
HIGH VOLTAGE DEVICE BACKGROUND 100011Lateral Double-Diffused (h,D)
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 Rdso,
results in high switching speed while high breakdown voltage increases
voltage capabilities. [00021Conventional techniques in achieving high
breakdown voltage results in an increased distance between the drain and
the gate. This, however, concomitantly increases Rdso", undesirably
decreasing switching speed. [00031The disclosure is directed to transistors
with fast switching speed and high breakdown voltage. SUMMARY 100041A
method of fanning a device is presented. The method. includes providing a 



substrate having a device region. The device region includes a source
region., a gate region. and a drain region defined thereon. The substrate
is prepared with gate layers on the substrate. The gate layers are
patterned to form a gate in the gate region and a field structure
surrounding the drain region. A source and a drain are formed in the source
region and drain region respectively. The drain, is separated from the gate
on a second side of the gate and the source is adjacent to a first side of
the gate. An interconnection to the field structure is farmed. The
interconnection is coupled to a potential which distributes the electric
field across the substrate between the second side of the ate and the
drain. [00051A method of forming a device is disclosed. The method includes
providing a substrate having a device region. The device region includes a
source region, a gate region and a drain region defined thereon. A drift
well is founed in the substrate between the gate and drain  and a field
structure surrounding the drain region. A source and a drain are formed in
the source region and drain region respectively. The drain is separated
from the gate on a second side of the gate and the source is adjacent to a
first side of the gate. An interconnection to the field structure is
formed. The interconnection is coupled to a potential which distributes the
electric field across the substrate between the second side of the gate and
the drain. 100061A device is presented. The device includes a substrate
having a device region. The device region comprises a source region, a gate
region and a drain region defined thereon. The device also includes a field
structure surrounding the drainA source and a drain are in the source
region and drairon respectively. The drain is separated from the gate on a
second side of the gate and the source is adjacent to a first side of the
gate. The device also includes an interconnection to the field structure.
The interconnection is coupled to a potential which distributes the
electric field across the substrate between the second side of the gate and
the 



drain [00071These and other objects, along with advantages and features of
the present invention 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 aremutually exclusive and can exist in various
combinations and permutations, BRIEF DESCRIPTION OF THE DRAWINGS [00081In
the drawings, like reference characters generally r for 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. In the following description, various
embodiments of the present invention are described with reference to the
following drawings, inwhich:  100091Figs. la-b show an embodiment of a
device; 100101Fig. le shows another embodiment of a device; 



100111Figs. 2a-li show yet another embodiment of a device; 100121Figs.
30,-b show other embodiments of a device; 100131Figs. 4 show an embodiment
of a process for Miming a device; and 10014]Figs 5a-h show impact
ionization of devices. DETAILED DESCRIPTION 100Embodiments generally relate
to semiconductor devices or integrated circuits (ICs). More particularly,
some embodiments elate to high power devices. For exampk, high power
devices include lateral double-ditfu.sed (LD) transistors, such as metal
oxide transistors (MOS). The high. power devices can be employed as
switching voltage regulators for power management applications. The LD
transistors can he easily integrated into devices or ICs. The devices or
ICs can be incorporated into or used with, for example, consumer electronic
products, particularly portable consumer products, such as cell phones,
laptop computers and personal digital assistants (PDAs). 100161Fig. la
shows a cross-sectional view of a portion 100 of an embodiment of a device
and Fig. lb shows a affresponding top view at the gate level. The device,
for example, is an IC. Other types of devices may also be useful. As shown,
the device includes a substrate 105. The substrate, for example, is a
silicon substrate. Other types of substrates, such as silicon germanium,
germanium, gallium arsenide or crystal-on-insulator (COI) such as
silicon-oninsulator (SOD, are also useful. The substrate maybe a doped
substrate. For example, the substrate can be lightly doped with p-type
&pants. Providing a substrate with other types of dopants or
concentrations, including no dopants may also be useful. [0017]The device
may include doped regions having different dopant concentrations. For 



example, the device may include heavily doped (x+), intetuiediately doped
(x) and lightly doped (x) regions, where x is the polarity type which can
be p or n. A lightly doped region may have a dopant concentration of about
1E11 - 1E13 / cm2, and an intermediately doped region may have a dopant
concentration of about 1E13 El 4 em2, and a heavily doped region may have a
dopant concentration of about 1E15 - 1E1 7 / cm2, Providing other dopant
concentrations for the different doped regions may also be useful. P-type
dopants may include boron (B), aluminum (Al), indium (In) or a combination
thereof; while n-type &pants may include phosphorous (P), arsenic (As),
antimony (Sb) or a combination thereof. [0018]The substrate includes a
device region. The device region, for example, is a high voltage (HV)
device region for a high voltage device, such as a high voltage transistor.
In one embodiment, the device region includes a ED transistor 120.
Providing other types of devices in the device region may also be useful.
The subsb ate may also include regions for other types of circuitry,
depending on the type of device or IC. For example, the device may also
include regions for intermediate voltage (IV) and low voltage (EV) voltage
devices as well as an array region for memory devices. [00191isolation
regions may be provided for isolating or separating different regions of
the substrate. In one embodiment, the device region isated from other
regions by a device isolation region 180. For example, the device isolation
region surrounds the device region. The      on region, for example, is a
shallow trench isolation (STO region. Other types of isolation regions may
also be employed. For example, the isolation region may be a deep trench
isolation (DTI) region, The STI regions, for example, extend to a depth of
about 2000 - 5000 A. In the case of DTI regions, the depth may be about I -
10 pm, Providing isolation regions which extend to other depths may also be
useful, NOMThe transistor includes a gate 140 on the surface of the
substrate 'The width of the gate along a channel length direction of the
transistor, for example, is about 0,5 - 10 pm, The 



gate, for example, includes a gate electrode 144 over a gate dielectric
142. The gate dielectric, for example, may be silicon oxide while the gate
electrode may be polysilcon. The gate dielectric, for example, may be a
high voltage gate dielectric having a thickness of about 301000 A while the
gate electrode may be about 500 - 5000 A thick. In some embodiments, the
gate electrode ma.y be a doped electrode. For example, the gate electrode
may be polysilieon doped with first polarity type dopants. Other types of
gate dielectrics and gate electrodes as well as thicknesses may also be
useful. For example, the gate dielectric may be a high k gate dielectric
and/or the gate electrode may be a metal gate electrode. Other
configurations of gate layers of the gate may also be useful. [00211The
transistor also includes first and second doped regions 132 and 134
disposed in. the substrate on first and second sides of the gate. For
example, the first doped region is disposed on the first side of the gate
and the second doped region is disposed on the second side of the gate. The
doped regions, in one embodiment, are heavily doped with first polarity
type dopants for a first type transistor. For example, the doped regions
are heavily doped n-type n regions for a n-type transistor. Providing
heavily doped p-type (pt) regions may also be useful for a p-type
transistor. The heavily doped regions, for example, have a dopant
concentration of about 1E15 - 1E16 / in2. Other clop= concentrations for
the doped regions may also be useful. The depth of the doped regions may be
about 0.1 - 0.4 um. Providing doped regions having other depths may also be
useful. Additionally, it is not necessary that the first and second doped
regions have the same depth. 100221In one embodiment, the first doped
region serves as a source region of the transistor. The source region is
adjacent to the first side arid underlaps the gate. The underlap portion
should be sufficient for the source region to be in communication with the
channel under die gate. The underlap portion may be, for example, about 0.1
- 0.5 um. An underlap portion which  underlaps the gate by other amounts
may also be useful. In one embodiment, the underiap portion of the source
region is a lightly doped source (LDS) region. 100231Sidewalk of the gate
may be provided with dielectric spacers 148. The dielectric spacers, for
example, may be silicon oxide spacers. Other types of dielectric aay also 



be useful, such as silicon nitride or a combination of dielectric materials
or layers. For example, the spacers may be composite spacers. The spacers
may include an offset spacer and main spacer. The offset spacers may
facilitate knitting the LDS region while the main spacers facilitate
forming heavily doped source and drain regions. Other configurations of
spacers may also be useful. For example, Lhe apacer may be a single spacer.
The LDS region is formed prior to forming the spacers while the spacers
facilitate forming the heavily doped source and drain regions. In some
cases, the transistor may also nclude halo regions. Halo regions arc second
polarity doped regions abutting the S/D regions proximate to the gate.
100241In some embodiments, a dielectric etch stop layer (not own) is formed
over the transistors. The etch stop layer, for example. is a silicon
nitride etch stop layer. Other types of etch stop layers may also be
useful. The etch stop layer should have a material which can be selectively
removed from a dielectric layer 190 thereover. The etch stop layer
facilitates in formingto contact regions of the transistor, such as the
gate electrode and doped regions. In some embodiments, the etch stop layer
may also serve as a stress layer for applying a stress on the channel of
the transistor to improve performance. [0025]In one embodiment, an internal
isolation region 185 is provided within the device region. The internal
isolation region may be art STI region. Other types of isolation regions
also be useful. Preferably, theal isolation region the same type of
isolation region as the device isolation region. Providing an internal
isolation region which is different from the device isolation region may
also be useful. The internal isolation region, for example, is disposed in
the device region along a channel width direction of the transistor between
the gate and drain. The  internal isolation, thr example, extend.s front
one side to the other side of the device region along the channel width
direction. Other configurations of the device and internal isolation
regions may also be useful. As shown, the internal isolation region
underlaps the gate. For example, the internal isolation region extends
under the second side of the gate by about 0,1-0.3 um. Providing 'internal
isolation region which extends under the second side of the gate by other
width may also be uselhl. Providing the internal isolation region which
underlaps the gate protects the edge of the gate dielectric from high
electric field during operation. The width of the internal isolation
region, for example, may be about 0.2 - 5 um, Other widths may also be
useful, depending on the drain voltage. The width and depth of the internal
isolation region may determine a drift length of the transistor. 



[00261A drift well 150 is disposed in the substrate. The drift well, in one
embodiment_ is disposed in the device region. For example, the drift well
is disposed between the gate and the drain region, under-lapping a portion
of the gate. As shown, the drift well encompasses the drain. and the
internal device isolation region. In one embodiment, the depth or bottom of
the drift \yell is below the drain region. In one embodiment, the depth or
bottom of the drift well is below the device iSdation and internal device
isolation regions, In one embodiment, the drift well is contiguous and
encompasses the drain region and at least overlaps a portion of the active
region underneath the gate. The distance from the drain and around the
internal isolation region to the channel under the gate is the drift
distance of the transistor. [00271The drift well includes first polarity
type dopants. In one embodiment, the dopant concentration of the drift well
is lower than the dopant concentration of the drain. In one embodiment, the
drift well may be lightly (x") or intermediately (x) doped with first
polarity type dopants. For example, the dopant concentration of the drift
well is about 1E12 - 1E14 erri2. Other dopant concentrations may also he
-useful. For example, the &pant concentration may depend on the maximum or
breakdown voltage requirement of the device. The depth of the drift  well
may be about 0.1 - 5 pin depending on the design voltage ofdevice. 100281A
device well 170 is disposed in the substrate. In one embodiment, the device
well is disposed within the device isolation region. Forple, the device
well is disposed within the device isolation region, encompassing the
source, drain, drift well and internal device isolation region. in one
embodiment, the depth or bottom of the device well is below the source,
drain and drift well. In one embodiment, the depth or bottom of the device
well is below the device isolation region and internal device isolation
region. Providing a device well which is shallower than or at the same
depth as the drift well may also be useful. In one embodiment, the device
well has about the same depth as the drift well, as shown in Fig. lc. For
example, the device well may be on both sides of the drift well. Other
configurations of the device and drift vell may also be useful. For
example, the drift well may only be on one side of the drift w encompassing
the source region and channel of the device. [0029]The device well includes
second polarity dopants for a first polarity type device. For 



example, the device well comprises p-type dopants for an n-type device or
n-type dopants for a p-type device. The dopant concentration may depend on
the voltage requirement of the device. The device well may be lightly (x-)
or intermediately (x) doped with first polarity type dopants. Other dopant
concentration for the device well, for example, dopant concentration
greater than that of the lightly doped substrate, may also be useful.
10030.1Salicide contacts 128 may be formed on the gate electrode of the
gate and source and drain regions. The salicide contacts, for example, may
benickel-based contacts. Other types of metal salicide contacts may also be
useful. For example, he salicide contact may be cobalt silicidc (CoSi). The
salicide contacts may be about 100 - 500 A thick. Other thickness of
salicide contacts may also be useful. The salicide contacts may be employed
to reduce contact resistance and facilitate contact to the back-end-of-line
metal interconnects.  while the second doped region will have a second
opposite potential. The second potential., for example, is with respect to
the first potential. The first potential, for example, may be a low
potential while the second potential may be a high potential. Providing a
first potential which is a high potential and a second potential which is a
low potential may also be useful. For example, in the case of a n-type
transistor, the source is at a low potential, such as ground or DV while
the drain is at a high potential, such as 6 - 30 V, during operation. Other
values for the high and low potentials may also be useful, depending on the
operating parameters of the transistor. Since the drain has a higher
potential than the gate, the drain side of the gate has Malt impact
ionization due to the high electric field. For a p- type transistor, the
drain is at a low potential, such as ground or 0 V while the source and
gate are at a high potential, such as 6 30 V. Other values for the high and
low potentials may also be useful, depending on the operating parameters of
the transistor. The high voltage at the source or drain can cause breakdown
of the dielectric layer, which renders the transistor inoperable. [0032]In
one embodiment, a field structure 160 is provided. The field structure, one
embodiment, is a conductive ring structure disposed on the substrate and
surrounds the drain of the transistor. For example, the ring structure is
disposed on the internal isolation region and device isolation region
surrounding the drain. The field structure serves to distribute the
electric field across the substrate between the drain and the gate. This
reduces impact ionization at the gate edge, which improves gate dielectric
breakdown voltage. [0033]The field structure, during operation, is coupled
to an opposite potential than the drain. For example, if the drain is at a
high potential relative to the source, then the field stricture is coupled
to a low potential. In the case where the drain is at a low potential, than
the field structure is coupled to a high potential. in one embodiment, the
-field structure is coupled to the source. For example, the field structure
is coupled to the first potential. In another  



embodiment, the field structure is coupled to the substratedevice well. In
other embodiments, the field structure is coupled either to the substrate
or the source, depending on which results in the larger voltage
differential. In yet other embodiments, the field structure may be coupled
to both the source and substrate, in the case where the urce and substrate
are at the same potential. Coupling the field structurc to an opposite
potential independent of the source and/or the substrate may also be
useful. Other configurations of providing the tield structure with an
opposite potential than the drain is also useful. [0034]in one embodiment,
in the case of a n-type transistor,the field structure is coupled to a low
potential, such as ground or 0 V. Coupling the field structure to other
potential which is lower than the drain potential may also useful. In the
ease of a p-type transistor, the field structure is coupled to a high
potential, such as 6 - 30 V. In both n and p-types transistors, the &eater
the difference between the potentials at the field structure and the drain,
the etter the distribution of electric field between the gate and drain.
This reduces impact ionization at the gate, improving odielectric breakdown
voltage. 100351The field structure, one embodiment, is feinted of a
conductive material. The conductive material, for example, maybe
polysilicon. In one embodiment, the conductive material is doped
polysilicon. Other types of conductive materials, such as metals, may also
be used. In a preferred embodiment, the field structure has the same
composition as the gate of the transistor. For example, the field structure
may include a gate dielectric with a gate electrode thereover. A silicide
contact may also be provided over the field structure, like the gate.
Providing a field structure which has the same composition as the gate
simplifies the process. For example, he gate and field structure can be
formed simultaneously. In other embodiments, the field structure may have a
different composition from the gate. [0036]A conductive line 198 disposed
in a dielectric layer 190 may be used to couple the source and field
structure by contact plugs 194 and 195. The dielectric layer, for example,
is a  silicon oxide layer, In one embodiment, the dielectric layer is a
high aspect ratio process (HARE) dielectric material. Other types of
dielectric materials are also useful. For example, the dielectric layer can
be tbrmed from doped silicon oxide such as fluorinated silicon oxide (PSG),
undoped or doped silicate glasses such as boron phosphate silicate gias.s
(13PSG) and phosphate silicate glass (PSG), undoped or doped thermally
grown silicon oxide, undoped or doped TEOS deposited silicon oxide, and
low-k or ultra low-k dielectric materials such as organo-silicate glass
(OSG) and fluorine-doped silicate glass (FSG). The dielectric layer should
be capable of selectively etched or patterned with respect to the etch stop
layer. 



[00371The dielectric layer includes upper and lower portions. The upper
portion serves as an intra-metal dielectric (IMD) layer in which conductive
lines are formed. The lower portion serves as an interlevel dielectric
(LLD) layer in which contact plugs are formed. In one embodiment, the ILD
layer is a pre-metal dielectric (MAD) layer in which contact plugs are
formed to contact regions on the substrate, such as contact regions to the
transistors, including the source, drain and gate. [00381In one embodiment,
the upper and lower portions are separate portions. For example, the
conductive lines and plugs are formed using separate processes, such as
single damascene processes. Other techniques for forming the conductive
lines and plugs may also he useful. For example, reactive ion etch (RIB)
techniques may also be used or a combination of RIE and damascene
techniques may also be useful. [00391For the ease where the contact plugs
and conductive lines are thrilled using separate processes, the conductive
materials of the plugs and lines may be different. In one embodiment, the
contact plugs are tungsten (W) plugs while the conductive lines are copper
lines. Other types of materials for the plugs and conductive lines are also
useful. For example, the conductive lines may be aluminum lines. In other
embodiments, the conductive plugs and lines may be formed  using a dual
damaseene process. In such cases, the conductive plugs and lines are of the
same material. 100401The presence of the field structure disperses the
electric field across the substrate between the drain and the gate to
reduce impact ionization the gate edge. This improves gate dielectric
breakdown voltage without increasing the distance between the gate and
drain which increases Rds". 



[0041]Fig. 2a shows a cross-sectional view of a portion 100 of another
embodiment of a device and Fig. 2b shows a corresponding top view at the
gate level. The device is similar to that shown in Figs. la-b. As such,
similar features may not be described or described in detail. In one
embodiment, the device is formed on a substrate 105. The substrate, for
example, is a silicon substrate Other types of semiconductor substrates may
also be useful. In one embodiment, the substrate is a 1- substrate
Providing a substrate having other types of dopauts or dopant
concentrations, including an undoped substrate may also be useful.
190421The substrate, includes a first polarity type drift well 150 and a
second polarity type device well 170, The drift %kelt encompasses the drain
134 and underlaps a portion if the gate from die second side. The device
well encompasses the source 132 and the channel of the transistor. The
wells, for example, may be lightly or intermediately doped with respective
polarity type dopants. In one embodiment, the drift well is disposed within
the device well. For example, the depth of the device well is deeper than
the drift well. In other embodiments, device and drift wells are about the
same depth. For example, the device well may be on both sides of the drift
well. Other configurations of the device and drift well may also be useful.
The drift well, for example, may only be on one side of the drift well
encompassing the source region and chaimel of the device. [0043]In one
embodiment, a well contact 135 is provided. The well contact is disposed in
the device well from a surface portion of the substrate. The well contact,
in one embodiment, is  heavily doped with second polarity typed &pants. For
example, the well contact region is apt contact for an n-type transistor.
Providing a nF contact may also be useful for a p-type transistor. Other
dopant concentrations for the well contact may also be useful, The depth of
the well contact, for example. may be about the same as the source or
drain. Providing a contact having other depths may also be useful. The well
contact provides a contact to the device well to, for example, bias the
device well. 100441The well contact, in one embodiment, is isolated from
the source by an internal isolation region 185, la some embodiments, no
internal isolation region is provided to separate the well contact and
source. Other configurations of the source and well contact may also be
useful. 



100451In one embodiment, the well contact, the source and the field
structure 60 are commonly coupled. For example, a conductive line 198
disposed in a dielectric layer 190 may be used to cairn only couple the
source, field structure and well tap region by contact plugs 194, 195 and
196, The device well, source and field structure, for example, may be
coupled to the second opposite potential. In other embodiments, the field
structure may he coupled to either the device well contact or the source,
Other configurations of coupling the well contact, source and field
structure may also be usefin, [0046]Figs. 3a-la show cross-sectional views
of other embodiments of devices 100. The devices are similar to those shown
in Figs. I a-b and Figs. 2a-b, As such, similar features may not be
described or described in detail. 100471Referring to Fig. 3a, the device is
formed on a base substrate 105. The substrate, for example, is a silicon
base substrate. Providing other types of base substrates may also he
useful. In one embodiment, the base substrate is a p' base substrate.
Providing a base substrate having other types of dopants or dapant
concentrations, including an undoped base substrate, may also be useful.
surface substrate, for example, is a silicon surface substrata The surface
substrate may be a silicon epitaxial (egi) surface substrate. Other types
of surface substrates may also be useful, The surface substrate, in ()fie
embodiment, is a p" surface substrate. Providing a surface substrate having
other types of &pants or dopant concentrations, including an =doped base
substrate, may also be useful. [0049]The surface substrate includes a first
polarity type drift well150 and a second polarity type device well 170. In
one embodiment, the surface substrate should be sufficiently thick to
accommodate the drift and device wells. The drift well encompasses the
drain 134 and underlaps a portion of the gate from the second side. The
device wellco p es the source 132 and the channel of the transistor. The
wells, for example, may be lightly orediately 



doped with respective polarity type dopants. In one embodiment, the drift
well is disposed within the device well For example, the depth of the
device well is deeper than the drift well. In other embodiments, device and
drift wells are about the same depth. For example, the device well may be
on both sides of the drift well. Other configurations of the device and
drift well may also be useful. The drift well, for example, may only be on
one side of the drift well encompassing the source region and channel of
the device. 10050iIn one embodiment, a well contact 135 is provided. The
well contact is disposed in the devicefrom a surface portion of the
substrate. The well contact, in one embodiment, is heavily doped with
second polarity typed dopants For example, the well contact region is a pi.
contact for an n-type transistor. Providing a n+ contact may also be useful
for a p-type transistor. Other dopant concentrations for the well contact
may also be useful. The depth of the well contact, for example, may be
about the same as the source or drain. Providing a contact having other
depths may also be useful. The well contact provides a contact to the
device well to, for example, bias the device well.  10051.1The well
contact, in one embodiment, is isolated from the source by an internal
isolation region 185. In some embodiments, no internal isolation region is
provided, to separate the well contact and source. Other configurations of
the source and well contact may also be useful. 100521In one embodiment,
the well contact, the source and the field structure 160 are commonly
coupled. For example, a conductive line 198 disposed in a dielectric layer
190 may be used to commonly couple the source, field structure and. well
tap region by contact plugs 194, 195 and 196. The device well, source and
field structure, for example, may be coupled to the second opposite
potential. In other embodiments, the field structure may be coupled to
either the device well contact or the source. Other configurations of
coupling the well contact, source and field structure may also be useful.
[00531Referring to Fig. 3b, the device is formed on a base substrate 105.
The substrate, for 



example, is a silicon base substrate. Providing other types of base
substrates may also be useful. In one embodiment, the base substrate is a
p- base substrate. Providing a base substrate having other types of dopants
or dopara concentrations including an undoped base substrate, may also be
useful. [0054In onL embodiment.a surface substrate 110 is provided over the
base substrate. The surface substrate, for example, is a silicon surface
substrate. The surface substrate may be a silicon epitaxial (epi) surface
substrate. Other types of surface substrates may also be useful. The
surface substrate, in one embodiment, is a pi surface substrate, Providing
a surface substrate having other types of dopants or dopant concentrations,
including an Moped base substrate, ma.y also be useful. [00551The over
substrate, in one embodiment, is provided with an opposite po buried well
115 than the base and surface substrates. The opposite polarity type buried
well, for example, is a heavily doped opposite polarity type hurled well.
The opposite polarity type buried  well, for example, is a n buried well
for p-type surface and base substrates, For example, the surface substrate
is a p- surface substrate, the buried well is a IC buried well and the base
substrate is a cd base substrate. The buried well may be a part of the base
substrate. For example, the buried well may be formed by implanting dopants
into the base substrate. Other configurations of the surface substrate,
buried well and base substrate are also useful. [0056]The surface
substrate, in one embodiment, includes a first polarity type drift well 150
and a second polarity type device well 170. In one embodiment, the surface
substrate should be sufficiently thick to accommodate the drift and device.
The drift well encompasses the 



drain 134 and underlaps a poition of the gate from the second side. The
device encompasses the source 132 and the channel of the transistor. The
wells for example, may be lightly or intermediately doped with respective
polarity type dopants. In one embodiment, the drift well is disposed within
he device well. For example, the depth of the device well is deeper than
the drift well. In other embodiments device and drift wells are about he
same depth. For example, he device well may be on both sides of the drift
well. Other configurations of the device and drift well may also be useful.
The drift well, for example, may only be on one side of the drift well
encompassing the source region and channel of the device. [0057]in one
embodiment35 is provided. The well contact is disposed in the device well
from a surface portion of the substrate. The well contact, in one
embodiment, is heavily doped with second polarity typed dopants. For
example. the -ell contact region is a p4- contact for an n-type transistor.
Providing a n contact may also be useful for a p-type transistor. Other
dopant concentrations for the well contact may also be useful. The depth of
the well contact, for example, may be about the same as the source or
drain. Providing contact having other depths may also be useful. The well
contact provides a contact to the device well to, for example, bias the
device well.  [0058]The well contact, in one embodiment, is isolated from
the source by an internal isolation region 185, in some embodiments, no
internal isolation region is provided to separate the well contact and
source. Other configurations of the source and well contact may also be
useful. [0059]1111 one embodiment, the well contact, the source and the
field structure 160 are commonly coupled. For example, a conductive line
198 disposed in a dielectric layer 190 may be used to commonly couple the
source, field structure and well tap region by contact plugs 194,      d
196. The device well, source and field structure, for example, may be
coupled to the second opposite potential. In other embodiments, the field
structure may be coupled to either the device well contact or the source.
Other configurations of coupling the well contact, source and field
structure may also be useful. 



[0060]It is understood that the various substrate configurations of Figs.
3a-b may also be applicable to the device of Figs la-c. In other
embodiments, the substrate may be a crystalline on insulator (COD type of
substrate, such a.s a. silicon-on-insulator (SOT) substrate, A COI
substrate includes base and surface substrates separated by a buried
insulator layer. Furthermore, the various configurations of wells as well
as other features can be applied to the different embodiments of the
device. [0061]Figs. 4a-h show cross-sectional views of an embodiment, of a
process for forming a device 200. Referring to Fig. 4a, a substrate 105 is
provided. The substrate, in one embodiment, is a silicon substrate. The
substrate may be a doped substrate, such as a p- substrate. Other types of
substrates, such as a germanium-based, gallium arsenide, COI such as 301,
or sapphire, may also be useful. The substrates may be doped with other
types of dopants or dopant concentrations. [00621In some embodiment, the
substrate may include a base substrate with an surface substrate disposed
thereon. The base and surface substrates may be, for example, silicon. In
one  embodiment, the surface substrate is an epi surface substrate. Other
types of semiconductor materials for the base and surface substrates may
also be useful. It is understood that the base and surface substrates need
not be the same material. [0063]In one embodiment, the base substrate is a
p+ substrate and the surface substrate is a p- substrate Providing
substrates with other dopant concentrations or different types of dopants,
including no dopants, may also be useful. In some embodiments, a buried
well of the opposite polarity as the surface substrate may be provided. The
buried well, for example may be a heavily doped well of the opposite
polarity as the surface substrate. In one embodiment, a n+ buried well is
to separate the p- surface epi substrate from a p- base substrate. The n
buried well may be a part of the base substrate. Other configurations of
base substrate, surface substrate and buried well may also be useful. 



(00641As shown, a device region is defined on se substrate. Although one
device region is shown, it is however understood that the substrate may
include various types of regions (not shown). 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 formed. Depending on the
type of IC formed, the logic regions, for example, may include regions tbr
different voltage devices. For example, the logic regions may include
regions for high voltage (1-1\r.) devices, medium or intennediate voltage
(IV) devices and low voltage (IN) devices. Other configurations of
may also be useful. Additionally, other types of device regions may also be
provided. [0065]In one embodiment, the device region is al-IV region. The
device region, for example, serves as a device region for a LD transistor.
Providing a device region for other types of devices may also be useful.
The device region is separated from other regions by a device isolation
region 180. The device isolation region surrounds the device region. In one
embodiment, the device region also includes an internal device isolation
region 185 to separate the device region into first and second device
sub-regions. For ample, the internal device  isolation region separates the
device region into first and second sub-regions on the surface of the
substrate. [0066]in one embodiment, an internal isolation region 185 is
provided within the device region. The internal isolation region for
example, is disposed in the device region along a channel width direction
of the transistor between the gate and drain. The internal isolation, for
example, extends from one sid.e to the other side of the device region
along the channel width direction. [00671The isolation regions are, for
example, STIs. Various processes can be employed to fotiai thL STI regions.
For example, the substrate can be etched using etch and mask techniques to
form trenchesare then filled with dielectric materials such as silicon
oxide. Chemical 



mechanical polishing (CMP) can be performed to remove excess oxide and.
provide a planar substrate top surface. Other processes or materials can.
also be used to form the STN. The depth of the Sits may be, for example,
about 2000 - 6000 A. Other depths for the STIs may also be useful. in other
embodiments, the isolation. may be other types of isolation regions. Also,
the device and internal isolation regions may be different types of
isolation regions. [0068]As shown in Fig. 4b, a doped. well 150 is formed
in the device region. The doped well serves as a drift well for the device.
in one em.bodiment, th.e drift well is disposed in a portion of the device
region. The drift well, for example, encompasses the internal isolation
region and a portion of the device isolation region on a second side of the
device region. The depth of the drift well, for example, may be about 0.1 -
5 pm Providing a drift well of other depths may also he useful. The depth
of the drift well, for exam pie, my depend. on the device operation
voltage. The drift well includes first polarity type dopants for a first
polarity type device. For example, a n-type drift well is provided for a
n-type device. The n-type drift well, for example, may include phosphorus
dopants. Fowling a p-type drift well for a p-type device may also be
useful. In one embodiment, the drift well may be lightly or intermediately
doped  with first polarity type dopants. Other donant concentrationst
driftmay also be useful. [00691In some embodiment, a device doped well is
formed in the device region, as shown in Fig. 4c. The device well serves as
a body well for the transistor. The device well includes second polarity
type dopants. In one embodiment, the device well is a lightly doped device
well. For example, the dopant concentration of the device well is about
1E13 - 1E14 / cm2, The device well, in one embodiment, encompasses the
drift well and internal isolation region. In one embodiment, the device
well encompasses a portion of the device isolation region, internal
isolation region and drift well. The depth of the device well, for example,
is about 0.5 -6 p. Other depths for the device well may also be useful. In
other embodiments, the device well and drift well may have about the same
depth. For example, the device well may be on both sides of the drift well.
Other configurations of the device and drift well may also he useful. The
drift well, for example, may only be on one side of the drift well
encompassing the source region and channel of the device. [00701To font
doped well, an implant mask which exposes the device region is used. The
implant mask, for example, comprises photoresist patterned by a
lithographic mask. Dopants are implanted into the substrate using the
implant mask. The dopants are implanted with the appropriate dose and
power. Separate implant processes with respective implant masks are used to
form doped wells of different polarity types. For example, separate
processes are used to form the drift and device wells. in one embodiment,
the device well is formed prior to forming the drift well. In some
embodiments,  a doped well may be formed by, for example, perfoin ing
multiple implants at different energies. For example, the device well may
be formed using 



e implant processes. Other configurations of implant processes may also be
employed to form the wells.  100711The implant processes used to forrn the
device wells may be compatible or the ame as processes used to form other
similar types of wells in the device. For example, the processes may be
compatible with those used in current CMOS processes for foiaiing similar
types of wells. For example, the device well may he formed at the same time
as the low voltage device or intermediate voltage device well. This allows
the same lithographic mask of the current CMOS implant mask to be used to
pattern the implant mask for the device well. For example, the current
(.71\40S implant mask may be customized to include the device well opening.
In other embodiments,a separate device well mask may be sed to specifically
tailor for the doping of the device well. in such cases, the same ask can
also he used to form the second. device 100721An anneal is perfomied. In
one embodiment, the anneal is performed after the drill and device wells
are funned. The anneal activates the dopants. In other embodiments,
separate anneals may be performed for the drift and device wells. For
example, an anneal may be performed after forming a doped well. 100731As
shown in Fig. 4d, gate layers of a gate are formed on the substrate, in one
embodiment, the gate layers include a gate dielectric layer 242 on the
substrate and a gate electrode layer 244 thereon. The gate dielectric
layer, for example, is silicon oxide. The thickness of the gate dielectric
layer may be about 30- 1000 A. For example, the gate dielectric layer is a
high voltage gate dielectric layer. The gate dielectric layer may be formed
by thermal oxidation. For example, the dielectric layer is formed by wet
oxidation followed by annealing the substrate in an oxidizing ambient. The
temperature of the wet oxidation can be, for example, about 600 - 1000 'C.
The annealing can be, for example, performed at a temperature of about 1
000 'C. [0074]As for the gate electrode layer, it may be polysilicon. The
thickness of the 



electrode layer may be about 500 - 5000 A. Other thickness may also be
useful.. The gate electrode layer may be thnned by, for example; CATE Other
techniques for fotining the gate  electrode layer may also be useful. The
gate electrode layer can be former: as aa amorphous or non-amorphous layer.
In one embodiment, the gate electrode layer is polysilicon doped with first
type dopants. The concentration of doprmts in the gate electrode layer may
be about 1E14 - 1E15 / em2. Various techniques may be employed to dope the
gate electrodk for example, in-situ doping or tan implantation. [00751Other
types of gate dielectric and gate electrode materials or thicknesses may
also be useful. For example, the gate dielectric material may be a high k
dielectric material while the gate electrode may be a metal gate electrode
material. Other configuration of gate layers also be useful. For example,
the gate dielectric andIor gate electrode layers may have multiple layers.
The layers can be formed by various techniques, such as thermal oxidation,
CVD and sputtering. [00761Referring to Fig. 4e, a mask layer 249 is formed
on the substrate. The mask layer, for example is formed over the gate
electrode layer. In one embodiment, the mask layer is a soft mask layer,
such as a photoresist layer. An exposure source may selectively expose the
photaresist layer through a reticle containing the desired pattern. After
selectively exposing the photoresist layer, it is developed to form
openings corresponding to locations When the gate layers are to be
retnovcd. To improve lithographic resolution, an anti-reflective coating
(ARC) may be used below the photorelayer. 10077]In other embodiments, the
mask layer may be a hard mask layer. The hard mask layer, for example, may
comprise TEOS or silicon nitride. Other types of hard mask materials may
also be used. The hard mask layer may be patterned using a sofi mask, such
as a photoresist. 



100781The patterned mask layer serves as an etch mask for a subsequent etch
process, as shown in Fig. 4f For example, the etch transfers the pattern of
the mask to the gate layers_ The etch removes the gate layers unprotected
by the mask, exposing the substrate. The etch, for  example, may be an
anisotropic etch, such as reactive ion etch (RIB). Other types of etch
processes may also be useibi. In one embodiment, an RIE is employed to
pattern the gate layers to foa. a gate 140. In one embodiment, the etch
patterns the gate layers to fonn the gate and a held structure 160
surrounding a drain region of the substrate defined by the internal
isolation and device isolation regions. 10079]As deseribed, the gate and
field structure are finned in the same etch process using the gate layers.
In other embodiment, the gate and field structure are folAned using
different processes. This allows the gate and field structure to have
different materials. For example, after the gate is firmed, a conductive
layer is formed on the substrate and patterned to form the field structure.
Other techniques for forming the gate and field structure using different
processes may also be useftd, [OM]In one embodiment, lightly doped regions
232 and 234 are fbiuie.d on the substrate in the source and drain regions
of the device. The lightly doped regions have first polarity type dopants.
To form the lightly doped regions, first polarity type dopants are
implanted into the substrate. The implant, Mr example, may be self-aligned
with respect to the device region. For example, the implant may be doped
into the substrate unprotected by the gate, field structure and isolation
regions. The depth of the lightly doped regions, for example, is about 0.1
-- 0.4 ism. The implant dose may be from about 5E12 -- 5E13 / cm2 and the
implant energy may be from 10 - 100 KeV, Other inparameters may also be
useful, 10081]Sidewall spacers 148 are formed on the sidewalls of the gates
and the field structure. 



To tbrrn the sidewall spacers, a dielectric layer is deposited on the
substrate. The dielectric layer, for example, may be silicon oxide Other
types of did cthic material, such as silicon nitride, may also be used. The
dielectric layer may be formed. by CVO. The dielectric layer may also be
fanned using other techniques. The thickness of the dielectric layer may
be, for example, 300 - 1000 A. Other thickness for the dielectric layer may
also be useful. The thickness, for example,  may depend on the desired
width of the spacers. An anisotro pie etch, such as R1E, may be performed
to remove horizontal portions of the dielectric layer, leaving spacers on
the sidewalls oldie gate. In some applications, the spacer may be formed
from multiple dielectric layers. 100821Referring to Fig. 4g, heavily doped
regions 132 and 134 areed in the source and drain regions on the substrate.
The heavily doped regions have first polarity type dopants. Forming the
heavily doped regions include implantingt polarity type dopants into the
substrate. The implant, like the one that forms the lightly doped regions,
is self-alived with respect to the device region. For example, the implant
may be doped into the substrate unprotected by the gate, field stnicture
and isolation regions. In this case, the sidewall spacers cause the heavily
doped source region to be offset, creating a source which includes a
lightly doped source portion and a heavily doped deeper portion. The depth
of the lightly doped regions, for example, is about 0.1 - 0.4 jan. The
implant dose may be about 5E12 - 5E13 1 c:m and the implant energy may be
10 - 100 KeV. Other implant parameters may also be useful. This forms a LD
transistor 120. 100831In one embodiment, salicide contacts 128 are formed
on contact regions of the transistor as shown in Fig. 4h, For example, the
salicide contacts are formed on the gate and source and drain of the
transistor. In one embodiment, a salicide contact is also formed over the
field structure. The salicide contacts are to facilitate low resistance
contacts between the active substrate and the BEOL. metal lines. In one
embodiment, the thickness is about 200 A. Providing other thicknesses may
also be useful. [0084]To form the salicide contacts, a metal layer is
deposited on the surface of the substrate. The metal layer, for example,
may he nickel or an alloy thereof Other types of metallic layers, such as
cobalt, or alloys thereof, including nickel, may also be used. The metal
layer can be formed by Physical Vapor Deposition (PM). Other types of metal
elements and/or be formed by other types of processes can also be useful. 



1901351A first anneal may be perfoiined. The first anneal diffuses the
metal dopants into the active thstrat ',Pinning a silicided layer. The
first anneal, for example, is performed at a temperature of about 300 - 600
A": for about 10 - 60 seconds. Excess metal not used in the silicidation of
the active surface is removed by, for example, a wet removal process. For
example, unreacted metal material is removed selective to the salicide
contacts. A second anneal may be performed to enhance the material
properties of the silicided layer, for example, lower resistivity. The
first and. second. annealing processes may he a rapid thermal anneal (RTA).
Other annealing parameters or techniques may also be useful to ft.1311 the
salicide contacts. [0086]Referring to Fig. 4i, a dielectric layer 190 is
formed on the ubstrate, covering the transistor. A dielectric etch stop
layer may be formed over the transistors prior to forming the dielectric
layer. The etch stop layer, for example, is a silicon nitride etch stop
layer. Other types of etch stop layers may also he useful. The etch stop
layer should have a material which can be selectively removed from the
dielectric layer thereoyer. The etch stop layer facilitates in forming via
plugs to contact regions of the transistor, such as the gate electrode and
SID regions. In some embodiments, the etch stop layer may also serve as a
stress layer for applying a stress on the channel of the transistor to
improve performance. Various techniques, such as CND, maybe employed, to
form the etch stop layer, [00871The dielectric layer serves as an
interconnect dielectric layer in which interconnects are formed to couple
to the various contact regions or terminals of the transistor. The
dielectric layer, for example, is a silicon oxide laym in one embodiment.,
the dielectric layer is a high aspect ratio process (HARP) dielectric
material. Other types of dielectric materials are also usetill. For
example, the dielectric layer can be formed from doped silicon oxide such
as fluorinated silicon oxide1FSG), undoped or doped silicate glasses such
as boron phosphate silicate glass (BPSG) and phosphate silicate glass
(PSG), undoped or doped NAnight irown silicon oxide, undoped or doped TEGS
deposited silicon oxide, and low-k or ultra tow-k  dielectric materials
such as organo-silicate glass (OSG) and fluorine-doped silicate glass
(FSG). The dielectric layer should be capable of selectively etched or
patterned with respect to the etch stop layer, 



[0088]The dielectric layer includes i'pper and lower portions. The upper
portion serves an intra-inetal dielectric (IMD) layer in which conductive
lines are formed. The lower portion serves as an interlevel dielectric
(ILD) layer in which contact plugs are formed. In one embodiment, the ILD
layer is a pre-metal dielectric (PMD) layer in which contact plugs are
formed to contact regions on the substrate, such as contact regions to the
transistors, including the source, drain and gate. [0089]In one embodiment,
the upper and lower portions are separate portions. For example, the
conductive lines and plugs are formed using separate processes, such as
single damascene processes. For example, via openings are formed in the PMD
layer using, for cmask and etch processes, such as RIE. The via openings
are tilled with a conductive material. Excess conductive material is
removed by, for example, OAP to form a planar top surface with exposed
contact plugs in the via openings. Thereafter, the IMD layer is fonned over
the PMD layer, Trenches are formed in the IMD layer using mask and etch
processes. The trenches correspond to conductive lines and are in
communication with contact plugs in the PMD layer. The trenches are filled
with a conductive material. Excess conductive materials are removed by, for
example, CMP to provide a planar top surface with exposed interconnect
lines. Other techniques for forming the conductive lines and plugs as well
as the use of other types of conductive materials may also be useful. For
example, reactive ion etch (RIB) techniques may also be used or a
combination of RIE and damascene techniques may also be useful. [0090]For
the ease where the contact plugs and conductive lines are formed using
separate processes, the conductive material of the plugs and lines may be
different. In one embodiment, the contact plugs are tungsten (W) plugs
while the conductive lines are copper lines. Other  of materials -for the
plugs and conductive lines are also useful. For example, the conductive
lines may be aluminum lines. in other embodiments, the conductive lines and
plugs may be formed using a dual damascene process. In such cases, the
conductive lines and plugs are of the same material [0091]in onembodiment,
contact plugs 194 and 195 are feinted in the lower portion of the 



dielectric layer. The contact plugs are coupled to the source and to the
Field structure. The contact plugs arc interconnected by a conductive line
198 in the upper portion, of the dielectric layer. This interconnects the
field structure to the source-. In other embodiments, the source and field
structure are not interconnected, l.a such cases, the field structure is
interconnected to a low potential source which is lower than the drain. In
one embodiment, the field structure is interconnected to ground or OV.
Coupling the field structure to other low potential sources is also useful.
[0092]In other embodiments, a well contact is provided. The well contact is
disposed in the device well from a surface portion of the substrate. 'The
well contact, in one embodiment, is heavily doped with second polarity
typed dopants. For example, the well contact region is a pf contact for an
n-type transistor, Providing a 7t contact may also be useful for a p-type
transistor. Other dopant concentrations for the well contact may also he
useful. The depth of the well contact, for example, may be about the same
as the source or drain. Providing a contact having other depths may also be
useful. The well contact provides a contact to the device well to, for
example, bias the device well. 100931The well contact, in one embodiment,
is isolated from the source by an internal isolation region. In some
embodiments, no internal isolation region is provided -to separate the well
contact and source. Other configurations of the source and well contact may
also be useful. [00941in one embodiment, the well contact, the source and
the field structure 160 are commonly coupled.. For example, a conductive
line disposed in a dielectric layer may be used to  commonly couple the
source, field structure and well tap region by contact plugs. The device
well, source and field structure, for example, may be coupled to the second
opposite potential. In other embodiments, the field structure may be
coupled to either the device well contact or the source. Other
configurations of coupling the well contact, source and field structure may
also be useful. [0095]Figs. 5a-b show impact ionization of transistors with
and without a field structure. 



Referring to Fig. 3a, impart ionization 330 of the transistor 120 without a
field structure is concentrated at a drain side of the gate. On the other
hand, impact ionization 340 of the transistor of Fig. 3b with the field
structure is distributed across the substrate from the drain the gate. By
distributing the impact ionization across the substrate, for example, from
the drain side of the gate and under the isolation region to the drain, an
increase in dielectric breakdown voltage can be achieved. I00961Table 1
shows TCAD simulation results of a transistor with and without the field
structure. The dimensions of the transistors are identical. As can be seen,
the breakdown voltage increases from 29.3 V to 34.5 V by employing a field
structure. Table I 100971The invention may be embodied in other specific
foiws 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 invention described herein.
Scope of the invention 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 



A method of forming a device comprising:       providing a substrate haying
a device renion, wherein ale device region comprises a source region, a
gate region. and a drain region defined thereon, the substrate is prepared
with gate layers on the substrate;       patterning the gate layers to form
gate in the gate region and a field structure surrounding the drain region;
forming a. source and a. drain in the source region and drain region,
wherein the drain is separated from the gate on a second side of the gate
and the source is adjacent to a first side of the gate; and       forming
an interconnection to the field structure. the interconnection is coupled
to a potential, wherein the potential distributes the electric field across
the tbstrate between the second side of the gate and the drain. 2.The
method of claim 1 comprises forming an internal deice isolation region
along a channel width direction in the substrate between the gate and
drain.       The method of claim 2 comprises forming a drift well in the
substrate between the gate and drain region, underlapping a portion of the
gate. 4.The method of claim 2 wherein the drift well encompasses the drain
and internal device isolation region. 



The method of claim 1 comprises forming an isolation region, Wherein the
isolatio region isolates the device region from other regions of the
device.  6. The method of claim 5 comprises forming a device well disposed
within the isolation region.  7. The method of claim 6 wherein the device
well compasses the source, drain rift well and internal device isolation
region. method of claim 1 wherein the device is an NMOS transistor.  9. The
method of claim 8 wherein the potential to which the interconnection
coupled is lower than the drain pot  10. The method of claim 1 wherein the
device is a PMOS transistor.  11. The method of claim 10 wherein the
potential to which the interconnection is coupled is higher than the drain
potential. The method of claim 1 wherein the field stmcturc, comprises a
conductive material. 



The method of claim 1 wherein the Held structure comprises a gate
electrode.  gate electrode.  15. The method of claim I comprises forming
saheide contacts on the source and drain regions.  16. A method of fora ing
a device comprising:      providing a substrate having a device
region,Wherein the device region comprises source region, a gate region and
a drain region defined thereon; forming a drift well in the substrate
between the gate and drain region; depositing gate layers on the substrate;
patterning the gate layers to form a gate in the gate region and a field
structure surrounding the drain region;       forming a source and a drain
in the source region and drain region, -herein the drain is separated from
the gate on a second side of the gate and the source is adjacent to a first
side of the gate; and 



forming an interconnection to the field structure; the interconnection
coupled to a potential; wherein the potential distributes the electric
-field across the substrate between the second side of the gate and the
drain.  17. The method of claim 16 wherein the dnfi. well underiaps a
portion of the gate.  18. The method of claim 16 wherein the device is an
NMOS transistor, and wherein the potential to which th.e interconnection is
coupled is lower than the drain potential.  potential to which the
interconnection is coupled is higher than the drain potential. 20.A device
comprising:       a substrate having a device region, wherein the device
region comprises a source region, a gate region and a drain region defined
thereon; a field structure surrounding the drain region; a source and a
drain in the source region and drain region, wherein the drain isat from
the gate on a second side of the gate and the source is adjacent to a first
side of th Tate; and       an interconnection to the field structure, the
interconnection is coupled to a potential, wherein the potential
distributes the electric field across the substrate between the second side
of the gate and the drain 




