
TRENCH TRANSISTOR BACKGROUND [0001]Lateral Double-Diffused (LD) transistors
have been widely employed in high voltage applications. The performance of
the LD transistors d s on the drain-to-source on-resistance (Rds"") as well
as breakdown voltage. For example, low Rds"" results in high switching
speed while high breakdown voltage increases voltage capabilities.
[0002]Conventional techniques in achieving high breakdown voltage result in
an increased distance between the drain and the gate. This, however,
concomitantly increases undesirably decreasing the switching speed,
[0003]The disclosure is directed to transistors with fast switching speed
and high breakdown voltage. SUMMARY [0004]A method of forming a device is
disclosed. In ont. embodiment,he method includes providing a substrate
defined with a device region. The method also includes forming a buried
doped rethon in the substrate in the device region. The method further
includes forming a gate in a trench in the substrate in the device region.
A channel of the deviceposed on a sidewall 



of the trench. The buried doped region is disposed below the gate. A
distance from the buried doped region to the channel is a drift length Lo
of the device. The method further includes forming a surface doped region
adjacent to the gate. [0005]In one embodiment, a method of forming a
semiconductor device is disclosed. The method includes providing a
substrate defined with a device region. The method also includes providing
first and second device doped wells egion. The first device doped well
includes first polarity type doparfts and the second device doped well
includes second polarity type dopants. The first device doped well has a
depth greater than the second device doped wel The method also includes
forming a buried doped region in the second device doped well. The  method
further includes forming a gate in a trench in the substrate in the device
region. A channel of the device is disposed on a sidewall of the trench.
The buried doped region is disposed below the gate. The distance from the
buried doped region to the channel is a drift length 1.30 of the device.
The method further includes forming a surface doped region adjacent to the
gate. 100061In yet another embodiment, a semiconductor device is disclosed.
The semiconductor device includes a substrate defined with a device region.
The semiconductor device also includes a buried doped region in the
substrate in the device region. The semiconductor device further includes a
gate in a trench in the device region. A channel of the device is isposed
on a sidewall of the trench. The buried doped region is disposed below the
gate. A distance from the buried doped region to the channel is a drift
length Le of the semiconductor device. The semiconductor device further
includes a surface doped region adjacent to the gate, 100071These and other
advantages and features of the embodiments herein disclosed, will become
apparent through reference to the following description and the
accompanying drawings. Furthermore, it is to be understood that the
features of the various embodiments described herein are not mutually
exclusive and can exist in various combinations and permutations. BRIEF
DESCRIPTION OF THE DRAWINGS 100081In the drawings, like reference
characters generally refer to the same parts throughout 



the different views. Also, the drawings are not necessarily to scale,
emphasis instead generally being placed upon illustrating the principles of
the invention, hi the following description, various embodiments of the
present invention are described with reference to the -following drawings,
in which: [00091Fig. Ia shows cross-sectional view of an embodiment of a
device; [0010]Fig. lb shows crosssectionai view of another embodiment of a
device; and  device. DETAILED DESCRIPTION [0012]Embodiments generally
relate to semiconductor devices, Some embodiments relate to devices, such
as low power-loss buck and boost regulators, power amplifiers and power
management circuits. Such devices, for example, can be incorporated into
standalone devices or ICs, such as microLontrollers or system on chips
(Saes). The devices or ICs can be incorporated into or used with, for
example, electronic products, such as speakers, computers, cell phones, and
personal digital assistants (PDAs). 10013]la shows a cross-sectional view
of an embodiment of a device 100. The cross- sectional view, as shoes the
device along a channel length Lc. The device, as shown, is formed in a
device region 110 defined on a substrate 105. The substrate, for example,
is a semiconductor substrate, such as a silicon substrate. In one
embodiment, the substrate may be a p-type doped substrate. For example, the
p-type doped substrate is a lightly p-type doped substrate. Other types of
semiconductor substrates may also be useful. For example, the substrate may
be a silicon germanium, gentian' , gallium arsenide, or
crystal-on-insulator (C01) such as silicon-on-insulator (SOD. The substrate
can be a doped substrate. The substrate may be doped with p-type or n-type
dopants. The doped substrate may be a lightly doped substrate, Providing a
substrate with other types of dopanis or concentrations lauding an undoped
substrate, may also be 



100141The device may include dope regions or wells having different dopant
concentrations. For example, the device may include heavily doped,
intermediate doped and lightly doped regions. The doped regions may be
designated by xl, x and xt, where x indicates the polarity or the doping,
such as p-type or n-type, and: x- = lightly doped;  x = intermediate doped;
and -t x = heavily doped. A lightly doped region has a dopant concentration
of less than about 5E13/ 3intermediate doped region has a dopant
concentration of about 5E13 - 5E15/cm3, and a heavily doped region has a
dopant concentration of more than about 5E15A,-tri3. P-type clop,elude
boron (B). aluminum (Al), indium (In) or a combination thereof, while
n-type dopants may include phosphorus (P), arsenic (As), antimony (Sb) or a
combination thereof 100151Isolation regions 180 may be provided for
isolating or separating different regions of the substrate. In one
embodiment, the device region is isolated from other regions or device
regions by a device  isolation region 180a. For example, the device
isolation region surrounds the device region. The isolation region, -for
example, is a shallow trench isolation (STI) region. Other types of
isolation regions may also be employed. For example, the isolation region
may 



be a deep trench isolation (D-ro region. The isolation regions, for
example, extend to a depth of about 4000 A. Providing isolation regions
which extend to other depths, such as 0.5 - 10 pm for DTI regions, may also
be useful. In one embodiment, the width of the isolation region is about
0.3 pm. Providing isolation regions having different depths and widths may
also be usethl. [00161In one embodiment, first and second device doped
wells 112 and 114 are disposed in the substrate Which encompass the device
region. The second device doped well, in one embodiment, is disposed within
the first device doped well. For example, thedevice doped well has a depth
greater than the second device doped well. In other embodiment, the first
device doped well is disposed substantially within the device region. The
first device doped well, for example, extends to a depth of about 3 - 5
pin. The depth, for example, is deteimined by device breakdown voltage and
isolation requirements. For example, the depth of the second device doped
well and the relative depth of the first device doped well with respect to
the second device doped well should achieve the desired breakdown voltage
and isolation requirements.  Providing the first device doped well of
different depth may also be useful. In one embodiment, the first device
doped well has .first polarity type dopants while the second device doped
well has second polarity type dopants. 100171The second device doped well,
in one embodiment, serves as the body well of a first polarity type device.
The second device doped well may be doped with second polarity type
dopants. For example, the dopant concentration of the second device doped
well may be about 5E12 - 1E131em3. The first device doped well, for
example, serves as a drift well for the first polarity type dopauts. The
drift well isolates the body from the substrate and lightly doped drain
extension to provide high breakdown voltage. The first device doped well
may be lightly doped with first polarity type dopants. For example, the
dopant concentration of the first device doped well may be about 1 --- 5
El2iem3. In the case of a fl-type device, the first device doped well may
he - and the second device doped well may be p-. [00181An internal device
isolation region 180h may be provided to separate the device 



region into sub-regions. The internal device isolation region may he used
to provide separate sub-regions for different types of doped regions, such
as surface diffusion regions. For example, the internal device isolation
region provides a body region between it and the device isolation region
for a body contact region 175 to bias the econd device doped well. The body
contact region, for example, is heavily doped with second polarity type
dopants. 100191The internal device isolation region, for example, may be
provided on one side of the device region. As shown, the internal device
isolation region may be disposed in the device region along the direction
of the width of the gate. Providing the internal device isolation region in
a direction which is perpendicular to the width of the gate may also be
useful. In some embodiment, two internal device isolation regions may be
provided to provide two body contact regions. Alternatively, the internal
device isolation region may he surrounded by the device region. Other
arrangements or configuration of the internal device isolation regions may
also be  useful. For example, more than two device isolation regions may be
provided. In other embodimentsal device region is provided. For example,
abutting body contact and source regions may be employk,d. In some
applications, no body contact region is needed for an unbiased body well.
[0020]A transistor region 116 is provided in the device regio.n for a
transistor 120. The transistor region, for example, is defined by th,
internal device isolation region. For example, in the case where the
internal device isolation region is surrounded by the device isolation
region, the transistor region is within the internal device isolation
region. In the case where two internal device isolation regions are
provided, the transistor region is disposed therebetween. In other
embodiments, such as in the ease of one internal device isolation region
along one direction of the device region, the transistor region is between
the internal isolation region and device isolation region. Other
configurations of tile transistor region may also he useful. [0021]The
transistor includes first and second sourceidrain (S/D) rethons 150 and 160
separated by a gate. The S/D regions are heavily doped regions in the
substrate. In one embodiment, the SID regions are heavily doped regions
with first polarity type dopants. For example, the S/D regions may he n+
doped regions for a n-type device. In one embodiment, the first SID region
is a source and the second SiD region is a drain. Other configurations of
S/D regions may also be useful. [00221The gate, in one embodiment, includes
a gate electrode 140 and a gate dielectric 130. 



The gate dielectric separates the gate electrode from the substrate. The
gate electrode, for example, may be polysilicon. Other types of gate
electrode materials, such as composite materials, may also be usclifi. In
some embodiments, the gate electrode may include multiple gate electrode
layers, foiming a composite gate electrode. For example, die composite gate
thickness (TO of about 1500-4000A. In one embodiment, the gate electrode
may have a thickness (T0) of about 2000k Other gate electrode thicknesses
may also be useful. [0023]As for the gate dielectric, it may be silicon
oxide. Other types of gate dielectric materials may also be useful. For
example,oxynitride. In one embodiment,gate dielectric is a high voltage
gate dielectric. The gate dielectric may be about 100-1000A thick. Other
gate dielectric thicknesses may also be useful. The gate dielectric
thickness, for example, may depend on theoltage at the gate (irns).
[0024]The transistor, in one embodiment, is a trench transistor. The trench
transistor includes a gate disposed in a trench in a substrate. The gate
dielectric lines the trench sidewalls and a portion of the bottom of the
trench, separating the gate electrode from the substrate. The trench has a
depth Dr. The depth Dr, in one embodiment, is deeper than the interface of
the first and second device doped wells. For example, the trench extends
pass the second device doped well into the first device doped well. The
depth DT should be sufficient for the gate electrode to extend into the
first device doped well. The depth DT, for example, may be about 0.3 pm
deeper than the interface of the device doped wells. Providing DT having
other depths relative to the interface of the device doped wells may also
be useful. [0025jThe trench sidewall adjacent to the gate forms a channel
of transistor. In one embodiment, the trench sidewall adjacent to the gate
from the surface of the substrate to the interface of the device doped
wells forms the channel of the transistor. The channel length Lc is the
distance from the surface of the substrate to the interface of the device
doped wells. The channel length Lc for example, may be about 0.3 - 3 pm.
Other channel lengths may also be useful. 'The channel length, for example,
is determined by the reversed bias voltage across the drain and source
(Mims) and the drain-to-source on-resistance (Rds.). 100261A first S/D
region is located on the surface of the substrate adjacent to the gate. The



first S/D region has a depth of about 2000 A. Other depths may also be
useful. In one  embodiment, the first SID region is disposed betweLn the
inttxnal device isolation region and the gate. Disposing the first S/D
region at other cations may also be useful. 100271A second SID region is
disposed in the substrate below the gate, forming a buried SID region. The
second SID region is vertically displaced or offset from the channel of the
transistor. For example, the second SID region is disposed at a depth
greater than the interface of the first and second device doped wells and
within the first device doped veii. In one embodiment, the second SID
region is disposed at a depth greater than DT. The distance between the
second S/D region and channel (e.g., the interface of the device doped
wells) defines the drift length LD of the transistor. The drift length LD
should be sufficient to block the off-state voltage at the drain terminal,
The drift length L0, for example, may be about 0.5 - 1.5 pm. Other lengths
for LD may also be useful. 100281In one embodimentsecond SR-) region is
vertically and laterally displaced from the gate. In one embodiment, the
second S/D region vertically and laterally displaced from the channel of
the transistor. For example, the second S/D region includes vertical and
lateral displacement components from the channel. As such, LD includes
vertical and lateral displacement components of the second S/D region.
100291The lateral displacement facilitates providing a drain connector 165
for accessing the second S/D region from the surface of the substrate. The
drain connector,thr example, is disposed adjacent to the gate and extends
from the surface of the substrate to the second SID region. The drain
connector includes a conductive material. In one embodiment, the drain
connector includes polysilicon. The drain connector, for example, is
heavily doped with first polarity type dopants. Other types of conductive
materials may so be used to thnn the drain connector. [00301The drain
connector and gate are isolated from each other by a gate insulator. In one
embodiment, gate insulator includes a primary gate insulator 145 and a
secondary gate insulator 



135, The primary gate insulator may be silicon oxide while the secondary
gate insulator may be silicon nitride. The gate insulator may also be
formed with other dielectric materials. Other configurations of the gate
insulator may also be useful. For ixample, the gate insulator may be a
single gate insulator or other number of gate insulators, [00311A
dielectric layer 190 may be disposed over the substrate.understood that
there may be additional layers between the dielectric layer and substrate,
such as, for example, an etch stop layer. The dielectric layer serves as an
interlevel dielectric (ILD) layer. The dielectric layer may be, for
example, silicon oxide. Other types of dielectric materials, such as doped
Si02, Boron-Doped PhosphosiiiGlass (BPSG) or Borophosphosilicate
Tetraethylorthosilicate Glass (BPTEOS), may also be useful for the ILD
[0032]The first S/D region,second S/D region, gate electrode and body
contact region serve as source, drain, gate and body terminals of the
device. Interconnects, which include contacts 195 and conductive lines (not
shown), are provided in the LLD layer. The device may include multiple
interconnect levels. The contacts, for example, provide connections to the
terminals of the device. For example, contacts are provided to the source,
drain, gate and body contact region. [0033]The body terminal is coupled to
a bias voltage source. In one embodiment, the bias voltage source is ground
of OV, Coupling the body terminal to other voltage sources may also be
useful, In one embodiment, the body terminal is commonly coupled to the
source terminal (or first S/D region) of the transistor. [00341The device
region one embodiment, is a symmetrical device region. The device region
isetrical viewed along a thickness direction of thc gate. For example, the
two 



halves of the device region as separated by the dotted line are mirror
images of each other. This produces a symmetrical device, for example,
having two source regions, two body contact regions, two gates and one
drain connector. The device, for example, is a dual gate transistor. In
other embodiments, more than two gates may be provided for the transistor.
Other configurations of the device may also be useful. For example, a
non-symmetrical device may be provided in the device region. [00351As
described, the present device has longer drift region without increasing
device area laterally, allowing the device to operate in lower gate-drain
capacitance (Cdg) and Rdso, regimes. This greatly increases the performance
of the device as well as reliability due to higher Midd. By providing the
source vertically, the gate length is not dependent on lithography
tolerance. Therefore, the scalability of the gate length can be increased
by increasing the trench depth, eliminating the lateral constraints.
Furthennore, the process of fabricating a trench LDMOS device can easily be
integrated into CMOS process without incurring additional fabrication
costs. [00361. lb shows another embodiment of a device 100. The device is
similar to the device shown in Fig. la. As such, conmion elements may not
be described or described iii detail. The device, as shown, includes first
and second transistors II Oarb formed in the device reigon. The first and
second transistors are coupled in parallel to form a finger configuration.
Similar types of terminals of the transistors are commonly coupled to form
a finger configuration. For example, the first SID regions 150 of the
transistors -e commonly coupled, the second Sin regions 160 of the
transistors are commonly coupled, the gates 141 ofsistors are commonly
coupled and the body contacts 175 of the transistors are commonly coupled.
In other embodiments, more than two transistors are coupled in a finger
configuration. Coupling transistors in a finger configuration increases the
drive current of the device. [0037]Figs. 2a-1 show cross-sectional views of
an embodiment of a process 200 for forming a device or IC. Referring to
Fig. 2a, a substrate 105 is provided. The substrate can be a silicon
substrate, such as a lightly p-type doped substrate. Other types of
substrates, including silicon germanium or s o o atm (S01), are also
useful.  



100381As shown in Fig. 2a, a device region 110 is defined on thea ,.
Although one device region is shown, it is however understood that the
substrate may include various types of regions (not shown). For exampl, the
substrate may include other device regions for other types of devices. The
IC may include logic regions in which logic devices are formed. Depending
on the type of IC formed, the logic regions, for example, may include
regions :ler different voltage devices. For example, the logic regions may
include regions for high voltage (Fly) devices, medium ordiate voltage (IV)
devices and low voltage (UV) devices. Other configurations of logic regions
may also be useful. Additionally, other types of device regions may also be
provided. [0039]The device region is separated from other regions by a
device isolation region I 80a. The device isolation region surrounds the
device region. In one embodiment, the device region also includes an
internal device isolation region 180b to separate the device region into
first and second device sub-regions 110a-b. The internal device isolation
region, for example, surrounds the first device sub-region. In one
embodiment, the device isolation region and internal device isolation
region are concentric isolation regions. For example, the second device
sub-region completely mounds the first device sub-region with them
separated by the internal device isolation region. In other embodiments,
the isolation regions are configured to provide a second device sub-region
which partially surrounds the first device sub-region, such as on one, two
or three sides. Other configurations of isolation regions may also be
useful. 100401An internal device isolation region 180b may be provided to
separate the device region into sub -regions. The internal device isolation
region may be used to provide separate sub-:regions for different types of
doped regions, such as surface diffusion regions. The internal device
isolation region, for example, may be provided on one side of the device
region. The internal device isolation may be disposed in the device region
along the direction of the width of  the gate. Providing thernal device
isolation region in a direction which is perpendicular to the width of the
gate may also be useful. 100411In other embodiments, the device region is a
symmetrical device region. The device 



region includes internal device isolation region or regions within the
device isolation region. The internal device isolation region may be an
isolation region disposed concentrically within device region. In some
embodiments, two internal device isolation regions may be provided within
the device isolation region. Other configurations of isolation regions may
also be useful. 100421The isolation regions are, for example, ST1s. Various
processes can be employed to form the ST1 regions. For example, the
substrate can be etched using etch and mask techniques to form trenches
which arc then filled with dielectric materials such as silicon oxide.
Chemical mechanical polishing (CNW) can be performed to remo'e excess oxide
and provide a planar substrate top surface. 0thses or materials can also be
used to form the ST1s. In other embodiments, the isolation may be other
types of isolation regions. The depth of the ST1s may be, for example,
about 3000 - 4500 A. Other depths for the STIs may also be useful. [00431A
first device doped well 112 is formed in the device region. The first
device doped well serves as a drift well for the device. The first device
doped well, in one embodiment, is a deep device doped well The depth of the
first device doped well, for example, may be about 3 - 5 pm. Providing a
first device doped well of other depths may also he useful. For example,
the depth of the first device doped well should be sufficient to produce
the desired drift length I. of the transistor fanned in the device. The
first device doped well is first polarity type dopants for a first polarity
type device. For example, a n-Lype first device doped well is provided for
a n-type device. Forming a p-type first device doped well for a p-type
device may also be useful. In one embodiment, the first device doped well
is a lightly doped well. Other dopant concentrations for the first device
doped well may also be useful.  (0044[A second device doped well 114 is
formed in the device region. The second device doped well serves as a body
well for the first type transistor. The second device doped well second
polarity type dopants. In one embodiment, the second device doped well is a
lightly or medium doped device welt For example, the dopant concentration
of the second device doped well is about 5E12 - 1E13/cm3. Other dopant
concentrations for the second device doped well may also be useful. The
second device doped well, in one embodiment, is formed within the first
device doped well. For example, the second device doped well has a depth
which is shallower than the first device doped well. The depth, for xis
equal to the desired channel length of the transistor which is formed in
the devicone e bodi cut, he depth of the second device doped well is about
0.8 pm. Other depths for die second device doped well may also be useful. 



[0045]To form a device doped well, an implant mask which exposes the device
region is used. The implant mask, for example, is phototesist layer
patterned by a lithographic mask. Since the device isolation region can
serve as an implant mask, this allows for increased processing window for
the patterning process to form the implant mask, Dopants are implanted into
the substrate using the implant mask. The dopants are implanted with the
appropriate dose and power. In some embodiments, a device doped well may be
formed by, for example, perfoiming multiple implants at different energies.
[00461The implant processes used to form the device doped wells may be
compatible or the same as processes used to ti.mi other similar types of
yells in the device. For example, the processes may be compatible with
those used in current CMOS processes for forming similar types of wells.
For example, the first device doped well may be formed at the same time as
the deep doped veg. This allows the same lithographic mask of the current
CMOS implant mask to be used to pattern the implant mask for the first
device mask. For example, the current CMOS implant mask may be customized
to include the first device doped well opening. In other  embodiments, a
separate fIrst device dopedk may be used to specifically tailor the doping
of the first device doped well. In such cases, the same mask can also be
used to form the second device doped well. [0047]An anneal is performed. In
one embodiment, the anneal is perfonned after the first and second device
doped wells are formed. The anneal diffuses the dopants from the implant,
forming first and o d twice doped wells which extend to under the bottom of
the device isolation region. In other embodiments, separate anneals may be
performed for the first and second device doped wells. For example, an
anneal may be performed after forming a doped well. [0048]The isolation
regions, for example, may be formed prior to forming the device doped
wells. In other embodiments, the isolation regions may be formed after
forming the device doped wells. Other configurations of forming the
isolation regions and device doped wells may also be useful. 



[0049]A hard mask layer 223 is formed on the surface of the substrate. The
hard mask layer, in one embodiment, is silicon nitride. The hard mask
layer, for example, may be about 1500 A. thick. A pad layer 221 may be
provided beneath the hard mask. The pad layer, for example, may be silicon
oxide. The pad layer may serve to improve adhesion of the hard mask to the
substrate. The thickness of the pad layer may be about 200 A. Other types
of hard mask layer or combination of hard mask and pad layers may also be
useful. [0050]The hard mask and pad layers are patterned to form an opening
which exposes the substrate surface. The opening corresponds to a trench in
which the gate of the transistor is formed, To pattern the hard mask, a
soft mask, such as photoresist may be used. The resist may be patterned
using a lithographic mask to create an opening. 'To improve lithographic
resolution, an anti-reflective coating (ARC) may be provided beneath the
resist. An anisotropic etch, such as reactive ion etch (RIE), may be
employed to transfer the pattern of the esist to the hard mask.
100511Referring to Fig. 2b, a trench 228 is formed in the substrata In one
embodiment, the trench is formed by a RfE, using the hard mask as an etch
mask. The trench fbmied has a depth DT which is deeper than the interface
of the first and second device doped wells. The depth DT, for example, may
be about 0.3 itit below the interface of the device doped welts, Other
depths relative to the interface of the device doped wells may also be
useful. [0052]The exposed trench walls, thr example, are cleaned. For
example, the trench walls are cleaned to remove any surface damage from the
RIE etch. In one embodiment, the cleaning of the trench walls is performed
by exposure to hydrogen plasma at a temperature in the range from about 200
- 400 'C for a period of from about 5 to about 60 seconds. Other techniques
for cleaning the substrate may also be useful. A thermal process, for
example, thermal oxidation is carried out to deposit an oxide layer on the
trench walls. The oxide layer is removed, for example, by wet etch.
[0053]In Fig. 2c, a gate dielectric layer 230 is foued on the exposed
trench walls. The gate dielectric layer, in one embodiment, is silicon
oxide. Other types of gate dielectric materials, such as SiON, may also be
useful. The gate dielec.ric layer, in onebodiment, is formed by 



thermal process, such as thermal oxidation. For example, the dielectric
layer is formed by a wet oxidation followed by annealing the substrate in
an oxidizing ambient. The temperature of the wet oxidation can be, for
example, about 750 - 900 'C. The annealing can be, for example, performed
at a temperature of about 1000 C. Alternatively, the dielectric layer may
be formed by a partial wet oxidation. The thermal process selectively
folios the gate dielectric layer on the exposed trench walls. Other
techniques for forming the gate dielectric layer ma.y also be useful. The
thickness of the gate dielectric layer may be about 100- 1000 A. Other
thicknesses for the gate dielectric layer may also be useful. [00541As
shown in Fig. 2d, a protective layer 235 is formed on the substrate,
covering the hard mask and gate dielectric layer. The protective layt...r
serves to protect the gate dielectric  layer from damage during subsequent
processing to form the device. The protective layer, for example, is
silicon nitride. Other types of materials which can be selectively removed
with respect to the gate dielectric layer may also be useful. The thickness
of the protective layer may be about 100 - 500 A. Other thicknesses for the
protective layer may also be useful. The protective layer, formay be
flnuied by chemical vapor deposition (CVD). Other techniques for forming
the protective layer may also be useful. [0055]Referring to Fig. 2e,
sidewall spacers 238 are formed on the trench sidewalls. The sidewall
spacers, in one embodiment, are formed from a dielectric material which can
be selectively removed with respect to the protective layer. In one
embodiment, the dielectric material can be selectively removed with respect
to the protective layer and subsequently formed drain connector material.
The sidewall spacers, for examptc, are footled from silicon oxide. Other
types of spacer materials may also he useful. For example, the spacer
material may include silicon nitride. [0056]To form the sidewall spacers, a
sidewall spaLer layer is fomied on the substrate. The sidewall spacer laver
covers the protective layer and littes over the substrate and lines the
trench walls. The s dewall spacer layer, for example, is deposited by CND.
Other techniques for forming the sidcwall spacer layer may also be useful.
In one embodiment, a TEOS layer is deposited on the substrate by CVD. The
thickness of e sidewall spacer layer should equal to the thickness of the
gate electrode and gate insulator layer. In one embodiment, the thickness
of the sidewall spacer layer may be about 3000 A. Other sidewall spacer
layer thicknesses may also be useful. An anisolropie etch, such as an RTE,
is performed to remif'e horizontal portions of the sidewall spacer
layer,fosming sidewall spacers on the trench sidewalls. [0057]The substrate
is etched by an RIE using the sidcwall spacers and hard mask as an etch 



mask. The etch forms a drain connector trench 229 in which the drain
connector is formed, as shown in Fig. 2f. For example, the etch removes
exposed protective layer, gate dielectric and  substrate to form the drain
connector trench. The depth of the drain connector trench should produce
the desired drift length 1,0 between the bottom of the trench and channel.
The depth of the drain connector trench, for example, is about 0.5 - 5 pm
from the surface of the substrate. Other depths for the drain connector
trench may also be useful. [0058]Dopants are implanted into the substrate.
In one embodiment, first polarity type dopants are implanted into the
substrate. The implant forms the doped region at the bottom of the trench,
using the sidewall spacers and hard mask as an implant mask. An anneal is
perfonned to diffuse and activate the dopants to form a buried doped region
160. The buried doped region serves as a buried drain region of the device.
In one embodiment, a buried doped region heavily doped with first polarity
type dopants is formed. For example, the buried doped region has a dopant
concentration of about 5E15/cm3. Forming a buried doped region with other
dopant concentrations may also be useful. The implantation energy can be
carried out at energy in the range of, for example, approximately 30 60
KeV. The implant dose can be, for example, in the range of about E15lem2.
Other implant energies and/or doses may be used to than the buried doped
region. 100591          Referring to Fig. 2g, a drain connector layer 252
is deposited on the substrate. The drain connector layer tills the drain
connector truich and covers substrate   embodiment, the drain connector
layer is poiysilicon. The drain connector layer can be formed as an
amorphous or non-amorphous layer. In one embodiment, the polysilicon layer
is heavily doped with first polarity type dopants to provide electrical
eouplipg to the buried doped region. Various techniques may be employed to
dope the drain connector layer, for example, insitu doping orPlantation. in
one embodiment, the drain connector layer is an insitu doped layer. To form
the drain connector layer, techniques such as CVD can be used. Other
techniques may also be useful. In one embodiment, the drain connector layer
and the gate electrode are preferably the same material.  [0060]In some
embodiments, the drain connector layer and the gate electrode need not be 



the same material. Other types of materials may also be used to form the
drain connector layer. For example, the drain connector layer may include
conductive materials, such as tungsten. [0061]In Fig. 2h, a planarization
process is performed toexcess material of the drain connector layer. In one
embodiment, a polishing process, such as CMP, is performed to remove  the
excess drain connector material over ate surface. Other types of
planarization  processes may also be useful to remove the excess drain
connector material. The planarization process, in one embodiment, produces
a planar top surface between the drain connector layer and hard mask.
Alternatively, an over-polish to the drain connector layer may be employed
to ensure that the excess drain connector material is rutto%ed. The
over-polish, for example, recesses the drain connector material in the
trench below the top surface of the hard mask. [0062]Referring to Fig. 2i,
the sidewall spacers are ream% ed. In one embodiment, the sidewall spacers
ate removed by an isotropic etch, such as a wet etch. The etch removes the
sidewall spacers selective to the drain connector 165 and the protection
layer. For example, the etch employs a chemistry which removes the side all
spacers,leaving the drain connector and protection layer remaining.
Removing the sidewall spacers leaves a gap between the trench sidewalls and
exposed portion of the drain connector. The gap serves as a gate trench in
which a gate is fonned [0063]A gate insulator layer 245 is formed on the
exposed portion of the drain connector. In 



one embodiment, the gate insulator layer is selectively formed on the
exposed portion of the drain connector. A thermal process is employed to
selectively form the gate insulator layer on the exposed portion of the
drain connector. In one embodiment,e al oxidation process is employed to
fotm a silicon oxide gate insulator layer. For example, thec n oxide gate
insulator layer is formed by a wet oxidation. Alternatively, the silicon
oxide gate insulator layer may be formed by a dry oxidation.Forming other
types of gate insulator layers may also be  useful. The thickness of the e
gate insulator layer may be about 1000- 4000 A. Other thie1cnesse for the
gate insulator layer ma.y also be useful. [0064fRefuting to Fig. 2j, the
protection layer is removed to expose the gate dielectric. In one
embodiment, the protection layer is removed using a wet etch. The wet etch
selectively removes the protection layer, leaving the gate dielectric
remaining. .A portion of the protective layer remains to form secondary
gate insulator 135. 109651A gate electrode layer 242 is formed on the
substrate, The gate electrode layer fills the gate trenches and covers the
substrate. The gate electrode layer is, in one embodiment, polysilicon. The
gate electrode layer can be formed as an amorphous or non-amorphous layer.
The gate electrode layer may be doped. Various techniques may be employed
to dope the gate electrode layer, for example, insitu doping or ion
implantation. Other types of gate electrode materials may also be useful.
For example, the gate electrode may be tungsten suicide (WSix). The gate
electrode layer may be foxuied by CVD. Other techniques may also be useful.
100661Excess gate electrode material over the substrate is removed, as
shown in Fig. 2k. A plan.ion process is used to remove excess material of
the drain connector layer. In one 



embodiment, a polishing process, such as cmP, is used to remove the excess
gate electrode material over the substrate surface. Other types of
planarization processes may also be useful to remove the excess gate
electrode material. The hard mask, for exampk, serves as a polish stop for
the planarization process. In one embodiment, an ovmay be employed to
ensure that the gate insulator material on top of the drain connector is
removed, to form primary gate insulators 145. The over-polish, for example,
recesses the materials (gates and drain connector) in the trench below the
top surface of the hard mask. The over-polish also may result in the
materials in the trench being planar with the top surface of the substrate,
100671As shown, gates 140 are formed on either sides of the drain
connector, along the width direction of the channel. In other embodiment,
the gates surround the drain connector.  The hard mask is removed, in one
embodiment, the hard mask is removed using a wet etch. The pad oxide is
removed, for example, using wet etch. A screen oxide layer may be formed on
he surface of the substrate. The screen oxide layer serves as an implant
mask for farming the first S/D regions and body contact regions. In another
embodiment, the pad oxide serves as an implant mask for forming the first
S/D regions and body contact regions. First S/D regions and body contact
regions are formed. The first S/D regions are heavily doped with first
polarity type dopants while the body contact regions are heavily doped with
second polarity type dopants. The first S/D regions and body contact
regions are formed using separate implant processes with separate implant
masks. 100681The disclosure may he embodied in other specific forms without
departing from the spirit or essential characteristics thereof The
foregoing embodiments, therefore, are to be considered in all respects
illustrative rather than limiting the disclosure described herein. Scope of
the disclosure is thus indicated by the appended claims, rather than by the
foregoing description, and all changes that come within the meaning and
range of equivalency of the claims are intended to be embraced therein.
100691What is claimed is: 



CLAIMS  1. A semiconductor device comprising: a substrate defined with a
device region; a buried heavily doped region in the substrate in th.e
device region;       a gate in a trench in the device region, wherein a
channel of the device is disposed on a sidewall of the trench, the buried
heavily doped region is disposed below the gate and is vertically and
laterally displaced away from the channel of the device; wherein a distance
from the buried heavily doped region to the channel is a drift length Lp of
the device; and a surface heavily doped region adjacent to the gate,  2.
The semiconductor device of claim 1 wherein the device region is surrounded
by device isolation region.     The semiconductor device of claim 2 wherein
the device region comprists one or inure ernal device regions, dividing the
dev.c gio into multiple device sub-regions, 4. The semiconductor device of
claim 1 wherein the device rtgion comprises; a first device doped well; and
a second device doped well, the second device doped well has a depth equals
to a channel length Le of the channel, 



wherein the first device doped. well has a depth greater than the second
device doped  5. The semiconductor device of claim 4 wherein the first
device doped well comprises first polarity type dopaiits and the second
device doped well comprises second polarity type dopants.  substantially
within the first device doped well, 7.The semiconductor device of 6
therein;       the trench is disposed in the first and second device doped
wells and the trench comprises first and second portions. The semiconductor
device of claim 7 comprising: a drain connector disposed in the trench;
gate insulators disposed on eitherdrain connectorfirst portion of the tret
gate electrodes on either sides of the gate insulators in the first portion
ofthe trench. 



9. The semiconductor device"therein:       the first portion of the trench
has a depth greater than an interface oldie first and second device doped
wells; and comprising       a gate dielectric layer which lines sidewalls
and bottom of the first portion of the trench withoutsidewalls of the drain
connector.  10. The semiconductor device of claim 8 wherein each of the
gate insulators include a primary gate insulator and a secondary gate
insulator which comprise different materials, II, A semiconductor device
comprising: a substrate defined with a device region;         first and
second device doped wells in the device region, wherein the first device
doped well has a depth greater than the second device doped well; a buried
heavily doped region within the int device doped veil;       a gate in a
trench in the device region, wherein a channel of the device is disposed on
a sidewall of the trench, the buried heavily doped region is disposed below
the gate and is vertically and laterally displaced away from the gate and
channel of die device wherein a distance from the buried heavily doped
region to the channel is a drift kngth LE) of the device; and a surface
heavily doped region adjacent to the gate. 



17.The semiconductor device of claim 11 wherein the second device doped
well has a depth equals to a channel length Lc of the channel.  13. The
semiconductor device of claim ii wherein the first device doped well
comprises first polarity type dopants and the second device doped well
comprises second polarity type dopants and the first and second device
doped wells comprise dopant concentration lesser than the buried and
surface heavily doped regions.  14. The semiconductor device of11
comprising:       a drain connector disposed in the trench, wherein the
drain connector is disposed adjacent to the gate and extends from a top
surface of the substrate to the buried heavily doped region.       The
semiconductor of claim 14 wherein the drain connector directly contacts the
buried heavily doped region.  disposed directly below the drain connector
and occupies a portion of the first device doped well.  17. The
semiconductor device of claim 14 comprising: gate insulators disposed on
either sides of the drain connector in the trench; and gate electrodes on
either sides of the gate insulators in the trench.  18. The semiconductor
device of claim 17 wherein each of the gate insulators include a primary
gate insulator and a secondary gate insulator which comprise different
materials. 



19. The semiconductor device of claim 14 wherein:       the trench has a
depth greater than an interface of e first and second device doped wells;
and comprising       a gate dielectric layer which lines sidewalls and
bottom of the trench without lining sidcwalls of the drain connector.  20.
The semiconductor device of claim 19 wherein the gate dielectric layer
comprises the same thickness. 


