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Abstract - This paper describes an optimized dual
RESERUF LDMOS with enhanced reliability for
30-50V automotive applications. The proposed LDMOS
is designed to suppress drain current expansion due to
Kirk effect. Simulation verified that the avalanche
breakdown voltage is scalable from 32 to 60V, with the
breakdown location always in the bulk, ensuring good
ESD performance. Low specific on-resistance of
44.8mOQmm? at breakdown voltage of 60.7V is also
obtained. Furthermore, the LDMOS indicates superior
low power dissipation in the practical switching
frequency range of DC-DC converters.

1. Introduction

Lateral Double-diffused MOSFETs (LDMOS) for
automotive applications require high reliability, wide
Safe Operating Area (SOA), and high Electro Static
Discharge (ESD) endurance. However the conventional
LDMOS generally has reliability and SOA problems due
to impact ionization caused by hot carriers as well as a
drain current increase, Current Expansion (CE)
phenomenon, due to Kirk effect at high Vps and Ves [1],
[2]. In order to overcome the problems, it is necessary to
suppress impact ionization around the gate-side drift
edge of an LDMOS as well as the CE phenomenon.
Furthermore, in order to enhance ESD endurance it is
necessary to cause avalanche breakdown not at the
surface but in the bulk of an LDMOS.

We proposed a new LDMOS structure for 30-50V
operation to meet the above requirements with low
specific on-resistance [3], [4]. Here we optimize and
analyze electrical characteristics for the new LDMOS in
detail by using a device simulator, DESSERT (f version)
developed by AdvanceSoft Corporation, and show
scalability of avalanche breakdown voltages as well as
superior low power dissipation for the LDMOS.

2. Device structures

All the structures simulated are based on 0.35um
CMOS process. Fig. 1 shows cross-sectional views of
the conventional O (Fig. 1a), @ (Fig. 1b) [3], and the
proposed LDMOS (Fig. 1c) [4]. The conventional @
and the proposed LDMOS have dual p-buried layers;
p-buried layer 1 contributes to a reduced surface field
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(RESURF) structure near the drift edge strongly, and
p-buried layer 2 to that for the rest of the drift layer
uniformly. The proposed LDMOS has the Field Plate
(FP) over the drift layer. The oxide thickness under the
FP is 312nm. The length of the drift layer in the LDMOS
(2650nm) is 300nm shorter than that in the conventional
@ and @ LDMOS. The LDMOS also has higher
impurity doses in the source n+ and the drift regions than
the conventional O and @ LDMOS. Furthermore, the
drift layer for all the LDMOS consists of shallow and
deep drift layers. The shallow drift layer is effective for
enhancement of SOA [5].

3. Simulation Results

3.1 Optimization of proposed LDMOS

In order to obtain maximum avalanche breakdown
voltage between the drain and the source, BVps, we
optimized the impurity dose in the shallow drift layer
and the FP length, the distance from the drain-side gate
edge to the FP edge over the drift layer. Fig. 2 shows
BVps dependences on the impurity dose and the FP
length. The BVps dependence on the impurity dose was
observed at a fixed FP length of 1625nm. The
dependence has a peak of 60.7V at a dose of
2.13x10%cm?2.  With this dose fixed, the BVbps
dependence on the FP length was observed. The
dependence all but has a peak at the FP length of
1625nm. Therefore the above impurity dose and FP
length result in a BVps of 60.7V. The BVps is high
enough for 50V operation, because it has a margin of
more than 10V for breakdown.

3.2 Static electrical characteristics

Fig. 3 shows Ips-Vbs characteristics of the
conventional @O, @, and the optimized LDMOS at
Ves=5V. Fig. 3 states that the conventional O LDMOS
starts to generate weak CE at around Vps = 30V, while
the conventional @ and the optimized LDMOS have
current increases different from CE over Vps = 40V
because of dual RESURF structure.

Fig. 4 shows hole current density profiles along the
surface, caused by impact ionization, at Ves = 5V, Vps=
40V. The hole current density profiles of the optimized
and the conventional @ LDMOS are much lower than



that of the conventional O LDMOS near the drift edges.

Although the hole current density profile of the
optimized LDMOS has a peak around x = 1900 nm, it
decreases to almost the same level as that of the
conventional @ LDMOS near the gate-side drift edge.
Therefore the intrinsic MOSFETs of the optimized and
the conventional @ LDMOS suffer much smaller
damages from impact ionization than that of the
conventional O LDMOS.

Fig. 5 shows electric filed magnitude profiles along
and near the surface at Vs = 5V, Vps = 40V. It is noticed
that the profiles for the conventional @O and @
LDMOS have peaks near the drain-side drift edge due to
Kirk effect, leading to hole current generation there (see
Fig. 4), but that of the optimized LDMOS does not.

Table 1 compares specific on-resistance, RonA, and
BVps values between the conventional O, @), and the
optimized LDMOS. RoA value for the optimized
LDMOS is the lowest. Meanwhile, even though BVps
value for the LDMOS is the lowest, it is enough for 50V
operation.

Fig. 6 shows R.A-BVps characteristics. Here we
obtained an RwA-BVps characteristic from the
optimized LDMOS by only changing the lengths of
p-buried layer 1 and 2, and FP in proportion to changes
in the drift length. The characteristic is linearly scalable
in the BVps range of 32-60V, and it is comparable to
state-of-the-art ones.

Avalanche breakdown locations of the conventional
@, @ and the optimized LDMOS are all in the bulk, so
all the LDMOS would have good ESD performance.

3.3 Switching loss and total power dissipation

Fig. 7 shows the circuit for switching loss analysis.
Table 1 also compares Figure of Merit (FOM) of RonQq,
on-resistance times gate charge. The FOM value for the
optimized LDMOS is larger than that for the
conventional @ LDMOS due to a larger capacitance
between the gate and the drain caused by FP (Miller
capacitance), indicating larger switching loss for the
optimized LDMOS.

Fig. 8 shows frequency dependence of the total power
dissipation density including gate driving loss, switching
loss, and on-state conduction loss by changing the duty
ratio, Don, as a parameter. Fig. 8 states that although at
Don=0.1, the frequency range in which the total power
dissipation for the optimized LDMOS is smaller than
that for the conventional @ LDMOS is less than
1.5MHz, for Don=0.5, it increases up to more than
9MHz due to the much lower R, A value, albeit the
worse FOM value for the optimized LDMOS. Therefore
the LDMOS indicates superior low power dissipation in
the practical switching frequency range of DC-DC

converters.

4. Conclusion

We have obtained an optimized dual RESURF
suppressing impact ionization near the gate-side drift
edge, causing no drain current expansion, resulting in
high reliability and wide SOA suitable for automotive
applications by simulation. The LDMOQOS is scalable in
the range of avalanche breakdown voltages of 32-60V
with a low specific on-resistance comparable to
state-of-the-art performance, and indicates superior low
power dissipation in the practical switching frequency
range of DC-DC converters. Furthermore, the avalanche
breakdown location of the LDMOS is in the bulk, so
good ESD performance is expected.
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Fig. 1. Cross-sectional views of the conventional O, @,
and the proposed LDMOS.

(c) Proposed LDMOS
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Fig. 2. BVpsdependence on the impurity dose in the
shallow drift layer and the length of the field plate for
the proposed LDMOS.
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Fig. 3. Ips-Vps characteristics; the gate length and width
of the LDMOS are 0.35um and 0.3um, respectively.
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Fig. 4. Hole current density profiles along the surface.

—_ Gate  Drift (Conv. D @)
= ‘“—prt———p
S 6.E+02 -
S «  roposed) | VeV
% 5E02 | < > | VosTAOV
= y=15nm
B o4E+02 | . Conv. (D
=) = Optimized 4
2 3E+02 | 3 Conv.@_ °
E -' l ¥
= 2E+02 | ! =7t
e 1 e
S 1E+02 | BV I itras :
iy I ¥ .
< 0.E+00 Dt : : !
0 1000 2000 3000 4000

Distance (nm)
Fig. 5. Electric field profiles along and near the surface.
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Fig. 6. RonA-BVps characteristics.
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Fig. 7. Ci?cuit for switching loss afnalysis;fthe gate length
and width of the LDMOS are 0.35um and 0.3um,
respectively.
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Table 1. Comparison of RonA, BVps, and FOM( RenQyg)
values between the conventional @, @), and the
optimized LDMOS.

Items Conv. M | Conv.@ | Optimized
RonA (at Vgs=5V) (mOmm?) 68.7 69.3 44.8
BVps (V) 67.6 61.0 60.7
FOM (=R,,Q,) (mQnC) 104 141






