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Abstract: A novel Step Oxide-Bypassed (SOB) trench VDMOS structure is designed based on the Oxide-Bypassed concept
proposed by Liang Y C. This structure is suitable for breakdown voltage below 300V to obtain ultra-low specific on-resist-

ance. The main feature of this structure is the various thicknesses of sidewall oxide,which modulate electric field distribu-

tion in the drift region and the charge compensation effect. As a result, the breakdown voltage is increased no less than

20% due to the more uniform electric field of the drift region, while the specific on-resistance was reduced by 40% ~60%

for the step oxide bypassed compared with the oxide-bypassed structure.
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1 Introduction

In the field of power electric, the power MOS-
FET is widely used as a switch. In order for this to
function properly,power MOSFET’s should meet two
requirements: very low on-resistance to minimize the
conduction losses when the device is in the on-state
and sustaining certain reverse voltage when the device
is off. The former needs high doping levels, while the
latter calls for lower doping concentrations. In con-
ventional structures, the power law relation of the
breakdown voltage (BV) and specific on-resistance
(R,,) is fundamentally limited by R,, =5.93 X 107°
(BV)**™!, which is satisfied resulting from only one
dimension electric field modulating in the drift re-
gion. In order to break this limit, several structures
have been proposed, such as COOLMOS"™~*!, which
was experimentally realized in a high voltage applica-
tion, Trench VDMOS, which has been designed to ap-
ply in low voltage with Ultra-low R,,"*"*),and Novel
LDMOS structures ) based on the electric field
modulation effect. The principle of these structures
can be consolidated to a modulation effect by a new
electric field that is introduced in the lateral dimen-
sion. The new electric field modulates the field distri-
butions and doping concentrations in the drift region.

In this work, we propose a step oxide-bypassed
(SOB) VDMOS based on the oxide-bypassed (OB
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structure) concept® "' to improve the electric field
modulation effect by a step sidewall oxide. A more u-
niform electric field distribution in the drift region is
obtained due to new electric field peaks produced by
the step oxide-bypass. Meanwhile,a much higher con-
centration than that of the OB structure is depleted
resulting from effective electric field modulation.

2  Device structure and simulation analy-

.

S1S

A schematic cross section of the proposed SOB
VDMOS with one step oxide-bypass, including the
most relevant parameters, is shown in Fig. 1. The

prominent feature of this structure is that the uniform
sidewall oxide in the OB structure is replaced with a
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Fig.1 Cross-section of SOB with one step oxide-bypassed
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step oxide, by which new electric ficld peaks are crea-
ted at the step to improve the breakdown voltage on
account of a more uniform electric field distribution
in drift region. This uniform field can be explained by
the electric field modulation effect'*'*', and a much
higher doping concentration in the drift region can be
depleted compared with the OB structure, resulting
from reducing the effective thickness of the sidewall
oxide. Thus, the required breakdown voltage is ob-
tained through the thick sidewall oxide at the bottom
of the trench., while the low specific on-resistance is
obtained due to the thin oxide at the top of the trench
Oxide-Bypass. Ly and N, are the length and doping
concentration of the drift region. W and T, are the
thicknesses of the drift region and sidewall oxide at
the thickest location, respectively. H and D are the
length of the thin sidewall oxide and the distance
from the bottom of the OB to the drift region,respec-
tively.

The SOB can be fabricated by an additional
process of etching the sidewall oxide compared with
the OB process. There are five parts included in the
SOB process to form a step shape. (1) The deep
trench is formed beside the drift region by etching the
silicon substrate. (2) The thick sidewall oxide is
grown after the etching process. (3) The deep trench
is filled partially by heavily-doped polysilicon. (4)
The thick sidewall oxide is etched partially to form a
thin sidewall oxide for the step oxide bypassed trench
structure. (5) Finally, the trench is completely filled
with heavily-doped polysilicon.

The 1-D electric field distributions along the ver-
tical path in the middle of drift region and simulated
potential contours by 2-D numerical simulations using
MEDICI''® at breakdown are shown in Fig. 2 for OB
and SOB structures,respectively.

The main device parameters are as follows: W =
1;Lm;Ld :12‘un’l;D:O;T0x = lym; T’OX =0. 5‘un’l;H:
4.5pm. As seen in Fig. 2 (a), there are two electric
field peaks: one near the p-body/n~ junction at the
top of the drift region and the other near the n* /n~
junction, which is analogous to that in SOI power de-
vices. In the proposed structure,there is a new electric
field peak Py near the middle of the drift region,and
this peak is undoubtedly due to the newly generated
peak at the edge of the step oxide-bypass, which re-
sults in the breakdown voltage increasing.

This peak can be explained by the following e-

quation:
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Fig.2 Electric field distributions along the vertical path in the
middle of drift region (a),simulated potential contours of SOB
(b),and OB (¢) at breakdown

where ¢(y,0) is the potential function in drift region
along the vertical path and A is a factor of Eq. (1) by
which the electric field distributions of device can be
obtained. Equation (1) can be obtained by Poisson’s
equation, which must be satisfied in the drift region
and indicates the electric field can be modulated by
parameters T .

The step oxide-bypassed structure is equivalent to
the Step Field Plate in conventional terminal technol-
ogy, thus this peak can also be interpreted by Step
Field Plate theory''”), which can be expressed simply
by
*O.G{\"'TOX (3)
where E, is the electric field in drift region along the
vertical path and T, is the thickness of sidewall oxide
there. Equation (3) shows that E, will decrease expo-

E,cce

nentially when y increases. However this law can be
broken by various T,.In fact, E, can change abruptly
at the location of the step sidewall oxide, which is
shown in Fig. 2(a).

The contours of the SOB (shown in Fig. 2(b))
are uniform. Thus, the avalanche breakdown voltage
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Fig.3 V, and R,, as a function of H (a) and D (b) for SOB
with one step oxide-bypassed

reaches 166V with a drift region doping concentration
of 4.0 %X 10" cm™?. Meanwhile, in Fig. 2 (¢), the OB
structure shows field crowding at the p-body/n~ and
n’ /n" junctions and the breakdown voltage is limited
to 126V with a doping concentration of 2.2 X 10'
cm”~?,which is nearly 50% less than that of SOB.
Figure 3 shows the breakdown voltage and spe-
cific on-resistance as a function of H and D for SOB
with one step sidewall oxide, respectively. Fig. 3 (a)
demonstrates that R, is decreased gradually when H
increases, which results from the drift region concen-
tration increasing gradually due to the reduction in
the effective thickness of sidewall oxide as H increa-
ses. In this case, the breakdown voltage does not
change until H is close to the length of the sidewall
oxide. The drift region electric field distribution in
Fig. 2Ca) shows that the breakdown voltage can not
be influenced when the P, moves in the drift region
by a shift in H. However,the breakdown voltage de-
creases abruptly when the electric field peak Py and
the peak produced by the n™ /n” junction overlap. In
Fig. 3(b), R,, is increases gradually as D increases,
which results from the reduced modulation effect of
the step sidewall oxide in this process. The drift re-

are produced at the step of the sidewall oxide. The
R,, are decreased gradually by increasing N, which
results from the drift region concentration increasing
gradually. The V, and R,, achieve saturation when
the number of step sidewall oxides is three. This indi-
cates that the electric field modulation effect will a-
chieve saturation at a certain step shape, which is
helpful to design SOB for the necessary V,, and R.,.
In terms of this analysis,the number of step oxide-by-
passes will be three for the following discussion.

In the trench MOS structure, the breakdown volt-
age will increase with the width of the trench for op-
timal drift region concentration. This law can be seen
from Fig. 5, and the breakdown voltage in the SOB
structure is higher than that of the OB structure due
to a more uniform electric field. In conventional VD-
MOS,the breakdown voltage is not dependent on W
because the lateral electric field is absent, and it is
lower than that of the trench structure in the same
length of the drift region for optimal doping concen-
tration, which is less than that of SOB and OB. The
specific on-resistance for the SOB and OB structure
also increase gradually with W, resulting from the
weakened lateral electric field modulation effect of
the doping concentration of the drift region in this
process. Figure 5 indicated that the R,, of SOB is less
than that of OB due to the comparatively thin side-
wall oxide, and the R,, of conventional VDMOS is
more than that of the other two structures.
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The breakdown voltage and specific on-resistance € oal
as a function of T, is shown in Fig. 6. The breakdown Q\:%
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due to the part of the breakdown voltage that is born 02
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are the same thicknesses (12pm in Fig. 6 (a)), the 0 0.4 0.8 12 16 20
breakdown voltage of the SOB is higher than that of T, /um

the OB because the electric field is more uniform for
the step oxide-bypassed modulation. The breakdown
voltage of conventional VDMOS, which is not de-
pendent on T, .is less than that of the SOB or OB at
the same length of drift region for large T, which
can be seen from Fig. 6(a).

The specific on-resistance is dependent on the
doping concentration of the drift region, which can be
explained by the following equation:

L
qpn Ny
where Ly and N4 are the length and doping concen-
tration of the drift region, respectively,and g, is the
electron mobility.

Ro = <Y,

The doping concentration of the drift region in

the OB structure can be expressed™! by
Ng = 2.90 X 10" (T W) 47 (3
where W is the mesa width of the drift region.

However, T, is thinner in the SOB than that in
the OB due to the step shape,thus yielding

TOx(SOB) < Tox(OB)
Nd(SOB) > Nd(OB)

Based on Eq. (1) ,the specific on-resistance of the
SOB is less than that of the OB. This law is shown in
Fig. 6(b) for various W.

In general, the longer the drift region length is,
the higher the breakdown voltage will be. But,the de-

(6)

Fig.6 V,(a) and R,, (b) as a function of T, for SOB with
three step oxide-bypassed at different thicknesses of drift region

vice breakdown voltage will saturate due to the satu-
ration of the lateral breakdown voltage. This phenom-
enon is shown in Fig. 7. In the SOB structure, the satu-
rated breakdown voltage is higher than that of the OB
structure since the vertical breakdown voltage of the
SOB is higher than that of the OB thanks to the elec-
tric field modulation effect by a step sidewall oxide.
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Fig.7 V), as a function of L, for SOB and OB
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3 Conclusion

This paper reports a SOB trench VDMOS based
on the OB concept. The trade-off relation between
the breakdown voltage and the specific on-resistance
in the OB structure is improved by a step sidewall ox-
ide that enhances the electric field modulation effect
produced along the lateral dimension. The parameters
that affect the breakdown voltage and specific on-re-
sistance were analyzed by 2D numerical simulations.
The results show that the specific on-resistance is re-
duced by 40% ~60% , while the breakdown voltage is
increased no less than 20% resulting from the en-
hancement of the electric field modulation effect by
the step sidewall oxide.
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