD to 10% VSD ) of
the proposed p-LDMOS is still faster than the optimized Triple-
RESURF p-LDMOS. This is because that the Triple-RESURF
p-LDMOS has an intrinsic capacitor about three times larger
than that of the proposed p-LDMOS. The simulated results
in Fig. 9 show that the turn-on time for proposed p-LDMOS
and optimized Triple-RESURF p-LDMOS is 2.0 and 4.1 ns,
respectively.

G. Turn-Off Process

Fig. 11 shows the turn-off process of the proposed p-LDMOS.
After the p-channel is turned off, VSD starts to increase, and
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Fig. 11. Turn-off process of the proposed p-LDMOS and the optimized Triple-
RESURF p-LDMOS.

TABLE II
COMPARISON OF PROPOSED AND TRIPLE-RESURF P-LDMOS

Area (mm2) tr (ns) tf (ns) E t u r n−o n (μJ) E t u r n−o f f (μJ)

Triple-RESURF 10.8 4.1 30 0.21 1.7
This paper 3.3 2.0 18 0.13 1.3
Reduced percentage 69.4% 51.2% 40.0% 38.1% 23.5%

the increased voltage is mainly sustained by the gate-drain-
shorted MP 2 , resulting in the turn-on of the MP 2 . Then, the total
current through S electrode is transferred into electron current
by electrode F. The electron current continues to flow through
MP 2 and MN 1 to the load Rload , and VSD stops to increase. This
stage is shown as the delaying region in Fig. 11. At this stage,
VSF > 5.5 V (because |VthMP 2 | = 5.5 V). Thus, VHD > 5.5 V
since VH = VS from 0 to 7 V, as shown in Fig. 5. Therefore,
MN 2 of the inverter is turned on to discharge the charges on Gn ,
and Gn decreases to 0 V, as shown in Fig. 10(b). Thus, the total
device is turned off, and the device starts to charge the capacitor
C0 to compensate the lost charges, as shown in Fig. 10(a).
The p-LDMOS is successfully turned off, as shown in Fig. 11.
Although, there is a delay time of about 17 ns before the further
decrease of voltage at electrode D caused by the turn-off delay
of Gn , as shown in Fig. 10(b), the turn-off time of proposed p-
LDMOS is still faster than that of the optimized Triple-RESURF
p-LDMOS since the optimized Triple-RESURF p-LDMOS has
a larger intrinsic capacitor than the proposed one due to its larger
device area. The turn-off time (from 10% VSD to 90% VSD ) of
proposed p-LDMOS and optimized p-LDMOS is 18 and 30 ns,
respectively, as shown in Fig. 11.

The fast turn-on and turn-off speed ensures the symmetrical
bipolar output waveform with n-LDMOS [6] and the switching
loss is also reduced.

Table II compares the device area and power loss of differ-
ent p-LDMOSs during switch on and off process. The device
area of proposed p-LDMOS is reduced by 69.4%, and the to-
tal switching loss (including the delaying region in Fig. 11) of

proposed p-LDMOS is reduced by 25.1% compared to that of
the optimized Triple-RESURF p-LDMOS.

III. PROCESS SIMULATION AND DISCUSSION FOR

PROPOSED P-LDMOS

Process simulator Tsuprem-4 [42] is used to verify the com-
patibility with present planar silicon technology of proposed
p-LDMOS. Fig. 12 shows the key steps of the process flow.
In Fig. 12(a), an 8 μm n-type epitaxial layer (arsenic) with a
concentration of 4 × 1015 cm-3 is introduced on the p-substrate,
which has a concentration of 1.5 × 1014 cm-3. Then, the p-well
layer (boron) having a dose of 1.1 × 1013 cm-2 is implanted with
130 keV energy and driven in for 200 min at 1150 °C, as shown
in Fig. 12(b). In Fig. 12(c), the n-top layer (arsenic) having a
dose of 1.1 × 1013 cm-2 is implanted at 130 keV energy and
annealed in oxygen for 250 min at 1050 °C. The field oxide
is finished at the same time. In Fig. 12(d), after the active re-
gion is opened, gate oxide is thermally grown, followed by n+

polysilicon deposition. In Fig. 12(e), the n-base (phosphorus)
and p-base (boron) are implanted at 50 and 120 keV energy,
respectively, and driven in for 250 min at 1150 °C. The follow-
ing steps include BPSG deposition and reflowing, contact etch,
metal deposition and etch, and passivation layer deposition. The
last structure is shown in Fig. 12(f).

After the process simulation, the process file is loaded in
MEDICI [43] for electrical characteristic simulation. The sim-
ulated BV is 328 V and the Ron,sp = 16.9 mΩ/cm2, which is in
good agreement with the device simulation results in Fig. 8.

Usually, the effective dose deviation of the drift region will
influence the BV of the RESURF LDMOS. For the proposed p-
LDMOS, the dose of p-base will also influence the performance
of the p-LDMOS. The effective dose of p-base may influence
the low-voltage power supply and the punch-through breakdown
between p-base and p-sub. Therefore, the process window of the
drift region (n-top and p-well) and the p-base for the proposed
p-LDMOS is discussed.

The influence on BV and Ron,sp of the deviation of n-top
and p-well is simulated within a reasonable process window
of ±10% [44], [45]. Fig. 13 shows the influence of n-top and
p-well on BV and Ron,sp , It shows that within ±10% deviation
for both n-top and p-well, all the BV reaches above 88.6% of
the maximum BV (BVmax ), which is very close to the value
about 93% of a robust RESURF LDMOS [44], [45]. The worst
condition is that the dose deviation of p-well and n-top is −10%
and +10%, respectively. But under this condition, the Ron,sp still
has a reduction of 64% compared to the ideal Triple-RESURF
p-LDMOS (Ron,sp ≈ 44.5 mΩ/cm2 at BV = 298 V).

Fig. 14 shows the simulated process results of low-voltage
supply and BV depending on different deviation of p-base within
a reasonable process window of±10% [44], [45]. As can be seen
from the figure, both the BV of source to drain and the punch-
through BV between the p-sub region and p-base region is above
320 V. For each dose of the p-base, a stable low voltage can be
obtained when VSD changes from 40 to 320 V. This is in good
agreement with the device simulation results shown in Fig. 5.
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Fig. 12. Key process steps for proposed p-LDMOS.

Fig. 13. Influence of n-top and p-well on BV and Ron ,sp of proposed
p-LDMOS.

As discussed in Section II, the obtained low voltage can ensure
the normal operation of the proposed p-LDMOS.

When the deviation is −10%, the stable low voltage (VHD )
is only about 2 V higher than the designed one. This will only
increase a little discharge time of Gn , which may increase a
little of the device’s turn-off time. For different dose deviations

Fig. 14. Simulated process result of low-voltage supply and BV,depending on
injected dose deviation of p-base; the injected dose of n-top and p-well is 1.1 ×
1013 cm-2.

of p-base, the curves of leakage current of source to drain and
p-base to p-sub are coincident, respectively. This means the dose
deviation of p-base within ±10% has little influence on the BV
and punch-through of the proposed p-LDMOS.
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The earlier process simulation is based on two dimensions;
thus, the gate-drain-shorted MP 2 is not shown in Fig. 12. But it
is obvious that the MP 2 can be easily implemented in a three-
dimensional layout. After the growing of gate oxide for MP 1 ,
re-growing of gate oxide for MP 2 can be completed before
deposition of n+ poly. Then the following steps are the same as
shown in Fig. 12(e) and (f).

IV. CONCLUSION

In this paper, a 300-V novel high-voltage p-LDMOS is pro-
posed. The proposed p-LDMOS utilizes two kinds of carriers to
conduct the on-state current. Thus, the specific on-resistance is
reduced by 65% compared to the Triple-RESURF silicon limit.
Also, since the current capability is improved, the device area is
reduced, leading to a lower input and output capacitor of the p-
LDMOS, which helps improve the switching speed and reduce
the switching loss, and can obtain a symmetrical bipolar output
waveform with an n-LDMOS. Process window is simulated by
process simulator to verify that the proposed p-LDMOS can
tolerate a reasonable process window within ±10%.
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