
TRENCH TRANSISTOR BACKGROUND [00011Lateral Double-Diffused JD) transistors
have been widely employed in high voltage applications. The performance of
the LD transistors depends on the drain-to-source on-resistance (Rds,") as
well. as breakdown voltage. For example, low Rdson results in high
switching speed while high breakdown voltage increases voltage
capabilities. [00021Conventional techniques in achieving high breakdown
voltage result in an increased distance between the drain and the gate.
This, however concomitantly increases Rdso", undesirably decreasing the
switching speed, [00031The disclosure is directed to transistors with fast
switching speed. and high breakdown voltage. SUMMARY [0004]A method of
forming a device is disclosed. In one embodiment, the method includes
providing a substrate defined with a device region. The method also
includes fomiing a buried doped region in the substrate in the device
region. The method further includes forming a gate in a trench in th.e
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.
A distance from the buried doped region to the channel is a drift length LD
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 in. the device region. The first device doped well includes first
polarity type dopants and the second device doped well includes second
polarity type dopants. The first device doped well has a depth greater
titan the second device doped well. The method also includes forming a
buried doped region 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 LD 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     des a buried doped region in the substrate in
the device region. The semiconductor device thither includes a gate in a
trench in the device region. A channel of the device is disposed on a
sidewidl of the trench. The buried doped region is disposed below the gate.
A distance from e buried doped region to the channel is a drift length LE,
of the semiconductor device. The semiconductor device farther includes a
surfitce doped region adjacent to th [0007]These and other advantages and
features of the embodiments herein disclosed, will become apparent through
reference to the following description and the accompanying dra
Furthermore, it is to be understood that the features of the various
embodiments described herein are not mutually clusiv and can exist in
various combinations and permutations. BRIEF DESCRLPT1ON OF THE DRAWINGS
[0008]In die drawings, like reference characters generally refer to the
same parts throughout 



the different views. Also, the drawings are not :accesshasis instead
generally being placed upon illustrating the principles of the invention,
In the following description,  various embodiments of the present inventi
drawings, in which:  e described with ferencthe following  device. DETAILED
DESCRIPTION 100121Embodiments generally relate to semiconductor devices,
Some embodiments relate to devices, such as low power-loss hack and boost
regulators, power amplifiers and power 



management circuits. Such devices, fortriple, can be incorporated into
standalone devices or ICs, such as microcontrollers or systemhips (SoCs).
The devices or !Cs can be incorporated into or used with, for example,
electronic products, such as speakers, computers, cell phones, and personal
digital assistants (PDA,$). 100131Eig, la shows across-sectional  view of
an embodiment of a device 100. The cross- sectional view, as shown,
illustrates the device alone: a channel length L. 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 he substrate may be a p-type doped substrate. For example,
the p-typo doped substrate is a lightly p-typo doped substrate. Other types
of semiconductor substrates may also be useful. For example, the substrate
may be a silicon germanium, germanium, gallium arsenide, or
ystal-on-insulator (COI) such as silicon-on-insulator (SOO. The substrate
can be a doped substrate.. The substrate may be doped with p-type or n-type
&pants. The doped substrate may be a lightly doped substrate. Providing  a
substrate with other types of &pants or concentrations, including an
undoped substrate, may also be useful. [0014]The 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 1, x and x.*, where N.
indicates the polarity of the doping, such as p-type or n-type, and: =
lightly doped;  x = intermediate doped; and = heavily doped. 



A lightly doped region has a dopant concentration of less than about
5E13/em3, an intermediate doped region has a dopant concentration of about
5E13 - SF1 5/cm3 and a heavily doped region has a dopant concentration of
more than about 5E15/c.,m3. P-type dopants may include boron (B), aluminum
(Al), indium (ha) or a combination thereof, while n- type dopants may
include phosphorus (P), arse (As), antimony (Sh) or a combination  thereof
[0015]Isolation 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 trentl isolation (STI)
region. Other types of isolation regions may also be employed. For example,
the isolation region may be a deep trench isolation (DTI) 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
.tm for DTI regions, may also he useful. In one embodiment, the width of
the isolation region is about 0.3 p.m. Providing isolation regions having
different depths and widths may also be useful, [00161In e 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, the first device doped well has a depth geater 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 pm, The depth, for
example, is detertnined 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 breakdowne 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. [017]The 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 - 1E13/cin3. The first device doped well, for example, serves
cis a drift well for the first polarity type dopants. The drift well
isolates the body from the substrate and lightly doped drain extension to
poovid.e 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 E12/cm3. In
the case of a n-type device, the first device doped well may be if and the
second device doped well may he If. [00I81An internal device isolation
region ISO 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 difTerent 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 second device doped well. The
body contact region, for example, is heavily doped with second polarity
type dopants. [00191The 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 sonic embodiment, two internal device isolation regions
may be provided to provide two body contact regions. Alternatively, the
internal device isolation region may be 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 embodiments, no internal deviceis
provided. For example, abutting body contact and source regions may be
employed. In some applications, no body contact region is needed for an
unbiased body well. [0020]A transistor region 116 is provided in the device
region for a transistor 120. The transistor region, for example, is defined
by the internal device isolation region. For example, 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. hi the ease where two internal device isolation regions are
provided, the transistor region is disposed thuebetween. In other
embodiments, such as in the case of one internal device isolation region
along one direction of the device region, theisistor region is between the
internal isolation region and device isolation region. Other configurations
of the transistor region may also be useful. 100211The transistor includes
first and second source/drain (SID) regions 150 and 160 separated by a
gate. The SID 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 Sin regions may be n doped regions for a
n-type device. In one embodiment, the first Sin region is a source and the
second SID region is a drain. Other configurations of Sin 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
useful. In some embodiments, the gate electrode may include multiple gate
electrode layers, forming a composite gate electrode. For example, he
composite gate electrode ma  be amorphous silicon, polysilicon and
tungsten. The gate electrode may have a  thickness (-16) of about
1500-4000A. in one embodiment, the gate electrode may have a thickness (T0)
of about 2000A. Other gate electrode thicknesses may also be useful. [0
023]As for the gate dielectric, it may be lieon oxide. Other types of gate
dielectric materials may also be usefill, For example, oxynitticle, in one
embodiment, the 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 state dielectric thickness, for example, may depend
on the maximum voltage at: the gate (/05). [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
sidcwalls and a portion of the bottom of the trench, separating the gate
electrode from the substrate. The trench has a depth Dr. The depth DT, in
one embodiment is deeper than the interface of the first and second device
doped wells. For example, the trench extends pass th.c 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 !Am 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 he useful. [0025]The 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 ic is the distance from the surface
of the substrate to the interface of the device doped wells. The channel
length Le, for example, may be about 0.3 - 3 gin. Other channel lengths may
also be usethl. The channel length, for example,is determined by the
reversed bias voltage across the dram and source (BVDss) and the
drainto-source on-resistance (Acts.). [0026]A first SiD region is located
on. the surface of the substrate adjacent to the gate. The 



first SID region has a depth of about 2000 A. Other depths may also be
useful. in one  embodiment, the first MD region is disposed between the
internal device isolation region rid the gate. Disposing the first SID
region at other locations may also be useful. [0027]A second SID region is
disposed in the substrate below the gate, forming a buried S/D
second SID region is vertically displaced or offset from the channel of the
transistor. For example, the second S/D region is disposed at a depth
greater than the interface of the first and second device Ted wells and
within the first device doped well. In one embodiment, the second S/D
region is disposed at a. depth greater tit 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 LD, for example, may be about 0.5 - 1.5 inn. Other lengths
for LD may also he useful. [0028]In one embodiment, the second S/D region
is vertically and laterally displaced from the gate. In one embodiment, the
second S/D region is 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 Sin region.
[00291The lateral displacement facilitates providing a drain connector 165
for accessing the second SID region from the surface of the substrate. The
drain connector, for 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, fbr example, is
heavily doped with -first polarity type dopants. Other types of conductive
materials may also be used to form 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 he
silicon nitride. The gate insulator may also be formed with other
dielectric materials. Other configurations of the gate insulator may also
be useful. For examine, the gate insulator may be a single gate insulator
or other number of gate insulators. [9031]A dielectric layer 190 may be
disposed over the substrate. Ti is 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
(LLD) layer. The dielectric layer may be, for example, silicon oxide. Other
types of dielectric materials, such as doped Si02, Boron-Doped
Phosphosilicate Glass (BPSG) or Borophosphosilicate Tetraethylorthosilicate
Glass (BPTEOS), may also be useful for the ILD layer, 100321The first SID
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
ILD layer, The device may include multiple interconnect levels. The
contacts, for example, provide connections to the terminals of the device.
For example, contacts arc 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
teiminal (or first MD region) of the transistor, 100341The device region in
one embodiment, is a symmetrical device region. The device 



region is symmetrical viewed along a thickness direction of the gate. For
example, the two halves of the device region as separated by the nted 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 he trimsistot
Other configurations of the device may also be seful. For example, a
non-symmetrIcal device maybe provided in the device region. [0035]As
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 Rds,", regimes. This greatly increases the
performance of the device as well as reliability due to higher 13Vdd. By
providingsource vertically, the gate length is not dependent ono aphy
tolerance. Therefore, the scalability of the gate length can be increased
by increasing the trench depth, eliminatingI constraints, Furthermore, the
process of fabricating a trench LDMOS device can easily he integrated into
CMOS process without incurring additional fabrication costs. 100361Fig. lb
shows another embodiment of a device 100. The device similar to the device
shown in Fig. Ia. As such, common elements may not be described or
described in detail. The device, as shown, includes first and second
transistors 110a-b fainted in the device reigon. The first and second
transistors are coupled in parallel to form a finger configuration. Similar
tyres of terminals of the transistors are commonly coupled to fonu a finger
configuration. For example, the first S/D regi s 150 of the transistors are
commonly coupled, the second SlD regions 160 of the transistors are
commonly coupled, the gates 140 of the transistors 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 configuratio ncreas the
drive current of the device. 100371Figs. 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
silicon-on-insulator (SOD, are also useful.  device region is shown, it is
however understood that the substrate may include various types of regions
(not silo ). For example, the substrate may include other device regions
for other types of devices. The IC may include logic regions in which logic
devices are fotmed. Depending on the type of IC formed, the logic regions,
for exampk, may include regions for different voltage devices. For example,
the logic regions may include regions for high voltage (MV) devices, medium
or intermediate voltage (IV) devices and low voltage (Li) devices. Other
confilxurations of logic regions may also be useful. Additionally, other
types of device regions may also be provided. 10039]The device region is
separated from other regions by a device isolation region 18th. 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 Ii0a-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 surrounds the first device sub-region
with them separated. by the internal device isolation region. In other
embodiments, the olation regions are configured to provide a second device
sub-region which penally surrounds the first device sub-region, such as on
one, two or three sides. Other configurations of isolation regions may also
be usefid, 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 difthsion regions. The internal
device isolation region, for example, may be provided on one side of the
device region. The internal device isolation ma.y 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, 



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 usefiii. [0042]The isolation regions are, for
example, STN. Various process s can be employed to form theregions. For exa
plc., the substrate can be etched using etch and mask techniques to form
trenches which are then filled with dielectric materials such as silicon
oxide. Chemical mechanical polishing (MP) can be performed to remove excess
oxide and provide a planar substrate top surface. Other processes or
materials can also be used to fomi the srns. In other embodiments, the
isolation may be other types of isolation regions. The depth of the STIs
may be, for example, about 3000 - 4500 A. Other depths for the STIs may
also be useful. 10431A first device doped well 112 is formed in the device
rei_jon. 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 um, Providing a first device doped well of other depths may also be
useful. For e:ple, the depth of the first device doped well should be
sufficient to produce the desired drift length L0 of the transistor formed
in the device. The first device doped well is first polarity type dopants
for a first polaritye device. For example, a n-type 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 



10441A second device doped well 114 is foanied in the device region. The
second device doped well serves as a body well for the first type
transistor. The second device doped well is second polarity type dopants.
In one embodiment, the second device doped well, is a lightly or medium
doped device well. For example, the dopant concentration of the second
device doped well is about 5E12 - IE13/cm3. Other dopani 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 exampiL, is equal to the
desired channel length of the transistor which is formed in the device
region. In one embodiment, the depth of the second device doped well is
about 0.8 p.m. Other depths for the second device doped well may also be
useful. 100451To form a device doped well, an implant mask which exposes
the device region is used. The implant mask, for example, is photoresist
layer patterned by a lithographic mask. Since the device isolation region
can serve as an implant mask, this allows thr increased processing window
finpatterning process to form the implant mask. Dopants are implanted into
the substrate using the implant mask. Th.e &pants are implanted with the
appropriate dose and power. In some embodiments, a device doped well may be
-farmed by, for example, performing multiple implants at different
energies. 100461The implant processes used to thin the device doped wells
may be compatible or the same as processes used to thrm other similar types
of wells in the device. For example, the processes may be compatible with
those used in current CMOS processes for thrming similar types of wells.
For example, the first device doped well may be formed at the same time as
the deep doped well. 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 doped well mask may be used to specifically tailor
the doping of the first device doped well. In such eases,the same mask can
also be used to form the second device doped well. WWIAn anneal is
performed. In one embodiment, the anneal is performed after the first 



and second device doped wells are formed. The anneal diffuses the dopants
from the implant, forming first and second device 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
welI. For example, an anneal may be performed after forming a doped well.
[00481The 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 configuratio of forming
the isolation regions and device doped wells ni also be useful. [00491A
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.
100501The hard mask and pad layers are patterned to form an opening which
exposes the substrate surface. The opening corresponds to a trench in thich
the gate of the transistor is fotmed, To patternhard 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
ardsotropic etch, such as reactive ion etch (RIE), may be employed to
transfer the pattern of the resist to the hard mask,  [0051]Referring to
Fig. 2b, a trench 228 is lemicd in the substrate. In one embodhnert the
trench is formed by a RIFusing the hard mask as an etch mask. The trench
formed 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 ism
below the interface of the device doped wells. Other depths relative to the
interface of the device doped wells may also be usefid. 



[00521The exposed trench walls, for 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 - 400C for
a period of from about $ 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 exampie, by wet etch. 100531In Fig. 2c, a gate
dielectric layer 230 is formed on the exposed trench walls, The gate
dielectric layer, in. one n bodiment, is silicon oxide. Other types of gate
dielectric mate such as SiON, may also be useful. The gate dielectric
layer, in one embodiment, 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, poi-thorned at a temperature of about
1000 'C. Alternatively, the dielectric layer may he formed by a partial wet
oxidation. The thermal process selectively forms the gate dielectric layer
on the exposed trench walls. Other techniques for forming the gate
dielectric layer may 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. [0054]As shown in Fig. 2d, a protective layer 235
is formed on the substrate, covering the hard mask and gate dielectric
layer. The protective layer 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, for example, may be formed by chemical vapor deposition
(CVO). Other techniques for forming the protective layer may also be
useful. 100551Referring2e, sidewall spacers 238 are formed on the trench
sidewalk. 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 a ple, are
formed from silicon oxide. Other types of spacer materials may also be
useful, For example, the spacer material may include silicon nitride. 



(0056jTo form the sidewall spacers, a sidewall spacer layer is fbiuied on
the substrate. The sidewidl spacer layer covers the protective layer and
lines over the substrate and lines the trench walls. The sidewall spacer
layer, for example, is deposited by CND. Other techniques for foul ing the
sidewall spacer layer may also he useful. In one embodiment, a TEOS layer
is deposited on the substrate by CVD. The thickness of the sidewall spacer
layer should equal to the thickness of the gate electrode and gate
insulator layer. In one embodiment, the thickness of the sidewali spacer
layer may be about 3000 A. Other sidewall spacer layer thicknesses may also
be useful, An anisotropicsuch as an RIB, is performed to remove horizontal
poitions of the sidcwall spacer layer, forming sidewall spacers on the
trench sidewalls. 100571The substrate is etched by an RIB using the
sidewall spacers and hard mask as an etch mask. The etch forms drain
connector trench 229 in which the drain connector is formed, as shown in
Fig, 21 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 LE)
between the bottom of the trench and channel. The depth of the drain
connector trench, for example, is about 0,5 - 5 tm 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 performed 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/ern3, Forming buried doped region with other dopant
concentrations may also he usefid. The implantation energy can be carried
out at energy in the range of for example, approximately 30 - 60 Kele, 'The
implant dose can be, for xample, in the range of about El5le -. Other
implant energies and/or doses may be used to form the buried doped region.,
[0059]Referring to Fig. 2g, a drain connector layer 252 is deposited on e
substrate. The 



drain connector layer tills the drain connector trench. and covers
substrate surface. In one embodiment, the drain connector layer is
polysilicon 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 coupling to
the buried doped region. Various techniques may be employed to dope the
drain connector layer, for example, insitu doping or ion implantation. 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 he 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. 100611in Fig. 2h, a planarization
process is performed to remove excess 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 the substrate 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 dram 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
samoved. The over-polish, for example, recesses the drain connector
material in the trench below the top surface of the hard mask.
[0062jReferring to Fig. 21, the sidewall spacers are removed. In one
embodiment, the sidewall spacers are 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 sidewall spacers, leaving the drain connector
and protection layer remaining. Removing the sidew, II spacers leaves a gap
between the trench sidewalk and exposed portion of the drain co gate is
formed. CC . The gap serves as a gate trench in which a  



[0063.1.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 thill al process is
employed to selectively form the gate insulator layer on the exposed
portion of the drain connector. In one embodiment, a thermal oxidation
process is employed to form a silicon oxide gate insulator layer. For
example, the silicon 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 gate insulator layer may be about
1000 - 4000 A. Other thicknesses for the gate insulator layer may also be
useful. 100641Referring to Fit:. 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. [00651A 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, polysilicoa. The irate 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, msini 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 formed by CVD.
Other techniques may also be useful. [00661Excess gate electrode material
over the substrate is removed, as shown in Fig, 2k. A pianarization 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 he useful to remove the excess gate
electrode material. The hard mask, for example, serves as a polish stop for
the planarization process. In one embodiment, an over-polish may be
employed to ensure that the gate insulator material on top of the drain
connector is removed, to form primary gate insulators 1.45. Th.e
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. 



[00671As 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 removcri. 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
the surface of the substrate. The screen oxide layer serves as an implant
mask for forming the first Sill) regions and body contact regions. In
another embodiment, the pad oxide serves as an implant mask for fofirst SAD
regions and body contact regions First SiD regions and body contact regions
are formed. The first SID regions are heavily doped with first polarity
type dopants while the body contact regions are heavily doped with second
polarity type dopants. The fir S/D regions and body contact regions are
formed using separate implant processes with separate implant masks,
[0068JThe disclosure may be 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.
What is claimed is: CLAIMS 



1. A method of forming a device comprising: providing a substrate defined
with a device region; forming a buried doped region in the substrate in the
device region; and       forming a gate in a trench in the substrate in the
device region; wherein a channel of the device is disposed on a sidewall of
the trench, the buried doped region is disposed. below the gate, wherein a
distance from the buried, doped region to the channel is a drift length L0
of the device; and forming a surface doped region adjacent to the gate,  2.
The method of claim I wherein the device region is surrounded by device
isolation reinon.       The method of claim 2 wherein the device region
comprises one or more internal device region, dividing the device region
into multiple device sub-regions, 4.The method of claim 3 wherein the
device region comprises: a first: device doped. well;       a second device
doped well, the second device doped well has a depth equals to a channel
length Lc of the channel, and wherein the first device doped well has a
depth greater than the second device doped 



well.        The method of claim 4 wherein the first device doped well
comprises fast polarity type dopants and the second device doped well
comprises second polarity type dopants.  6. The method of claim 5 wherein
the second device doped well is disposed substantially within the first
device doped well. 7. The method of claim 6 wherein forming a gate in the
trench comprises: forming the trench in the first and second device doped
wells, the trench having a first and second portions; forming a drain
connector in the trench;       forming gate insulators on either sides of
the drain connector in the first portion of the trench, and forming gate
electrodes on either sides of the gate insulators in the first portion of
the trench.  8. The method of claim 7 wherein forming the trench comprises:
for ning the first portion of the trench, the first portion has a depth
greater than an interface of the first and second device doped wellswherein
exposed sidcwalls of the first portion is lined with a gate dielectric
layer; 



lining a protective layer on the gate dielectric layer;        forming
sidewall spacers on sidewalls of the first portion of the trench, leaving a
portion of the first portion unfilled; and             etching die
substrate in the first device doped well to fonn the second portion of the
trench, the sidewall spacers serve as an etching mask;  with a drain
connector layer. [0.The method of claim 9 wherein forming the gate
insulators comprises:       removing the sidewall spacer, the removal of
the sidewall spacer leaves a gap between the sidewalls of the trench and
exposes a portion of the drain connector; and lotwing gate insulator layer
on the exposed portion of the drain connector. I 1.The method of claim 10
wherein forming the gate electrodes comprises:       removing the
protective layer except the portion which is protected by the gate
insulators, the remaining protective layer forms secondary gate insulators;
filling the gap between. the sidewalls of the trench with a gate electrode
layer; planarizing the gate electrode layer, wherein a top surface of the
gate electrode layer is substantially co-planar with a top surface of the
substrate 



12.A method. of kenning a device comprising: providing a substrate defined
with a device region;       providing 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; footling a buried doped region
in the second device doped well; and       limning a gat:e in a trench in
the substrate in the device region, wherein a channel of the device is
disposed on a sidewall of the trench, the buried doped region is disposed
below the gate, wherein a distance from the buried doped region to the
channel is a drift length 1,0 of the device and fetining a surface doped
region adjacent to the gate.   13. The method of claim 12 wherein he second
device doped vel1 has a depth equa channel length Le of the channel,  14.
The method of claim 13 wherein the second device doped well is disposed
substantially within the first device doped well. 15. The method of claim
14 whereingate in the trench comprises: forming the trench in the first and
second device doped wells, the trench having a first and second portions; 



forming a drain connector in the trench;       feinting gate insulators on
either sides of the drain connector in the first portion of the trench; and
forming gate electrodes on either sides of the gate insulators in the first
portion of the trench,  16. The method of claim 15 wherein forming the
trench comprises:       forioing the first portion of the trench, the first
portion has a depth greater than an interface of the first and second
device doped wells, wherein an exposed sidewall of the first portion is
lined with a gate dielectric layer; lining a protective layer on the gate
dielectric      forming sidewall spacers on sidewalls of the first portion
of he trench, leaving a portion of the first portion unfilled; and
etching the substrate in the first device doped well to toirn the second
portion of the trench, the sidewall spacers serve as an etching mask.  with
a drain connector layer. 



18. The method of claim 17 wherein forming the gate insulators comprises:
remming the sidewall spacers, the removal of the sidewall spacers leaves a
gap between the sidewalls of the trench and exposes a portion of the drain
connector and forming gate insulator layer on an exposed portion of the
drain connector. 19. The method of claim 18 wherein forming the gate
electrodes comprises:        removing the proteelivL iayer except the
portion which is protected by the gate insulators; the remaining protective
layer forms secondary gate insulators;     filling the gap between the
sidewalls of the trench with a gate electrode layer; planarizing the gate
electrode layer, wherein a top surface of the gate electrode layer is
substantially co-planar with a top surface of c substrate. 70.A
semiconductor device comprising: a substrate defined with a device region;
a buried doped region in the substrate in the 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 doped region is disposed
below the gate, wherein a distance from the buried doped region to the
channel is a drift length 1.4, of the device; and a surface doped region
adjacent to the gate. 



TRENCH TRANSISTOR ABSTRACT       A method of forming a device is disclosed.
A substrate defined with a device region is provided. A buried doped region
is formed in the substrate in the device region. A gate is formed 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. A distance from the buried doped region the channel is a
drift length LD of the device. A surface doped region is formed adjacent to
the gate. 


