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Abgract : As the thickness of an SOl layer varies ,a minimum breakdown voltage is reached when the thicknessis a
bout 21 m. The vertical electric field of the SOl LDMOSwith a drift region which is verticaly linearly graded is con-
stant. The verticaly linearly graded concentration drift can be achieved by impurity implanting followed by thermal

diffusion. In this way ,the vertical breakdown voltage of SOl LDMOSwith 21 m thickness SOI layer can be improved

by 43 %. The on-state res stance is lowered by 24 % because of the higher impurity concentration of the SOI surface.
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1 Introduction

Slicon on insulator (SOI) has emerged as a
technology for fabricating power integrated circuits
(PICs) because the buried oxide (BOX) provides
an effective way of isolating the low-power CMOS
from the power devices. PICs fabricated in thick-
film SOl (>1@ m) are complex and expensive be-
cause of the difficulty in etching trenches to isolate
the devices" *'. It has been reported that high per-
formance PICs can be fabricated in thinfilm SOI
(< 21m) in which the device can be isolated by
L OCOS (local oxidation of silicon)*®. In these re-
ports,the vertical breakdown of the device was
neglected for the low vertical ionization integration
of the thin SOI layer.

In this paper ,an analytical model is developed
to study the vertical breakdown of LDMOS (lateral
double-diffused MOS) . According to this model ,
LDMOSwith adrift regionin which the concentra
tion is vertically linearly graded is proved to have a
maxi mum vertical breakdown voltage. A novel RE-
SURF SOI LDMOS with a vertically linearly gra-

Received 21 May 2005

Article ID : 0253-4177(2005) 12-2286-04

ded concentration drift based on CMOS technology
is proposed. Compared to that of traditional LD-
MOS , the breakdown voltage of the novel deviceis
improved by 43 % and on-state resistance is low-
ered by 24 %.

2 Analytical model

Figure 1 shows the cross section of the SOI
LDMOS. X measures the horizontal position rela
tive to the p-well/ n-drift junction ,and y measures
the vertical postion relative to the top surface of
the SOI layer. The voltage applied to the p-well
and n” substrate is OV. Lq is the lateral distance
between the p-well and the n* drain contact ,while
ts and tx are the thickness of the SOI layer and the
buried oxide ,resgpectively. N(y) is the vertical im-
purity concentration profile across the SOI layer ,
assuming that the lateral impurity concentration
profileis uniform. The electrostatic potentia is de-
noted asWP (x,y) and the electric fieldis E(x,y) =
Ex(x,y)i+ Ey(x,y)j,where Exand E, are the x-
component and y-component of the electric field,
respectively.
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Fg.1 Coordinate system and important device param-
eters of RESURF SOl rLDMOS

The drift region with an impurity concentra
tion that satisfies RESURF technology is depleted
completely when a breakdown voltage is applied to
the drain. Assuming all theimpuritiesin the deple-
ted region are ionized ,Gauss' theorem yields a re-
lation between the impurity concentration and the
electric field:

N(y) =

8“? vV E(x,y)

:84’;—“[—86;(Ex(x,y) +E%Ey(xyy)],

O0< x<LsandO < y<ts (1)
where qisthe magnitude of electric charge§oisthe
permittivity of free space,and€s the relative per-
mittivity of dlicon.

To achieve the highest vertica avalanche
breakdown voltage for a given ts ,the vertical elec
tric field in the depleted region is required to be
vertically uniform,i.e. 0E,(x,y)/ 0y = 0. Also,
the lateral electric field along the axis of symmetry
(x=Lg) in Fig.2 must bezero ,i.e. Ex(La,y) = 0.
A's mentioned above ,the impurity concentration is
assumed to be laterally uniform. With all these
conditions ,we can get

E(X,y) = N (W) (x- 1)

EE€g '

O<x<LsandO < y<t (2

Assuming that the potential at the boundary

of the p-well and n-drift region is zero ,the poten-
tial at x=Lq¢(seenin Fig.2) is given by

WiLay) =N () (3
Differentiating Eq. (3) yields:
dN(y) _&€o  dU(la.y) (4)
dy d o’ dy

By hypothess,the vertical component of the elec
tric field is assumed to be uniform. Therefore,
d¥(Le,y)/ dy =constant. Consequently ,

d‘%‘(;a = constant (5)

Equation (5) revealsthat to get an optimal vertical
electric field and a maximum vertical breakdown
voltage ,the impurity concentration of the drift re-
gion should be vertically linearly graded.

n-drift n’

~pn junction

Buriedoxide

Fg.2 Cross section of a RESURF SOl nrLDMOS
based on a standard CMOS technology created usng a
Tsuprenr4

3 Numerical simulation

Figure 2 shows the cross section of the RE
SURF SOI nrLDMOS based on a standard CMOS
technology ,in which the drift regionisthe SOI lay-
er. The device is created usng a Tsuprenr4. The
thickness of the buried oxidefilmis 2t m. Thefield
oxide film is about 600nm thick. The p-wells are
implanted by using boron with doses of 5 x 10%
Z and an energy of 160keV ,and annealed at
for 1h. To achieve vertical breakdown be-

cm’
1150
fore lateral breakdown ,along drift region of length
2@ m (from pn junction to n* drain) is adopted.
The impurity concentration of the SOI layer should
be caref ully adjusted to satify the RESURF tech-
nology. As the thickness of the SOI layer increa
ses,the impurity concentration needed to satidy
the RESURF technology decreases ( seen in
Fig 4) . Medici smulation results show that all the
devices break down at the interface of the SOI lay-
er and the buried oxide under the drain ,indicating
that they break down vertically. Figure 3 showsthe
breakdown voltage versus the thickness of the SOI
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layer. For thin SOl layers ( <24 m) ,the breakdown
voltage decreases with theincrease of the thickness
of the SOI layer. For thick SOl layers (> 24 m) ,the
breakdown voltage increases with the increase of
the thickness of the SOI layer. The 21 m SOl layer
has the lowest breakdown voltage: about 210V .
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Fig.3 Optima breakdown voltage versus the thick-
ness of the SOI layer
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Fig.4
RESURF technology versus the thickness of the SOI
layer

Impurity concentration of SOI layer satidfying

To get higher vertical breakdown voltage de-
vice in a2l m SOl layer ,theideaintroducedin Sec.
1 was adopted. According to Ref. [5] ,the vertical
impurity concentration profile can be treated as a
linearly graded one if the surface density islow ( <
1x 107 ecm™®) and the diffused junction is deep.
The thickness of the SOI layer of the novel device
is 21 m,and the thickness of the BOX is 21 m. The
phosphorus concentration of the SOI layer is 1 x
10" cm’®. Phosphorus is initialy implanted with
dosesof 2 5 x 10" cm™? ,which are then carefully
adjusted to satify the RESURF technology. The

annealing temperature and time should also be ad-
justed caref ully to achieve a junction depth equal to
the thickness of the SOI layer. As can be seen in
Fig.5 ,the vertical impurity concentration profileis
nearly linear. The breakdown voltage of the novel
device is 297V in the off-state. The phosphorusim-
planting is implemented at the beginning,and no
additional masks are needed. Therefore,the novel
device achieves a 43 % higher breakdown voltage
with no extra cost.
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Fg.5 Vertica phosphorus concentration profilein the

drift region

In the on-state,the vertical component of the
electricfield isin the positive direction ,compelling
the electrons to flow near the interface of the SOI
layer and the field oxide. Therefore,the impurity
concentration near the interface isimportant to the
on-state resistance. The novel device has a lower
on-state red stance due to its high impurity concen-
tration at the interface of the SOI layer and the
field oxide. As shown in Fig. 6 ,the on-state red st-
ance of the novel deviceislower than that of a con-
ventional device by 24. 3 %.

4 Conclusion

The vertical electric field of the SOl LDMOS,
of which the vertical impurity concentration profile
is linear ,is held constant. The vertically linearly
graded concentration of the SOl layer can be a
chieved by impurity implant followed by thermal
diffuson. In this way ,the vertical breakdown volt-
age of SOl LDMOS on the 21 m SOl layer can be
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improved by more than 43 %. The on-state res st-
ance is lowered by 24 %.
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Fig.6 Onrstate redstance characteristics of the novel
nrLDMOS and the conventional rfLDMOS mentioned in
Refs.[4,5]
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