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Abstract: A high voltage silicon-on-insulator (SOI) LDMOS with an
accumulated charges layer (ACL) for double enhanced dielectric electric
field (DEDF) is proposed. The electrons and holes can be accumulated
in the ACL with a back-gate bias in off-state. These charges can en-
hance the dielectric field in the buried oxide (BOX) layer under the
source and drain for improving breakdown voltage (BV). Moreover,
the ACL can also enhance the reduced surface field (RESURF) effect.
Compared with the conventional SOI and Shield-Trench SOI, BV of
the DEDF SOI can achieve 1163V at 1 um BOX and 550 V back-gate
voltage.
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1 Introduction

Although silicon-on-insulator (SOI) has many advantages, low vertical break-
down voltage limits its application in high voltage power devices. Some struc-
tures are proposed to break through the limitation. A very effective method
is enhanced dielectric layer field (ENDIF), such as ultrathin SOI, Variable-k
SOI, Shield-Trench SOI (ST SOI) and Double-Sided Trench SOI and so on
[1, 2, 3, 4]. In these devices, the electric field in the drain buried oxide (BOX)
layer is enhanced greatly and breakdown voltage (BV) is mainly supported
by the BOX under the drain. Another method is back-gate reduced bulk
field (BG REBULF) [5]. BV is supported by the depletion layer and BOX
under the drain and source at a proper positive back-gate bias. However,
high positive back-gate voltage weakens the reduced surface field (RESURF)
effect, resulting in increase of on-resistance and decrease of BV [5, 6].

To further improve BV, a SOI LDMOS with an accumulated charges
layer (ACL) for double enhanced dielectric electric field (DEDF SOI) is pro-
posed. The back-gate bias can result in inversion electrons accumulated under
source for ENDIF. On the other hand, the potential difference of drain bias
and back-gate bias can also result in accumulation of holes under drain for
ENDIF. Moreover, the ACL also enhances the RESURF effect and improves
lateral BV. So the proposed structures can achieve higher BV .

2 Mechanism and model

Conventionally, the dielectric filed (E7) of the BOX can be expressed by
equation erEr = eg;Es; + qoi, [7]. Eg; is the electric field of silicon at
Si/SiOq interface, eg; and e are the permittivity of the silicon and dielectric
buried layer. E; can be enhanced by increasing the charge density (oy,) at
the Si/SiO; interface. Fig. 1 (a) shows the schematic cross-section view of
the DEDF SOI. The ACL located between the SOI and BOX is introduced
in this structure. The ACL consists of a p-type layer and oxide trenches as
shown in Fig. 1 (a). When the back-gate and drain are with positive biases
Vea and Vpg, respectively, the holes in the drain-side trenches of the ACL
are induced by Vpg as shown in Fig. 1 (b) and the electrons in the source-side
trenches of the ACL are induced by the positive Vg as shown in Fig. 1 (c).
According to the electric displacement continuity, the dielectric field of the
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Fig. 1. (a) Schematic cross-section of the DEDF SOI,
(b) Electrons accumulated in the trench, (c) Holes
accumulated in the trench.

BOX under the source and drain (E; g and Ef p) [3, 4] can be written as

Ers =Vpa/tr = qoin/e1 (1)
Erp~ (Vps —Veg —0.5Es (ts —ta))/ tr = qoin/cr (2)

Where Eg refers to the electric field at the p/n junction under the drain. In
Eq. (2), a thin p-type layer in off-state is used to enhance the RESURF effect
and improves the lateral BV. Eg can be calculated by Ng and N,,. As shown
in Fig. 1, E1 g and E7 p can be effectively enhanced by the negative charges
in Eq. (1) and positive charges in Eq. (2). The charge density depends
on the ACL parameters, the drain voltage and positive back-gate voltage.
Furthermore, the accumulated charges can modulate the electric field in the
drift region. Therefore, the total BV can be generally obtained

BV ~ (E17S+E]7D)t[+0.5ES (ts —tq) (3)

In optimized BV, the maximum blocking voltage of the BOX under the
source and drain is approximately same, viz. E;g = Frp. If the blocking
voltage of the thin SOI, compared with the blocking voltage of the BOX,
can be neglected in Eq. (3), the optimized BV = 2qo,tr/er = 2Vpa can be
obtained from Eq. (1), Eq. (2) and Eq. (3).

3 Results and discussion

The main electrical characteristics of the DEDF SOI are analyzed by
MEDICI. In this paper, breakdown is defined as satisfying any one of two
conditions. One condition is that the drain current achieves 10~7 A /um, the
other is that E; achieves critical electric field (Ej¢c = 600V/pm). Main
parameters for verifying the devices in simulator MEDICI are that Ly, tg, tr
and tp are 100 ym, 4 pm, 1 um and 1.5 um, respectively.
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Fig. 2. (a) Charges in trenches along AA’ in Si side,
(b) Electric field along AA’ in the SiOy side (H =
lpm, D =1pm, W =1pm, N, =8 x 10'6 cm =3,
Ny = 4 x10%em™3, Vgg = 500V and BV =
1113 V).

Fig. 2 (a) shows the charges distribution at the bottom of the trenches.
The positive charge density, which is accumulated holes in the trenches, in-
creases from 3.0 x 10'% cm ™3 to 6.8 x 10'® cm =3 along +x axes, meanwhile, the
negative charge density, which is inverse electrons in the trenches, increases
from 2.2 x 106 cm ™3 to 6.5 x 10'® cm 3 along —z axes. According to Eq. (1)
and Eq. (2), the calculated E; g and Ej p can be effectively enhanced to
about 500 V/um and 600V /um by these positive and negative charges, re-
spectively. The inset in Fig. 2 (a) shows that the holes and electrons coexist
in one trench for dividing the effect of Vg in Eq. (1) and Vps — Vg in
Eq. (2). Fig. 2(b) shows that E; ¢ and E;p are enhanced by oj,. The
increment of Ej starting from zero point to both sides is undulating with
the variation of o;,. The negative charges accumulated by Vpa and positive
charges by Vpg — Vg enhance Ej g and Ef p to about 600 V/pm.

Fig. 3 shows that the electric field distribution. The surface electric field
along CC’ in the DEDF SOI, ST SOI and conventional SOI is shown in
Fig. 3(a). The electric field along BB’ can be modulated by the charges
in the ACL. The RESURF effect is enhanced and premature breakdown
is avoided. Hence, the surface electric field along CC’ is also modified by
these charges to uniform distribution compared with the conventional SOI
and ST SOI. Fig. 3 (b) shows the 3D electric field distribution. The electric
field in the BOX is divided into two sections at point zero. One is caused
by Ve and the other is caused by Vp g — Vpg. The maximum blocking
voltage can be obtained by optimizing Vg and other device parameters.
Under this circumstances, Ey g in Eq. (1) is approximately equal to Ef p in
Eq. (2). Fig. 3 (c) illustrates the equipotential contours at breakdown for the
DEDF SOI. Because of the modulation of the electric field, its equipotential
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Fig. 3. (a) Electric field along BB’ and CC’ in the
DEDF SOI, ST SOI, and conventional SOI,
(b) 3D electric field distributions of the DEDF
SOI, (c¢) Equipotential contour distribution of the
DEDF SOI, The parameters and BVs for the
DEDF SOI (H = 1lum, D = 1pym, W = 1 pm,
N, =8x10%cem™3, Ny =4 x 108 em™3, Vg =
500V and BV = 1113V), ST SOI (N4 = 1.0 x
10% em™3, Vpg = 0V and BV = 613 V), and con-
ventional SOI (Ng = 2.8 x 10 cm™3, Vgg =0V
and BV = 188V).

contours are uniform in the whole drift region.

Fig. 4 shows the dependences of optimized BVs of the DEDF SOI on
the trench parameters (H, D and W). When H increases from 0.8 um to
1.0 um, o, is improved dramatically and E7 can be enhanced to Er . Cor-
respondently, BV increases to the maximum value rapidly, which is 1163V,
1113V and 1063V at Vg = 550V, 500V and 450V as shown in Fig. 4 (a).
When H increases to 1.1 um, BV is saturated due to achievement of Ef c.
Fig. 4 (b) shows that BV is dependent on the variation of D. When D is in
the range of 0.6 um to 1.0 um, E; can be enhanced to Ej ¢ by 04,. So BV
keeps the maximum values at different Vpg. When D increases to 1.2 um,
oin 18 significantly reduced. Furthermore, the effective area of the p-type
layer is reduced with increase of D, resulting in decrease of the RESURF
effect. Hence, BV is decreased at different Vpg. At Vg = 550V, BV is
reduced to 921 V. Fig. 4 (c) shows that BV is dependent on the variation of
W. The RESURF effect in the new structure is not weaken dramatically by
the lower Vp¢, therefore, the maximum BV (1063 V) is kept at Vg = 450V
with W increasing from 0.6 um to 1.2 um. At higher Vpg, BV is lower at
W = 0.6 um. Large W means large p-type layer which can enhance the
RESUREF effect. So BV increases with W increasing and achieves the maxi-
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Fig. 4. The optimized BVs dependent on trench parame-
ters (H, D and W) in (a), (b) and (c).

mum value (1113V and 1163V at Ve = 500V and 550 V) at W = 1.1 pm.
BV mno longer increase at W = 1.2 um because Ey is limited to Ey ¢.

4 Conclusion

The DEDF SOI with high performance is proposed and investigated. Due to
the ACL introduced for double enhanced dielectric field, the BV has been

remarkably improved and can achieve 1163V at Ve = 550 V, which is about
6 times as high as that of the conventional SOI.
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