
METHOD OF FORMING HIGH VOLTAGE DEVICES WITH  RETROGRADE WELL
BACKGROUND  [00011 The present disclosure relates generally to
semiconductor devices, and more  particularly to a method for using
retrograde well for forming Metal-Oxide- Semiconductor (MOS)
transistors [00021 Typically, integrated circuits (ICs) operate at
various operating voltages.  Therefore, transistors in these ICs must
withstand certain voltage thresholds. For  example, transistors with
gate lengths of less than 0.25um typically must operate at  less than
2.5 volts, while transistors with a longer gate length (>0.3um) may
operate  at well over 3 volts. In certain high voltage applications
such as power supplies and  hard-disk controllers, even higher
operating voltages may be required. [09031 One undesirable effect
when applying a high operating voltage to a MOS  transistor not
designed for such a high voltage is the accumulation of hot electrons
at and around the junction of the channel and drain of the
transistor. In turn,  ionized electrons resulting from the hot
electrons move to the drain, thereby causing  the drain current to
increase- When hot electrons increase to a point where the
source/drain junction voltage exceeds a certain level, the
source/drain junction of  the transistor breaks down, thereby causing
damage to the transistor. That certain  level of source/drain
junction voltage is also known as the breakdown. voltage, and  must
be increased in high voltage environments wherein a high operating
voltage is  applied to the transistors. [00041 In order to provide a
higher breakdown voltage, a double diffused drain  



(DDD) is typically provided in many MOS transistors that need to
operate in the  1 high voltage environment. DDDs help to suppress the
hot electron effect, thereby  reducing electrical breakdown of the
source/drain under high operating voltage.  [00051 However, high
voltage MOS transistors with DDD are typically formed on  a
semiconductor wafer that also includes low voltage MOS transistors
without DDD.  Because the thermal budgets of the processes needed for
the formation of high  voltage MOS transistors are different from
that of low voltage MOS transistors, it is  difficult to integrate
the manufacturing processes of high voltage MOS transistors to  those
of low voltage MOS transistors without materially causing permanent
change  to the physical characteristics of these transistors. As an
example, since the drain of  a high voltage MOS transistor needs to
withstand high breakdown voltages, DDD is  formed with a process
whereby high temperature and long processing time are  required.
However, the high temperature and long processing time may drive ions
in the doped regions of the low voltage MOS transistors into the
silicon substrate  beyond a predetermined depth, thereby causing the
physical characteristics of the  low voltage MOS transistors to
become uncontrollable. As such, traditional  processing methods are
not practical in producing advanced semiconductor  technologies that
have both high voltage and low voltage MOS transistors because of the
increasing uncontrollability. [00061 One solution isto use a drain
extended transistor, wherein a very lightly  doped extension region
adjacent to the drain is used. This extension not only allows
voltage to be dropped across the extension region, but also reduces
the electric field  



across any part of the gate oxide, thereby preventing breakdown.
However, such  extensions consume much wafer space, and are known to
be very expensive in  advanced technologies where transistor
densities are high and wafer real estate  commands a significant
pren-iinin. -2 [00071 Desirable in the art of are additional designs
that provide improved high  voltage designs for advanced
semiconductor technologies that may achieve a high  breakdown voltage
in the smallest possible surface area SUMMARY  [0008] In view of the
foregoing. the following provides a method that provides an  improved
high voltage design for advanced semiconductor technologies that may
achieve a high breakdown voltage in a relatively small surface area.
[0009] In one embodiment, a high voltage device with retrograde well
is disclosed.  The device comprises a substrate, a gate region formed
on the substrate, and a  retrograde well placed in the substrate next
to the gate region, wherein the  retrograde well reduces a dopant
concentration on the surface of the substrate,  thereby minimizing
damages to the gate region. [.00101 Such a high voltage device enjoys
various advantages including space  saving and the increase of
voltage tolerance. [00111 The construction and method of operation of
the invention, however,  together with additional objects and
advantages thereof will be best understood  from the following
description of specific embodiments when read in connection  with the
accompanying drawings 



BRIEF DESCRIPTION OF THE DRAWINGS [0012] FIG.1 illustrates an NMOSFET
with a retrograde well in accordance with  one embodiment of the
present disclosure. -3 [0013] FIG. 2 illustrates a PMOSFET with a
retrograde well in accordance with one  embodiment of the present
disclosure. [00141 FIG. 3 illustrates concentration profiles in
accordance with one embodiment  of the present disclosure. [00151
FIG. 4 illustrates a damage-susceptible site in a MOSFET in
accordance with  one embodiment of the present invention. DESCRIPTION
[0016] The present disclosure will provide a detailed description of
a high voltage  MOS Field-Effect-Transistor (MOSFET) structure that
saves space and allows the  traditional low-doped drain masks used
for both N-type and P-type to be omitted.  [00171 FIG.1 illustrates
an N-channel MOSFET (NMOSFET) 100 constructed with  structures that
achieve high voltage performance in a high voltage range such as
from 6 to 35 volts. A P-type deep well 102, of appropriate doping and
predetermined depth (usually a relatively deep doping profile) for
high voltage  devices, is formed within the bulk semiconductor
substrate. Adjacent N-type wells  104 are also formed. The NMOSFET is
electrically isolated at the surface of the  substrate, from other
devices, by isolation structures such as a shallow-trench- isolation
(STI) or local-oxidation-of-silicon (LOCOS) 196- A thin gate oxide
108 is  formed on the surface of the semiconductor substrate and is
covered by gate  



electrode material, typically, poly crystalline silicon 110. Through
normal MOS  processing, sidewall spacers 112 are formed on the
sidewall surfaces of the poly. An  oxide layer 114, which may also be
STI or LOCOS, or may be thinner, is formed  between and separated
from the gate sidewall spacer structure. 112 and the isolating -4
STI/LOCOS 106. This oxide 114 separates an N+ source region 116, to
be formed  next to the sidewall spacer of the gate electrode, from a
P+ contact 118 to the P-well  102, to be formed next to the STI/LOCOS
106. The P-well 102 may be a well that is  suitable for high voltage
devices and may be referred to as a high voltage well.  [0018] On the
other side of the gate oxide structure 10/8, dew voltage N -well
(LVNW) 120, shallower than the P-type well 102, is foi ned within the
P-well 102.  This LVNW 120 fills the space between the gate sidewall
spacer structure 112 and  the STT/LOCOS 106. The LVNW 120 is formed
by the i plantation of an N-type  dopant deeply below the surface.
Now, when exposed to high temperature, the N- type dopant diffuses
both further downward and also upward toward the surface.  Because,
unlike traditional diffused substrate, the concentration of the
dopant is  greatest at the implanted depth and is reduced toward the
surface, this arrangement  is called a retrograde well. The dopant
concentration profile is reversed from that of  the traditional
arrangement in which the dopant is implanted at a very shallow  depth
adjacent to the surface and diffused downward. The traditional
arrangement  produces a highest dopant concentration at the surface
and the concentration  diminishes downward into the substrate. Here,
an N+ doped region 122 is  implanted into the middle region of the
LVNW 120 and it is separated from the gate  



sidewall spacer structure 112 and the STI/LOCOS 106. It is understood
that the  entire LVNW 120 along with the doped region 122 may be
referred to as the drain  region. [0019] In the traditional
arrangernerit, an N+ doped region is placed immediately  adjacently
to the sidewall spacer 112 of the gate poly 110. In addition, an N-
region,  that is, a low-concentration N-type region, is placed in the
substrate. This N- region  is adjacent to the N+ doped region, and
extends to the space under the sidewall  spacer, which is adjacent to
the gate poly. This is called a low-doped drain (LDD). -5 The LDD
here surrounds and isolates the doped region and therefore like an
extension of the doped region 122. It is thus referred to as a drain
extension  (hereinafter DE). The LVNW replaces the LDD of the
traditional arrangement and  becomes an alternative of DE. The
extended space of the DE 120 here is occupied by  the reduced N-type
dopant that have diffused upward from the implanted depth in  the
LVNW 120. In operation, the junction between the N-type drain, now
surrounded by the LVNW 120, and the P-type well 102, is reverse
biased. [00201 It is further understood that although the LVNW 120 is
a continuous piece  as shown in FIG.1, it does not have to be so. The
LVNW 120 can be two or more  discrete or unconnected retrograde wells
formed, usually in an aligned manner, to  be placed in the area
between the STI/LOCOS 106 and the gate. As such, in some
embodiments, the doped region 122 may not be entirely within a
retrograde well.  That is, at least a portion of the dope region 122
may be overlapping or formed  within the retrograde well, while some
other portions of the doped region may be  



formed directly within the deep well 102 without the retrograde well
120 situated  therebetween. [00211 In the traditional LDD
arrangement, the depletion region of the reverse  biased junction
extends both into the LDD and under the gate poly. In a high (
voltage application, this places a considerable field gradient of the
reverse-biased  junction under the edge of the gate poly with the
gate oxide in between. The field  strength may be enough to damage
the gate oxide directly. Additionally, hot  electrons are produced
and some of them may be injected into the thin gate oxide,  thereby
potentially causing damage to the oxide. Also, the electron charges
trapped  in the oxide act as charges in a capacitor causing leakage
in the adjacent junction. -6 [0022] In addition, only the retrograde
well 120 extends under the edge of the gate  oxide 108. The
retrograde well 120 has a lower dopant concentration near and all
across the substrate surface between the N+ doped region 122 and the
surface under  the gate poly 110. The reduced dopant concentration
causes the electric field  gradient of the junction to be spread over
a greater distance and therefore to be  lower. A lower field gradient
adjacent to the thin gate oxide 108 is far less likely to  cause
damage to the gate oxide 108 or to inject hot electrons into it_
[0023] Furthermore, there may also be an isolation area inserted (not
shown), in  the retrograde well area 120, between gate region 108 and
doped region 122. This  isolation area may further increase the
breakdown voltage threshold between the  gate region 108 and doped
region 122. The increased breakdown voltage threshold  would further
lower the possibility of causing undesired damage to the gate region



108 or to inject hot electrons into it. [0024] In short, the
traditional LDD structure has been replaced by the retrograde  LVNW
120 structure. This, in combination with the N+ doped region 122, is
a  double diffused drain (DDD). This allows operation at higher
voltages. The  retrograde LVNW 120 is the same N-type well used, for
all of the low voltage P- channeI MOSFET (PMOSFET) circuitry produced
on the same substrate, thereby  eliminating the need to use extra
masks in the manufacturing processes. In the low  voltage circuitry,
the traditional LDD structure can be replaced by this same
retrograde LVNW 120 structure safely. [0025] FIG. 2 illustrates a
P-channel MOSFET (PMOSFET) 200 constructed with  structures that
achieve high voltage performance in a wide voltage range such as
from 6 to 35 volts. An N-type well 202, of appropriate doping and
deeper depth for  high voltage devices, is formed within the bulk
semiconductor substrate. Adjacent -7 P-type wells 204 are also
formed. The PMOSFET is electrically isolated at the  surface of the
substrate, from other devices, by either shallow-trench-isolation
(STI)  or local-oxidation-of-silicon (LOCOS) 206. A thin gate oxide
208 is formed on the  surface of the semiconductor substrate and it
is covered by gate electrode material,  typically, poly crystalline.
silicon (poly) 210. Through normal MOS processing,  sidewall spacers
212 are formed on the sidewall surfaces of the poly. An oxide layer
214, that may also be STI or LOCOS, or may be thinner, is formed
between and  separated from the gate sidewall spacer structure 212
and the isolating STI/LOCOS  206. This oxide 214 separates a P+
source region 216, to be formed next to the  



sidewall spacer of the gate electrode, from an N+ contact 218 [00261
On the other side of the gate oxide structure 208, a low voltage
P-well  (LVPW) 220, shallower than N-type well 202, is formed within
the N-well 202. This  LVPW 220 fills the space between the gate
sidewall spacer structure 212 and the  STI/LOCOS 206. The LVPW 220 is
formed by the implantation of a P-type dopant  deeply below the
surface. Now, when exposed to high temperature, the P-type  dopant
diffuses both further downward and also upward toward the surface.
Because the concentration of the dopant is greatest at the implanted
depth and is  reduced toward the surface, this is also a retrograde
well. The dopant concentration  profile is reversed from that of the
traditional arrangement in which the dopant is (. implanted at a very
shallow depth adjacent to the surface and diffused downward.  The
traditional arrangement produces a highest dopant concentration at
the surface  and the concentration diminishes downward into the
substrate. Here, a P+ doped  region 222 is implanted into the middle
region of the LVPW 220 and it is separated  from the.. gate sidewall
spacer structure 212 and the STI/LOCOS 206. In the  traditional
arrangertzent, a P+ doped region is placed adjacently to the sidewall
spacer 112 of the. gate poly 210. Also, in the traditional
arrangerneitt, a P- region, -8_ that is, a low-concentration P-type
region, is placed in the substrate, from the P+  contact, and under
the space to be filled by the sidewall spacer, adjacent to the gate
poly, which is referred to as a low-doped drain (LDD). Like the LVNW
of the N  type devices, the LVPW 220 is referred to as a drain
extension (DE), and replaces the  function of the LDD of the
traditional arrangement. 



j00271 In operation, the junction between the P-type drain, now
formed by the  LVPW 220, and the N-type well 202, is also reverse
biased. Like the N-type  structure described above, only the
retrograde well 220 extends under the edge of  the gate oxide 208.
The retrograde well 220 has a lower dopant concentration all  across
the substrate surface between the P+ doped region 222 and the surface
under  the gate poly 210. The reduced dopant concentration causes the
electric field  gradient of the junction to be spread over a greater
distance and therefore to be  lower. Such a lower field gradient
adjacent to the thin gate oxide 208 is unlikely to  cause damage to
the oxide 208 or to inject or remove hot carriers. [0028] FIG. 3
illustrates the dopant concentration profiles 300 of the retrograde
LVNW or LVPW and the traditional diffused N-well or P-well as
low-doped drain  extension. The traditional diffused profile shows
the greatest dopant concentration  at the substrate surface because
the dopant is implanted at a very shallow depth  adjacent to the
surface and is then diffused downward only. The portion of the
depletion region of a junction in the high dopant surface
concentration at the  substrate surface will be narrower and
therefore, the electric field gradient will be  steeper. Current
carriers traversing the steeper gradient will be accelerated to
higher energies which may cause direct damage to the gate oxide or
may cause  carriers to be injected into or removed from the thin
gate. oxide, which degrades  MOS performance. In contrast, the
retrograde dopant concentration profile shows  the greatest dopant
concentration at the implanted depth, from which the dopant is _9
diffused both downward and upward toward the surface. The portion of
the  



depletion region of a junction in the lower dopant concentration at
the substrate  surface, with a LVNW or LVPW, will be broader.
Therefore, the electric field  gradient will be gentler. Carriers
traversing the gentler gradient will not be  accelerated to damaging
energy levels. [0029] FIG. 4 illustrates the location in a MOSFET 400
that is susceptible to damage  if current carriers are accelerated to
excessively high energy levels by an electric field  gradient that is
too steep. The electric field of concern appears in the substrate 402
between the high dopant concentration in the doped region 406 and the
drain  extension end 408, under the edge of the gate poly 410 with
the thin gate oxide 412  in between. The gate oxide end 414 is most
susceptible to damage. With the  presently disclosed method for using
the retrograde LVNW (or LVPW) drain  extension 408, the high energy
stress is much less likely to be formed. [0030] The high voltage
device illustrated above enjoys various advantages  including space
saving and increase of voltage tolerance. In addition, the retrograde
well increases surface breakdown threshold voltage, which is
important for the  operation of any high voltage devices. Since high
and. low voltage transistors are  most likely in co-existence on a
chip, having the high voltage devices made by using  retrograde
wells, at least two mask layers can be saved from the manufacturing
process since the high and low voltage devices can be formed without
requiring  additional masks for high voltage.devices. Further, the
drain to gate distance is also  reduced because of the drain
extension In some situations, when the high voltage  well doping
profile can be coordinated with the formation of the retrograde well,
surface electrical fields can be reduced. 



-10 [0031] The above disclosure provides many different embodiments
or examples  for implementing different features of the disclosure.
Specific examples of  components and processes are described to help
clarify the disclosure. These are, of  course, merely examples and
are not intended to limit the disclosure from that  described in the
claims. [0032] Although the invention is illustrated and described
herein as embodied in  detailed examples, it is nevertheless not
intended to be limited to the details shown,  since various
modifications and structural changes may be made therein without
departing from the spirit of the invention and within the scope and
range of  equivalents of the claims. Accordingly, it is appropriate
that the appended claims be  construed broadly and in a manner
consistent with the scope of the disclosure, as set  forth in the
following claims. -11 WHAT IS CLAIMED IS: 1. A high voltage
transistor device comprising:  a gate region formed on a substrate; a
source region placed in the substrate next to the gate region; a
drain region placed in the substrate and opposite to the source
region with  regard to the gate region, wherein the drain region is
composed of at least one  retrograde well, wherein the retrograde
well reduces a dopant concentration near the surface of  the
substrate. 



2. The transistor device of claim 1 wherein the gate region further
comprises one  or more spacers. 3. The transistor device of claim 1
further comprising a doped region formed in  the drain region. 4. The
transistor device of claim 3 wherein at least a portion of the doped
region  is formed within the retrograde well. 5. The transistor
device of claim 4 further comprising an isolation structure  placed
between the doped region and the gate region. 6. The transistor
device of claim 1 further comprising a deep well, in which the  drain
region is formed. 7. The transistor device of claim 6 wherein the
drain region is a well shallower  than the deep well. -12 8. A high
voltage transistor device comprising:  a substrate; a gate region
formed on the substrate;  a deep well formed in the substrate; a
source region formed directly in the deep well on a first side of the
gate region;  one or more retrograde wells placed in the substrate
next to the gate region and  on a second side thereof; and a doped
region formed in the retrograde wells with one or more portions
thereof  formed within the retrograde wells, wherein the retrograde
wells form a drain extension surrounding the doped  



region to have a lower dopant concentration toward the surface of the
substrate, and  the retrograde wells and the doped region form a
drain region. 9. The transistor device of claim 8 wherein the gate
region further comprises one  or more spacers. 10. The transistor
device of claim 8 further comprising at least one isolation
structure between the doped region and the gate region. 11. The
transistor device of claim 8 wherein the deep well and the retrograde
wells have different types of dopant. 12. The transistor device of
claim 8 wherein the retrograde wells have a  shallower doping profile
than the deep well. -13 13. A method for forming a high voltage
transistor comprising:  forming a substrate of a first type; forming
a gate region on the substrate; forming a deep well of a first type
in the substrate;  forming a source region directly in the deep well;
forming at least one retrograde well of a second type in the
substrate opposite to  the source region with regard to the gate
region; and forming a doped region in the retrograde well, wherein
the retrograde well forms a drain extension having a lower dopant
concentration toward the surface of the substrate, and the retrograde
wells and the  doped region form a drain region. 14. The method of
claim 13 wherein the gate region further comprises one or  



more spacers. 15. The method of claim 13 wherein at least a portion
of the doped region is  formed within the retrograde well. 16. The
method of claim 13 further comprising forming at least one isolation
structure between the doped region and the gate region. 17. The
method of claim 13 wherein the deep well is a P type well and the
retrograde well is an N type well. 18. The method of claim 13 wherein
the deep well is an N type well and the  retrograde well is a P type
well. -14 19. The method of claim 13 wherein the retrograde well has
a shallower doping  profile than the deep well. -15 


