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This paper proposes a new nt-charge island (NCI) P-channel lateral double diffused metal-oxide semiconductor

(LDMOS) based on silicon epitaxial separation by implantation oxygen (E-SIMOX) substrate. Higher concentration

self-adapted holes resulting from a vertical electric field are located in the spacing of two neighbouring n*-regions on

the interface of a buried oxide layer, and therefore the electric field of a dielectric buried layer (Ejp) is enhanced by
these holes effectively, leading to an improved breakdown voltage (BV). The Vg and Ep of the NCI P-channel LDMOS
increase to —188 V and 502.3 V/um from —75 V and 82.2 V/um of the conventional P-channel LDMOS with the same
thicknesses SOI layer and the buried oxide layer, respectively. The influences of structure parameters on the proposed

device characteristics are investigated by simulation. Moreover, compared with the conventional device, the proposed

device exhibits low special on-resistance.
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1. Introduction

Silicon on insulator (SOI) high voltage integrated
circuit technology for plasma display panel (PDP)
drivers is competitive.!'=% (E-SIMOX) technology is
one of the most ordinary and promising methods and
is quite suitable for competitive PDP product.l6:7]
A high-voltage P-channel SOI lateral double diffused
metal-oxide semiconductor (LDMOS) is applied to
the PDP scan driver chip.[®?) The breakdown voltage
(BV) of the SOT high voltage device is limited by the
low vertical BV (Vg) due to the presence of the buried
oxide layer. Many SOI device structures have been
proposed to improve Vi.[10=18] In this paper, a novel
P-channel high voltage LDMOS built on E-SIMOX is
proposed, which introduces interface charges to en-
hance Ep and increase the Vg. The effect of structure
parameters on the BV are investigated by MEDICI!'?]

and special on-resistance is calculated.

DOI: 10.1088/1674-1056/20/8 /087101

2. Structure and mechanism

A new nt-charge islands (NCI) P-channel LD-
MOS and its physical mechanism are shown in Fig. 1.
Equidistant high concentration n™-regions are made
on the interface of a top dielectric buried layer (SiOg).
When a high negative voltage V3 is applied to the
drain and substrate, while the source and gate are
grounded, the accumulation holes are formed in the
spacing of equidistant nT-regions by the compositive
operation of a vertical electric field (Fv), Coulomb’s
forces with the ionized donors in the undepleted n™-
regions and lateral electric field (Ey,), electrons are
induced and located on the interface of bottom dielec-
tric buried layer (SiOg).

The BV of a high voltage device fabricated on
SOI, the field plate (FP) and reduced surface field
(RESURF) are adopted in order to optimize the lat-
eral BV, and thus the BV is determined by the vertical
breakdown. E; = qaacc/sl+(5S/51)ES,[20’22] then the
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Fig. 1. Cross-sectional structure of NCI P-channel LDMOS and its physical mechanism: (a) device structure, (b) an NCI
cell and three-dimensional holes distribution under the source. tg, t1, tsun, and H are respectively the thicknesses of top
silicon layer, dielectric buried layer, substrate layer and interface nt-regions, Lq, Ls, D, and W are respectively the lengths
of drift region, source (n-body), interface nt-regions, and the spacing of two neighbouring nt-regions, Ny are impurity
concentrations of the drift region, f1, and fr are respectively the Coulomb’s forces from the left and right ionizing n-type

ions in the undepleted nt-regions.
Vg of SOI is obtained as

Vs = t1E1 + 0.5t Eg

— Lacclt | <0.5ts + gstl) Es, (1)
€1 €1

where Eg, Er are the electric fields of the top silicon
layer and the buried dielectric layer, respectively, q is
the electron charge, o,cc is the interface accumulated
charge, g and ¢; are the permittivities of the silicon
and dielectric buried layer, respectively, and tg and 1
are the thicknesses of the top silicon layer and dielec-
tric buried layer, respectively.

When the drift region is fully depleted, the de-
pleted region potential p(z,y) satisfies the 2D Poisson
equation:

%p(z,y) | Po(ry) _ qNa
Ox2 Oy? eg
0<a<LitLs, 0<y<ts (2)

The boundary conditions can be written as

Io(z,y)
3y o (2a)
a@(‘ray) ’ _ qaacc(x) . 5190(1',158) (Qb)
Oy y=ts €3 esty
©(0,0) =0, @(Lq+ Ls,0) = Vg, (2¢)

0<a<Lq+Ls, 0<y<ts,

©(x,y) can be expressed as a combination of two parts

o(x,y) = w(z,y) +p(x,y),
OSxSL(i+LSa OSySf& (3)

where w(z,y) and ¢ (z,y) are the contributions of Vg
and depleted charge, respectively. So, equations of

two parts of the electric potential can be obtained as
follows,

O*w(z,y) N O*w(z,y)

Ox2 Oy? =9
w(0,0) =0, w(Ld-‘r-LmO) =Vy,
*Y(x,y) | PP(z,y) _ qNa

Ox2 0y? es
¥(0,0) =0, t(Lg+ Ls,0) =0, (4)

with 0 <o < Lg+ Lg,0 < y < ts. To make w(x,y) as
a Taylor series along the y direction

~ Ow(r,y)
w(z,y) = w(z,0) + 9y ly—o ¥
O*w(z,y) y?
e vl WOR L ®

Simplify Eq. (5) with the boundary condition (2a)
yields(23]

B Pw(z,y) y?
w(z,y) = w(z,0) + Tyg ‘y:() Y
0<z<La+Ls, 0<y<ts, (6)
Ow(z,y)  Pw(z,y) ‘ .

8y 02 ly=o ¥V
ow(z,y) *w(z,y)
7/ = 77 tg.
Oy )y:ts Oy? ’y:O S (™)

Solving Eq. (7) with the boundary condition (2b)
yields

w(x,y) ew(z, tg)
Z gl g = —

Oy? y=0 esty
0<xz<Lqa+Ls, 0<y<ts, (8)

then, making y = tg for Eq. (7), then equation (8) can
be simplified as
0*w(@,y)
oy?

w(z,0)
y:O_ 12

)
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0<z<Lg+Ls, 0<y<ts, (9) Using the same method as presented above, the
electric potential ¥ (z,y) distribution can be obtained

where t = \/t2/2 + (es/e1)tsts is the characteristic

thickness of SOI devices. as
From Egs. (4) and (9), we obtain the following 5
equation and the boundary conditions Fo(@y)  ¥@0) __aNa h4Tace ()
) 0x? t2 €5 ert?
9 w(sg; 0) w(xé 0 _ 0, ¥(0,0) =0, ¢(Lq+ Ls,0) =0,
Oz f 0<z<Lq+Ls, 0<y<ts. (13)

w(0,0) =0, w(Lq+ Ls,0)=Va4.  (10)

So.lvmg Egs. (6) and (10), the equation of electric Then, solving Bq. (13), the electric potential
potential w(z,y) is
Y(x,y) can be expressed,

2
w(z,y) = (1 — 2yt2> w(z,0), ) P
0<z<Lq+Ls, 0<y<ts. (11) w(w):<1_%)w(%0)+ymm;,
ST S Ly 5 SY=>1s 2t 2 ert
Solving Eqgs. (10) and (11), the electric potential O<z<Lqt+Ls, 0<y<ts. (14)
w(z,0) can be obtained,
sinh(z/t)V4 Making oacc () = Tace, solving Eq. (14) with the

w(x,0) =

Sob((La+ L)) 0 =@ = Lat Lo (12) poundary conditions yields

P(z,0) = tzzgi/(ii:ilzt:;;)/a {1 + sinh {(m_Ltd_Ls)] — sinh (j)] . (15)

From Eq. (3), the surface electric potential distribution ¢(z,0) can be obtained as

(Va — B — t1q0ace/e1) sinh (z/t) + (B + t1q0acc/€1) sinh [(z — La — L) /1] i QO ace

0) = 16
#(,0) sinh((Lq + Ls)/t) . (16)
where 3 = t2qNy /es.
From Egs. (11) and (14), the electric potential distribution ¢(z,y) can be denoted as
(x,y) = 1—3/—2 (x 0)+y—2 90— <0<, + L, 0<y<t (17)
P\, Y) = 242 P T, 9 t261 ’ >4 > Ld S5 SY=>tUs.

Then, according to the relationship between electric potential and electric field, from Eq. (16), E,(x,0) can
be written as

_ O0p(z,0) (Va — B — t1goace/c1) cosh (z/t) + (B + t1q0acc/e1) cosh [(x — Lq — Lg) /1]

(2,0) Oz tsinh((Lq + Ly) /%) (18)
From Eq. (17), according to the relationship be- ‘can be shown as
tween the electric potential and the electric field,
E.(x,y) can be written as |E(z, 0)] = |Ea(x,0)],

[ N R Y [B(e.y)| = /B2 (x.y) + B3 (x.y),
sy == = (I3 ) B0, 0<z<Lq+Ls, 0<y<ts. (21)
<z< <y <tg.

Oseslatls, Osysts (19) With Eq. (21) and Gauss theory on the interface,

For the fully depleted drift region, the vertical  the vertical electric fields in the silicon and dielectric
electric field in the top silicon layer satisfies buried layer (under the source) Eg and Ey are approx-

dp(z,y) y YO ace imately obtained as
Bylmy) = ==5,= = @#(»0 = T Is
Es = — [Va —o(Lq + Ls,ts +
0<z<Lat+Ls, 0<y<ts. (20) 5= p Va—ellat Lots + )
tStIqUaCC
So, the surface electric field and total electric field - T2 (22)
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esls
Er = ot? [Va — ¢(La + L, ts + t1)]
40 acc tsties
1-— . 23
+ €1 < t2€[ ) ( )

From Egs. (22) and (23), the enhancement of BV
introduced by charges o,.. for NCI SOI, E; can be
increased in comparison with the conventional SOI
(0ace = 0) by the additional charges, and Eg can be re-
duced at a given Vg, shielding the Si layer from a high
electric field and avoiding Si-layer premature break-

down. Both of them result in an enhanced BV, as
indicated in Eq. (1). Moreover, when o,.. = 0, equa-
tions (22) and (23) can be used for the conventional

SOL

3. Results and discussion

The simulated device parameters using device
simulator MEDICI are listed in Table 1.

Table 1. Simulated device parameters.

Parameters NCI SOI Conv. SOI

Drift length Lg 15 pm—-30 pm 15 pm—-30 pm

SOI thickness tg 2 um 2 um

BOX thickness t1 0.375 pm 0.375 pm
P-substrate thickness tg,p 1 um 1 um

P-substrate concentration Ngup (1-10)x 10 ecm—3 (1-10)x 10 ecm—3
NCI thickness H 0 pm—-1 pm

n't-region length D 0 pm—1 pm

Spacing of two neighboring nT-region W 1 pm-2 pm

nt-region concentration Ny

(0.1-1)x 10 cm—3

The changes to Es (y = 1.999 pum) and Ep
(y = 2.001 pm) at x = 0.2 pm for NCI SOI and
the conventional SOI with an augment of the applied
voltage Vg are shown in Fig. 2. From Egs. (22) and
(23), Es and Ep at breakdown (V4 = Vg = BV) for
NCI SOI are reduced and enhanced by the interface
holes in comparison with the conventional SOI as

t
AEg = t% [Va — Ap(La + Lg, ts + t1)]
tStIqaacc
- 24
W0 21)
est
AFE; = % [Va — A@(Lq + Lg, ts + t1)]
40 acc tsties
+ 1- ) 25
€1 ( t2er ) ( )

Figure 2 shows that due to the self-adapted in-
creasing of the accumulated holes with the Vg, Ey is
linearly enhanced, and simultaneously, Egs is reduced
to less than 3.13 V/pm. However, because of no n'-
region preventing the extraction of interface charges
by the electric field in the drift region, Ey of the con-
ventional SOI is always limited by the dependence
of B = egEg/er from Egs. (22) and (23), and Eg
rapidly reaches the silicon critical electric field. When
Va = Vg = BV, E; of NCI SOI reaches to 502.3 V/um
from 82.2 V/um (AE; = 402.1 V/um) of the conven-
tional SOI, and Eg of NCI SOI decreases to 3.13 V/um
from 38.6 V/um (AEs = 35.47 V/um) of the conven-

tional SOI, because of which, NCI SOI has a higher
Vs (188 V) than —75 V of the conventional SOL. It
is shown that equations (24) and (25) agree with the
simulations illustrated in Fig. 2.

107 ¢

T T T T T
F simulation = —75 Ve .= —188 V.
[ e o NC]_SOIVB(:W 50170 VAVB =113V Bctson
[ e o ConSOI
7 a AL =02.1 V/um
g E; breakdown for NCLSOT |
= 106 3 — .
= E
=
& < breakdown for Con.SOI
O
= . -
B AFEg =(35.47 V/pum
2 105F J
&4 £ ts = 2 pm, &) = 0.375 pm,
F Ly =18 pm
[tz = I - N w B B
L

—100 —200

Va/V

0 —50 —150 —250

Fig. 2. Dependences of the applied voltages V4 on the in-
terface electric fields (at 0.2-pm point) under the source in
the silicon layer Eg (y = 1.999 pm) and dielectric buried
layer Er (y = 2.001 pm) for the NCI.SOI and the con-
ventional SOI (tg = 2 um, ¢ = 0.375 pum, tgyp = 1 pm,
Lqg = 18 yum, D = 0.2 pm, H = 0.5 pum, W = 1 pm,
Np+ =1 x 10 cm™3, and Ngup, = 8 x 1014 cm~3).

The equipotential contours and surface electric
field (y = 0.001 pm) for NCI P-channel LDMOS and
the conventional SOI at breakdown are compared in
Fig. 3. A more uniform equal-potential line distribu-
tion in the SOI layer for NCI SOI is obtained due to
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the modulation effect of the high concentration holes
(> 2 x 10'® cm™3) on the interface. However, that
of the conventional SOI is concentrated on the end of
the drift region. Due to the fact that the equipoten-
tial contours of the conventional SOI cannot spread
into the whole drift region, the conventional SOI has
a low BV. Moreover, owing to the modulation effect of
holes increasing from the drain to the source, the sur-
face field in the middle of the drift region for the NCI
SOI is higher than that of the conventional SOI and
the surface electric field has two electric field peaks at
the source- and drain-ends of the NCI SOI, avoiding
premature breakdown. Compared with the conven-
tional SOI, one has only one electric field peak at the
source-end.

TR
LY

10 V/contour

y/um

3 NCISOI Vg = —188 V (a) |
0 5 10 15 20
x/pum
0 f : .
1 P
10V Jcontour
g i
i H
- -
= 2 .
4 Con SOIjVg = —75 V (b) |
| T ——
0 5 10 15 20
x/pum
()‘ T T T T
” Ly=18 pym, tg = 2 pm,
g i g t; = 0.375 um 1
Y y = 0.001 pm
> 4t EA J
= [= —8—NCI SOI
st 7 —a—Con SOI (c) |
= =]
z 2
o 1l
= )
g 0

0 5 10 15 20
x/pm

Fig. 3. Equipotential contours and surface electric field pro-
files for NCI SOI and conventional SOI devices: (a) NCI SOI,
(b) conventional SOI, (c) distribution of surface electric field
(y = 0.001 um) for NCI SOI and conventional SOI.

The charge distribution for the NCI SOI LD-

MOS along the top (y = 1.999 um) and the bottom
(y = 2.375 um) interface of the SiOy layer at Vy =
BV is shown in Fig. 4. Figure 4(a) is the hole and
electron concentration on both the top and bottom
interfaces of the buried dielectric layer for the NCI
SOI LDMOS at breakdown. Plentiful holes are lo-
cated on the top interface, whose concentration in-
creases from the drain to the source with interface
potential. Moreover, there are 107 cm™3-level elec-
trons existing on the bottom interface. Figure 4(b)
gives the hole distribution in a NCI cell, in which the
highest hole concentration is at the middle point (cen-
tre of two n'*-regions) due to the maximal Coulomb
force at that point. From Fig. 4(b), the accumulated
layer is about 90 nm. Based on Egs. (1), (22) and
(23), the interface accumulated holes should not only
enhance Ep but also modulate the electric field in the
drift region, leading to the enhancement of the lateral
and vertical BVs.

T
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~
—~
g 1017
.%
= 1016
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D
g
g 10'8
5
= 17
£ 10
=
D
16
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IS}
T 0 5 10 15 20
z/pm
3 T T T T T M T T T T T M T T T
) | ts =2 um, ty = 0.375 pm, Lq =18 ===y = L99 un)
‘E W=1um, D=02un interface | 79—y 199w
Q B H =05 pum
0 L -————
=
= 2r —y—y— 194 un
g + =1.93 pro]
sl y =192 pm
< B W—0—y  1.91 ]
k] b Ly — 1.90 pm]
!
2 1r 4
8]
IS L
2 L 4
5]
T L
0 LUl
0 02 04 06 08 1.0 1.2 14

z/pm

Fig. 4. Charge distribution for the NCI SOI LDMOS
0.375 um,
Lg =18 pm, D = 0.2 ym, H = 0.5 pm, W = 1 um):
(a) hole/electron concentrations on both the top (y =
1.999 um) and bottom (y = 2.375 pm) interfaces of the
buried dielectric layer, (b) hole distribution in an NCI cell
with different vertical distance.

at breakdown voltage (tg = 2 pum, t; =

From Eq. (1) and Fig. 1(b), interface charges can
effectively enhance FEp from the conventional egEs/eq
(about 3Es) to esEs/er + qoin/e1, and each adding

interface charges to 1 x 102 em~2 can enhance Ep of
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41.3 V/um. Figure 5 depicts the vertical electric field
and potential distributions at breakdown under the
source. The modulation effect of holes on the elec-
tric fields can not only reduce Eg but also increase
Er. In two of n'-regions, based on Egs. (22) and
(23), we find the results that Ey and Es are from
Er = 822 V/um and Eg = 38.6 V/um of conven-
tional SOI to Ey = 502.3 V/um and Eg = 3.13 V/pm
of NCI SOI. A larger portion of the applied voltage
is sustained by bury oxide (BOX) for p-channel NCI
SOI, thus Vg = —188 V is achieved with tg = 2 um
and t; = 0.375 um by simulation, while Vg is only
—T75 V for the conventional SOI.

T T T T T T T T
L 5r 502.3 V/um +4—200
‘8 rz=40.2uum .“-:“
S 4L Vg = —188 V 150
> . T >
o AFE = 402.1 V/um|n / %
(=R R 2
% 3 —s——e—NCI SOI + potential{—100 é
< | —p=——0—Con SOI | S
€1 e 2
2 = s v] 00 2
2 &=
L 1r
B 10
1
0 0 1 2 3 4

Fig. 5. Electric field and potential distributions at break-
down for the NCI P-channel LDMOS, the conventional
SOI (ts = 2 pm, t1 = 0.375 um, tgyp = 1 um, Lg =
18 um, and Ny, = 8 x 10 cm~3 for all). The Ny are
5.7x101% cm—3 and 2 x 10'® cm—3 for the two structures,

respectively.

In order to obtain a maximum BV, the total
charges in the drift regions should satisfy the reduced
surface field (RESURF). The influence of the structure
parameters on the BV for the NCI P-channel LDMOS
is simulated in Fig. 6. It can be seen from Fig. 6 that
the optimal structure parameters are H = 0.5 pm,
D = 0.2 um, and W =1 um, there is a maximum BV
= —188 V, and BV almost keeps improving linearly
with increasing Lq just shown in Fig. 6, too. More-
over, when H or D is 0 um, NCI P-channel LDMOS
will become a conventional SOI (BV = —75 V).

Figure 7(a) shows vertical electric fields in Si
(Esv) and in SiOy (Ery) on the top interface at the
x axis. For NCI SOI, AE(z) increases with the hole
concentration of Fig. 7 from drain to source and Eryy is
much larger than 3FEgy under the source in compari-
son with the conventional dependence of Fryv = 3Egy.
The Egy (z) for each point is almost invariable because
of a series of n™p~n't-structures (NCI cell) with a sus-
tained applied voltage of 10 V, as shown in Fig. 3, and

Egsv(z) is low under 30 V/um due to the avoidance
effect of the holes, whereas those of a conventional
SOI increase from drain to source with the potential
and reach to 30 V/pm under the source where break-
down occurs (z = 2.2 pm). The breakdown point for
NCI SOl is at * = 4.53 um because of a high lateral
electric field. The enhancement of holes on E; can be
clearly seen from the 3D distribution of electric field,
as shown in Fig. 7(b).

Lq/pum
—250 1|5 2.0 2.5 310 —350
Vg =—-188V o
—200} —300
NCI SOl
—250
—150 >
i / T 9 ~
m —200 m
= 100t j//o* ™ —e—D(H =05 um W = ) =
—m—H{D =02 um, W =1 um)
o —k =W (D =02 um. H =03 pm} _150
—_50 | La =18 pm, ¢y = 0.375 pm, tg = 2 pm
Con.SO1 ~100
e r
0 . ) \ \ |
0 0.5 1.0 1.5 2.0
(D, H,W)/um

Fig. 6. Influence of device parameters on breakdown volt-
age. tg = 2 um, t; = 0.375 um, tg,p = 1 pm for all.

T pp— T
2 pm, #; = 0.375 pm, Lq = 18 pm |

o

— 3 =

|

E o Eiviz) > 3Esy(x)

T4t ".‘-/ = o NCI SOIA
- o * = Con SOI
:EL 3r Epy () in :-ii(')-_-" y = 2.001 pm 7
?‘: 2+ - (a) A
= Epy(z) = 3Esy(z) -

5=

3]

2

=

0 5 10 15 20
x/um

ctric field /10% V- cm ™!

x/um

2

y/um

Fig. 7. Electric field distribution at breakdown (tg =
2 ym, t; = 0.375 pm, Lg = 18 pm, D = 0.2 pm,
H = 0.5 pm, W = 1 pum), (a) vertical electric fields in
Si (Esv) and in SiO2 (Ery) on the top interface; (b) 3D
distribution of electric fields.
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The influence of N, (concentration of n*-
regions) on BV, Fy and the maximal hole concentra-
tion under source Ny, are shown in Fig. 8. When
N,y is larger than 1.85 x 10'® em™3, BV, Ei, and
Nhm are invariable. However, N, is less than
1.85 x 10'® ecm™3, BV decreases with the decreas-
ing Nyy, the reason of that when N, is larger than
1.85 x 10" ¢m ™3, the nt-regions under the source are
undepleted and the ionized donors are invariable, then
BV, Ei, and Ny, 1, are independent of Ny .

paryyme sy i L T b
—onn LD =02 um, W =1pm, H=20.5um |
> 200 VB <_;jj»l-l—l—l—n-//»n—l E
B A ° 16T
@ 160 - 16> 16 ¢
% ~ a:( §~o-o—o—o—o~//-o—o © ©
e < ©
- —120t F s 101 Ve 4 = 47
g - © N e R =
S «F 1 < ~
S —80F “-Mym{ & g
=3 'l<>_1—<—<—<—<-//<—< 5 2 o F
o b 5 12 =
kg —40F 41‘”“ N}L,m t;
m ts = 2 pm, ¢ = 0.375 pm L
Ly= =
0 . Lq=18 ym My 0 —lg
0] 1 2 3 4 15
N4 /108 em™3
Fig. 8. Influence of interface nt-region concentration

Nn+ on breakdown voltage, Ey and the maximal hole con-
centration Ny, .

The on-state characteristics between the NCI SOI
and the conventional SOI have been compared. The
simulation results are tabulated in Table 2. The
simulated NCI SOI has an Ropsp of 72 m2-cm? at
Ves = =25V, Vgs = —20 V while the corresponding
values in the conventional SOI are 90 m{2 - cm? for the
same bias condition. It is calculated to be 20% lower

technology nodes

initialize (100) boron = 8 x 1014 ¢cm—3

deposition box

40 nm pre-oxide before implant n-island

implant ars dose = 2 x 10'* cm™2
energy = 150 keV

epitaxy to 2 pm

i n-body implant implant phos

dose = 3 x 1013 cm~2 energy = 150 keV

field oxide

gate oxide

implant BF2 dose = 9 x 1011 cm~—2
energy = 70 keV

deposition polysili thickness = 0.35 pn

spaces = 2 phos = 25 resistivity

in comparison with that of its counterpart. The im-
provement in the on-state characteristics must be due
to the fact that a higher concentration n™-implanted
layer implemented in the drift region results in the
heavy dopant in the drift region, which reduces the
on-resistance of the NCI SOI.

Table 2. TDC performance comparison between the NCI
SOI and a conventional SOI.

Device VB/V  Ron,sp/mf-cm?
NCI SOI Vgs = —25V —188 72

Vgs = —20V 87.8
Conventional SOI Vgs = —-25V =75 90

Vs = —20 V 120

The major nodes of the process flow are depicted
in Fig. 9, and the associated device cross sections are
shown in Fig. 10 for the NCI SOI LDMOS. The NCI
SOI LDMOS was fabricated on a SIMOX substrate.
The nt-regions can form by implanting 2 x 10™* cm ™2
arsenic at 150 keV, followed by annealing with the
same conditions. The thickness of the nT-regions
after masked implantation processing was estimated
as 200 nm. Then the 2-pm silicon layer could be
achieved by using epitaxy technology at 1100 °C with
1 x 10'® cm™2 for 1.8-um thickness. The n-body uses
the phosphorus ion beam implantation process, fol-
lowed by a high temperature drive to create regions
(shown in Fig. 9). So only an additional process of
arsenic implantation before bonding is needed to form
an NCI SOI. Other fabrication processes are fully com-

patible with conventional CMOS/SOI technology.

p-type light doping drift

nt-source drian

implant n' implant arsenic

dose = 5 x 10'® cm~?2

cnergy = 75 keV

implant p+

implant BF2 dose = 3 x 10'% ¢m—2
energy = 70 keV

etch omicont & bpsgflow

deposit al

Fig. 9. Summary of process flow nodes (the node data are simulated by TSUPREM4).
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arsenic

S S | S——

mask

l6=0.2 um

H=0.375 pm
A

P- substrate H

[
|

p-drift epitaxy if,szo.z L
Cace H

1 H

1 _E b ’

P- substrate faupel g
v

Fig. 10. Schematic principle of E-SIMOX NCI SOI tech-
nology: (a) arsenic implantation forms n*-regions; (b) sil-
icon layer epitaxy to 2 pm.

4. Conclusion

A —188 V P-channel LDMOS is proposed. The
NCI SOI effectively utilizes the enhancement effect
of the additional self-adapted positive charges on the
electric field of the dielectric buried layer to increase
the breakdown voltage. Compared with the conven-
tional SOI with the same tg, t1, and Lq, Vg increases
by 150.67%. The Ey = 502.3 V/um is obtained on a 2-
pum-thick SOT over a 0.375-pm-thick buried layer, and
Ron,sp is reduced by 20% in comparison with those
of the conventional SOI LDMOS. This result, cou-
pled with the CMOS-compatible fabrication process,
makes the NCI SOI-LDMOS a competitive device for
SPIC applications.
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