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Complementary charge islands structure for a high voltage device of partial-SOI"*
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Abstract: A new partial-SOI (PSOI) high voltage device structure named CNCI PSOI (complementary n*-charge
islands PSOI) is proposed. CNCI PSOI is characterized by equidistant high concentration n™-regions on the top and
bottom interfaces of a dielectric buried layer of a PSOI device. When a high voltage is applied to the device, com-
plementary holes and electron islands are formed on the two n* -regions on the top and bottom interfaces, therefore
effectively enhancing the electric field of the dielectric buried layer (E;) and increasing the breakdown voltage
(BV), alleviating the self-heating effect (SHE) by the silicon window under the source. An analytical model of the
vertical interface electric field for the CNCI PSOI is presented and the analytical results are in good agreement with
the 2D simulation results. BV and Ej of the CNCI PSOI LDMOS increase to 591 V and 512 V/um from 216 V and
81.4 V/um of the conventional PSOI with a lower SHE, respectively. The influence of structure parameters on the

device characteristics is analyzed for the proposed device in detail.
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1. Introduction

There are two major concerns in the development of SOI
technology which increase the breakdown voltage (BV) and
reduce the self-heating effect (SHE). Some studies have been
carried out to solve the formerl! ~#]. Enhancing the electric field
of the dielectric buried layer is an effective method to increase
the BV by the ENDIF (enhanced dielectric layer field)l> ¢l
and several new structures have been developed by the EN-
DIF7—111, Moreover, partial-SOI (PSOI) technology can re-
duce the SHE due to its silicon window connecting the active
region to the substrate, which offers a heat conduction path
while achieving a high BVI!2=14]_1n this paper, a new inter-
face charge island structure of a high voltage device on a PSOI
(CNCI PSOI) and its analytical model of a vertical interface
electric field are proposed. The operation of a CNCI PSOI is
different from all of the above-mentioned structures and it pro-
vides a new and effective method to enhance the electric field
of the dielectric buried layer by introducing interface charges
and so increasing the BV, reducing the SHE at the same time.
The influences of structure parameters on the BV and the SHE
are analyzed and compared with the conventional PSOI and
SOL

2. Structure and mechanism

CNCI PSOI LDMOS and its mechanism are shown in
Fig. 1. Equidistant high concentration n™-regions are made
on the interface of the top and bottom dielectric buried layer
(Si03), and there is a silicon window under the source. fs, f,

PACC: 7340T; 7300; 7340L

Isub, tp and H denote the thicknesses of the top silicon layer, the
dielectric buried layer, the substrate layer, the p-top layer and
the interface n+—regions, Lg4, Lw, D and W are the lengths of
the drift region, the silicon window, the interface n*-regions,
and the spacing of two neighboring n*-regions, and Ny, N,,
Nu+ and Ny, are the impurity concentrations of the drift re-
gion, the p-top layer, the interface n™-regions and the substrate
layer, respectively. When a high positive voltage Vj is applied
to the drain while the source, gate and substrate are grounded,
the inversion holes are formed in the spacing of equidistant n* -
regions by the vertical electric field (Ey) and located on the
top interface by the compositive operation of Coulomb’s forces
with the ionized donors in the undepleted n* -regions as well as
the force from the lateral electric field (EL), and electrons are
induced and located on the interface of the bottom dielectric
buried layer (SiO5).

For a lateral PSOI LDMOS high voltage device which has
been optimized by junction terminal technology, its BV lies on
its vertical BV (V3 v) and is composed of Vs, V1 and Vb, which
are the voltages shared by the top silicon layer, the dielectric
buried layer and the substrate layer, respectively. Based on the
continuity of the electric displacement with interface charges,
E1 of SOI/PSOI can be written as

— + —E;, (1)
&

where Eg is the electric field of the silicon on the interface, g
is the electron charge, oy, is the inversion charge density on the
interface, and g and &g are the permittivities of silicon and the
dielectric buried layer, respectively. From Eq. (1), the BV of

* Project supported by the National Natural Science Foundation of China (Nos. 60806025, 60976060), the NKLAIC Project (No. 9140
C0903070904), and the Youth Teacher Foundation of University of Electronic Science and Technology of China (No. jx0721).

1 Corresponding author. Email: ljwu@cuit.edu.cn

Received 1 July 2010, revised manuscript received 8 August 2010

© 2011 Chinese Institute of Electronics

014003-1



J.Semicond. 2011, 32(1)

Wu Lijuan et al.

G |e

@)

Hole l‘g=5 pwm

H=D=0.5pm,W=2pm }2

Electron
Tonized donor
lonized acceptor

Depletion line

Hole concentration (10'8 cm™)

(b)

Fig. 1. Schematic cross section of CNCI PSOI LDMOS and the charges in the CNCls. (a) Device structure. (b) Three-dimensional hole distri-
bution in a pair of neighboring n+-regions near the drain (ts =5 um, y =1 um, H = D = 0.5 um, W =2 um and Vg =591 V).

Table 1. Device parameters used in the simulation.

Device parameter CNCI SOI Con. PSOIL Con. SOI
Drift length, Lg (m) 30-90 30-90 30-90
Thickness of SOI layer, tg (um) 5 5 5
Thickness of buried layer, #1 (um) 1 1 1
Thickness of p-top layer, #, (um) 0.5,1,1.5 - -
Thickness of p-substrate layer, ¢, (4m) 30 30 30
p-substrate concentration, Ny, (cm™3) (1-8) x1014 (1-8) x1014 (1-8) x1014
Thickness of CNCI, H (um) 0-1.2 - -
nT-region length in CNCI layer, D (jum) 0-2 - -
spacing of two neighboring nT -region in CNCI, W (m) 1-3.5 - -
n™ -region concentration in CNCI layer, N, + (cm™3) 1 x101? - -
the PSOI is obtained as
23 _ OIS o T S5 pm H 1' , '_ 4'999' '
BV = q0inly + (O.st + 8—Sf]) Es + Vi, (2) o~ §,2.5 ole (y=4. wm) |
&1 £l g 20F 520 —*=Con.SOI ” ﬁ |
% 215
The n-type drift region with relative high potential, the 8 E 10 N N N 1
buried dielectric layer and the substrate with low potential act ~ § 15} 2os W \ J
as an MIS-like structure, and oj, has the expression as § 0 e s w0 W
g OSG V X (um’ 1
2koTesn? qds 1/2 % BY = ]
Oin = (2—N exp ﬁ) ) 3 2 1< %
47 1Na 0 %0 30CNCIPSOT BV=591V)
where Ny is the impurity concentration in the drift region, and 5 0.5 o702 0 S06070 ]
ko, T, n; and ¢g are the Boltzmann constant, the absolute tem- L
perature (7' = 300 K at room temperature), the intrinsic carrier 00— 1 & An
20

concentration of silicon, and the surface potential on the in-
terface of the top silicon layer and the dielectric buried layer,
respectively!!>]. From Eq. (3), o, exponentially increases with
¢s and should effectively enhance Ej and the BV by Egs. (1)
and (2). Each adding oy, to 1 X 10'2 cm™2 can enhance Ej of
46.4 V/um. In the conventional PSOI, however, o, is actually
ignored because of the extraction of the lateral electric field,
and how to fix the inversion charges and utilize them effec-
tively is imperative and significant work.

3. Results and discussion

Two-dimensional device simulations'®! for the proposed
CNCI PSOI, the conventional PSOI and the SOI were per-
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Fig. 2. Distributions of the interface holes (y =4.999 um), the surface
electric field (y = 0.001 um) and the equipotential contours for the
CNCI PSOI at breakdown.

formed to verify the device operations.The device parameters
used in the simulation results are listed in Table 1.

Figure 2 shows the distribution of the interface holes (y =
4.999 um), the surface electric field (y = 0.001 um) and the
equipotential contours for the CNCI PSOI at breakdown. It is
obvious that there are high concentration holes (> 1 x 103
cm™3) distributed on the interface whose density increases lin-
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Fig. 3. Electric fields and potential distributions at breakdown for the
CNCI PSOI, the conventional PSOI and the SOL tg = 5 um, #; =
1 um, tqp = 30 um, Lg = 65 pum, and Nggp, = 3 x 1014 cm™3
for all. Ngis 0.9 x10!> cm™3, 1.95 x10'5 em ™3, 2.25 x101% cm™3
for the three structures, respectively. Lw = 12 um for the PSOIL.
H=D=05um W =2pum,t,=1um,and N, = 1.65 x 101®
cm ™3 for the CNCI PSOL.

early from the source to the drain. Because of the modulating
effect of the interface holes, the equipotential contours and the
surface electric field distributions are more uniform than those
of the conventional PSOI and SOL.

Figure 3 illustrates the vertical electric fields and poten-
tials distributions at breakdown for the CNCI PSOI, the con-
ventional PSOI and the SOI. It can be seen that E; of the CNCI
PSOl increases from 81.4 V/um of the conventional PSOI and
77.9 V/pum of SOI to 512 V/um due to the enhancement effect
of the inversion charges. Moreover, the inversion charges re-
duce the silicon layer electric field on the interface to 7.6 V/um
and avoid silicon layer premature breakdown for the CNCI
PSOIL. All of the above-mentioned results in a high BV of 591
V for the CNCI PSOI compared to 216 V for the conventional
PSOI and 193 V for the SOI. Moreover, above 85% of the
BV for the CNCI PSOI is shared by the dielectric buried layer
(V1 = 1E; =512 V) from the potential distributions shown in
Fig. 3, and V; is dominant in the BV. The simulation results are
in agreement with the analytical results of Egs. (1) and (2) in
Fig. 1, and it can be concluded that the interface charges ac-
cumulated by the proposed CNCI PSOI can assuredly enhance
Ej and increase the BV.

Figure 4 shows the influences of the structure parameters
on the BV for the CNCI PSOI. Figure 4(a) shows the influences
of H, D, Wand L4 on the BV. It can be seen from Fig. 4(a) that
there is a maximum BV =591 Vwith H = D = 0.5 um and
W = 2 um, and the BV is improved with increasing L4, which
breaks through the BV limitation of the conventional PSOI just
shown in Fig. 4(a), too. Moreover, when H or D is 0 um, the
CNCI PSOI becomes a conventional PSOI whose BV is only
216 V. Figure 4(b) is the influences of the p-top layer and the
substrate concentrations (Ngy). The maximal BVs are almost
equal for different p-top layer thicknesses (#,) of 0.5, 1 and 1.5
pum. In additions, the maximal BVs appear when N, is about
1.65 x 10'2 cm™2, which satisfies the RESURF (reduced sur-
face field) condition, and after that, the BV sharply decreases
because of premature breakdown at the n™—p junction of the
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Fig. 4. Influences of device parameters on breakdown voltage. ts =
5um, t1 = 1 um, tgy, = 30 um for all. (a) H, D, W and L4 on
breakdown voltage. Ly = 65 um for H, D,and W. H = D =
0.5 umand W = 2 um for Lq. Nggy = 3 x 101 cm™3 for all. (b)
Np (with Ngyp = 3 x 1014 cm™3) and Ny, on breakdown voltage.
H =D =05um W = 2 pumand Ly = 65 um for all. (c)
Silicon window length Lw on voltages and hole concentration under
the drain. H = D = 0.5 um, W = 2 um, Lq = 65 um, Ny, =
3 x 101% cm™3 for all.

drain side. Ny, has a faint influence on the BV, and the BV
only decreases by 3.56% when Ng, increases from 1 x 104
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Fig. 5. Thermal characteristics with V3 = 30 V and V; = 15 V. (a) Surface temperature profiles (y = 0.001 wum) for the CNCI PSOI, the
conventional PSOI and the SOI. (b) Three-dimensional temperature profiles of the CNCI PSOL. (c) Three-dimensional temperature profiles of
the conventional PSOI. (d) Three-dimensional temperature profiles of the conventional SOI.

to 8 x 10 ecm™3. Figure 4(c) gives the influences of the sil-
icon window length Ly on the voltages and hole concentra-
tions under the drain. Although Vy;, increases slowly because
of the extension of the depletion layer into the substrate, the BV
decreases with increasing L. This is due to the reduction of
the maximal interface hole concentration under the drain side,
which results from the more fall of Vj. Therefore, Ej is de-
creased by Eq. (1).

Figure 5 gives the thermal characteristics of the CNCI POI,
the conventional PSOI and the SOI. The bottom of the sub-
strate is held at 300 K, and the gate voltage (V;) is 15 V for
all simulations. With V4 of 30 V, it can be seen that the sur-
face temperatures of the CNCI PSOI are the lowest, and the
maximal temperature T, (303.55 K), but that of the conven-
tional SOI is 322.02 K. Moreover, the situations of Ty, of the
CNCI PSOI and the conventional PSOI are under the drain due
to the existence of silicon windows under the source, whereas
that of the conventional SOI is under the source, which can be
seen more clearly in Figs. 5(b)-5(d). It can be concluded that
the proposed CNCI PSOI can enhance the breakdown voltage
while maintaining the lower SHE.

4. Conclusion

A novel complementary N+-charge island structure of high
voltage device on partial-SOI (CNCI PSOI) is proposed in this

paper. A CNCI PSOI effectively utilizes the enhancement ef-
fect of the interface charges on the electric field of the dielec-
tric buried layer to increase the breakdown voltage while al-
leviating the self-heating effect by the silicon window under
the source. The BV for the CNCI PSOI increases by 174% and
206 % while the maximal temperature at V, = 15 V and Vg
=30 V decreases by 7.01 K and 18.47 K in comparison with
the conventional PSOI and the SOI devices, respectively. The
CNCI PSOI has potential for applications in high voltage and
power integrated circuits because of its favorable performance
and easy fabrication process.
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