
ESD PROTECTION CIRCUIT 

BACKGROUND 

[0001] 	Traditional n-type lateral diffused metal oxide semiconductor (nLDMOS) has 

some inherent poor characteristics, such as "strong snapback kirk effect or base push out", 

which negatively affect or degrade its ESD performance These negative characteristics result 

in non-uniform turn on of the nLDMOS or ESD device. 

[0002] 	The disclosure is directed to reduce or prevent strong snapback or base push out 

phenomena and to provide transistors having improved ESD performance. 

SUMMARY 

[0003] 	Embodiments generally relate to semiconductor devices. In one embodiment, a 

device which includes a substrate defined with a device region having an ESD protection 

circuit is presented. The ESD protection circuit has a transistor. The transistor includes a 

gate having first and second sides. A first diffusion region is disposed in the device region 

adjacent to the first side of the gate and a second diffusion region is disposed in the device 

region displaced away from the second side of the gate. The first and second diffusion 

regions include dopants of a first polarity type. A drift isolation region is disposed between 

the gate and the second diffusion region. A first device well encompasses the device region 

and a second device well is disposed within the first device well. A drain well having dopants 

of the first polarity type is disposed under the second diffusion region and within the first 

device well. 

[0004] 	In another embodiment, a device which includes a substrate having first and 

second device wells in a device region is disclosed. The second device well is disposed 

within the first device well. A transistor is disposed in the device region. The transistor 

includes a gate having first and second sides. A first diffusion region is disposed adjacent to 

the first side of the gate and a second diffusion region is displaced away from the second side 
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ESD PROTECTION CIRCUIT BACKGROUND [0001]Traditional n-type lateral diffused
tal oxide semiconductor (riLDMOS) has some inherent poor characteristics,
such as "strong snapback kirk effect or base push out", which negatively
affect or degrade its ESD performance. These negative characteristics resul
in non-uniform turn on of the nLDMOS or ESD device. [00021The disclosure is
directed to reduce or prevent strong snapback or base push out phenomena
and to provide transistors having improved ESD performance. SUMMARY
[0003]Embodiments generally relate to semiconductor devices. In one
embodiment, a device whichs a substrate defined with device region having
an ESD protection circuit is presented. The ESD protection circuit has a
transistor The transistor includes a gate having first and second sides. A
first diffusion region is disposed in the device region adjacent to the
first side of the gate and a second diffusion region is disposed in the
device region displaced away from the second side of the gate. The first
and second diffusion regions include dopants of a first polarity type. A
drift isolation region is disposed between the gate and the second
diffusion region. A first device well encompasses the device region and a
second device well is disposed within the first device well. A drain well
having dopants of the first polarity type is disposed under the second
diffusion region and within the first device well. [00041In another
embodiment device which includes a substrate having first and 



of the gate. A drift isolation region is disposed between the gate and the second diffusion 

region. A drain well is disposed under the second diffusion region and within the first device 

well. 

[0005] 	These and other advantages and features of the embodiments herein disclosed, will 

become apparent through reference to the following description and the accompanying 

drawings. Furthermore, it is to be understood that the features of the various embodiments 

described herein are not mutually exclusive and can exist in various combinations and 

permutations. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] 	In the drawings, like reference characters generally refer to the same parts 

throughout the different views. Also, the drawings are not necessarily to scale, emphasis 

instead generally being placed upon illustrating the principles of the invention. In the 

following description, various embodiments of the present invention are described with 

reference to the following drawings, in which: 

[0007] 	Figs. la-d show cross-sectional views of various embodiments of a device; and 

[0008] 	Figs. 2a-d show cross-sectional views of other various embodiments of a device. 

DETAILED DESCRIPTION 

[0009] 	Embodiments generally relate to semiconductor devices. ESD circuits are 

provided for the devices. For example, the ESD circuits may be used in high voltage 

applications or devices. ESD circuits, for example, are activated during an ESD event to 

dissipate ESD current. The devices, for example, may be any type of semiconductor devices, 

such as integrated circuits (ICs). Such devices, for example, can be incorporated into 

standalone devices or ICs, such as microcontrollers or system on chips (SoCs). The devices 

or ICs can be incorporated into or used with, for example, electronic products, such as 

speakers, computers, cell phones, and personal digital assistants (PDAs). 
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second device wells in a device region is disclosed. The second deviceis
disposed within the first device well. A transistordisposed in the device
region The transistor includes a gate having firstsecond sides. A first
diffusion region is disposed adjacent to the first side of the gate and a
second diffusion region is displaced away from the second side  of the
gate. A drift isolation region is disposed between the gate and the second
diffusion region. A drain well is disposed under the second diffusion
region and within the first device well. [0005]These and other advantages
and features of the embodiments herein disclosed, will become apparent
through reference to the following description and the accompanying
drawings. Furthermore, it is to be understood that the features of the
various embodiments described herein are not mutually exclusive and can
exist in various combinations permutations, BRIEF DESCRIPTION OF THE
DRAWINGS [0006]In the drawings, like reference characters generally refer
to the same parts throughout the different views. Also, the drawings are
not necessarily to scale, emphasis instead generally being placed upon
illustrating the principles of the invention. In the following-
description, various embodiments of the present invention are described
with reference to the following drawings, in which: [0007]Figs. I a-d show
cross-sectional views of various embodinwnts of a device; and [0008]Figs.
2a-d show cross-sectional views of other various embodiments of a device. 



[0010] 	Fig. la shows a cross-sectional view of an embodiment of a device 100a. As 

shown, a substrate 105 is provided. The substrate, for example, is a semiconductor substrate, 

such as a silicon substrate. In one embodiment, the substrate may be a p-type doped 

substrate. For example, the p-type doped substrate is a lightly p-type doped substrate. Other 

types of semiconductor substrates, including doped with other types of dopants or 

concentration or undoped, may also be useful. For example, the substrate may be a silicon 

germanium, germanium, gallium arsenide, or crystal-on-insulator (COI) such as silicon-on-

insulator (SOI). The substrate can be a doped substrate. 

[0011] 	The device may include doped 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 x-, x and x+, where x 

indicates the polarity of the doping, such as p for p-type or n for n-type, and: 

x = lightly doped; 

x = intermediately doped; and 

x+  = heavily doped. 

A lightly doped region may have a dopant concentration of less than about 5E13/cm3. For 

example, a lightly doped region may have a dopant concentration of about 1E1 1/cm3 -

5E13/cm3. An intermediate doped region may have a dopant concentration from about 5E13 -

5E15/cm3. For a heavily doped region, it may have a dopant concentration of more than 

about 5E15/cm3. For example, a heavily doped region may have a dopant concentration from 

about 5E15cm3  - 9E15/cm3. Other concentrations of the different types of doped regions may 

also be useful. P-type dopants may include boron (B), aluminum (Al), indium (In) or a 

combination thereof, while n-type dopants may include phosphorus (P), arsenic (As), 

antimony (Sb) or a combination thereof. 
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DETAILED DESCRIPTION [0009]Embodiments generally relate to semiconductor
devices. ESD circuits are provided for the devices. For example, the ESD
circuits may be used in high voltage applications or devices. ESD circuits,
for example, are activated during an FSD event to dissipate ESD current.
The devices, for example, may be any type of semiconductor devices, such as
integrated circuits (ICs). Such devices, fur example, can be incorporated
into standalone devices or [Cs, such as icrocontrollers or system on chips
(SoCs). The devices or ICs can be incorporated into or used with, for
example, electronic products, such as speakers, computers, cell phones, and
personal digital assistants (PDAs).  shown, a substrate 105 is provided.
The substrate, for example, is a semiconductor substrate, such as a silicon
substrate.. In one embodiment, the substrate may he a p-type doped
substrate, For example, the p-type doped substratelightly p-type doped
substrate. Other types of semiconductor substrates, including doped with
other types of dopants or concentration or undoped, may also be useful. For
example, the substrate may be a silicon gentian' m, germanium, gallium
arsenide, or crystal-on-insulator (COI) such silicon- n insulator (SOB. The
substrate can be a doped substrate. 100111The device may include doped
regions or wells having different dopant concentrations. For example, the
device may include heavily doped, intermediate dope nd lightly doped
regions. The doped regions may be designated by x x and I', where x
indicates the polarity of the doping, such as p for p-type or n for nand;
x- = lightly doped; x = intermediately doped; and = heavily doped. 



[0012] 	As shown, the device includes a device region 110 defined on the substrate. A 

device isolation region 190 may be provided for isolating or separating the device region from 

other device regions on the substrate. In one embodiment, the device isolation region 

surrounds the device region. The isolation region, for example, is a shallow trench isolation 

(STI) region. Other types of isolation regions may also be employed. For example, the 

isolation region may be a deep trench isolation (DTI) region. The isolation region, for 

example, extends to a depth of about 4000 A for a STI region. Providing isolation regions 

which extend to other depths, such as 0.5 — 10 gm for DTI regions, may also be useful. In 

one embodiment, the width of the isolation region is about 0.3 gm. Providing isolation 

regions having different depths and widths may also be useful. The dimensions, for example, 

may depend on isolation requirements. 

[0013] 	The device region includes an ESD protection circuit 115. 	The ESD protection 

circuit, in one embodiment, is a lateral diffused (LD) transistor. For example, the ESD 

protection circuit is a LD metal oxide semiconductor (LDMOS) transistor. 

[0014] 	In one embodiment, a first doped well 160 is disposed in the substrate in the 

device region. The first doped well, as shown, encompasses the complete device region. For 

example, the first doped well serves as a first device well which is disposed in the substrate 

from about an inner edge of the device isolation region. Providing the first doped well which 

extends from the bottom of the isolation region between inner and outer edges of the isolation 

region is also useful. In one embodiment, the first well serves as an isolation well. For 

example, the first well isolates the ESD protection circuit from the substrate. The first well 

should be sufficiently deep to serve as an isolation well. 

[0015] 	The first well includes first polarity type dopants. In one embodiment, the first 

well is lightly doped with first polarity type dopants. For example, the dopant concentration 

of the first well may be about 1Ell/cm3  - 5E13/cm3. Providing a first well having other 
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A lightly doped region may have a dopant concentration of less than about
5E13/cm3.For example, a lightly doped region may have a &pant concentration
of about 1 El tient35E13/cm3. An intermediate doped region may have a
dopant concentration from about 5E13 - 5E15/cm3. For a heavily doped
region, it may have a dopant concentration of more than about 5E15/cin For
example, a heavily doped region may have a dopant concentration from about
5E15cm3 - 9E15/cm3. Other concentrations of the different types of doped
regions may also be usethl. P-type dopants may include boron (B), aluminum
(Al), indium (b) or a combination thereof, while n-type dopants may include
phosphorus (P), arsenic (As), antimony (Sb) or a combination thereof
[0012]As shown, the device includes a device region 110 defined on the
substrate. A device isolation ngion 190 may be provided for isolating
separating the device region O. . other device regions on the substrate. In
one embodiment, the device isolation region surrounds the device region.
The isolation region, for example, is a shallow trench isolation (STE)
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 region, for example, extends to a depth of about 4000 A for a STI
region. Providing isolation regions             o other depths, such as 0.5
--- 10 um for DTI regions, may also be useful. In one embodiment, the width
of the isolation region is about 0.3 um. Providing isolation regions having
different depths and widths may also be useful. The dimensions, for
example, may depend on isolation requirements. 100131The device region
includes an ESD protection circuit. The ESD protection circuit, in one
embodiment, is a lateral diffused (ED) transistor. For example, the ESD
protection circuit is a 1,D metal oxide semiconductor (1_,DMOS) transistor,
[0014]In one embodiment, a first doped well 160 is disposed in the
substrate in the device region. The first doped well, as shown, encompasses
the complete device region. For example, the first doped well serves as a
first device well which is disposed in the substrate from about an inner
edge of the device isolation region. Providing the first doped well which
extends from the bottom of the isolation region between inner and outer
edges of the isolation region is also useful. In one embodiment, the first
well serves as an isolation well. For example, the first well isolates the
ESD protection circuit from the substrate. The first well should be
sufficiently deep to serve as an isolation well. 



dopant concentrations may also be useful. In one embodiment, the first polarity type is n-

type. For example, the first well may ben well for a n-type device. Providing p-type as the 

first polarity type is also useful. For example a p well may be employed for a p-type device. 

[0016] 	A gate 120 of the transistor is disposed on the surface of the substrate in the device 

region. The gate includes a gate electrode 126 disposed over a gate dielectric 124. The gate 

electrode may be polysilicon. Other materials may also be useful. As for the gate dielectric, 

it may be silicon oxide. Other gate dielectric materials may also be useful. In one 

embodiment, the gate is similar to gates used for core devices. Other configurations of gates 

may also be useful. 

[0017] 	The gate may be a gate conductor which forms gates of multiple transistors. For 

example, the gate conductor may traverse a plurality of device regions separated by isolation 

regions. The pluralities of transistors have a common gate formed by the gate conductor. 

Other configurations of gate conductors may also be useful. 

[0018] 	The gate is disposed between first and second source/drain (S/D) regions 130 and 

140. The S/D regions are first polarity type doped regions disposed in the substrate. The S/D 

regions are, for example, heavily doped first polarity type regions. For example, the S/D 

regions may have a depth of about 0.1 - 0.4 gm. Other depths may also be useful. The S/D 

regions may be similar to those of other transistors of the device. In one embodiment, the 

first S/D region is a source region and the second S/D region is a drain region of the 

transistor. 

[0019] 	The first S/D region is disposed adjacent to a first side of the gate. In one 

embodiment, the gate overlaps the first S/D region. For example, the first side of the gate 

overlaps the first S/D region. The amount of overlap should be sufficient for the first S/D 

region to be in communication with a channel of the transistor under the gate. The amount of 

overlap, for example, is about 0.1 - 0.5 µm. Overlapping the first S/D region by other 
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[00151The first well includes first polarity type dopams. In one
embodiment, the first vell is lightly doped with first polarity type
dopants. For example, the dopant concentration of the first well may be
about 1E1 ilcm3 - 5E13/cm3. Providing a first well having other  dopant
concentrations may also be useful. In one embodiment, the first polarity
type is ii-type. For example, the first well may be n well for a type
device Providing p-type as the first polarity type is also useful. For
example a p- well may be employed for a p-type device. 10016jA gate 120 of
the transistor is disposed on the surface of the substrate in the device
region. The gate includes a gate electrode 126 disposed over a gate
dielectric 124. The gate electrode may be polysilicon. Other materials may
also be usefuL As for the gate dielectric, it may be silicon oxide. Other
gate dielectric materials may also be seful. In one embodiment, the
gategates used for core devices. Other configurations of gates may also be
useful. 100171The gate may be a gate conductor which foil' s gates of
multiple transistors. For example, the gate conductor may traverse a
plurality of device regions separated by isolation regions. The pluralities
of transistors have a common gate formed by the gate conductor. Other
configurations of gate conductors may also be useful. 10018]The gate is
disposed between first and second source/drain (S/D) regions 130 and 140.
The S/D regions are first polarity type doped regions disposed in the
substrate. The S/D regions are, for example, heavily doped first polarity
type regions. For example, the S/D regions may have a depth of about 0.1
-0.4 urn. Other depths may also be useful The S/D regions may be similar to
those of other transistors of the device. In one embodiment, the first SID
region is a source region and the second S/D region is a drain region of
the transistor, 



amounts may also be useful. In one embodiment, the gate overlaps a lightly doped region of 

the first S/D region. Other configurations of the first S/D region may also be useful. As for 

the second S/D region, it is displaced away from a second side of the gate. The displacement 

may be, for example, referred to as the drift distance. 

[0020] 	In one embodiment, a drift isolation region 192 is provided between the gate and 

the second S/D region. The drift isolation region, for example, is a STI. Other types of drift 

isolation region may also be useful. As shown, the gate overlaps the drift isolation. The drift 

isolation region can be employed to increase the effective drift distance. For example, the 

drift distance can be increased to be equal to the profile of the drift isolation region. 

[0021] 	Sidewalls of the gate may be provided with dielectric spacers (not shown). The 

dielectric spacers, for example, may be silicon oxide spacers. Other types of dielectric 

materials may 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 facilitate 

forming the lightly doped and S/D regions. For example, the lightly doped region is formed 

prior to spacer formation while the first S/D region is formed after spacer formation. 	Other 

configurations of spacers may also be useful. For example, the spacer may be a single spacer. 

In some cases, the transistor may also include a halo region. The halo region is a second 

polarity doped region abutting the lightly doped and first S/D regions under the gate. 

[0022] 	In some embodiments, a dielectric etch stop layer (not shown) 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 thereover. The etch stop layer facilitates in 

forming contact plugs to 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 a channel of the transistor below the gate to improve performance. 
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100191The first SID region is disposed adjacent to a first side of the
gate. In one embodiment, the gate overlaps the first SID region. For
example, the first side of the gate overlaps the first S/D region. The
amount of overlap should be sufficient for the first S/D region to be in
communication with a channel of the tanthe gate. The amount of overlap, for
example, is about 0.1 - 0.5 um. Overlapping the first S/D region by other
amounts may also be useful. In one embodiment, the gate overlaps a lightly
doped region of the first S/D region. Other configurations of the first SAD
region may also be useful. As for the second S/D region, it is displaced
away from a second side of the gate. The displacement may be, for example,
referred to as the drift distance. [NMIIn one embodiment, a drift isolation
region 192 is provided between the gate and the second S/D region. The
drift isolation region for example, is a STI. Other types of drift
isolation region may also be useful. As shown, the gate overlaps the drill
isolation. The drift isolation region can be employed to increase the
effective drift distance. For example, the drift distance can be increased
to be equal to the profile of the drift isolation region. [0021]Sid ails of
the gate may he provided with dielectric spacers (not shown). The
dielectric spacers, for example, may be silicon oxide spacers. Other types
of dielectric materials may also he useful, such as silicon nitride or a
combination of dielectric materials or layers. For example, the spacers may
be composite spacers. The spacers may facilitate forming the tightly doped
and S/D regions. For example, the lightly doped region is formed prior to
spacer fonnation while the first S/D region is conned after spacer
Ibituation. Other configurations of spacers may also be usefid. For
cxaniplc, the spacer may be a single spacer. In some cases, the transistor
may also include a halo region. The halo region is a second polarity doped
region abutting the lightly doped and first S/D regions under the gate.
10022]In some embodiments, a dielectric etch stop layer (not shown) 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 thereover. The etch stop layer facilitates
in forming contact plugs to 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 



[0023] 	A second well 165 is disposed in the substrate. The second well may be disposed 

in the device region. For example, the second well is disposed within the first well. The 

second well serves as a body well of the ESD device. The second device well includes 

second polarity dopants for a first polarity type device. For example, the second 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 second 

device well may be lightly (x) or intermediately (x) doped with second polarity type dopants. 

For example, the second well may be p type well for a n-type device. Other dopant 

concentration for the second device well suitable for, for example, high voltage applications, 

may also be useful. 

[0024] 	The body well at least encompasses the first S/D region and a part of the gate. As 

shown, the body well encompasses the first and second S/D regions. Other configurations of 

the second well may also be useful. A depth of the second well is shallower than the first 

well. 

[0025] 	The first and second wells, in one embodiment, are provided with first and second 

well contacts 162 and 167 for biasing the wells. The well contacts are heavily doped regions, 

similar to the S/D regions. For example, a depth of the well contact is shallower than a depth 

of the device isolation region and the well contacts are in communication with the respective 

wells. The dopant concentration of the well contacts may be about 5E15cm3  - 9E15/cm3. The 

well contacts have the same polarity type as the wells. For example, the first well contact is a 

first polarity type doped region and the second well contact is a second polarity type doped 

region. 

[0026] 	In one embodiment, isolation regions 194 may be provided to separate the contact 

regions. The isolation regions may be STI regions. For example, the isolation regions may 

be similar to the device isolation regions. Other types or configurations of isolation regions 
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applying a stress on a channel of the transistor below,ate to improve
perfoimance.  100231A second well 165 is disposed in the substrate. The
second well may be disposed in the e device region. For example, the second
well is disposed within the first well. The second well serves as a body
well of the ESD device. The second device well includes second polarity
dopants for a first polarity type device. For example, the second device
well comprises p-type dopants for 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 second device well may be lightly (x) or
intermediately (x) doped with second polarity type dopants. For example,
the second well may he p type well for a n-type device. Other dopant
concentration for the second device well suitable for, for example, high
voltage applications, may also be useful. 10024]The body well at least
encompasses the first S/D region and a part of the gate, As shown, the body
well encompasses the 'first and second S/D regions. Other configurations of
the second well may also be useful, A depth of the second well is shallower
te than the first well. 109251The first and second wells, in one
embodiment, are provided with first and second well contacts 162 and 167
for asing the wells. The well contacts are heavily doped regions, similar
to the S/D regions. Forplt" a depth of the well contact is shallower than a
depth of the device isolation region tind the well contacts are in
communication with the respective wells. The &pant concentration of the
well contacts may be about 5fil5ern3 - 9E15/cm3. The well contacts have the
same polarity type as the wells. For example, the first well contact is a
first polarity type doped region and the second well contact is a second
polarity type doped region. [00261In one enlbodifnent, isolation regions
194 may be provided to separate the contact regions. The isolation regions
may be STI regions. For example, the isolation regions may 



may also be useful. 

[0027] 	Metal silicide contacts (not shown) may be formed on the gate electrode and 

various contact regions. For example, metal silicide contacts may be provided over the S/D 

regions, well contacts and gate electrode. The silicide contacts, for example, may be nickel-

based contacts. Other types of metal silicide contacts may also be useful. For example, the 

silicide contacts may be cobalt silicide (CoSi) contacts. The silicide contacts may be about 

100 - 500 A thick. Other thickness of the silicide contacts may also be useful. The silicide 

contacts may be employed to reduce contact resistance and facilitate contact to the back-end-

of-line metal interconnects. 

[0028] 	In one embodiment, a third well 170 is provided. The third well is disposed in the 

substrate within the second well. For example, a depth of the third well is shallower than a 

depth of the second well. The third well serves as a drift well. In one embodiment, the third 

well encompasses the second S/D region and extends under the gate. The gate overlaps the 

third or drift well, creating a gate overlap region Ogate. In the case where an internal isolation 

region is provided, the Ogate  is between an edge of the third well (e.g., inner edge of the third 

well) under the gate and an edge of the drift isolation region (e.g., inner edge of the drift 

isolation region) under the gate. In one embodiment, Ogate  is about 0.2 - 2um. Providing 

other values of Ogate may also be useful. The width, for example, may depend on design 

requirements. 

[0029] 	In one embodiment, the depth or bottom of the third well is below the isolation 

regions. For example, the drift well extends from a bottom of the device isolation region to 

under the gate. The depth of the third well may be about 0.1-5 um. Other depths may also be 

useful. The depth, for example, may depend on the design voltage of the device. The 

substrate under the gate between the first S/D region and third well forms a channel of the 

transistor. The effective drift distance is from the second S/D region, around the drift 
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be similar to the device isolation regions. Other types or configurations
of isolation regions  also be useful. 100271Metal silcontacts ot shown) may
be formed on the gate electrode and various contact regions. For example,
metal suicide contacts may be provided over the S/D regions, well contacts
and gate electrode. The suicide contacts, for example, may be nickel-based
contacts. Other types of metal silieide contacts may also be useful. For
examplc, the silicide contacts may be cobalt suicide (CoSi) contacts. The
suicide contacts may be about 100 - 500 A thick. Other thickness of the
suicide contacts may also be useftal. The suicide contacts may be employed
to reduce contact resistance and facilitate contact to the back-endof-line
metal interconnects, 100281in one embodiment, a third well 170 is provided.
The third well is disposed in the substrate within the second well. For
exampic, a depth of the third well is shallower than a depth of the second
well. The third well serves as a drift well. In one embodiment, the third
well encompasses the second SID region and extends under the gate. The gate
overlaps the third or drift well, creating a gate overlap region Ogat,. In
the case where an internal isolation region is provided, the Oga," is
between an edge of the third well (e.g., Inner edge of the third      under
the gate and an edge of the drift isolation region (e.g., inner edge of the
drift isolation region) under the gate. In one embodiment, 0" is about 0.2
- 2gm. Providing other values of R"," may also be useful. The width, for
example, may depend on design requirements. 100291In one embodiment, the
depth or bottom of the third well is below the isolation regions. For
example, the drift wells from a bottom if die device isolation radon to
under the gate. The depth of the third well may be about 0.1-5 um Other
depths may also be 



isolation region and to the channel under the gate. 

[0030] 	The 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 / 

cm2. Other dopant concentrations may also be useful. For example, the dopant concentration 

may depend on the maximum or breakdown voltage requirement of the device. 

[0031] 	In one embodiment, the second well, the first S/D region and gate are commonly 

coupled to a first terminal 134 of the ESD device. The second S/D region is coupled to a 

second terminal 144 of the ESD device. For example, the first terminal is a source terminal 

and the second terminal is a drain terminal. The source terminal, for example, is coupled to 

ground while the drain terminal, for example, is coupled to VDD or I/O pad. Other 

configurations of terminal connections to the ESD devices may also be useful. 

[0032] 	In accordance with one embodiment, a fourth well 175 is provided. The fourth 

well, for example, serves as a second S/D or drain well. The drain well is disposed in the 

substrate under the drain region. The width of the fourth well may be, for example, narrower 

than, the same as, or larger than the width of the drain, depending on the operation voltage. 

The depth of the drain well is between the bottom of the drift isolation region and body well. 

Other depths for the drain well may also be useful. 

[0033] 	The drain well includes first polarity type dopants. In one embodiment, the dopant 

concentration of the drain well is between the second S/D region and drift well. In one 

embodiment, the drain well may be intermediately (x) doped with first polarity type dopants. 

Other dopant concentrations may also be useful. 

[0034] 	We have discovered that, by providing a drain well under the drain, lower 

resistance path is created in the vertical direction. As such, current is directed to flow in the 

9 

The depth, for example, may depend on the design voltage of the device. The
substrate under the gate between the first S/D region and third well forms
a channel of the transistor. The effective drift distance is from the
second Sill/ region, around the drift  isolation region and to the channel
wider the gate. 10030]The drift well includes first polarity type dopants.
In one embodiment, the dopant concentration  of the drift well is lower
than the dopant concentration ofdrain. In one embodiment, the drill well
may be lightly (x-) or intermediately (x) doped with first polarity type
dopants. For example, the dopant concentration of the drift wen is about
1E12 - 1E14 / cm2. Other dopant concentrations may also be useful. For
example, the dopant concentration may depend on the maximumor breakdown
voltage requirement of the device. [0031]In one embodiment, the second
well, the first S/D region and gate are commonly coupled to a first
terminal 134 of the ESD device. The second S/D region is coupled to a
second terminal 144 of the ESD device. For example the first terminal is a
source terminal and the second terminal is drain terminal. The source
terminal, for example, is coupled to ground while the drain terminal, for
example, is coupled to VDD or I/O pad. Other configurations of tenninal
connections to the ESD devices may also be useful. [0032]In accordance with
one embodiment, a fourth well 175 is provided. The fourth well, for
example, serves as a second S/D or drain well. The drain well is disposed
in the substrate under the drain region. The width of the fourth well may
be, for example, narrower than, the same as, or larger than the width of
the drain, depending on the operation voltage. The depth of the drain well
is between the bottom of the drift isolation region and body welt. Other
depths for he drain well may also he useful. 100331The drain well includes
first polarity type dopants. In one embodiment, the dopant 



vertical direction instead of in the horizontal direction. Thus, base push-out phenomenon is 

relaxed or depressed at an early stage. This results in improved and more uniform turn on of 

the ESD device. 

[0035] 	Fig. lb shows a cross-sectional view of another embodiment of a device 100b. 

The device 100b is similar to the device of Fig. 1 a. Common elements may not be described 

or described in detail. As shown, a substrate 105 is provided with a device region isolated by 

a device isolation region 190. The device region includes a LD transistor 115 which serves as 

an ESD protection circuit. The device region includes first, second, third and fourth doped 

wells 160, 165, 170 and 175. The first well may serve as an isolation well, the second well 

serves as a body well, the third well serves as a drift well and the fourth well serves as a drain 

well. Well contact regions 162 and 167 may be provided. Isolation regions, such as a drift 

isolation region 192 and well contact isolation regions 194 may be provided. Metal silicide 

contacts may be provided on the gate electrode, S/D and well contact regions. 

[0036] 	In one embodiment, a fifth well 180 is provided. The fifth well serves as a low 

voltage (LV) well. The LV well includes second polarity type dopants. The LV well is 

disposed within the drift well. In one embodiment, the LV well is disposed between the drain 

well and inner edge of the drift well. As shown, the LV well is disposed under the drift 

isolation region 192. For example, the LV well is disposed under the center of the drift 

isolation region. 

[0037] 	The LV well has been found to increase the holding voltage (Vh) of the ESD 

device. We have discovered that by providing a LV well, the base push-out phenomenon is 

depressed. It is believed that the LV well provides a high resistance path for the current in the 

horizontal direction. As such, current is directed to flow in the vertical direction instead of in 

the horizontal direction. This results in improved and more uniform turn on of the ESD 

device. 
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concentration of the drain well is between the second S/D region and drift
well. En one embodiment, the drain well aintcmiediatth (x) doped with first
polarity type dopants. Other dopant concentrationsbe useful. 100341We have
discovered that, by providing a drain well under the drain, tower
resistance path is created in the vertical direction. As such, current is
directed to flow in the 9  vertical direction instead of in the horizontal
direction. Thus, base push-out phenomenon is relaxed or depressed at an
early stage. This results in improved and more uniform turn on of the ESD
device. 100351Fig. lb shows a cross-sectional view of another embodiment of
a device 1001). The device 100h is similar to the device of Fig. la. Common
elements may,be described or described in detail. As shown, a substrate 105
is provided with a device region isolated by a device isolation region 190.
The device region includes a LD transistor 115 Which serves as an ESD
protection circuit. The device region includes first, second, third and
fourth doped wells 160, 165, 170 and 175. The first well may serve as an
isolation well, the second well serves as a body well, the third well
serves as a drift well and the fourth well serves as a drain well. Well
contact regions 162 and 167 may be provided. Isolation regions, such as a
drill isolation region 192 and well contact isolation regions 194 may be
provided. Metal suicide contacts may be provided on the gate electrode, S/D
and well contact regions. 100361In one embodiment, a fifth well 180 is
provided. The fifth well serves as a low 



[0038] 	Fig. lc shows a cross-sectional view of yet another embodiment of a device 100c. 

The device 100c is similar to the device of Fig. 1 a. Common elements may not be described 

or described in detail. As shown, a substrate 105 is provided with a device region isolated by 

a device isolation region 190. The device region includes a LD transistor 115 which serves as 

an ESD protection circuit. The device region includes first, second, third and fourth doped 

wells 160, 165, 170 and 175. The first well may serve as an isolation well, the second well 

serves as a body well, the third well serves as a drift well and the fourth well serves as a drain 

well. Well contact regions 162 and 167 may be provided. Isolation regions, such as a drift 

isolation region 192 and well contact isolation regions 192 may be provided. Metal silicide 

contacts may be provided on the gate electrode, S/D and well contact regions. 

[0039] 	In accordance with one embodiment, the drift well is narrowed. As shown, the 

drift well is narrowed so that the inner edge does not extend below the gate and does not 

extend into the channel region. For example, the inner edges of the drift well are below the 

center of the drift isolation region 192 and the device isolation region 190. 

[0040] 	The narrowing of the drift well has been found to increase the holding voltage (Vh) 

of the ESD device. We have discovered that by narrowing the drift well, the base push-out 

phenomenon is depressed. This increases the base of the parasitic bipolar transistor (BJT) of 

the ESD circuit, which reduces the base push-out phenomenon to result in improved uniform 

turn on of the ESD device. 

[0041] 	Fig. ld shows a cross-sectional view of yet another embodiment of a device 100d. 

The device 100d is similar to the device of Figs. 1 a. Common elements may not be described 

or described in detail. As shown, a substrate 105 is provided with a device region isolated by 

a device isolation region 190. The device region includes a LD transistor 115 which serves as 

an ESD protection circuit. The device region includes first, second, and fourth doped wells 

160, 165 and 175. The first well may serve as an isolation well, the second well serves as a 
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voltage (LV) well. The LV well includes second polarity type dopants. The
LY, well is disposed within the drift well. In one embodiment, the LV well
is disposed between the drain well and inner edge of the drift well. As
shown, the LV well is disposed under the drift isolation region 192. For
example, the LV well is disposed under the center of the drift isolation
region. [0037]The LV well has been found to increase the holding voltage (V
ofESD device. We have discovered that by providing a LV well, the base
push-out phenomenon depressed. It is believed that the LV well provides a
high resistance path for the current in the horizontal direction. As such,
cuiTent is directed to how in the vertical direction instead of in the
horizontal direction. This results in improved and more unifoim turn on of
the ESD device.  100381Fig. lc shows a crosssectionai view of yet another
embodiment of a device 00c. The device 100e is similar to the device of
Fig. la. Common elements may not be described or described in detail. As
shown substrate 105 is provided with a device region isolated by a device
isolation region 190. The device region includes a ED transistor 115 which
serves as an ESD protection circuit. The device region includes first,
second, third and fourth doped wells 160, 165, 170 and 175. The first well
may serve as an isolation well, the second well serves as a body well, the
third well serves as a drift well and the fourth well serves as a drain
well. Well contact regions 162 and 167 may be provided. Isolation regions,
such as a drill isolation region 192 and well contact isolation regions 192
may be provided. Metal suicide contacts may be provided on the gate
electrode, S/D and well contact regions. 100391in accordance with one
embodiment, the drill vial is narrowed. As shown the drift well is narrowed
so that the inner edge does not extend below the gate and does not extend
into the channel region. For example, the inner edges of the drift well are
below the center of the drift isolation regionand the device isolation
region 190. [00401The narrowing of the drift well has been found to
increase the holding voltage (Vi,) of the EST) device. We have discovered
that by n 'Towing the drift well, the base push-out phenomenon is
depressed. This increases the base of the parasitic bipolar transistor
(13JT) of the ESD circuit, which reduces the base push ut phenomenon to
result in improved uniform turn on of the EST) device. [0041]Fig. id shows
a cross-sectional view if yet another embodiment of a device 100d. 



body well and the fourth well serves as a drain well. Well contact regions 162 and 167 may 

be provided. Isolation regions, such as a drift isolation region 192 and well contact isolation 

regions 194 may be provided. Metal silicide contacts may be provided on the gate electrode, 

S/D and well contact regions. 

[0042] 	In accordance with one embodiment, unlike the device 100a of Fig. 1 a, no drift 

well is provided. The body well, as shown, at least encompasses the first S/D region and a 

part of the gate. As shown, the body well encompasses the first S/D region and a part of the 

gate from a first side of the gate. Without the drift well, the drain is coupled to the channel by 

the isolation well. The drain well, for example, may be optimized depending on the total 

drain area. Eliminating the drift well eliminates base push-out phenomenon. The current is 

directed to flow only in the vertical direction. This results in improved and more uniform turn 

on of the ESD device. We have also discovered that this configuration improves ESD 

performance. 

[0043] 	Fig. 2a shows a cross-sectional view of an alternative embodiment of a device 

200a. The device is similar to the device 100a of Fig. 1 a. Common elements may not be 

described or described in detail. As shown, a substrate 105 is provided. The substrate, for 

example, is a semiconductor substrate, such as a silicon substrate. Other types of substrates 

may also be useful. A device region 110 is defined on the substrate. A device isolation 

region 190 may be provided for isolating or separating the device region from other device 

regions on the substrate. In one embodiment, the device isolation region surrounds the device 

region. The isolation region, for example, is a shallow trench isolation (STI) region. Other 

types of isolation regions may also be employed. 

[0044] 	The device region includes an ESD protection circuit 215. The ESD protection 

circuit includes a plurality of LD transistors coupled in parallel. For example, the ESD 

protection circuit includes n LD transistors. As shown, the device region includes first and 
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The device 100d is similar to the device of Figs. la, Common elements may
not be described or described in detail As shown,a substrate 105 is
provided with a device region isolated by a device isolation region 190.
The device region includes a ED transistor 115 which serves an ES!)
protection circuit. The device region includes first, second, and fourth
doped wells 160, 165 and 175. The first well may serve as an isolation
well, the second well serves as  body well and the fourth well serves as a
drain well. Well contact regions 162 and 167 may be provided. Isolation
regions such as a drift isolation region 192 and well contact isolation
regions 194 may be provided. Metal suicide contacts may be provided on the
gate electrode, SID and well contact regions. [0042]In accordance with one
embodiment, unlike the device 100a of Fig. la, no drift well is provided.
The body well, as shown, at least encompasses the first SID region and a
part of the gate. As shown, the body well encompasses the first SAD region
and a part of the gate from a first side of the gate. Without the drift
well, the drain is coupled to the channel by the isolation well. The drain
well, for example, may be optimized depending on the total drain area.
Eliminating the drift well eliminates base push-out phenomenon. The current
is directed to flow only in the vertical direction. This results in
Unproved and more unifimn turn on of the FSD device We have also discovered
that this configuration improves ESD perthimance. 100431Fig. 2a shows a
cross-sectional view al an alternative embodiment of a device 200a. The
device is similar to the device 100a of Fig. la. Common elements y not be
described or described in detail. As shown, a substrate 105 is provided.
The substrate, for example, ple, is a semiconductor substrate, such as a
silicon substrate. Other types of substrates may also he useful. A device
egion 110 is defined on the substrate. A device isolation region 190 may be
provided for isolating or separating the device region from other device
on the substrate. In one embodiment, the device isolation region surrounds
the device region. The isolation region, for example, is a shallow trench
isolation (STI) region. Other types of isolation regions may also be
employed. 100441The device region includes an ESD protection circuit 215.
The ESD protection        eludes a plurality of LD transistors coupled in
parallel. For example, the ESD protection circuitntransistors, As shown,
the device region includes first and  



second (e.g., n = 2) LD transistors 115a-b. Providing other number of LD transistors may 

also be useful. 

[0045] 	A first doped well 160 is disposed in the substrate in the device region. The first 

doped well, as shown, encompasses the complete device region. For example, the first doped 

well serves as an isolation well. The first well includes first polarity type dopants. In one 

embodiment, the first well is lightly doped with first polarity type dopants. Providing a first 

well having other dopant concentrations may also be useful. 

[0046] 	A transistor includes a gate 120 which is disposed on the surface of the substrate in 

the device region. The gate includes a gate electrode 126 disposed over a gate dielectric 124. 

The gate may be a gate conductor which forms gates of multiple transistors. The gate is 

disposed between first and second source/drain (S/D) regions 130 and 140. The first S/D 

region is disposed adjacent to a first side of the gate. In one embodiment, the gate overlaps 

the first S/D region. For example, the first side of the gate overlaps the first S/D region. The 

amount of overlap should be sufficient for the first S/D region to be in communication with a 

channel of the transistor under the gate. The amount of overlap is, for example, about 0.1 - 

0.5 gm. In one embodiment, the gate overlaps a lightly doped (LD) region of the first S/D 

region. Other configurations of the first S/D region may also be useful. As for the second 

S/D region, it is displaced away from a second side of the gate. The displacement may be, for 

example, referred to as the drift distance. 

[0047] 	In one embodiment, a drift isolation region 192 is provided between the gate and 

the second S/D region. The drift isolation region, for example, is a STI. Other types of drift 

isolation region may also be useful. As shown, the gate overlaps the drift isolation. The drift 

isolation region can be employed to increase the effective drift distance. For example, the 

drift distance can be increased to be equal to the profile of the drift isolation region. 

13 

second (e.g., n::: 2) LD transistors Ii Dit-b. Providing other lumber of LD
transistors may also be useful. 100451A first doped well 160 is disposed in
the substrate in the device region. The first doped well, as shown,
encompasses the complete device region. For example, the first doped well
serves as an isolation well The first well includes first polarity type
dopants. In one embodiment, the first well is lightly doped with first
polarity type dopants. Providing a first well having other dopant
concentrations may also be useful. 100461A transistor includes a gate 120
which is disposed on the surface of the substrate in the device region. The
gate includes a gate electrode 126 disposed over a gate dielectric 124. The
gate may be a gate conductor which forms gates of multiple transistors. The
gate is disposed between first and second source/drain (SID) regwns 130 and
140. The first Sin region is disposed adjacent to a first side of the gate.
hi one embodiment, the gate overlaps the first S/D region. For example, the
first side of the gate overlaps the first S/D region. The amount of overlap
should be sufficient for the first S/D region to be in communication with a
channel of the transistor under the gate. The amount of overlap is, for
example, about 0.1 - 0.5 pAlt in one embodiment, the ate overlaps a lightly
doped (I,D) region of the first Siel) region. Other configurations of the
first S/D region may also be useful. As for the second &ID region, it is
displaced away from a second side of the gate. The displacement may be, for
example, referred to as the drift distance, [9047]In one embodiment,drill
isolation region192 is provided between he gate and the second S/D region.
The drift isolation region, for example, is a ST1. Other types of drift
isolation region may also be useful. As shown, the gate overlaps the drift
isolation. The drift isolation region can be employed to increase the
effective drift distance. For example, the drift distance can be increased
to be equal to the profile of the drift isolation region.  [0048[Sidewalk
of the gate may he provided with dielectric spacers 128. The dielectric
spacers, for example, may be silicon oxide spacers. Other types of
dielectric materials may 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 facilitate farming the ightly doped
diffusion and SID regions. For example, the lightly doped diffusion region
is formed prior to spaceration while the first SID region is formed after
spacer formation. Other configurations of spacers may also be useful. For
exa pit., the spacer may be a single spacer. En som cases, the transistor
may also include a halo region. The halo region is a second polarity doped
region abutting the lightly doped diffusion and first SID regions under the
gate. 



[0048] 	Sidewalls of the gate may be provided with dielectric spacers 128. The dielectric 

spacers, for example, may be silicon oxide spacers. Other types of dielectric materials may 

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 facilitate forming the 

lightly doped diffusion and S/D regions. For example, the lightly doped diffusion region is 

formed prior to spacer formation while the first S/D region is formed after spacer formation. 

Other configurations of spacers may also be useful. For example, the spacer may be a single 

spacer. In some cases, the transistor may also include a halo region. The halo region is a 

second polarity doped region abutting the lightly doped diffusion and first S/D regions under 

the gate. 

[0049] 	In some embodiments, a dielectric etch stop layer (not shown) 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 thereover. The etch stop layer facilitates in 

forming contact plugs to 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 a channel of the transistor below the gate to improve performance. 

[0050] 	As shown, the first and second LD transistors are configured to have a common 

second S/D or drain region. Other configurations of the LD transistors may also be useful. 

[0051] 	A second well 165 is disposed in the substrate. The second well may be disposed 

in the device region. For example, the second well is disposed within the first well. The 

second well serves as a body well for the transistors. The second device well includes second 

polarity dopants. The second device well may be lightly (x) or intermediately (x) doped with 

first polarity type dopants. Other dopant concentration for the second device well may also be 

useful. 
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[0049]In some embodiments, a dielectric etch stop layer (not shown) is
formed over the transistors. The etch stop layer, for example, is a silicon
nitride etch stop layer. Othe IYP 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 thereover. The etch stop layer facilitates in
forming contact plugs to contact regions of the traas the gate electrodeand
doped regions. in some embodiments, the  +eh stop layer may also serve as a
stress layer for applying a stress on a channel of the transistor below the
gate to improve perfoonance. 100501As shown, the first and second LD
transistors are configured to have a common second SID or drain region.
Other configurations of the LD transistors may also be useful. [0051]A
second well 165 is disposed in the substrate. The second well may be
disposed in the device region. For example, the second well is disposed
within the first well. The second well serves as a body well for the
transistors. The second device well includes second polarity dopants. The
second device well ay be lightly (x) or intetmediately (x) doped with first
polarity type dopants. Other doparit concentration for the second device
well may also be useful.  100521The body well at least encompasses the
first SID regions and a part of the gates. As shown, the body  eh
encompasses the first and second SI/ regions. Other configurations of the
second well may also be useful. A depth of the second well is shallower
than the first well Providing the second well with other depths may also be
useful. 100531The first and second wells, in one ibodiment, arc provided
with first and second 



[0052] 	The body well at least encompasses the first S/D regions and a part of the gates. 

As shown, the body well encompasses the first and second S/D regions. Other configurations 

of the second well may also be useful. A depth of the second well is shallower than the first 

well. Providing the second well with other depths may also be useful. 

[0053] 	The first and second wells, in one embodiment, are provided with first and second 

well contacts 162 and 167 for biasing the wells. The well contacts are heavily doped regions, 

similar to the S/D regions. For example, a depth of the well contact is shallower than a depth 

of the device isolation region and the well contacts are in communication with the respective 

wells. The dopant concentration of the well contacts may be about 5E15cm3  - 9E15/cm3. The 

well contacts have the same polarity type as the wells. For example, the first well contacts are 

first polarity type doped regions and the second well contacts are second polarity type doped 

regions. 

[0054] 	In one embodiment, isolation regions 194 may be provided to separate contact 

regions. The isolation regions may be STI regions. For example, the isolation regions may 

be similar to the device isolation regions. Other types or configurations of isolation regions 

may also be useful. 

[0055] 	Metal silicide contacts (not shown) may be formed on the gate electrode and 

various contact regions. For example, metal silicide contacts may be provided over the S/D 

regions, well contacts and gate electrode. The silicide contacts, for example, may be nickel-

based contacts. Other types of metal silicide contacts may also be useful. For example, the 

silicide contacts may be cobalt silicide (CoSi) contacts. The silicide contacts may be about 

100 - 500 A thick. Other thickness of silicide contacts may also be useful. The silicide 

contacts may be employed to reduce contact resistance and facilitate contact to the back-end-

of-line metal interconnects. 

[0056] 	In one embodiment, a third well 170 is provided. The third well is disposed in the 
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well contacts 162 and 167 for biasing the wells. The well contacts are
heavily doped regions, similar to the SID regions. For example, a depth of
the (ell contact is shallower than a depth of the device isolation region
and the well contacts are communication with the respective wells. The
dopa:nt concentration of the well contacts may be about 5E15c - 9E15/c 3.
The well contacts have the same polarity type as the wells. For example,
the first well contacts are first polarity type doped regions and the
second well contacts are second polarity type doped regions. [00541in one
embodiment, isolation regions 194 may be provided to separate contact
regions. The isolation regions may be ST1 regions. For example, the
isolation regions may be similar to the device isolation regions. Other
types or configurations of isolation regions may also be useful.
100551Metal sificide contacts (not shown) may he formed on the gate
electrode and various contact regions. For example, metal siheidecontacts
may be provided over the SiD regions, well contacts and gate electrode. The
suicide contacts, for example, may be nickel-based contacts. Other types of
metal silieide contacts may also be useful. For example, the silicide
contacts may be cobalt silicide (CoSi) contacts. The silicide contacts may
be about 100 - 500 A thick. Other thickness of silicide contacts may also
be useful. The silicide contacts may be employed to reduce contact
resistance and facilitate contact to the back-endof-line metal
interconnects. [00561In one embodiment, a third well 170 is provided. The
third well is disposed in the  substrate within the second well. For
example, a depth of the third well is shallower than a depth of the second
well. The third well serves as a drill well. In one embodiment, the third
well encompasses the second Sit.) region and extends under the gates. The
gates overlap the third or drift well, creating gate overlap regions Ogme.
[00571In one embodiment, the depth or bottom of the third well is below the
isolation   gions. For example, the drill well extends from a bottom of the
device isolation region to under the gate. The depth of the third well may
e about 0.1-5 gm. Other depths may also be useful. The depth, for example,
may depend on the design voltage of the device. The substrate under the
gate between the lust S/D region and third well forms a channelhe
transistor. The effective drift distance is from the second SID region,
around the drift isolation region and to the channel under the gate. 



substrate within the second well. For example, a depth of the third well is shallower than a 

depth of the second well. The third well serves as a drift well. In one embodiment, the third 

well encompasses the second S/D region and extends under the gates. The gates overlap the 

third or drift well, creating gate overlap regions Ogate. 

[0057] 	In one embodiment, the depth or bottom of the third well is below the isolation 

regions. For example, the drift well extends from a bottom of the device isolation region to 

under the gate. The depth of the third well may be about 0.1-5 gm. Other depths may also be 

useful. The depth, for example, may depend on the design voltage of the device. The 

substrate under the gate between the first S/D region and third well forms a channel of the 

transistor. The effective drift distance is from the second S/D region, around the drift 

isolation region and to the channel under the gate. 

[0058] 	The 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 / 

cm2. Other dopant concentrations may also be useful. For example, the dopant concentration 

may depend on the maximum or breakdown voltage requirement of the device. 

[0059] 	In one embodiment, the second well, the first S/D region and gate are commonly 

coupled to a first terminal of the ESD device. The second S/D region is coupled to a second 

terminal of the ESD device. For example, the first terminal is a source terminal and the 

second terminal is a drain terminal. The source terminal, for example, is coupled to ground 

while the drain terminal, for example, is coupled to VDD or I/O pad. Other configurations of 

terminal connections to the ESD devices may also be useful. 

[0060] 	In accordance with one embodiment, a fourth well 175 is provided. The fourth 

well, for example, serves as a second S/D or drain well. The drain well is disposed in the 
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[0058]The 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. hi one embodiment, the drift well may be
lightly (x) or intermediately (x) doped with first polarity type dopants.
For example, the dopant concentration 'the drift well is about 1E12 - 1E141
cm-. Other dopant concentrations may also be useful. For example, the
dopant concentr may depend on the maximum breakdown voltage requirement of
the device. [00591In one embodiment, the second well, the first S/D region
and gate are commonly coupled to a first terminal of the ESD device. The
second S/D region is coupled to a second terminal of the ESD device. For
example, the first terminal is a source terminal and the second terminal is
a drain terminal. The source terminal, for xample, is coupled to ground
while the drain terminal, for example, is coupled to Vim) or I/O pad. Other
configurations of terminal connections to the ESD devices may also be
useful. [0060]in accordance with one embodiment,a fourth well 175 is
provided. The fourth well, br example, serves as a second SI/ or drain
well. The drain well is disposed in the  substrate under the drain region.
The width of the fourth well may be, for xtnarrower than, the same as, or
larger than the width of the drain, depending on the operation voltage. The
depth of the drain well is between the bottom of the drift isolation region
and body well. Other depths for the drain well may also be useful.
100611The drain well includes first polarity type dopants. In one
embodiment, the dopant concentration of the drain well is between the
second SO region and drift well. In one embodiment, the drain well may
heediately (x) doped with first polarity type dopants. [00621We have
discovered that, by providing a drain well under the drain, current is 



substrate under the drain region. The width of the fourth well may be, for example, narrower 

than, the same as, or larger than the width of the drain, depending on the operation voltage. 

The depth of the drain well is between the bottom of the drift isolation region and body well. 

Other depths for the drain well may also be useful. 

[0061] 	The drain well includes first polarity type dopants. In one embodiment, the dopant 

concentration of the drain well is between the second S/D region and drift well. In one 

embodiment, the drain well may be intermediately (x) doped with first polarity type dopants. 

[0062] 	We have discovered that, by providing a drain well under the drain, current is 

directed to flow in the vertical direction instead of in the horizontal direction. As such, base 

push-out phenomenon is relaxed or depressed at an early stage. This results in improved and 

more uniform turn on of the ESD device. 

[0063] 	Fig. 2b shows a cross-sectional view of another embodiment of a device 200b. 

The device is similar to the device 200a of Fig. 2a and device 100b of Fig. lb. Common 

elements may not be described or described in detail. As shown, a substrate 105 is provided 

with a device region isolated by a device isolation region 190. The device region includes 

first and second LD transistors 115a-b of an ESD protection circuit. The device region 

includes first, second, third and fourth doped wells 160, 165, 170 and 175. The first well may 

serve as an isolation well, the second well serves as a body well, the third well serves as a 

drift well and the fourth well serves as a drain well. Well contact regions 162 and 167 may be 

provided. Isolation regions, such as drift isolation regions 192 and well contact isolation 

regions 194 may be provided. Metal silicide contacts may be provided on the gate electrode, 

S/D and well contact regions. 

[0064] 	In one embodiment, fifth wells 180 are provided. The fifth wells serve as LV well. 

The LV well includes second polarity type dopants. The LV wells are disposed within the 

drift well. In one embodiment, the LV wells are disposed between the drain well and edges of 
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directed to flow in the vertical direction instead of in the horizontal
direction. As such, base push-out phenomenon is relaxed or depressed at an
early stage. This results in improved and more uniform turn on of the ESD
device. [0063]Fig. 2b shows a cross-sectional view of another embodiment of
a device 200b. The device is similar to the device 200a of Fig. 2a and
device 100b of Fig. lb. Common elements may not be described or described
in detail. As shown, a substrate 105 is provided with a device region
isolated by a device isolation region 190. The device region includes first
and second ID transistors 115a-h of an ESD protection circuit. The device
region includes first second, third and fourth doped wells 160, 165, 170
and 175. The first well may serve as an isolation well, the second well
serves as a body well, the third well serves as a drift well and the fourth
well serves as a drain well. Well contact regions 162 and 167 may be
provided. Isolation rcgwns, such as drill isolation regions 192 and well
contact isolation regions 194 may be provided. Metal suicide contacts may
be provided on the gate electrode, SiD and well contact regions. [0064]In
one embodiment, fifth wells 180 are provided. The fifth wells serve as LV
well. 'Me IN well includes second polarity type dopants. The UV wells are
disposed within the drift well. In one embodiment, the IN wells are
disposed between the drain well and edges of 17  the drift well. As shown,
the LAT wells are disposed under the drift isolation regions 192. 100651EN
well has been found to increase the holding voltagt, (Vi,) of the ESD
device. We have discovered that by providing a LV well, the base push-out
phenomenon is depressed. It is believed that the LV well provides a high
resistance path for the current in the horizontal direction. As such,
current is directed to flow in the vertical direction instead of in the
horizontal direction. This results in improved and more uniform turn on of
the ESD device. 100661Fig. 2c shows a cross-sectional view of another
embodiment of a device 200c. The device is similar to the device 200a of
Fig. 2a and device 100e of Fig. 1c. Common elements may not be described or
described in detail. As shown, a substrate 105 is provided with a device
region isolated by a device isolation region 190. The device region
includes first and second LD transistors 115a-b of an ESD protection
circuit. The device region includes first, second, third and fourth doped
wells 160, 165, 170 and 175. The first well may serve as an isolation well,
the second well serves as a body well, the third. well serves as a drift
well and the fourth well serves as a drain well. Well contact regions 162
and 167 may he provided. Isolation regions, such as drift isolation regions
192 and well contact isolation regions 194 may be provided. Metal suicide
contacts may be provided on the gate electrode, SID and well contact
regions. 



the drift well. As shown, the LV wells are disposed under the drift isolation regions 192. 

[0065] 	The LV well has been found to increase the holding voltage (Vh) of the ESD 

device. We have discovered that by providing a LV well, the base push-out phenomenon is 

depressed. It is believed that the LV well provides a high resistance path for the current in the 

horizontal direction. As such, current is directed to flow in the vertical direction instead of in 

the horizontal direction. This results in improved and more uniform turn on of the ESD 

device. 

[0066] 	Fig. 2c shows a cross-sectional view of another embodiment of a device 200c. 

The device is similar to the device 200a of Fig. 2a and device 100c of Fig. 1 c. Common 

elements may not be described or described in detail. As shown, a substrate 105 is provided 

with a device region isolated by a device isolation region 190. The device region includes 

first and second LD transistors 115a-b of an ESD protection circuit. The device region 

includes first, second, third and fourth doped wells 160, 165, 170 and 175. The first well may 

serve as an isolation well, the second well serves as a body well, the third well serves as a 

drift well and the fourth well serves as a drain well. Well contact regions 162 and 167 may be 

provided. Isolation regions, such as drift isolation regions 192 and well contact isolation 

regions 194 may be provided. Metal silicide contacts may be provided on the gate electrode, 

S/D and well contact regions. 

[0067] 	In accordance with one embodiment, the drift well is narrowed. As shown, the 

drift well is narrowed so that the edges do not extend below the gates and do not extend into 

the channel region. For example, the inner edges of the drift well are below the center of the 

drift isolation regions 192. 

[0068] 	The narrowing of the drift well has been found to increase the holding voltage (Vh) 

of the ESD device. We have discovered that by narrowing the drift well, the base push-out 

phenomenon is depressed. This increases the base of the parasitic bipolar transistor (BJT) of 
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10067]In accordance with one embodiment, the drill well is narrowed. As
shown, the drift well is narrowed so that the edges do not extend below the
gates and do not extend into the channel region. For example, the inner
edges of the drift well are below the center of the drift isolation regions
192. 100681The narrowing of the drift well has been found to increase the
holding voltage (Vi,) of the ESD device. We have discovered that by
narrowing the drift well, the base push-out phenomenon is depressed. This
increases the base of the parasitic bipolar transistor (BIT) of  the ESD
circuit, which reduces the base push-out phenomenon to result in improved
uniform turn on of the ESD device. 100691Fig 7d shows a cross-sectional
view of another embodiment of a device 200d. The device is similar to the
device 200a of Fig. 2a and device 100d of Fig. Id, Common elements may not
be described or described in detail. As shown, a substrate 105 is provided
with a device region isolated by a device isolation region 190. The device
region -eludes first and second LD transistors 115a-b of an ESD protection
circuit. The device region includes first, second, and fourth doped wells
160, 165 and 175.first well may serve as an isolation well, the second
wells serve as body wells and the fourth welle as a drain well, Well
contact regions 162 and 167 may be provided. Isolation regions, such as
drift isolation regions 192 and well contact isolation regions 194 may be
provided. Metal suicide contacts may be provided on the gate electrode, S/D
and well contact regions. 100701In accordance with one embodiment, unlike
device 200a of Fig. 2a, no drift well is 



the ESD circuit, which reduces the base push-out phenomenon to result in improved uniform 

turn on of the ESD device. 

[0069] 	Fig. 2d shows a cross-sectional view of another embodiment of a device 200d. 

The device is similar to the device 200a of Fig. 2a and device 100d of Fig. ld. Common 

elements may not be described or described in detail. As shown, a substrate 105 is provided 

with a device region isolated by a device isolation region 190. The device region includes 

first and second LD transistors 115a-b of an ESD protection circuit. The device region 

includes first, second, and fourth doped wells 160, 165 and 175. The first well may serve as 

an isolation well, the second wells serve as body wells and the fourth well serves as a drain 

well. Well contact regions 162 and 167 may be provided. Isolation regions, such as drift 

isolation regions 192 and well contact isolation regions 194 may be provided. Metal silicide 

contacts may be provided on the gate electrode, S/D and well contact regions. 

[0070] 	In accordance with one embodiment, unlike device 200a of Fig. 2a, no drift well is 

provided. The body well, as shown, at least encompasses the first S/D region and a part of the 

gate. As shown, the body well encompasses the first S/D region and a part of the gate from a 

first side of the gate. Without the drift well, the drain is coupled to the channel by the 

isolation well. The drain well, for example, may be optimized depending on the total drain 

area. Eliminating the drift well eliminates base push-out phenomenon. The current is 

directed to flow only in the vertical direction. This results in improved and more uniform turn 

on of the ESD device. We have also discovered that this configuration improves ESD 

performance. 

[0071] 	The 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 
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provided. The body well, as shown, at least encompasses the firstregion and
a part of the gate. As shown, the body veil encompasses the first S/D
region and a part of the gate from a first side of the gate. Without the
drift well, the drain is coupled to the channel by the isolation well. The
drain well, .or example may be optimized depending on the total drain area.
Eliminating the drift well eliminates base push-out phenomenon. The current
is directed to flow only in the vertical direction. This results in
improved and more uniform turn on of the ESD device. We have also
discovered that this configuration improves F,SD perfoimance. 100711The
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. 100721What
is claimed is:  CLAIMS 1.A device c) 'sing;       a substrate defined with
a device region, the de-vie .gion comprises an E D protection circuit
having a transistor, wherein the transistor includes 



description, and all 

claims are intended 

[0072] 	What is 

changes that come within 

to be embraced therein. 

claimed is: 

the meaning and range of equivalency of the 
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a gate having first and second sides, first diffusion region in the device
region adjacent to the first side of the gate,        a second diffusion
region in the device region displaced away from the second side of the
gate, wherein the first and second diffusion regions comprise dopants of a
first polarity type, and a drift isolation region disposed between the gate
and the second diffusion region; a first device well encompasses the device
region; a second device well disposed within the first device well; and
a drain well having dopants of the first polarity type is disposed under
the second diffusion region and within the first device well.       The
device of claim I wherein the first device well comprises dopants of the
first polarity type and the second device well comprises dopants of a
second polarity type.  3. The device of claim 2 wherein the first polarity
type comprises n type and the second polarity type comprises p type.  4.
The device of claim I wherein the second device well encompasses at least
the first 
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CLAIMS 

 

1.  A device comprising: 

 a substrate defined with a device region, the device region comprises an ESD 

protection circuit having a transistor, wherein the transistor includes  

  a gate having first and second sides, 

a first diffusion region in the device region adjacent to the first side of the gate,  

 wherein the gate overlaps the first diffusion region, 

a second diffusion region in the device region displaced away from the second  

 side of the gate, wherein the first and second diffusion regions comprise dopants of a  

 first polarity type, and 

  a drift isolation region disposed between the gate and the second diffusion  

 region; 

a first device well encompasses the device region; 

 a second device well disposed within the first device well; and 

 a drain well having dopants of the first polarity type is disposed under the second 

diffusion region and within the first device well.  

 

2. The device of claim 1 wherein the first device well comprises dopants of the first 

polarity type and the second device well comprises dopants of a second polarity type. 

 

3. The device of claim 2 wherein the first polarity type comprises n type and the second 

polarity type comprises p type. 
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4. The device of claim 1 wherein the second device well encompasses at least the first 

diffusion region and a part of the gate. 

 

5. The device of claim 4 wherein the second device well encompasses the gate, the drift 

isolation region and the second diffusion region. 

 

6. The device of claim 1 further comprises: 

 a drift well disposed within the second device well. 

 

7. The device of claim 6 wherein the first device well and the drift well comprise dopants 

of the first polarity type and the second device well comprises dopants of a second polarity 

type. 

 

8. The device of claim 7 wherein the first polarity type comprises n type and the second 

polarity type comprises p type. 

 

9. The device of claim 6 wherein the drift well encompasses the second diffusion region. 

 

10. The device of claim 9 wherein the drift well extends under the gate from the second 

side of the gate. 

 

11. The device of claim 1 wherein the gate overlaps the first diffusion region by about 0.1-

0.5 μm. 
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12. The device of claim 1 wherein the drain well has a depth between the bottom of the 

drift isolation region and the second device well. 

 

13. The device of claim 12 wherein the drain well has a width narrower than the second 

diffusion region. 

 

14. A device comprising: 

 a substrate having first and second device wells in a device region, wherein the second 

device well is disposed within the first device well; 

 a transistor in the device region, wherein the transistor includes 

  a gate having first and second sides, and 

a first diffusion region disposed adjacent to the first side of the gate, wherein  

the gate overlaps the first diffusion region and a second diffusion region displaced 

away from the second side of the gate, and 

  a drift isolation region disposed between the gate and the second diffusion  

 region; and 

 a drain well is disposed under the second diffusion region and within the first device 

well. 

 

15. The device of claim 14 wherein the first and second diffusion regions, the first device 

well and the drain well comprise dopants of a first polarity type and the second device well 

comprises dopants of a second polarity type. 
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16. The device of claim 15 wherein the first polarity type comprises n type and the second 

polarity type comprises p type. 

 

17. The device of claim 14 wherein the second device well encompasses at least the first 

diffusion region and a part of the gate. 

 

18. The device of claim 17 wherein the second device well encompasses the gate, the drift 

isolation region and the second diffusion region. 

 

19. The device of claim 14 further comprises: 

 a drift well disposed within the second device well. 

 

20. The device of claim 14 wherein the gate overlaps the first diffusion region by about 

0.1-0.5 μm. 
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