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HIGH VOLTAGE GATE FORMATION
BACKGROUND

Technical Field

[0001] The embodiments described herein generally relate to non-volatile memory, such

as charge trapping memory.

Background

[0002] A non-volatile memory, such as Flash memory, retains stored data even if power
to the memory is removed. A non-volatile memory cell stores data, for example, by
storing electrical charge in an electrically isolated floating gate or in a charge-trapping
layer underlying a control gate of a field-effect transistor (FET). The stored electrical
charge controls the threshold of the FET, thereby controlling the memory state of the cell.

{0003] A non-volatile memory cell is programmed using, for example, hot carrier
injection to place charge into a storage layer. High drain and gate voltages are used to
facilitate the programming process, and the memory cell conducts relatively high current
during programming, which can be undesirable in low voltage or low power applications.

[0004] A split-gate memory cell is a type of non-volatile memory cell, in which a select
gate is placed adjacent a memory gate. During programming of a split-gate memory cell,
the select gate is biased at a relatively low voltage, and only the memory gate is biased at
the high voltage to provide the vertical electric field necessary for hot-carrier injection.
Since acceleration of the carriers takes place in the channel region mostly under the select
gate, the relatively low voltage on the select gate results in more efficient carrier
acceleration in the horizontal direction compared to a conventional Flash memory cell.
That makes hot-carrier injection more efficient with lower current and lower power
consumption during programming operation. A split-gate memory cell may be
progiammed using techniques other than hot-carrier injection, and depending on the
technique, any advantage over the conventional Flash memory cell during programming
operation may vary.

[0005] Fast read time is another advantage of a split-gate memory cell. Because the
select gate is in series with the memory gate, the erased state of the memory gate can be

near or in depletion mode (i.c., threshold voltage, Vt, less than zero volt). Even when the
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erased memory gate is in such depletion mode, the select gate in the off state prevents the
channel from conducting substantial current. With the threshold voltage of the erased
state near or below zero, the threshold voltage of the programmed state does not need to
be very high while still providing a reasonable read margin between erased and
programmed states. Accordingly, the voltages applied to both select gate and memory
gate in read operation can be less than or equal to the supply voltage. Therefore, not
having to pump the supply voltage to a higher level makes the read operation faster.
[0006] It is common to monolithically incorporate multiple types of field-effect devices
on the same substrate as memory cells. Those non-memory devices perform, for
example, decoding, charge-pumping, and other functions related to memory operations.
The substrate may also include non-memory devices to provide functions that are not
related to memory operations. Such non-memory devices incorporated on the same
substrate as the memory cells may include transistors tailored for high-speed operations,
while other transistors are tailored for handling high operating voltages. Integrating the
processing of memory cells, such as a split-gate memory cell, with the processing of one
or more types of non-memory transistors on the same substrate is challenging as each
requires different fabrication parameters. Accordingly, there is a need for device and
methods for integrating a memory cell and other devices on the same substrate to

facilitate improved cost, performance, reliability, or manufacturability.

BRIEF SUMMARY

[0007] It is desirable to obviate or mitigate at least one of the problems, whether
identified herein or elsewhere, or to provide an alternative to existing apparatuses or
methods. Embodiments described herein include methods, systems and devices for
forming high voltage gates in a computer memory.

[0008] In an embodiment, a method of manufacturing a semiconductor device that
includes a memory region, a first substrate region, and a second substrate region. A first
gate is formed in the first substrate region. A select gate is formed in the memory region.
A charge trapping dielectric is disposed in the memory region and the second substrate
region. A polycrystalline silicon (poly) layer is disposed in the memory region. The

charge trapping dielectric is removed from the second substrate region. A memory gate is
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formed on a sidewall of the select gate. A second gate is formed in the second substrate
region. In this method, the memory gate is formed before the second gate is formed.

[0009] In an embodiment, a semiconductor device includes a memory region, a first
substrate region, and a second substrate region. There are first gates in the first substrate
region. There are second gates in the second substrate region. There are select gates in
the memory region. There are memory gates in the memory region, with each memory
gate formed adjacent to a corresponding select gate. In the embodiment, sidewalls of the
memory gates are older than (i.e., formed before) sidewalls of the second gates.

16018} | These and other advantages and features will become readily apparent in view of
the following detailed description of embodiments of the invention. Note that the
Summary and Abstract sections may set forth one or more, but not all exemplary
embodiments of the present invention as contemplated by the inventor(s). It is to be
appreciated that the Detailed Description section, and not the Summary and Abstract

sections, is intended to be used to interpret the claims.

BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

[0011] The accompanying drawings, which are incorporated herein and form part of the
specification, illustrate the present invention and, together with the description, further
serve to explain the principles of the present invention and to enable a person skilled in
the relevant art(s) to make and use the present invention.

[0012] FIG. 1 illustrates an example of a split-gate non-volatile memory cell, according
to an embodiment.

[0013] FIG. 2 illustrates an example circuit diagram of memory cell including
connections to various metal layers in a semiconductor device, according to an
embodiment.

[0014] FIG. 3 illustrates an example semiconductor device that includes both memory
and peripheral circuitry embedded in the same substrate, according to an embodiment.

[0015] FIGS. 4-13 illustrate a semiconductor device in various stages of manufacturing,
according to an embodiment.

[0016] The features and advantages of the present invention will become more apparent
from the detailed description set forth below when taken in conjunction with the

drawings, in which like reference characters identify corresponding elements throughout.



WO 2014/093611 PCT/US2013/074651

[0017

[0018]

[0019]

[0020]

[0021]

-4 -

In the drawings, like reference numbers generally indicate identical, functionally similar,
and/or structurally similar elements. The drawing in which an element first appears is

indicated by the leftmost digit(s) in the corresponding reference number.

DETAILED DESCRIPTION

This specification discloses one or more embodiments that incorporate the
features of this. invention. The disclosed embodiment(s) merely exemplify the present
invention. The scope of the present invention is not limited to the disclosed
embodiment(s). The present invention is defined by the claims appended hereto.

The embodiment(s) described, and references in the specification to "one

embodiment,” "an embodiment," "an example embodiment,” etc., indicate that the
embodiment(s) described may include a particular feature, structure, or characteristic, but
every embodiment may not necessarily include the particular feature, structure, or
characteristic..  Moreover, such phrases are not necessarily referring to the same
embodiment. Further, when a particular feature, structure, or characteristic is described in
connection with an embodiment, it is understood that it is within the knowledge of one
skilled in the art to effect such feature, structure, or characteristic in connection with other
embodiments whether or not explicitly described.

Before describing the various embodiments in more detail, further explanation
shall be given regarding certain terms that may be used throughout the descriptions.

The term “etch” or “etching” is used herein to generally describe a fabrication
process of patterning a material, such that at least a portion of the material remains after
the etch is completed. For example, it should be understood that the process of etching
silicon involves the steps of patterning a masking layer (e.g., photoresist or a hard mask)
above the silicon, and then removing the areas of silicon no longer protected by the
masking layer. As such, the areas of silicon protected by the mask would remain behind
after the etch process is complete. However, in another example, etching may also refer
to a process that does not use a mask, but still leaves behind at least a portion of the
material after the etch process is complete.

The above description serves to distinguish the term “etching” from “removing.”

When etching a material, at least a portion of the material remains behind after the
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process is completed. However, “removing” is considered to be a broad term that may
incorporate etching.

100221 During the descriptions herein, various regions of the substrate upon which the
field-effect devices are fabricated are mentioned. It should be understood that these
regions may exist anywhere on the substrate and furthermore that the regions may not be
mutually exclusive. That is, in some embodiments, portions of one or more regions may
overlap.  Although up to three different regions are described herein, it should be
understood that any number of regions may exist on the substrate and may designate areas
having certain types of devices or materials. In general, the regions are used to
conveniently describe areas of the substrate that include similar devices and should not
limit the scope or spirit of the described embodiments.

[0023] The terms “deposit” or “dispose” are used herein to describe the act of applying a
layer of material to the substrate. Such terms are meant to describe any possible layer-
forming technique including, but not limited to, thermal growth, sputtering, evaporation,
chemical vapor deposition, epitaxial growth, electroplating, etc.

{8024] The term “substrate™ as used throughout the descriptions is most commonly
thought to be silicon. However, the substrate may also be any of a wide array of
semiconductor materials such as germanium, gallium arsenide, indium phosphide, etc. In
other embodiments, the substrate may be electrically non-conductive such as a glass or
sapphire wafer.

[0025] The term “poly” as used throughout the descriptions is most commonly thought to
be polycrystalline silicon. Poly comprises multiple small crystals, as opposed to being a
single monocrystal. Poly can be doped, or may have metal or a metal silicide deposited
over it.

j0026] “Poly” in this application is used as one example of a gate conductor. Other
conductors may be used to form the gates, for example metals, alloys other doped
semiconductors or conducting materials as would become apparent to a person having
ordinary skill in the art. The use of “poly” in the description of the embodiments is not to
be limiting.

[0027] FIG. 1 illustrates an example of a split-gate non-volatile memory cell 100
according to an embodiment. Memory cell 100 is formed on a substrate 102, such as

silicon. Substrate 102 is commonly p-type or a p-type well while a first doped
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source/drain region 104 and a second doped source/drain region 106 are n-type.
However, it is also possible for substrate 102 to be n-type while regions 104 and 106 are
p-type.

{6028} Memory cell 100 includes two gates, a select gate 108 and a memory gate 110,
Fach gate may be a doped poly layer formed by well known, for example, deposit and
etch techniques to define the gate structure. Select gate 108 is disposed over a dielectric
layer 112. Memory gate 110 is disposed over a charge trapping dielectric 114 having one
or more dielectric layers. In one example, charge trapping dielectric 114 includes a
silicon nitride layer sandwiched between two silicon dioxide layers to create a three-layer
stack collectively and commonly referred to as “ONO”. Other charge trapping dielectrics
may include a silicon-rich nitride film, or any film that includes, but is not limited to,
silicon, oxygen, and nitrogen in various stoichiometries. A vertical dielectric 116 is also
disposed between select gate 108 and memory gate 110 for electrical isolation between
the two gates. In some examples, vertical dielectric 116 and charge trapping dielectric
114 are the same dielectric, while other examples form one dielectric before the other
(e.g., they can have different dielectric properties.) As such, vertical dielectric 116 need
not include the same film structure as charge trapping dielectric 114. After the gates have
been defined, regions 104 and 106 are created by implanting dopants using, for example,
an ion implantation technique. Regions 104 and 106 form the source or drain of the split-
gate transistor depending on what potentials are applied to each. In split gate transistors,
for convenience, region 104 is commonly referred to as the drain, while region 106 is
commonly referred to as the source, independent of the relative biases. It is to be
understood that this description is meant to provide a general overview of a common
split-gate architecture and that, in actual practice, many more detailed steps and layers are
provided to form the final memory cell 100.

[0029] An example write, read, and erase operation will now be described as it relates to
memory cell 100, In order to write a bit in memory cell 100, a positive voltage on the
order of 5 volts, for example, is applied to region 106 while region 104 and substrate 102
are grounded. A low positive voltage on the order of 1.5 volts, for example, is applied to
select gate 108 while a higher positive voltage on the order of 8 volts, for example, is
applied to memory gate 110. As electrons are accelerated within a channel region

between the source and drain, some of them will acquire sufficient energy to be injected
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upwards and get trapped inside charge trapping dielectric 114. This is known as hot
electron injection. In one example of charge trapping dielectric 114, the electrons are
trapped within a nitride layer of charge trapping dielectric 114. This nitride layer is also
commonly referred to as the charge trapping layer. The trapped charge within charge
trapping dielectric 114 store the “high” bit within memory cell 100, even after the various
supply voltages are removed.

[0030] In order to “erase” the stored charge within memory cell 100 and return the state
of memory cell 100 to a “low” bit, a positive voltage on the order of 5 volts, for example,
is applied to region 106 while region 104 is floated or at a certain bias, and select gate
108 and substrate 102 are typically grounded. A high negative voltage on the order of -8
volts, for example, is applied to memory gate 110. The bias conditions between memory
gate 110 and region 106 generate holes through band-to-band tunneling. The generated
holes are sufficiently energized by the strong electric field under memory gate 110 and
are injected upwards into charge trapping dielectric 114. The injected holes effectively
erase the memory cell 100 to the “low” bit state.

[0031] In order to “read” the stored bit of memory cell 100, a low voltage is applied to
each of the select gate, memory gate, and region 104 in the range between zero and 3
volts, for example, while region 106 and substrate 102 are typically grounded. The low
voltage applied to the memory gate is chosen so that it lies substantially equidistant
between the threshold voltage necessary to turn on the transistor when storing a “high” bit
and the threshold voltage necessary to turn on the transistor when storing a “low” bit in
order to clearly distinguish between the two states. For example, if the application of the

2%

low voltage during the “read” operation caused substantial current to flow between
regions 104 and 106, then the memory cell holds a “low” bit and if the application of the
low voltage during the “read” operation does not cause substantial current to flow
between regions 104 and 106, then the memory cell holds a “high” bit.

[0032] FIG. 2 illustrates an example circuit diagram of memory cell 100 including
connections to various metal layers in a semiconductor device. Only a single memory
cell 100 is illustrated, however, as evidenced by the ellipses in both the X and Y
direction, an array of memory cells may be connected by the various lines running in both

the X and Y directions. in this way, one or more memory cells 100 may be selected for

reading, writing, and erasing bits based on the bit line (BL) and source line (SL) used.
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[0033] An example source line (SL) runs along the X direction and is formed in a first
metal layer (M1). Source line (SL) may be used to make electrical connection with doped
region 106 of each memory cell 100 along a row extending in the X direction.

[0034] An example bit line (BL) runs along the Y direction and is formed in a second
metal layer (M2). Bit line (BL) may be used to make electrical connection with doped
region 104 of each memory cell 100 along a column extending in the Y direction.

[0035] It is to be understood that the circuit connections shown in FIG. 2 are only
exemplary and that the various connections could be made in different metal layers than
those illustrated. Furthermore, although not depicted, memory cells 100 may be arrayed
in the Z direction as well formed within multiple stacked layers.

[0036] FIG. 3 illustrates an example semiconductor device that includes both memory
and peripheral circuitry in the same substrate. In this example, substrate 102 includes a
core region 302 and a periphery region 304. Core region 302 includes a plurality of
memory cells 100 that may operate similarly to those previously described. It should be
understood that the cross-section of FIG. 3 is only exemplary, and that core region 302
and periphery region 304 may be located in any area of substrate 102 and may be made
up of various different regions. Furthermore, core region 302 and periphery region 304
may exist in the same general area of substrate 102.

[0037] Periphery region 304 may include integrated circuit components such as resistors,
capacitors, inductors, etc., as well as transistors. In the illustrated embodiment, periphery
region 304 includes a plurality of high-voltage transistors 306 and low-voltage transistors
308. In one example, high-voltage transistors 306 exist in a separate region of substrate
102 than low-voltage transistors 308. High-voltage transistors 306 are capable of
handling voltages up to 20 volts in magnitude, for example, while low-voltage transistors
308 operate at a faster speed, but cannot operate at the same high voltages as high-voltage
transistors 306. In an embodiment, low voltage transistors 308 are designed to have a
shorter gate length than high voltage transistors 306. High-voltage transistors 306 are
commonly characterized as having a thicker gate dielectric 310 than the gate dielectric of
low-voltage transistors 308.

{038 With charge trapping memory, there is a desire to manufacture low voltage
transistors 308 and memory cells 100 from a thin poly layer because the thin layer allows

for improved performance. However, given that semiconductor device manufacturing
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generally occurs as a series of steps involving disposing layers, it would be impractical to
manufacture the high voltage transistors 306 from a different layer of poly than the low
voltage transistors 308, thus constraining the high voltage transistors 306 to have the
same thickness as the low voltage transistors 308. Where thinness improves the
performance of a low voltage transistor 308, thinness can leave high voltage transistors
306 susceptible to implant penetration. One way to enjoy the benefits of a thin poly in
both low voltage transistors 308 and memory cells 100, while not damaging high voltage
transistors 306 by implant penetration is to form the high voltage transistors 306 before
forming the low voltage transistors 308 and memory cells 100.

[0039] FIGS. 4-13 collectively illustrate a method of fabrication for a semiconductor
device including memory cells and other FET devices, according to an embodiment. It
should be understood that the various layers and structures are not necessarily drawn to
scale, and that other processing steps may be performed between those steps illustrated
and described herein, as would be understood by one skilled in the art given the present
disclosure.

[0040] FIG. 4 illustrates a step in the method of fabrication of an intermediate
semiconductor device 400. Many steps are required to create the structures on the
substrate 402, such as disposing layers, masking, stripping, and the like, as would be
apparent to a person having ordinary skill in the art.

[0041] The semiconductor device 400 of FIG. 4 has a substrate 402 comprising silicon, or
the like, and shallow trench isolations 404 formed therein. The method of fabrication
disposes a gate oxide dielectric 416 in the memory region and the second substrate
region, and a thicker gate dielectric in the first substrate region. In certain embodiments,
the method can form semiconductor devices that are not strictly logic in the first and
second substrate regions 418 and 420 as discussed below.

[0042] The method forms a first poly layer 408 on the substrate 402. The method
patterns five instances of a hard mask 410 on the first poly layer 408. The method forms
a nitride layer 412 on each instance of an oxide hard mask 410. The top layer comprises
a photoresist mask 414.

[0043] The region to the left of the leftmost shallow trench isolation 404A corresponds to
a core (area or region) 418. The core 418 is an example of a memory region. The portion

of substrate 402 depicted to the right of core 418 is a periphery (area or region) 420.
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Within the periphery 420, the region between the two shallow trench isolations 404A and
404B corresponds to a region of the semiconductor device 400 that may be suitable for
forming low voltage logic. The remaining area of the substrate 402 may be suitable for
forming high voltage logic. The semiconductor device 400 is an example of disposing a
mask and a thick resist on a first substrate region.

{8044} FIG. 5 illustrates a later step in the method of fabrication to form an intermediate
semiconductor device 500. The method commences by removing, by etching, for
example, the portions of the semiconductor device 500 that are unprotected by the
photoresist mask 414, as shown generally at locations 502.

[0045] FIG. 6 illustrates a later step in the method of fabrication to form an intermediate
semiconductor device 600. The method removes the photoresist mask 414 and etches the
core 418. The method disposes a blocking mask 602 over the periphery 420 to protect the
first layer of poly 408 in the periphery 420. The method removes the nitride layers 412
and a portion of the oxide hard mask 410 in the core 418 by etching the core 418. The
hard masks 410 over the first poly layer 408 in the core 418 protect the first poly layer
408 from the etching, so as to form select gates 604. Each select gate 604 can be 90
nanometers (nm) wide, but can also be from 15nm to 100nm wide. Other widths can also
be used.

{8846} FIG. 7 illustrates a later step in the method of fabrication to form an intermediate
semiconductor device 700. The method removes the periphery blocking mask 602. The
method completely etches away the gate oxide dielectric 416, except for underneath the
gates. The method disposes an ONO charge trapping dielectric 702 across the substrate
402. The ONO charge trapping dielectric 702 may comprise a 5 nm bottom oxide, a
12.5nm SiN layer, and an 8nm oxide layer on the SiN. Other variations and combinations
of thicknesses can be employed.

[0047] FIG. 8 illustrates a later step in the method of fabrication to form an intermediate
semiconductor device 800. The method disposes a second poly layer 802 over the entire
structure 800. The method disposes a second periphery blocking mask 804. The method
masks the second poly layer 802 in the periphery 420 and removes from the core 418, '
thereby creating sidewalls 806. The method performs appropriate patterning and then an

N+ implant to form source/drain regions 808/810, for example.
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[0048] FIG. 9 illustrates a later step in the method of fabrication to form an intermediate
semiconductor device 900. The method removes a periphery blocking mask 804 and
forms a source blocking mask 904 so that portions of the second poly layer 802 can be
removed by etching, for example, from both the core 418 and periphery 420. The method
removes all of the second poly layer 802 in the periphery 420. The etching also removes
select sidewalls 806 in the core 418. The remaining sidewalls 806 form memory gates
812. This etching is an example of removing a poly layer from a second sidewall of a
select gate 604.

[0049] FIG. 10 illustrates a later step in the method of fabrication to form an intermediate
semiconductor device 1000. The method disposes a select gate drain implant mask 1002.
The source blocking mask 904 can be used as an element of select gate drain implant
mask 1002. The method performs a second implanting to expand the drains 808 for the
select gates 604. The second implanting covers the entire distance between consecutive
select gates 604.

[0050] FIG. 11 illustrates a later step in the method of fabrication to form an intermediate
semiconductor device 1100. The method removes the ONO charge trapping dielectric
702 by a wet etch across the memory region, the first gate region and the second gate
region, except under the memory gates and on the memory sidewall between the memory
gate and the select gate as indicated by arrows 1102. The method disposes a high voltage
lightly doped drain mask 1104 over most of the substrate 402. The full hard mask stacks
412E and 410E on top of the poly 408 allow the lightly doped drains to be implanted
without harming other elements of the semiconductor device 1100, specifically, to avoid
penetrating the first poly 408. The hard mask 410E can be approximately 5nm to 70nm
thick. The hardmask 412E can be 10nm to 70nm thick. The regions of the first poly 408
that are not masked (i.e., the first poly 408 that is suitable to become a high voltage
transistor) is 90nm thick. The semiconductor device 1100 is an example of a hard mask
410 being thinner than a first gate, as the first poly 408 can be formed into a high voltage
transistor 1106.

[0051] FIG. 12 illustrates a later step in the method of fabrication to form an intermediate
semiconductor device 1200. The method disposes a gate poly etch mask 1202 to cover
the core 418 and the high voltage region of the periphery 420. The method performs a
90nm etch over the poly 408 in the low voltage region of the periphery 420. The etch
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removes the SiON layer 412D and a portion of the hard mask 410D, An over etching
would create less than about 24nm of gouging in the shallow trench isolations 404, The
90nm etch simultancously removes a portion of the low voltage region of the substrate
402 and the hard mask 4100, This etching patterns the low voltage transistor 1204, The
area where low voltage transistor 1204 forms is an example of a second substrate region.
The gate length of the low voliage transistor 1204 may be much shorter than the gate
length of the high voltage transistor 1106 because the low voltage transistor 1204 can be
desigoed to conduct a smaller ameount of current.  This processing is an example of
forming a second gate, e.g., low voltage trausistor 1204, after forming the memory gates
312,

[0052] FIG. 13 illustrates a another embodiment to replace the steps in FIG.12. The
method of fabrication to forms an intermediate semiconductor device 1300. The method
removes the gate poly etch mask 1202 in the periphery region 420. An etch patterns low
voltage gate 1204, completely etches away hardmask 412D and 412E, and partially
removes the 410D and 410E on 1204 and 1106 at the same time. The area where high
voltage transistor 1106 forms is an example of a first substrate region. A high voltage
transistor 1106 can be from about 0.1 microns wide to about 3 microns wide. In certain
embodiments, a high voltage transistor 1106 can be wider than 3 microns. The high
voltage transistor 1106 has the same thickness as the low voltage transistor 1204. The
above described process allows the high voltage transistor 1106 to be patterned with the
same thickness as the low voltage transistor 1204, while allowing them to have different
gate widths.

[0053] Following the step of FIG. 13, traditional manufacturing steps may be performed.
These steps can include, spacers, source and drain regions for the high voltage transistor
1106 and low voltage transistor 1204. Additional steps include, silicide, inter-metal
dielectric layers, contacts, metals and the like.

[0054] A high voltage transistor 1106 in the high voltage substrate region is an example
of a first logic transistor in the first substrate region. A low voltage transistor 1204 in the
low voltage substrate region is an example of a second logic transistor in the second
substrate region. One aspect of the semiconductor device 1300 of FIG. 13 is that the high
voltage transistor 1106 has the same thickness as the low voltage transistor 1204. This

shared thickness can be between 40nm and 100nm.
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[0055] Though FIGS. 4-13 show a specific number of memory cells 902 and transistors
1106 and 1204 being formed, other, presumably larger, numbers of these transistors may
be formed according to this process.

[0056] While embodiments have been described herein with reference to charge trapping
memory, the invention is not limited to these examples. Instead, embodiments of the
invention are applicable to other types of computer memory. The invention is useful for
both charge-trapping and floating-gate devices. This invention may be implemented with
multi-level cells or other multi-bit memory technologies.

[0057] Embodiments of the present invention have been described above with the aid of
functional building blocks illustrating the implementation of specified functions and
relationships thereof. The boundaries of these functional building blocks have been
arbitrarily defined herein for the convenience of the description. Alternate boundaries
can be defined so long as the specified functions and relationships thereof are
appropriately performed.

[0058} The foregoing description of the specific embodiments will so fully reveal the
general nature of the invention that others can, by applying knowledge within the skill of
the art, readily modify and/or adapt for various applications such specific embodiments,
without undue experimentation, without departing from the general concept of the present
invention. Therefore, such adaptations and modifications are intended to be within the
meaning and range of equivalents of the disclosed embodiments, based on the teaching
and guidance presented herein. It is to be understood that the phraseology or terminology
herein is for the purpose of description and not of limitation, such that the terminology or
phraseology of the present specification is to be interpreted by the skilled artisan in light
of the teachings and guidance.

[0059] The breadth and scope of the present invention should not be limited by any of the
above-described exemplary embodiments, but should be defined only in accordance with

the following claims and their equivalents.
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WHAT IS CLAIMED IS:

1. A method of manufacturing a semiconductor device that includes a memory region, a first
substrate region, and a second substrate region, comprising:

forming a first gate in the first substrate region;

forming a select gate in the memory region;

disposing a charge trapping dielectric in the memory region and the second substrate
region;

disposing a gate layer in the memory region;

removing the charge trapping dielectric from the second substrate region;

forming a memory gate on a sidewall of the select gate; and

forming a second gate in the second substrate region;

wherein the memory gate is formed before the second gate is formed.

2. The method of claim 1, further comprising disposing a hard mask on the first substrate

region, wherein a thickness of the hard mask is thinner than a thickness of the first gate.

3. The method of claim 1, further comprising disposing a mask and a thick resist on the first
substrate region.
4. The method of claim 1, further comprising disposing a lightly doped drain, adjacent to the

first gate in the first substrate region through a hard mask.

5. The method of claim 1, further comprising removing a hard mask and simultaneously

removing at least a portion of the second substrate region.

6. The method of claim 1, further comprising disposing a hard mask on the first substrate

region, the second substrate region, and the memory region.

7. The method of claim 1, further comprising forming the gate length of the first gate at least

twice as long as the gate length of the second gate.

8. The method of claim 1, further comprising removing the gate layer from a second

sidewall of the select gate.
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9. The method of claim 1, further comprising forming the second gate with the same gate

thickness, but a different gate width, than the first gate.

10.  The method of claim 1, further comprising forming the first gate before the memory gate

is formed.

11.  The method of claim 1, further comprising forming the first substrate region as a high

voltage substrate region and forming the second substrate region as a low voltage substrate

region.

12. A semiconductor device having a memory region, a first substrate region, and a second
substrate region, the semiconductor device comprising:

first gates in the first substrate region;

second gates in the second substrate region;

select gates in the memory region; and

memory gates in the memory region, each formed adjacent to a corresponding select gate,

wherein sidewalls of the memory gates are older than sidewalls of the second gates.

13.  The semiconductor device of claim 12, wherein sidewalls of the first gates are older than

sidewalls of the second gates and as well as sidewalls of the memory gates.

14.  The semiconductor device of claim 12, wherein the second gate has the same gate

thickness, but a different gate width, than the first gate.

15.  The semiconductor device of claim 12, further comprising a trench between the first

substrate region and the second substrate region.

16. The semiconductor device of claim 12, further comprising a lightly doped drain section in

the first substrate region, adjacent to the first gates.

17. The semiconductor device of claim 12, wherein the first substrate region is a high voltage

substrate region and the second substrate region is a low voltage substrate region.

18. = The semiconductor device of claim 12, wherein the memory region comprises a charge

trapping dielectric at least one of under and adjacent to a sidewall of the memory gates.
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19.  The semiconductor device of claim 12, wherein the gate length of the first gate is at least

twice as long as the gate length of the second gate.

20.  The semiconductor device of claim 12, wherein the memory gates have a layer of nitride

sandwiched between layers of oxide.

21 The semiconductor device of claim 12, further comprising a partially etched trench.

S S
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