
POWER LDMOS TRANSISTOR  FIELD OF THE INVENTION [0001]
The present invention relates to semiconductor
structures and more  particularly to laterally
diffused MOS transistors (LDMOS), and still more
particularly to  LDMOS transistors designed for low
voltage power management applications. BACKGROUND OF
THE INVENTION [0002] Power MOSFETs (metal oxide
semiconductor (MOS) field effect  transistors (FET))
are used as electric switches for high frequency PWM
(pulse width  modulation) applications such as voltage
regulators and/or as load switches in power
applications. When used as load switches, where
switching times are usually long, cost,  size and
on-resistance of the switches are the prevailing
design considerations. When  used in PWM applications,
the transistors must exhibit small power loss during
switching, which imposes an additional requirement -
small internal capacitances - that  make the MOSFET
design challenging and often times more expensive.
Special  attention has been paid to the Gate-to-Drain
(Cgd) capacitance, as this capacitance  determines the
voltage transient time during switching and is the
most important  parameter affecting the switching
power loss. [0003] Examples of prior art laterally
diffused power MOSFET devices are  provided in U.S.
Patent No. 5,949,104 to D'Anna et al. and U.S. Patent
No. 6,831,332 to  D'Anna et al., the entirety of which
are hereby incorporated by reference herein. Both
devices use thick epitaxial layers to achieve high
breakdown voltage (>60V) required for  the target RF
applications. To minimize the parasitic source
inductance in the assembly,  both devices are designed
on P+ substrates leading the source electrode to the
back side  of the die. The thick epitaxial layer and
P+ substrate result in a high on resistance (Rd,,o")
of the device, which is not acceptable for power
management applications. Also, both  device concepts
lead to a stripe layout of the drain electrode. This
in turn leads to a de- biasing effect known for
lateral devices (voltage drop along a stripe electrode
under high  current conditions) and limits the current
handling capability of the transistor. Further,  the
shield gate introduced in the U.S. Patent 6,831,332 to
D'Anna et al. is laterally 



1 constrained to the space between the gate and the
drain electrodes and is applicable only  to a stripe
layout of the drain electrode. [0004] There remains a
need, therefore, for an LDMOS structure with improved
device performance (Rt,,. and Cgd) as well as improved
manufacturability. SUMMARY OF THE INVENTION [0005] An
LDMOS device is provided comprising a substrate having
a first  conductivity type and a lightly doped
epitaxial layer thereon having an upper surface.
Source and drain regions of the first conductivity
type are formed in the epitaxial layer  proximate the
upper surface, the source and drain regions being
spaced from one another  and having a channel region
of a second conductivity type formed therebetween in
the  epitaxial layer, the channel region extending
under the source region. A conductive gate  is formed
over a gate dielectric layer formed over the channel
region and partially  overlapping the source and drain
regions. A drain contact electrically connects the
drain  region to the substrate and is spaced from the
channel region, comprising a first trench  formed from
the upper surface of the epitaxial layer to the
substrate and having a side  wall along the epitaxial
layer, a highly doped region of the first conductivity
type formed  along the side wall of the first trench,
and a drain plug in the first trench adjacent the
highly doped region. A source contact is electrically
connected to the source region and  provides an
electrical short between the source region and the
channel region. An  insulating layer is formed between
the conductive gate and the source contact. [0006] The
above and other features of the present invention will
be better  understood from the following detailed
description of the preferred embodiments of the
invention that is provided in connection with the
accompanying drawings. BRIEF DESCRIPTION OF THE
DRAWINGS [0007] The accompanying drawings illustrate
preferred embodiments of the  invention, as well as
other information pertinent to the disclosure, in
which: FIG. 1 is an illustration of a LDMOS transistor
according to the present invention;  FIG. 2 is an
illustration of an embodiment of a LDMOS transistor of
the present  



invention having improved field plate effect; 2 FIG. 3
is an illustration of an embodiment of a LDMOS
transistor of the present  invention having a buffer
layer for suppressing short channel effects; FIG. 4 is
a an illustration of an embodiment of a LDMOS
transistor of FIG. 4  having a second buffer layer for
improving the breakdown characteristics of the
improved  transistor; FIG. 5 is an illustration of a
region proximate to a side edge of a semiconductor
substrate having the improved LDMOS transistor formed
thereon; and FIGS. 6-10 show electrical
characteristics of the improved power LDMOS device
obtained by numeric simulation. DETAILED DESCRIPTION
[0008] As used herein, the following dopant
concentrations are distinguished  using the following
notations: (a) N++ or P++: dopant concentration >
5x1019 atoms/cm3; (b) N+ or P+: dopant concentration
of lx1018 to 5x1019 atoms/cm3;  (c) N or P: dopant
concentration of 5x1016 to 1x1018 atoms/cm3;  (d) N-
or P-: dopant concentration of 1x1015 to 5x1016
atoms/cm3;  (e) N-- or P--: dopant concentration <
1x1015 atoms/cm3. [0009] FIG. 1 is an illustration of
an embodiment of an improved power  transistor, more
specifically and improved LDMOS transistor 10. In
exemplary  applications, the transistor 10 is used as
a switch in a voltage regulator of a power supply
for, for example, a server or desktop computer or in a
DC/DC converter for general use.  [0010] Specifically,
FIG. 1 illustrates an improved n-channel LDMOS device.
The transistor structure 10 includes a semiconductor
substrate 12, which, in the illustrated  embodiment,
is preferably a highly doped (N+) silicon wafer doped
with arsenic or  phosphorous, for example. Highly
doped (N+) substrates have lower resistances than P+
substrates, although in alternative embodiments, the
substrate 12 may be P+ doped. A  drain electrode (not
shown) is coupled to the bottom surface of substrate
12 when the  



transistor structure 10 is packaged. In an exemplary
embodiment, substrate 12 has a  thickness of less than
or equal to about 3 mils (76.2 m), thereby providing a
very low  resistance contact to the drain electrode
and minimizing the contribution of the substrate 3 to
the on-resistance of the transistor. The substrate can
be grinded and etched, or  otherwise formed, to this
desired thickness. Such processes would typically be
done  toward the end of the processing of the
substrate wafer. [0011] A lightly doped silicon
epitaxial layer 14 is formed over the substrate 12
and has an upper surface 15. In certain embodiments,
the epitaxial layer 14 can have  dopants of N (arsenic
or phosphorous) or P (boron) dopant type and a dopant
concentration of N-, N--, P- or P--. In one
embodiment, the epitaxial layer has a  thickness
between about 1.5 to 3.5 m. [0012] The doping of the
epitaxial layer is usually much lower than the doping
concentration of the implanted source/drain regions.
On the other hand, in case of  devices with vertical
current flow, the background doping of the epitaxial
layer is  preferably as high as possible in order to
reduce the on resistance between the drain and  source
(Rds,on) while being just low enough to meet the
targeted breakdown voltage of  the transistor. With
the present device, however, the original doping of
the epitaxial layer  has no effect on the resistance
of the device because current flows through the
vertical  drain contact region 22, and the doping
concentration can be kept very low, below 5x1016
atoms/cm3, and more preferably at or below 2x 1016
atoms/cm3, for example. [0013] A conductive gate
overlies the upper surface 15 of the epitaxial layer
14.  In the embodiment illustrated in FIG. 1, the
conductive gate comprises a lower doped  polysilicon
layer 30 with an upper silicide layer 32 formed
therein or thereover by  processes familiar to those
in the art. Silicide layer 32 can comprise any
transition metal  silicide, and in exemplary
embodiments is selected from the group consisting of
Ti, W  and Co. The conductive gate preferably has a
thickness between about 0.3 to 0.6 m and  a length
defined by the technology generation utilized in its
fabrication, e.g., 0.8 m, 0.5  m, 0.35 m. or 0.25,
etc. The conductive gate is formed over a gate
dielectric 36,  



which preferably comprises SiO2 formed to a thickness
between about 150 to 500 A.  [0014] Region 20 is
formed completely within epitaxial layer 14 and forms
an  enhanced drain drift region. The enhanced drain
drift region is formed abutting or at least  proximate
to the upper surface 15 of layer 14 and has a dopant
concentration N in the  illustrated embodiment. The
enhanced drain drift region 20 increases the
drain-to-source  breakdown voltage of the LDMOS
structure 10. Drain drift region 20 has a lateral 4
dimension between about 0.5 to 1.5 ~uri, and a depth
of between about 0.2 to 0.4 lmi.  The region 20
preferably extends below (i.e., is overlapped by) the
conductive gate  between about 0.05 to 0.15 gm and is
known as lightly doped drain (LDD) structure in  the
literature, such as U.S. Patent No. 5,907,173 to Kwon
et al., the entirety of which is  hereby incorporated
by reference herein. [00151 The LDMOS structure 10
also includes a source implant region 18 having  a
conductivity N+ spaced from the enhanced drain drift
region 20. Source region 18  extends laterally between
about 0.5 to 0.8 gm, has a depth between about 0.15 to
0.3 gm  and also partially underlies the conductive
gate between about 0.05 to 0. 15 lim. A body  region
16 having P-type dopants and having a conductivity of
P concentration is formed  in epitaxial layer 14 and
has a subregion between the source 18 and enhanced
drain  region 20, forming a channel region
therebetween. The body region 16 includes source
contact region 18 and body contact region 26. In
exemplary embodiments, the body  region 16 is formed
to a depth of between about 0.5 to 1.0 gm and
horizontal length  between about 0.8 to 1.5 gm. [0016]
The body contact region 26 has a dopant concentration
P++ greater than  the concentration of the body region
16. In one embodiment, the body contact region 26  is
formed at the base of a shallow trench region 19 and
has a lateral dimension between  about 0. 1 to 0.3 gm
and is formed to a depth between about 0. 1 to 0.3
Jim. The body  contact region 26 provides for a low
resistance contact between the source metal layer 28
(described in more detail below) and the body region
16. Under blocking condition  where the voltage
applied to the drain electrode results in a reverse
bias of the body-to- 



drain PN-junction, the depletion layer or region is
"squeezed" in the vertical direction  between the
contact implant 26 and the doping gradient from the
substrate 12. The  reduced width of the depletion
layer results in a lower source-drain breakdown
voltage,  localizing the place where the breakdown
occurs beneath the contact implant. This, in  tam,
defines the path for the current generated during the
avalanche condition, i.e., when  the electric field at
the body-to-drain PN-junction is so high that it leads
to a generation  of minority carriers by impact
ionization. [00171 A deep trench region 25 (shown
filled with a plug 24) is formed adjacent  enhanced
drain drift region 20 and spaced from the conductive
gate. The trench 25 is 5 formed between the upper
surface 15 of the epitaxial layer 14 to the upper
surface of the  substrate 12. The trench enables the
formation of vertical drain contact region 22
adjacent the sidewalls of trench region 25, which
provides a low resistance path between  the enhanced
drain drift region 20 and substrate 12 (and thus the
drain electrode (not  shown)). In the n-channel
embodiment shown in FIG. 1, the drain contact 22 has a
dopant concentration N+ or higher and is formed by low
angle implantation while trench  25 is open. Trench 25
is then filled with a conductive material (e.g.,
tungsten or doped  polysilicon) or insulative material
(e.g., SiOy) to form plug 24. In one embodiment,
drain contact 22 has a horizontal dimension into
epitaxial layer 14 in the amount of about  0.4 to 0.8
gm. hi other embodiments, the epitaxial layer is very
thin (e.g., 1.5 gm) and  there is no need to etch the
trench. The drain contact is created by a diffused
region(s) of  first conductivity type, created by
multiple implants and extending from the surface to
the  substrate. There is no need for a drain plug in
this embodiment, as no deep trench 25 is  formed.
[00181 The device 10 also includes an insulating layer
34 formed over the source  implant region 15, over the
conductive gate sidewalls and its upper surface, as
well as  over the enhanced drain drift region 20 and
contact plug 24. The insulating layer  preferably
comprises SiO2 or SiONy. It should be understood,
however, that insulating  layer 34 can comprise
several layers of insulating materials collectively
forming  



insulating layer 34. Insulating layer 34 is preferably
formed to a thickness of at least 0.03  gm on the
sidewalls of the conductive gate and at least 0.05 gm
on the top surface of the  conductive gate. In an
exemplary embodiment, insulating layer 34 is formed to
a  thickness between about 0.05-0.15 jim over the
drain region 20. The insulating layer  insulates the
drain and gate regions from the source contact layer
28, described below.  [00191 As is shown in FIG. 1,
device 10 also includes a source contact layer 28,
which preferably comprises conductive material
selected from the group consisting of Al,  Ti/Al,
Ti/TiN/AI or W blanket deposited over the device such
as by CVD (chemical  vapor deposition) or sputtering.
The source contact layer 28 is deposited to fill
shallow  trench 19 to provide a contact between a
source electrode (not shown) and the source  implant
18 as well as provide a short between the source and
body regions 18, 16.  Source layer 28 extends over
insulation layer 34, over the conductive gate and over
the 6 drain implant region 20 and drain plug 24. In
one embodiment, the source metal layer 28  has a
thickness defined between the upper surface 15 of the
epitaxial layer 14 and its  upper surface 29 between
about 1.0 to 5.0 gm. 100201 When the device 10 is
turned "on," the conduction current flows through  the
source metal 28, laterally through the channel
underneath the gate to the drain contact  region 20
and then vertically along the vertical, highly doped
drain contact 22 though the  substrate 12 to the drain
electrode (not shown) placed at the bottom side of the
device 10.  [00211 The source contact structure 28 of
FIG. I provides several advantages.  First, a single
layer of metal can serve as a source contact and a
shield electrode, which  shields the conductive gate
from the drain contact 22 and reduces the capacitance
between the gate and drain (Cgd). There is no need to
form a separate shield gate nor is  there a need to
separately connect the shield gate to the source. The
manufacturability of  the device is thereby greatly
improved. [00221 Further, the drain-source resistance
(Rsd) is optimized by the use of an N+  substrate. As
those in the art will recognize, n-channel devices
designed for RF  applications are typically formed on
P+ substrates because it is important to have the  



source electrode at ground potential at the bottom of
the die. Although n-channel devices  may be preferred
for their lower channel resistance compared to
p-charmel devices, the p- doped substrates of the
prior art provide much higher resistances than
n-substrates, often  2 to 3 times higher. The present
device 10, however, provides an n-channel device on a
low resistance n-doped substrate. [00231 An exemplary
method of forming device 10 is now described. Certain
details which will be readily apparent to those in the
art are eliminated so as to avoid  obscuring the
present invention. Substrate 12 is provided with a
pre-defined N+ dopant  concentration. Epitaxial layer
14 having dopant concentration of N-or P- is next
formed  over the upper surface of the substrate 12. A
first trench is etched through the epitaxial  layer
after depositing and patterning of a thin oxide layer
used as a dedicated drain  contact mask. The side
walls of the trench are N+ doped with a 7 degree
implant of a  suitable dopant, preferably Phosphorous
or Arsenic, to form the drain contact regions.  The
first trench is filled with a material to form the
drain plug. In one embodiment, the 7 trench is filled
with N+ doped polysilicon. Next, the polysilicon is
etched back to a level  slightly below the surface of
the epitaxial layer and the oxide mask is removed.
100241 After forming the drain contact and plug
regions in the epitaxial layer 14,  a thin gate oxide
layer is formed over the upper surface 15 of the
epitaxial layer. Next, a  layer of polysilicon is
deposited and etched to form a polysilicon gate.
Silicide layer 32  is then formed using the well know
salicide process or a silicide layer is deposited over
the polysilicon layer and etched therewith to form the
stacked polysilicon/silicide  structure shown in FIG.
1. Following the formation of silicide layer 32,
P-body or N- enhanced drift regions are formed by
masked implantation of respective dopants and  thermal
diffusion steps. The side spacers adjacent the
conductive gate can be separately  formed using a
known side wall spacer process if necessary. For
example, an oxide layer  can be deposited and etched
back with an anisotropic reactive ion etch (RIE). The
N+  source region is formed by implantation of Arsenic
using a patterned photoresist as a  mask. 



[00251 Next, shallow trench 19 is patterned and etched
to the desired depth,  followed by formation of
implant region 26. An oxide layer 34 is deposited over
the  upper surface 15 and conductive gate to the
desired thickness. Finally, a metal layer is
deposited over the entire structure to form source
contact 28. The original substrate is  then thinned to
a desired thickness and a backside metal (not shown)
is deposited to from  the drain electrode. The device
is then packaged and tested. [00261 FIG. 2 illustrates
a second embodiment 10A of the improved LDMOS  device.
The device 10A is identical in all respects to the
device 10 of FIG. 1, and like  features are identified
by like reference numbers, except for modified
insulation layer  34A and modified source metal layer
28A. It should be understood that source metal  layer
28A is modified only in so much as it is deposited
over modified insulation layer  34A. In the regions
proximate to the drain implant region 20 and drain
plug 24, modified  insulation layer 34A has two
thicknesses. More specifically, modified insulation
layer  34A has a thicker region designated generally
at 35 formed over drain plug 24 and parts  of drain
region 20 and a thinner portion 37 formed over drain
region 20 and between the  thicker portion 35 and the
gate. In one embodiment, the length of the thin oxide
region  37 amounts to about V2 to Y4of the distance
between the gate 30 and the drain plug 24. In. 8 an
exemplary embodiment, the thickness of thinner portion
37 is between about 0.05- 0.15[mr. and the thickness
of the thicker portion 35 is between about 0.2-0.5~tm.
The  improved insulation layer 34A can be formed first
by etching a thicker, oxide layer  deposited after the
formation of the drain plug region. The thin oxide
region 37 is  deposited after gate formation and its
thickness is adds to the final thickness of the region
34A, including portion 3 5. 100271 In the embodiment
of FIG. 2, not only does the source metal layer 28A
provide a contact to the source and body regions and a
shield between the gate and the  drain contact, it
provides for better optimization of the field plate
effect. The thin oxide  region 37 makes the field
plate effect very effective at the gate comer by
pushing the  depletion layer away from the PN-junction
between the body region 16 and the drain 20.  



If the thin oxide were to extend laterally to cover
all of the drain region 20 and the drain  plug 24, a
high electric field peak would be located at the N-N+
drain contact comer.  Making the oxide thicker at 35
relieves the electric field between the source metal
and the  drain contact region 22. The doping and the
length of the drain region underneath the  field
plate, the position of the oxide step and the oxide
thickness can be optimized for a  given breakdown
voltage target. As an example, the design of this
portion of the  transistor can be as follows for a
target breakdown voltage of 20V: - total gate to drain
plug distance 0.8 - 1.2 gm;  - length of the thin
oxide region 0.5 - 0.8 gm; - thickness of the thin
oxide region 0.06 - 0.1 Rm; - thickness of the thick
oxide region 0.2 - 0.3 ~tm; and - the dose and the
energy of the LDD implant 5x 1012 to 7x 1012 atoMS/CM2
and 80 to 150 keV. [00281 FIG. 3 illustrates another
alternative embodiment 1013 of the LDMOS  device of
either FIG. I or FIG. 2. The device I OB of FIG. 3 is
identical to the devices 10,  IOA except in the
following respects: the depth of body implant region
16B is reduced  and first buffer region 38 is provided
between body region 16B and substrate 12. In an
exemplary embodiment, first buffer region 38 comprises
a layer of silicon doped with p- dopants at a
concentration equal to or greater than the dopant
concentration of the body  region 16B. The buffer
layer 38 abuts the sidewalls of vertical drain contact
22, and is 9 preferably formed to a thickness between
about 0.3 to 0.6 ~Lnr. In one embodiment, the  buffer
layer 38 is formed by deep implantation of Boron into
the epitaxial layer 14. In  the embodiment 1013 from
FIG. 3, this deep implantation is performed after the
patterning of the thick oxide 34A, before the
formation of the gate. The buffer layer 38  serves to
suppress the well documented short channel effects by
helping to ensure that the  depletion region does not
reach too far into the channel. [00291 In the
embodiment of FIG. 3, the breakdown location is still
dependent in  part on the thickness of epitaxial layer
14 and on the doping concentration of the  



substrate 12. Turning to the embodiment IOC of FIG. 4,
the buffer layer 38 is replaced  with thinner p-buffer
layer 38C and second buffer layer 40 having dopant
concentration  N. In this double deep implant buffer
construction, the breakdown location is
advantageously located at or around the P-N junction
between buffer layer 38C and  buffer layer 40, making
the breakdown location largely independent of the
thickness of  the epitaxial layer and the dopant
concentration of the substrate 12. The deep
implantation of N dopants (preferably Phosphorous) to
form the second buffer layer 40 is  performed at the
beginning of the process flow, after the deposition of
the epitaxial layer  14. [00301 FIG. 5 illustrates the
edge termination at the peripheral cells of the device
of FIG. 2, so no gate is shown. The structure of the
edge termination is important from a  design
perspective because it closes the P-N junction in a
manner assuring the target  breakdown voltage. The
illustrated edge termination region surrounds the
active area of  the transistor(s) created by P-well
16. It should be understood that a single die can have
a  plurality of identical transistor cells as
described above fabricated in parallel and  operating
as a single transistor in, for example, a power
switch. The source metal 28A  extends beyond the
P-well 16 and acts as a field plate (which affects the
breakdown  voltage in this region of the device), as
described above in connection with FIG. 2. The
insulation layer underneath the field plate portion of
layer 28A (again illustrated by  reference number 35)
has a thickness between about 0.2-0.5 gni like thicker
oxide portion  35 of insulation layer 34A shown in
FIGS. 2-4. The drain plug 24 is formed at, or
proximate to, the edge of the singulated die having
the transistor formed therein, i.e., the  die is
singulated from adjacent dies on a wafer at or
proximate to the drain plug 24. The 10 edge
termination region ends with drain plug 24 separating
the transistor from the edge of  the singulated. die.
This illustrated structure is the natural consequence
of the formation  of the structure of FIG. 2. [00311
In a preferred embodiment, the background doping of
the epitaxial layer is  IXIO16 atoms/cm3, the P-well
16 is formed by overlapping deep buffer 38 and body 16



implantations and the distance between the P-well and
the drain plug is 1.5 Rm. This  edge termination can
support breakdown voltages higher than 35V. 100321 In
an exemplary application, the improved power LDMOS
device is  fabricated in parallel with a plurality of
other similarly structured devices and packaged  for
use as a power transistor in, for example, a DC/DC
voltage regulator. 100331 FIGS. 6-10 show electrical
characteristics obtained bynumeric simulation  of a
20V device 10 of FIG. 4 with an active area of I mm2
designed for a maximum  breakdown voltage of 20V and a
maximum allowed source-to-gate voltage of 12V, with a
gate thickness of 300A. FIG. 6 shows drain current as
a function of the drain voltage at  Vgs equal to 2.0,
2.5, 3.0, 4.0 and 5.0 volts. The flat Ids curve in
saturation region (Vds  > IV) shows the transistor is
free of short channel effects. [00341 FIG. 7 shows the
resistance of a device with an active area of I mm2
calculated as a function of the gate voltage for the
drain voltage of O.IV. It can be seen  that the
resistance predicted for Vgs equal to 4.5V is about 13
mK2*rxun2, whereas the  resistance of similar devices
in the art is higher than 20 mK2*MM2. [00351 FIG. 8
shows the drain current as a function of the gate
voltage for a drain  voltage of 5V. It can be seen
that the threshold voltage of the transistor is kept
at a low  value below 1.5V, which is advantageous for
power applications. In contrast, modem  power MOSFETs
with short channel lengths usually result in a much
higher threshold  voltage of more than 2.2V to keep
the device free of short channel effects. [00361 FIG.
9 shows the capacitances Ciss, Coss and Crss as a
function of the  drain voltage, where Ciss is the
input capacitance (Cgs + Cgd), Coss is the output
capacitance (Cds + Cdg) and Crss is the feedback
capacitance (Cdg). Cdg is very close  to Cgd,
depending on to what terminals the source signals are
applied and at what  terminals the response signals
are measured. Generally speaking, the proposed device
has  smaller capacitances than the commercially
available products. Particularly, the feedback 11
capacitance Crss (approximately equal to Cgd) is
smaller by a factor of 5 than similar  existing power
MOSFETS. 



100371 Finally, FIG. 10 shows a gate charge curve. It
can be seen from the curve  that that a gate voltage
of 5V can be reached by charging the gate with only
2.2nC/mM2 .  This is a very low charge providing an
accepted figure of merit of  Rds(Vgs=IOV)*Qg(VS=5V) of
22 m.Q*nC, whereas the similar devices in the art
result  in values higher than 50 rn.Q*nC. 10038] As
set forth above, an improved power LDMOS device is
provided having  an n-channel transistor formed over a
low resistance N-substrate. The device exhibits  low
on-resistance (Rd,-m) by lowering the resistive
contribution of the substrate and low  Cgd capacitance
by minimizing the electrostatic coupling between the
gate and drain  electrodes. In embodiments, the source
contact extends over gate and drain regions,  thereby
providing a high current capability. [00391 Although
the invention has been described in terms of exemplary
embodiments, it is not limited thereto. Rather, the
appended claims should be construed  broadly to
include other variants and embodiments of the
invention that may be made by  those skilled in the
art without departing from the scope and range of
equivalents of the  invention. 12 What is claimed is:
1. A lateral metal-oxide-semiconductor transistor
device comprising: a substrate having a first
conductivity type having a lightly doped epitaxial
layer  thereon having an upper surface; source and
drain regions of the first conductivity type formed in
the epitaxial  layer proximate the upper surface, said
source and drain regions being spaced from one
another and having a channel region of a second
conductivity type formed therebetween  in said
epitaxial layer, said channel region extending under
said source region; a conductive gate formed over a
gate dielectric layer formed over said channel  region
and partially overlapping said source and drain
regions; a drain contact electrically connecting said
drain region to said substrate and  spaced from said
channel region comprising: 



a first trench formed from the upper surface of said
epitaxial layer to said  substrate and having a side
wall along said epitaxial layer; a highly doped region
of said first conductivity type formed along said
side wall of the first trench; and a drain plug in
said first trench adjacent said highly doped region; a
source contact electrically connected to said source
region and providing an  electrical short between the
source region and the channel region; and an
insulating layer formed between said conductive gate
and said source contact. 2. The device of claim 1,
farther comprising a second trench formed adjacent
said  source and channel regions and extending into
said channel region, wherein said insulating layer
extends along sidewalls of said conductive gate,  over
said conductive gate and over said drain region, and
wherein said source contact comprises a layer of
conductive material deposited in  said second trench
and over said insulating layer. 3. The device of claim
2, wherein said layer of conductive material has a
generally  planar upper surface and covers said
conductive gate and drain region. 13 4. The device of
claim 2, wherein said insulating layer has a thickness
between  about 0.05 to 0.15 gm over said drain region,
whereby said source metal shields said  conductive
gate from said drain contact. 5. The device of claim
2, wherein said insulating layer comprises a first
portion over  said drain region and a second portion
over said drain plug, said second portion being
thicker than said first portion. 6. The device of
claim 5, wherein said first portion has a thickness
between about  0.05 to 0.15 m and said second portion
has a thickness between about 0.2 to 0.5 m. 7. The
device of claim 2, wherein said insulating layer has a
thickness along  sidewalls of said conductive gate
greater than about 0.03 m and a thickness over a top
surface of said conductive gate greater than about
0.05 gm. 8. The device of claim 1, further comprising
a first buffer region of said second  



conductivity type formed between said substrate and
said channel region, said first buffer  having a
conductivity greater than or equal to the conductivity
of said channel region. 9. The device of claim 8,
further comprising a second buffer region of said
first  conductivity type formed between said first
buffer region and said substrate. 10. The device of
claim 9, wherein said first and second buffer regions
are implant  regions formed in said epitaxial layer.
11. The device of claim 2 further comprising a highly
doped region of said second  conductivity type formed
in said channel region proximate a bottom of said
second  trench. 12. The device of claim 1, wherein
said drain plug comprises a conductive material. 14
13. The device of claim 1, wherein said drain plug
comprises an insulating material. 14. The device of
claim 2, further comprising an edge termination region
surrounding  the active area of said transistor and
separating said transistor from an edge of a die
having said transistor formed thereon, said edge
termination region comprising a well  region of the
second conductivity type formed in said epitaxial
layer, wherein said layer of conductive material
extends beyond said well region and  over said
insulating layer; and wherein said drain plug is
formed at or proximate to said edge of the die. 15.
The device of claim 1, wherein said substrate has a
thickness of less than or about  76 gm. 16. The device
of claim 1, wherein said first conductivity type is N
conductivity type  and said substrate has a highly
doped concentration. 17. A lateral
metal-oxide-semiconductor transistor device
comprising: a highly doped semiconductor substrate
having a N conductivity type and having  a lightly
doped epitaxial layer thereon having an upper surface;
source and drain regions of the N conductivity type
formed in the epitaxial layer  proximate the upper
surface, said source and drain regions being spaced
from one another  and having a channel region of a P
conductivity type formed therebetween in said  



epitaxial layer, said channel region extending under
said source region; a conductive gate formed over a
gate dielectric layer formed over said channel  region
and partially overlapping said source and drain
regions; at least one buffer layer having a dopant
concentration equal to or greater than  said channel
region formed between said channel region and said
substrate; a drain contact electrically connecting
said drain region to said substrate and  spaced from
said channel region comprising: a first trench formed
from the upper surface of said epitaxial layer to said
substrate and having a side wall along said epitaxial
layer; 15 a highly doped region of said N conductivity
type formed along said side wall of the first trench;
and a drain plug in said first trench adjacent said
highly doped region; an insulating layer extending
along sidewalls of said conductive gate, over said
conductive gate and over said drain region, said
insulating layer comprising a first portion  over said
drain region and a second portion over said drain
plug, said second portion  being thicker than said
first portion; and a source contact electrically
connected to said source region and providing an
electrical short between the source region and the
channel region, said source contact  comprising a
layer of conductive material deposited over said
insulating layer and in a  second trench formed
adjacent said source and channel regions and extending
into said  channel region. 18. The device of claim 17,
wherein said at least one buffer region comprises
first  buffer region of said P conductivity type
formed between said substrate and said channel
region, and a second buffer region of said N
conductivity type formed between said first  buffer
region and said substrate. 19. The device of claim 17,
further comprising a highly doped region of said P
conductivity type formed in said channel region
proximate a bottom of said second  trench. 



20. The device of claim 17, further comprising an edge
termination region  surrounding the active area of
said transistor and separating said transistor from an
edge  of a die having said transistor formed thereon,
said edge termination region comprising a  well region
of the second conductivity type formed in said
epitaxial layer, wherein said layer of conductive
material extends beyond said well region and  over
said insulating layer; and wherein said drain plug is
formed at or proximate to the edge of the die. 16 21.
A lateral metal-oxide-semiconductor power transistor
device comprising: a substrate having a first
conductivity type having a lightly doped epitaxial
layer  thereon having an upper surface; source and
drain regions of the first conductivity type formed in
the epitaxial  layer proximate the upper surface, said
source and drain regions being spaced from one
another and having a channel region of a second
conductivity type formed therebetween  in said
epitaxial layer, said channel region extending under
said source region; a conductive gate formed over a
gate dielectric layer formed over said channel  region
and partially overlapping said source and drain
regions; at least one buffer layer having a dopant
concentration equal to or greater than  said channel
region formed between said channel region and said
substrate; a drain contact electrically connecting
said drain region to said substrate and  spaced from
said channel region comprising a highly doped vertical
implant region of  said first conductivity type formed
in said epitaxial layer; a source contact electrically
connected to said source region and providing an
electrical short between the source region and the
channel region; and an insulating layer formed between
said conductive gate and said source contact. 17 


