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CHARGE TRAPPING SPLIT GATE DEVICE AND METHOD OF
FABRICATING SAME

BACKGROUND

Field of the Inventisn

[0001] The present disclosure relates generally to nonvolatile memory.

Background Art

[6002] There is a growing demand to provide advanced logic components (e.g.,
microcontrollers) with support memory, commonly implemented using non-volatile
memory (e.g., Flash). Generally, two approaches exist for providing the support
memory. One approach includes fabricating the advanced logic components and the
memory components on separate semiconductor chips and interfacing the separate chips
via a communication interface, resulting in a non-monolithic design. Another approach
includes integrating the advanced logic and the memory components on the same
semiconductor chip, in what is known as an embedded memory design.

[0003] Generally, an embedded memory design is favored over a non-monolithic design
for speed, security, and power consumption considerations, but requires an integration
process for fabricating the advanced logic components and the memory components on

the same semiconductor chip.

BRIEF SUMMARY

[0004] Embodiments provide a split gate device, methods for fabricating a split gate
device, and integrated methods for fabricating a split gate device and a periphery device.
In an embodiment, the split gate device is a charge trapping split gate device, which
includes a charge trapping layer. In another embodiment, the split gate device is a non-
volatile memory cell, which can be formed according to embodiments as standalone or

embedded with a periphery device.

BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

[0005] The accompanying drawings, which are incorporated herein and form a part of

the specification, illustrate the present disclosure and, together with the description,
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further serve to explain the principles of the disclosure and to enable a person skilled in

the pertinent art to make and use the disclosure.

[0006] FIG. 1 illustrates an example split-gate non-volatile memory cell.

[0007] FIG. 2 illustrates an example circuit diagram of the memory cell illustrated in
FIG. 1.

[0008] FIG. 3 illustrates an example semiconductor device that includes both memory

and peripheral circuitry embedded in the same substrate.
[0009] FiGs. 4A-J] are cross sectional views illustrating various example steps in a

method of fabricating a split gate device according to an embodiment.

[0010] FIG. 5 is a cross sectional view of an example split gate device according to an
embodiment.
[0011] The present disclosure will be described with reference to the accompanying

drawings. Generally, the drawing in which an element first appears is typically indicated

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

DETAILED DESCRIPTION OF EMBODIMENTS

[0012] 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.

[0013] 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 ¢onnection with
other embodiments whether or not explicitly described.

[0014] FIG. 1 illustrates an example 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 source/drain
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region 104 and a second doped source/drain region 106 ate n-type. However, it is also
possible for substrate 102 1o be n-type while regions 104 and 166 are p-iype.

Memory cell 100 inclades two gates, a select gate 108 and a memory gate 110.
Fach gate may be a doped polyerystaliine silicon (poly) layer formed by well known, for
example. deposit and etch technigues to define the gate strocture. Select gate 108 is
disposed over a dielectric layer 112, Memory gate 110 is disposed over a charge
teapping dielectric 114 consisting of one or more dielectric layers. In ove example,
charge Lapping dielectric 114 includes a silicon nitride layer sandwiched between two
silicon dioxide layers to create a three-layer stack collectively and comamonly referred
as “ONQ.” Other charge trapping dielectric may include a silicon-rich witride film, or
any film that includes, but wot limited to, silicon, oxygen, and nitrogen i various
stoichiometries.

A vertical dielectric 116 Is also disposed between select gate 108 and memory
gate £10 for electrical isolation between the two gates. In some examples, vertical
dielectric 116 and charge trapping dizlectric 114 are the same  dielectric, while in other
examples one dielectric is formed before the other (L.e., they can have ditferent dielectric
properties).  As such, vertical dielectric 116 need not include the same film structure as
charge trapping dielectric 114

Regions 104 and 106 are created by implanting dopants using, for exarople, an
ion implantation technique. Regions 104 and 106 form the source or drain of a split-gate
transistor depending on the voltages 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.

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, 1s 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 the electrons will acquire sufficient energy to be
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injected upwards and get trapped inside the charge trapping dielectric 114. This is
known as hot electron injection. In one example of charge trapping dielectric 114, the
electrons are trapped within the 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.

[0019] 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 placed at 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.

[0020] In order to “read” the stored bit of memory cell 100, a low voltage in the range
between zero and 3 volts, for example, is applied to each of select gate 108, memory gate
110, and region 104, while region 106 and substrate 102 are typically grounded. The
low voltage applied to memory gate 110 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 low voltage during the “read” operation causes substantial current to flow between
regions 104 and 106, then memory cell 100 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 memory cell 100 holds a “high” bit.

[0021] FIG. 2 illustrates an example circuit diagram 200 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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[0022] An example source line (SL) runs along the X direction and is formed in a first
metal layer (M1). The 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.

[0023] 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.

[0024] 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.

[0025] There is commonly a need to provide advanced logic components (e.g.,
microcontrollers) with support memiory components, typically implemented using
memory cells, such as memory cells 100. Generally, two approaches exist for providing
the memory components. One approach includes fabricating the advanced logic
components and the memory components on separate semiconductor chips and
interfacing the separate chips via a communication interface, resulting in a non-
monolithic design. Another approach includes integrating the advanced logic and the
memory components on the same semiconductor chip, in what is known as an embedded
memory design. Generally, an embedded memory design is favored over a non-
monolithic design for speed and power consumption considerations, but requires an
integration process for fabricating the advanced logic components and the memory
components on the same semiconductor chip.

[0026] FIG. 3 illustrates an example semiconductor device 300 that includes memory
and peripheral circuitry embedded in the same substrate. The peripheral circuitry may
include advanced logic components as described above. Device 300 is commonly
known as a system-on-chip (SOC). 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. Furthermore, core region 302
and periphery region 304 may exist in the same general area of substrate 102.

[0027] Periphery region 304 may include integrated circuit components such as resistors,

capacitors, inductors, etc., as well as transistors. In the illustrated embodiment,
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periphery region 304 includes a plurality of high-voltage transistors 306 and low-voltage
transistors 308. High-voltage transistors 306 are capable of handling voltages up to 20
volts, 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.

[0028] An existing process for integrating a split gate device (e.g., memory cell 100)
with a periphery device (e.g., transistor 306 or 308) includes forming simultaneously the
select gate (e.g., select gate 108) of the split gate device in a core region of a substrate
(e.g.. core region 302) and the gate of the periphery device in a periphery region (e.g.,
periphery region 304) of the substrate; forming a bottom oxide layer, a charge trapping
layer, and a blocking dielectric layer over both the core region and the periphery region;
forming the memory gate (e.g., memory gate 110) of the split gate device; and then
stripping the blocking dielectric layer and the charge trapping layer in the periphery
region of the substrate.

[0029] Because the gate of the periphery device is formed at the same time as the select
gate of the split gate device, the periphery device gate is exposed to the
deposition/growth process steps of the bottom oxide layer, the charge trapping layer, and
the blocking dielectric layer as well as to the subsequent removal steps of the blocking
dielectric layer and the charge trapping layer. This exposure typically causes narrowing
(the length) of the periphery device gate, resulting in significant performance degradation
of the resulting periphery device (particularly for short gate devices) as well as undesired
process variations across devices.

[0030] Embodiments as further described below provide methods for fabricating a split
gate device as well as an integrated method for fabricating a split gate device and a
periphery device. In an embodiment, the split gate device is a charge trapping split gate
device. Embodiments do tiot suffer from the above described problems of the existing
integration process. FIGs. 4A-J are cross sectional views illustrating various exemplary
steps of a fabrication method according to an embodiment.

[0031] A description of the fabrication method begins with reference to FIG. 4A, which
shows a substrate 402 (e.g., silicon substrate) having device isolation trench (e.g.,

shallow trench isolation (STT)) formations 408 created in substrate 402, a pad oxide layer



WO 2014/093651 PCT/US2013/074724
-7 -
404 disposed over substrate 402, and a silicon nitride layer 406 disposed over pad oxide
layer 406.

0832} Commouly, the cross section illustrated in FIG. 4A is obtained by first disposing
a pad oxide layer 404 over substrate layer 402, followed by silicon nitride layer 406. Pad
oxide layer 404, silicon nitride layer 406, and substrate 402 are then patterned and etched
to form trenches, which are then filled with an oxide (e.g., STI oxide) to form trench
formations 408. Subsequently, in steps not shown in FIG. 4A, silicon nitride layer 406
and pad oxide layer 404 are removed (e.g. wet etched), and a gate oxide layer (thin
and/or thick) is grown from substrate 402.

160331 In some cases, the remioval step of pad oxide layer 404 also causes degradation of
the trench formations 408 (which typically are oxide also) at the regions illustrated by
the numeral 440 in FIG. 4A. As a result, when the gate oxide layer is subsequently
grown from substrate 402, the gate oxide layer will be thinner near the regions 440 than
in other regions of the substrate. This variation in gate oxide thickness is particularly
problematic when a thick gate oxide is grown from substrate 402, and can result in the
gate of a subsequently formed device to break down at regions 440 under high voltage
conditions. |

[0034] In an embodiment. to remedy this problem, trench formations 408 are formed
after the gate oxide layer (thin and/or thick) is grown from substrate 402. As such, in
this embodiment, a thick gate oxide layer (and optionally a thin gate oxide layer) is
grown from a respective region of substrate 402 before silicon nitride layer 406 is
disposed over substrate 404. Silicon nitride layer 406, the gate oxide layer (where
grown), and substrate 402 are then patterned and etched to form trenches, which are then
filled with an oxide (e.g., STI oxide) to form trench formations 408. Silicon nitride layer
406 is then removed.

[0035] Referring now to FIG. 4B, a thin gate oxide layer 410 and a thick oxide layer 412
are disposed over respective regions of substrate 402. As described above, in an
embodiment, thin gate oxide layer 410 and thick gate oxide layer 412 are created before
forming trench formations 408. In an embodiment, to create thin gate oxide layer 410
and thick gate oxide layer 412, a gate oxide layer having a thickness appropriate for
desired high voltage applications is first grown from substrate 402, then the gate oxide
layer is etched to form thin gate oxide layer 410 and thick gate oxide layer 412 where

desired over substrate 402.
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[0036] Subsequently, a first conductor (e.g., poly) layer 414 is disposed (e.g., deposited)
over substrate 402, and a hardmask layer 416 is disposed (e.g., deposited) over first
conductor layer 414. In an embodiment, hardmask layer 416 includes a first layer 418
and a second layer 420. First layer 418 and second layer 420 can be any combination of
oxide, nitride, or silicon, for example.

[0037] Subsequently, as illustrated in FIG. 4C, a photo resist mask (not shown in FIG.
4C) is selectively created (e.g., using standard lithography steps) over a first region 442
and a second region 444 of substrate 402. In an embodiment, first region 442
corresponds to a core region (e.g., core region 302) where split gate devices are
ultimately formed, and second region 444 corresponds to a periphery region (e.g.,
periphery region 304) where periphery devices are ultimately formed. For simplification
purposes, trench formations 408 are not shown in first region 442 in FIG. 4C.

[0038] Hardmask layer 416 (only) is then etched (e.g., dry etched) according to the
photo resist mask to form a first hardmask gate pattern over first region 442 and a second
hardmask gate pattern over second region 444 of substrate 402. The photo resist mask is
then stripped and a wet clean is performed, before another photo resist mask 422 is
created to cover second region 444 (or a portion thereof) as shown in FIG. 4C.

[0039] Then, as illustrated in FIG. 4D, first conductor layer 414 is etched (e.g., dry
etched) according to the first hardmask gate pattern over first region 442 to form one or
more first gates 446 of split gate devices. In an embodiment, the first gates 446
correspond to select gates of the split gate devices. It is noted that no photo resist mask
over first region 442 is needed to perform the etching of first conductor layer 414
because the first hardmask gate pattern provides a mask equivalent in this case. As a
result, however, some of hardmask layer 416 is eroded in first region 442. For example,
as shown in FIG. 4D, second layer 420 of hardmask layer 416 may be completely
eliminated and only some of first layer 418 of hardmask layer 416 may remain after the
etching of first conductor layer 414 over first gates 446. In contrast, because second
region 444 is protected by photo resist mask 422 as shown in FIG. 4C, hardmask layer
416 is unaffected in second region 444 by the etching of first conductor layer 414. Photo
resist mask 422 is then stripped and a wet clean is performed.

[0040] Subsequently, as illustrated in FIG. 4E, a dielectric is formed over the entire
substrate 402. Specifically, the dielectric is formed over first gates 446 formed on first

region 442 and the second hardmask gate pattern in second region 444. In an
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embodiment, the dielectric includes one or more dielectric layers. For example, the
dielectric may include a silicon nitride layer sandwiched between two silicon dioxide
layers to create a three-layer stack collectively and commonly referred to as “ONO.” In
an embodiment, the silicon nitride layer is used as a charge trapping layer in a charge
trapping split gate device. Other charge trapping dielectric may also be used including a
silicon-rich nitride film, or any film that includes, but is not limited to, silicon, oxygen,
and nitrogen in various stoichiometries.

[0041] In an embodiment, as shown in FIG. 4E. the dielectric includes a bottom oxide
layer 424, a nitride layer 426, and a top oxide layer 428. To form the dielectric, bottom
oxide layer 424 is grown over the entire substrate 402. In an embodiment, as shown in
FIG. 4E, bottom oxide layer 424 may grow minimally or may not grow over regions of
substrate 402 topped by hardmask material. Then, nitride layer 426 is formed (e.g.,
deposited) over bottom oxide layer 424, and top oxide layer 428 is formed (e.g., grown
or deposited) over nitride layer 426.

[0042] Then, as illustrated in FIG. 4F, a second conductor (e.g.. poly) layer is disposed
(e.g., deposited) over the dielectric over the entire substrate 402. A photo resist mask
432 is then created to cover second region 444, and the second conductor layer is etched
(e.g.. anisotropically dry etched) at region 442 as shown in FIG. 4F. Inan embodiment,
the second conductor layer is etched until top oxide layer 428 of the dielectric is
exposed. As such, the etching of the second conductor layer results in first and second
formations 430 of the second conductor layer on first and second sidewalls respectively
of each first gate 446. Photo resist mask 432 is then stripped and a wet clean is
performed.

10043] Then, as illustrated in FIG. 4G, a photo resist mask 434 is created such that one
or the other of first and second formations 430 around each first gate 446 is covered by
photo resist mask 434. The second conductor layer is then etched (e.g., dry etched) over
the entire substrate 402. The etching of the second conductor layer removes the non-
covered formation 430 of each first gate 446. The remaining formation 430 of each first
gate 446 corresponds to a second gate (e.g., memory gate) of the split gate device
(hereinafter referred to as second gate 430). The etching of the second conductor layer
also removes the second conductor layer from second region 444 to re-expose the

dielectric.
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[0044] Then, as illustrated in FIG. 4H, photo resist mask 434 is stripped, and top oxide
layer 428 and nitride layer 426 are removed (e.g., wet etched) from the top surface over
the entire substrate 402. Specifically, top oxide layer 428 and nitride layer 426 are
removed over a top surface of each first gate 446 to expose any remaining hardmask
layer (e.g., remainder of first layer 418 of the hardmask layer) over the top surface of
first gate 446. In another embodiment, no hardmask layer remains over the top surface
of first gate 446 at this step and first conductor layer 414 of first gate 446 is exposed.
Over second region 444, the removal of top oxide layer 428 and nitride layer 426
exposes the hardmask layer 416 with its first layer 418 and second layer 420.

[0045] At this point in the process, the split gate device has been formed, with a first
gate 446 (provided by first conductor layer 414) and a second gate 430 (provided by
second conductor layer formation 430), and with a dielectric provided by bottom oxide
layer 424, nitride layer 426, and top oxide layer 428 to separate the inner facing
sidewalls of the first and second gates. However, the periphery device has not yet been
formed, with only the second hardmask gate pattern having been formed over second
region 444 and first conductor layer 414 still unpatterned.

[0046] Then, as illustrated in FIG. 4l, a photo resist mask 436 is formed to cover first
region 442. In an embodiment, photo resist mask 436 extends slightly onto second
region 444 as shown in FIG. 41. First conductor layer 414 is then etched according to the
second hardmask gate pattern over second region 444 to form periphery device gates
448. Tt is noted that no photo resist mask over second region 444 is needed to perform
the etching of first conductor layer 414 becaisse the second hardmask gate pattern
provides a mask equivalent in this case. As a result, however, some of hardmask layer
416 is eroded in second region 444. For example, as shown in FIG. 41, second layer 420
of hardmask layer 416 may be completely eliminated and only some of first layer 418 of
hardmask layer 416 may remain after the etching of first conductor layer 414 over
periphery device gates 448.

[0047] Then, as illustrated in FIG. 4], photo resist mask 436 is stripped and a wet clean
is performed, before a spacer layer is formed (e.g., disposed) over the entire substrate
402. The spacer layer may include an oxide layer and/or a nitride layer. The spacer
layer is then etched (e.g., anisotropically dry etched) to form first and second spacers 438

on respective sidewalls of the split gate device. A third spacer 450 is also formed over
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first gate 446 by the etching of the spacer layer. Third spacer 450 covers a portion of the
inner sidewall of second gate 430 that extends above the top surface of the first gate.

[0048] Finally, a silicide layer 440 is formed. In an embodiment, silicide layer 440 is
formed by depositing a metal over the entire substrate 402 and then exposing the wafer
to temperatures that promote a chemical reaction between the metal and any exposed
silicon to form a silicide. Silicide layer 440 thus forms on top of first gate 446, second
gate 430, and over exposed regions of substrate 402 as shown in FIG. 4J. In an
embodiment, silicide layer 440 is configured to lower the resistance of first gate 446 and
second gate 430, making them faster to read, write, or erase.

[0049] As described above, the FIGs. 4A-J represent only exemplary steps of an
integrated method for fabricating a split gate device and a periphery device according to
an embodiment. These exemplary steps are provided for the purpose of illustration and
are not limiting of embodiments. As would be understood by a person of skill in the art
based on the teachings herein, a method according to embodiments may include fewer or
more steps than described above and any of the steps described above can be performed
in a variety of other ways as would be apparent to a person of skill in the art.

[0050] FIG. 5 is a cross sectional view of an example split gate device 500 according to
an embodiment. Example split gate device 500 is provided for the purpose of illustration
and is not limiting of embodiments. Example split gate device 500 can be realized using
the process described above in FIGs. 4A-4], whereby a periphery device is also formed
together with example split gate device 500. Alternatively, example split gate device
500 can be realized using a process that results in a standalone split gate device.

[0051] As shown in FIG. 5, example split gate device 500 is formed over a substrate 502
having first and second doped regions 524 and 526. Split gate device 500 includes a first
gate 504 (e.g., select gate); a second gate 506 (e.g., memory gate); and a dielectric (made
of three layers 508, 510, and 512) having a first portion disposed between second gate
506 and substrate 502 and a second portion disposed along an inner sidewall of first gate
504 to separate select gate 504 from memory gate 506.

[0052] In an embodiment, first gate 504 and second gate 506 are made from first and
second poly materials, which may or may not be the same. The dielectric may include
one or more dielectric layers. For example, the dielectric may be of the ONO type,
which includes a silicon nitride layer sandwiched between two silicon dioxide layers. In

an embodiment, the silicon nitride layer is used as a charge trapping layer resulting in
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split gate device 500 being a charge trapping split gate device. Other charge trapping
dielectric may also be used including a silicon-rich nitride film, or any film that includes,
but is not limited to, silicon, oxygen, and nitrogen in various stoichiometries.

[0053] Split gate device 500 also includes first and second silicide layers 516 and 514
disposed over first gate 504 and second gate 506 respectively; first and second spacers
520 and 518 disposed along the outer sidewalls of first gate 504 and second gate 506
respectively: and a third spacer 522 formed over first gate 504 along the inner sidewall of
second gate 506. Third spacer 522 covers a portion of the inner sidewall of second gate
506 that extends above a top surface of first gate 504. According to embodiments, third
spacer 522 can be formed due to the fact that second gate 506 is greater in height than
first gate 504 and that first gate 504 has a flat surface (rather a sloped surface like second
gate 506). Third spacer 522 prevents silicide layers 514 and 516 from comirg in contact
with each other when formed (which can result in first gate 504 and second gate 506
forming a short-circuit).

[0054] Embodiments 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.

[0055] The foregoing description of the specific embodiments will so fully reveal the
general nature of the disclosure 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 disclosure. 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.

[0056] The breadth and scope of embodiments of the present disclosure 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 fabricating a split gate device, comprising:

disposing a first conductor layer over a substrate;

disposing a hardmask layer over the first conductor layer;

etching the hardmask layer to form a first hardmask gate pattern over a first region of the
substrate and a second hardmask gate pattern over a second region of the substrate;

etching the first conductor layer according to the first hardmask gate pattern to form a
first gate of the split gate device;

forming a dielectric over the first gate and the second hardmask gate pattern;

disposing a second conductor layer over the dielectric; and

etching the second conductor layer to form a second gate of the split gate device.

2. The method of claim 1, further comprising:
etching the first conductor layer according to the second hardmask gate pattern to form a

gate of a periphery device.

3. The method of claim 2, wherein the etching of the first conductor layer according
to the first hardmask gate pattern and the etching of the first conductor layer according to the

second hardmask gate pattern are performed at different times.

4. The method of claim 2, wherein the etching of the first conductor layer according
to the first hardmask gate pattern is performed before the etching of the first conductor layer

according to the second hardmask gate pattern.
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5. The method of claim 2, wherein etching the first conductor layer according to the
first hardmask gate pattern to form the firstgate of the split gate device comprises:

forming a photo resist mask over the second region only of the substrate

6. The method of claim 2, wherein etching the first conductor layer according to the
second hardmask gate pattern to form the gate of the periphery device comprises:

tforming a photo resist mask over the first region only of the substrate.

7. The method of claim 2, wherein the first gate and the second gate of the split gate

device are formed before the gate of the periphery device.

8. The method of claim 1, wherein etching the first conductor layer according to the
first hardmask gate pattern to form the first gate of the split gate device comprises:

forming a photo resist mask over the second region only of the substrate.

9. The method of claim 1, further comprising:
growing a thick oxide layer over the substrate;

forming a device isolation trench in the substrate after growing the thick oxide layer over

the substrate; and

forming a high voltage periphery device using the thick oxide layer as a gate oxide of the

high voltage periphery device.

10.  The method of claim 1, wherein etching the second conductor layer to form the

second gate of the split gate device comprises:
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etching the second conductor layer to create first and second formations of the second
conductor layer on first and second sidewalls respectively of the first gate;
forming a photo resist mask over the first formation; and
etching the conductor layer to remove the second formation,

wherein the first formation corresponds to the second gate of the split gate device.

11.  The method of claim 1, further comprising:

forming a spacer over the first gate, the spacer covering a portion of an inner sidewall of

the second gate that extends above a top surface of the first gate.

12.  The method of claim 1, wherein forming the dielectric comprises:

forming a bottom oxide layer over the first gate, an exposed region of the substrate, and

the second hardmask pattern;

forming a nitride layer over the bottom oxide layer; and

forming a top oxide layer over the nitride layer.

13.  The method of claim 12, further comprising:

removing the top oxide layer and the nitride layer from a top surface of the first gate of

the split gate device.

14.  The method of claim 1, further comprising:

forming first and second spacers on first and second sidewalls on the split gate device.

15.  The method of claim 1, further comprising:

forming a silicide layer over the first gate and the second gate.
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16.  An integrated method for fabricating a split gate device and a periphery device,
comprising:

etching a hardmask layer to form a first hardmask gate pattern over a first region of a
substrate and a second hardmask gate pattern over a second region of the substrate;

etching a first conductor layer according to the first hardmask gate pattern to form a first
gate of the split gate device;

forming a dielectric over the first gate and an exposed region of the substrate;

forming a second conductor layer over the dielectric;

etching the second conductor layer to form a second gate of the split gate device; and

etching the first conductor layer according to the second hardmask gate pattern to form a

gate of the periphery device.

17.  The method of claim 16, further comprising:
disposing the first conductor layer over the substrate; and

disposing the hardmask layer over the first conductor layer.

18.  The method of claim 16, wherein the etching of the first conductor layer
according to the first hardmask gate pattern and the etching of the first conductor layer

according to the second hardmask gate pattern are performed at different times..

19.  The method of claim 16, wherein the etching of the first conductor layer
according to the first hardmask gate pattern is performed before the etching of the first

conductor layer according to the second hardmask gate pattern.
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20. A split gate device, comprising:

first and second doped regions formed in a substrate;

a select gate disposed over the substrate;

a memory gate disposed over the substrate;

a dielectric having a first portion disposed between the meniory gate and the substrate
and a second portion disposed along a sidewall of the select gate to separate the select gate from
the memory gate;

first and second silicide layers disposed over the select gate and the memory gate
respectively; and

a spacer formed over the select gate along a sidewall of the memory gate, the spacer
covering a portion of the sidewall of the memory gate that extends above a top surface of the

select gate.

21.  The split gate device of claim 20, wherein a height of the memory gate is greater

than a height of the select gate.
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