
PATTERNING NANOCRYSTAL LAYERS BACKGROUND W011Nanocrystal device layers,
such as silicon nanocrystals or germanium anoerystals are used in
semiconductor processing. For example, nanocrystal device layers have been
widely used in Non-volatile memory (WM) devices. WM devices have achieved
widespread adoptions for code and data storage applications. The use of
nanocrystal device layers as the storage medium has demonstrated fast
injection programming, fast tunnel erase into the gate, and robust data
retention. [0002]In the 'ratification of devices, the nanocrystal layer is
patterned. Patterning selectively removes portions of the riancicrystal
layer in order to obtain the desired structure. However, conventional
patterrneffective in completely removing desired portions of the
nanocrystal layer. This leaves nanoerystal re ants on other device layers
or substrate. Such nanocrystal remnants create problems for subsequent
processes. Formple, nanocrystal remnants on the substrate or on device
layer hinder uniformity of ion implantation for doping poly gates or
substrate to form source/drain regions of transistors. 'This may
undesirably result iii high nt-ipt unsilicide poly resistance, high biteell
contact resistance, as well as large resistance on across the wafer.
SUMMARY [0003.]A method for forming a semiconductor device is presented.
The method includes 



providing a substrate prepared with first and second regions with a first
device layer. A second device layer including nanoerystals is also formed.
A cover layer is provided over the second device layer. The cover layer is
patterned to expose portions of the second device layer in the first and
second regions. The exposed portions of the second device layer in the
first and second regions are processed to form modified portions. The
processing of the exposed portions at least  reduces the nanocrystals to a
diameter below a threshold diameter in the modified portions. The modified
portions are removed. [0004]In another embodiment, a method for forming a
device is disclosed. The method includes providing a substrate and forming
a nanocrystal device layer on the substrate. The nanomystal device layer is
processed to form a processed nanocrystal device layer. The nanomystals are
converted to a dielectric material during the process. The processed
nanocrystal device layer is removed using a wet etch. [0005]A device is
presented in one embodiment. The device includes a substrate. A substrate
has a device structure in a device structure area. The device structure
includes a patterned nanomystal device Layer in the device structure area.
The device also includes a non-device structure region. The patterned
nanecrystal device layer in the non-device structure region is removed with
no nartecrystal remnants. 10006JThese and other objects, along with
advantages and features of the present invention herein disclosed, will
become apparent through reference to the lotlowing description and the
accompanying drawings. Furthermore, it is to be understood that the
features of the various embodiments described herein are not mutually
exclusive and can exist in various combinations and permutations. BRIEF
DESCRIPTION OF THE DRAWINGS [0007]In the drawings, like reference
characters generally refer to the same parts throughout the different
views. Also, the drawings are not necessarily to scale, emphasis instead
generally being placed upon illustrating the principles of the invention.
In the following description, rarmus embodiments of the present invention
are described with reference to the following drawings, in which: 



[0008]Figs. la-c show- a process for patterning nanocrystal materials;
[0009]Fig. 2 shows an embodiment of a memory cell;  100(Fig. 3 shows an
embodiment of a memory array; [0011]Fig. 4 shows a cross-sectional view of
an embodiment of a memory cell; [00121Figs. 5a-m, show an embodiment of a
process for forming a memory cell; and [0013]Figs. 6a-d show
anotherembodiment of a process for forming a memory cell. DETAILED
DESCRIPTION [9014]Embodiments generally relate to semiconductor processing
and fabricating semiconductor devices. Some embodiments relate to memory
devices, such as non-volatile memory devices. Such memory devices, for
example, can be incorporated into standalone memory devices, such as USB or
other types of portable storage units, or lCs, such as rig icrocontroliers
or system on chips (SoCs). Processing of other types of devices are also
eful. The devices or ICs can be incorporated into or used with, for
example, consumer electronic products, such as computers, cell phones, and
personal digital assistants (PDAs). [0015]Figs. la-c show an embodiment of
a process for forming a device, such as a 



semiconductor device. Forming other types of devices is also useful. As
shown, a substrate 105 is provided. The substrate, for example, comprises a
semiconductor substrate, such as silicon. The substrate can be lightly
doped with p-type dopants. Other types of substrates, such as silicon
germanium, silicon-on-insulator (SOD or n-type doped substrates, are also
useful. [0016]In one embodiment, a device layer 28 comprising nanoerystals
48 is provided over the substrate. The device layer, for example, comprises
a dielectric layer with nanocrystals. In one embodiment, the device layer
comprises silicon oxide with silicon nanocrystals. Providing device layers
with othertypes of dielectric material or nanocrystals is also useful. For
example, the device layer can comprise germanium nanocrystals. The device
layer can he about 230-600A thick with the diameter of the nanocrystals
being from about a few nm to about 40 rma Providing a device layer with
other thicknesses or diameters of inanocrystals is also useful.  example, a
bottom silicon oxide is first provided on the substrate. The silicon oxide
can be formed by thermal oxidation, such as wet or dry oxidation. A silicon
layer, such as polysilicon is formed on the bottom oxide. 'file silicon
layer is processed by an anneal to form nanocyrstals. A cap or top oxide
layer can be formed over the nanocrystals. The cap oxide, for example, can
be a high temperature oxide (FITO). In one embodimentiirided shell may be
provided to surround the nartocrystals prior to cap or top oxide layer
deposition. Other techniques for forming the narmerystal layers are also
useful. Such techniques, for example, are described in Baron et al.,
"Chemical vapor deposition of Ge nanourystals on Si02", Applied Physics
Letters 83, p. 1444-1446, 2003, which is herein incorporated by reference
for all purposes. I00181As shown, the device layer is formed on the
substrate. It is understood that the substrate may include device layer or
layers which may be patterned and contain an uneven topography. [0019]Above
the device layer is another device layer 75, referred to as a covering
layer. The covering layer can be various types of device layer. The
covering layer can comprise, for example, polysilicon. Other types may also
be used for the covering layer. For example, the covering layer may
comprise dielectric or conductive materials. In other embodiments, the
covering layer may comprise a covering stack having a plurality of layers.
For example, the covering stack may include polysiliecin with an
anti-reflective coating (ARC) over it Other types of covering stacks may
also be useful. The covering layer contains a pattern which selectively
exposes a portion orporuons 22 of the nanocrystal device layer in an
opening 22. 100201Referring to Fig. lb, 'the substrate is subjected to
processing modify the exposed 



portion of the device layer to form a modified portion or portions 24 of
the device layer. 'The unexposed portic r portions are unmodified portion
oris. in one embodiment, processing comprises oxidizing the exposed portion
or portions of the nanocrystal device layer to  at least reduce the size of
the nanocrystals. Othe 1Y1 of processing to reduce the size of the
raanonystals may also be useful. Preferably, the processing at least
reduces the size of the nano vestals to a size below a threshold diameter
to enable their removal without remnants. For example, the threshold
diameter is about 15 inn, Other threshold diameters are also useful. in
other embodiments, the exposed portion of the device layer is oxidized,
consuming the nanocrystals. For example, the exposed portion is oxidized to
form an oxide layer, 1190211The processing, in one embodiment, comprises an
oxidizing ambient, such as oxygen containing ambient. For example, the
oxygen containing ambient can be oxygen (02) or ozone (03). In one
embodiment, the processing comprises an ozone clean. The ozone clean can be
performed at a temperature of about 400 C. Processing the device layer
using other ambients or temperatures is also useful. 1.00221As shown, in
Fig. lc, the process continues. The process continues by selectively
removing the modified portion of the device layer in the opening to expose
the surface of the substrate. in one embodiment, the modified portion of
the nanomystal device layer can easily be selectively removed by a wet etch
without any nanocrystal remnantsembodiment, the modified portion can easily
be selectively removed with diluted hydrofluoric acid (DEW) and standard
clean I (SC I) with megasonic. The wet etch, for example, can he performed
at about 40 - 60C for about 10 - 30 minutes, Megasortic serves to increase
the wet etch efficiency by removing any remaining nartocrystat residue or
un-oxidized nanocrystal core. Other processes or wet. etch process
parameters may also be useful. I00231As described, the modified portion of
the device layer in the opening is completely removed, avoiding any
nanocrystal remnants. The ability to completely remove nanomystals enables
the use of larger nanocrystals and improves subsequent processing. This can
result in an expanded operating window (e.g., faster programming speed) and
improved subsequent processing, which enhances reliability and yields, 



[0024]In one embodiment, the process is employed in forming non-voemory
cells with a nanocrystal storage layer. For example, the process is
employed in forming a split gate non- y cell. Fonning other types of
non-volatile memory cells or devices is also useful. [0025]Fig. 2 shows a
schematic diagram of an embodiment of a memory cell 100. The memory cell,
in one embodiment, comprises a non--volatile memory cell. The memory cell
comprises a transistor with a gate 130 over a channel 114 and between first
and second terminals 111 and 116. The gate comprises a split gate having a
first gale 134 and a second gate 138. In one embodiment, the first gate
comprises a control gate, the first terminal comprises a source terminal,
the second gate comprises a select gate and the second terminal comprises a
drain terminal. Other configur lions of terminals are also useful. For
example, the first terminal can be a drain terminal, the s rend terminal
can be a source terminal. [0026]In one einhod ment, the first gate is
adjacent to and partially overlaps the second gate. For example, the
control gate is adjacent to and partially overlaps the select gate. In one
embodiment, a portion of the control gate is disposed over the channel
region and partially overlaps the select gate in an overlap region 6. A
dielectric layer or layers 120 isolate the gates from each other and the
channel. [0027]In one embodiment, the dielectric layer isolating the gates
comprises nanocry-stals. For example, the nanocrystal dielectric layer can
comprise silicon oxide with germanium nanocrystals. Other types of
dielectric materials arid/or nanocrystals are also useful. in one
embodiment, portions of the nanocrystal dielectric layer which are to be
patterned or removed are first oxidized prior to removal. [0028]The control
gate is coupled to a control gate voltage source (Veg), the select gate is
coupled to a select gate voltage source (Vag), the source terminal is
coupled to a source voltage source (Vs), and the drain is coupled to a
drain voltage source (Vd). For example, Vcg can be  



about 0-15 V or about 8-9.5V, Vsg can be about 0-3V or about 0.6-1.5 V, Yd
can be about 0-3V or about 0-3V and V, can be about 0-3 V or about 0-6 V.
Other voltage values can be supplied to the memory cell, for example,
depending on the technology. The appropriate voltages are supplied to the
memory cell to access the memory cell, such as programming and reading.
100291Fig. 3 shows an embodiment of a memory array 300. In one embodiment,
the memory array comprises a non-volatile memory array. The memory array
comprises a plurality of memory cells arranged in rows and columns. The
memory cells, for example, comprise memory cells 100 as described in Fig.
2. A row corresponds to, for example, a wordline (WL) 260 and a column
corresponds to a bitfine (BL) 289 of the :may. In one embodiment, the BLs
are coupled to the second or drain terminals 116 while Wris are coupled to
the first or control gates 134 of the memory cells. For example, WLs
provide V,8, -BLs provide \rd. Source lines (Stis) 274 may be employed to
provide V, to the first or source terminals 111; select gate lines or
SGI.,s 276 may be used lo provide V,the second or select gates 138 of ihe
memory cells. Si.s and 8(11,s maybe coupled to the memory cells as desired.
The memory cells may be configured in a NOR type array architecture.
Arranging the memory cells in other types of array architectures, such as
NAND, is also useful. 1100301Fig. 4 shows a portion 400 of an embodiment of
a device or IC. As shown, the portion includes a substrate 105. The
substrate, for example, comprises a silicon substrate. The substrate can be
lightly doped with p-type dopants. Other types of substrates, such as
silicon germanium or silicon-on-insulator (SOD, are also useful. [0031]The
substrate can be prepared with a region 301 containing memory cells 100. In
one embodiment, the memory cells comprise non-volatile memory cells. Other
types of memory cells are also useful. The region can be referred to as an
army region. The array region shows adjacent memory cells. Although only
two memory cells are shown, it is understood that many more memory cells
are included in the device. The array region can be arranged to have sub-
regions corresponding to, for example, groups of memory cells. The array
region comprises heavily doped well or wells (not shown) with dopants of a
first polarity type, The first polarity type can be n-type or p-type,
depending on the memory cell type. The first polarity type wells are used
for second polarity type memory cells. For example, n-type wells are used
for p-type memory cells while p-type wells are used for n-type memory
cells. P-type dopants can include boron (B), aluminum (Al) or a combination
thereof while n-type dopants can include phosphorus (P), arsenic (As),
antimony (Sb) or a combination thereof. (00321Additionally, the substrate
may include non-array regions (not shown), such as logic portion for
support circuitry. The substrate may also include other regions for other
types of circuitry, depending on the type of device or IC. The logic
portion, for example, can include low voltage (N), high voltage (HT) and
dual gate oxide 03(30) devices. The DC10 devices, for example, are used for
I/0 circuitries. 



I00331The substrate includes isolation regions (not shown) to isolate
active device regions from other active device regions, as required. The
isolation regions, for example, comprise shallow trench isolation (STI)
regions. Other types of isolation regions are also useful. 100341In one
embodiment, a memory cell comprises a transistor with a gate 130 between
first and second tenninals Ill  and 116 formed by, for example diffusion
regions. The first terminal, for example, serves as a source and the second
terminal serves as a drain. The source and drain comprise, for example,
second polarity type dcipants. [0035]The gate, in one embodiment, comprises
a split gate with first and second gates 134      8. For example, the first
gate can be a control gate and the second gate can be a select gate. In one
embodiment, the first gate is adjacent to and overlaps the second gate in
an overlap region. In one embodiment, the first gate is adjacent to and
overlaps a portion of the second gate in the overlap region, leaving a
portion of the second gate uncovered by the first gate in a non-overlap
region. The adjacent portion of the first gate is over the first gate
region of the substrate,  embodiment, the dielectric layer comprises a
plurality of dielectric layers. For example, the      CCo prises a second
gate dielectric layer 322 and an inter-gate dielectric layer 328 provided
to separate the first gate from the second gate and substrate. The second
gate dielectric layer, for example, is a IN gate dielectric layer. Other
types of second gale dielectric layers may also be employed. Dielectric
side,wall spacers 354 can be provided on sidewalk of the gales. The
dielectric sidewall spacers, for example, comprise silicon oxide. Other
types of dielectric material can also be used to form the spacers. E0037]In
one embodiment, the inter-gate dielectric layer comprises nanocrystals 348.
The 



inter-gate dielectric layer, for example, comprises oxide with silicon
nanocrystals. Other types of inter-gam dielectric layers are also useful.
For example, the inter-gate dielectric layer can comprise a high-K
dielectric material and/or other types of nanoczystals, such as germanium
nanocrystals. The nanocrystals may include a nitrided layer surrounding the
nanocrystals. 100381In one embodiment, portions of the inter-gate
dielectric layer with nanocrystals which are patterned or removed are first
selectively processed prior to removal to form modified portions. The
processing, in one embodiment comprises selectively oxidizing the portions
of the inter-gate dielectric layer which are removed. By selectively
processing the nanocrystal layer to form modified portions, we have
discovered that the modified portions can easily be removed using a wet
etch without crystal remnants. In one embodimentoxidized nanocrystal layer
can be easily side/y and completely removed with a tncgasonic process using
DHF and SC!. The ability to completely remove nanocrystak improves
subsequent processing. For example, this can result in improved process
window, reliability and yields. [0039]For example, improving uniformity in
source and drain implant of the memory cell can he achieved. This results
in more uniform sheet resistance between source and drain. Other advantages
may, for example, include more complete salicidation of contact regions,
more  the wafe, less peripheral circuit reference current variability due
to tighter control of gate resistance as well as enabling higher coverage
or use of larger rianoerystals which contributes to a larger program window
and faster program speed. [Na]The first gate, for example, may be a gate
conductor which serves as a common gate for a row of memory cells. Adjacent
memory cells can be configured as mirror gate electrodes which may share a
common diffusion region. Other configurations or layouts of memory cells
are also useful. The gates may also be provided with salicide contacts (not
shown). 



[0041]Figs. 5a-m show cross-sectional views of an embodiment of a process
for forming a device or IC 500. Referring to Fig. 5a, a substrate 105 is
provided. The substrate can comprise a silicon substrate, such as a lightly
p-type doped substrate. Other types of substrates, including silicon
germanium or silicon-on-insulator (SOO, are also useful. [0042]The
substrate is prepared with an array region containing memory cells. In one
embodiment, the memory cells comprise non-volatile memory cells. Other
types of memory cells are also useful. The array region comprises heavily
doped well or wells (not shown) with dopants of a first polarity type. The
first polarity type can be n-type or p-type, depending on the memory cell
type. The first polarity type wells are used for second polarity type
memory cells, For example, n-type wells are used for p-type memory cells
while p-type wells are used for n-type memory cells. P-type dopants can
include boron (B), aluminum (Al) or a combination thereof while n-type
clopants can include phosphorus (P), arsenic (As), antimony (Sb) or a
combination thereof. [0043]Additionally, the substrate may include a logic
portion (not shown) for support circuitry. The substrate may also include
regions for other types of circuitry, depending on the type of device or
IC.  [0944]Generally, the IC includes regions with both first and second
type wells (not shown). To form the doped welts, ton implantation
techniques, such as implantation with a mask, can be used. The first and
second type wells can be formed in separate processes. Other techniques for
forming the active regions are also useful I00451The substrate can be
prepared with isolation regions (not shown), for example, to separate the
active regions from each other and other active device regions. In one
embodiment, the isolation regions comprise shallow trench isolations
(STIs). Various processes can be employed to form theregions. For example,
the substrate can be etched using etch and mask techniques to 'form
trenches which are then filled with dielectric materials such as silicon
oxide. Chemical mechanical polishing (CIVIP) can be performed to remove
excess oxide and provide a planar substrate top surface. The Si] regions
can be formed, for example, prior to or after the 



formation of the doped wells, Other processes or materriton the STis.
[0046]In one embodiment, various layers of the second gatwit on the
substrate. The second gate, for example, serves as the select gate. in one
embodiment, a second gate dielectric layer 422 is formed on the substrate.
The gate dielectric layer, in one embodiment, comprises silicon oxide.
Other types of gate dielectric layers, such as silicon oxymiride, may also
be used. Various techniques can be employed to form the gate dielectric
layer. For example, the gate dielectric layer can be formed by thermal
oxidation in her a wet or dry ambient. The oxidation can be performed at a
temperature range of about 750 - 1100C with a pressure range of about 0-760
T. In an alternative embodiment, the oxidizing ambient can he provided with
nitrogen. The thickness of the second gate dielectric layer is about 15 to
100.A. The second gate dielectric layer can be formed using other types of
dielectric materials, thicknesses or techniques, [0047]A second gate
electrode layer 438 is deposited on the second gate dielectric layer. The
gate electrode layer comprises, in one embodiment, polysilicon. The gate
electrode layer  can be formed as an amorphous or non-amorphous layer.
Alternatively, other types of gate electrodes can be used. The thickness of
the second gate electrode layer, for example, is about 400 - 2000 A. Other
thicknesses are also useful. To form the second gate electrode layer,
techniques, such as chemical vapor deposition 1VD), can be used. Other
techniques are also useful, 10048lIn one embodiment, the second gate
electrode layer comprises a doped gale electrode layer. For example, the
second gate electrode layer comprises n-type dopants having a concentration
of about 1 - 9E15 ionicm2. Other types of dopants and concentrations are
also useful. The dopants, for example, are incorporated into the gate
electrode layer by ion implantation. Other techniques, such as insitu
doping, can also be used for incorporating the dopants. Providing undoped
gate electrode layers may also be useful. 100491Referring to Fig. 5b, the
various second gate layers are patterned. In one embodiment, the various
layers are patterned to form gate stacks. Techniques, such as mask and
etch, can be used to form the gate stack. For example, a photoresist layer
481 is formed over the gate layers and patterned, exposing podium of the
gate layers. An anisotropie etch, such as a reactive ion etch (RIE), is
performed to remove exposed portions 471 of the gate layers. [0050]In one
embodiment, an ARC layer 429 is formed on top of the second gate electrode 



layer below the photoresist layer 481. The ARC layer improves lithographic
resolution and gate etch profile, it also enhances the isolation between
the select gate and control gate. The ARC layer, for example, comprises
silicon nitride. Other types of ARC layers are also useful. The thickness
of the ARC layer is, for example, about 10-.500A. After patterning, the
photoresist layer is removed, leaving the ARC layer over the gate stack.
[0051]As shown in Fig. 5e, an inter--gate dielectric layer 428 is formed.
The inter-gate dielectric layers line the gate stacks, sidewalls, and
substrate surface. Forming the inter-gate  dielectric layer, in one
embodiment, comprises forming multiple layers wherein at least one of the
layers inlcudes nancerystals. [0052]In one embodiment, the inter-gate
dielectric layer comprises an inter-gate dielectric stack having multiple
sub-layers which includes a nanocrystal sub-layer. The inter--gate
dielectric stack, in one embodiment, comprises three layers. The first
layer is, for example, a thermally grown bottom oxide with a thickness of
about 50-100 A. The bottom oxide can be formed by either wet or dry
oxidation, The second layer is a layer of tianoerystals deposited on top of
the first layer by, for example, CVD and anneal. The second layer can
comprise a polysilicon or amorphous silicon layer which is processed by an
anneal to fonn rizinocrystals. The size range of the nanocrystals can be
about 30400 A. A nitrided layer can be provided to surround the
nanocrystals. The third layer is an oxide layer formed to cap the
nanocrystals by, for example, CVD or rapid thermal CVD ()CCM). The
thickness of the third layer is about 100-250 A. In one embodiment, the cap
layer comprises a FITO layer. In one embodiment, a nitrided shell may be
provided to surround the nanocrystals prior to cap or top oxide layer
deposition. Providing other configurations of the dielectric stack may also
be useful. For example, other materials, thicknesses or deposition
techniques can be used. [0053]In Fig. 5d, a first gate electrode layer 434
is deposited on the substrate. The first gate electrode layer, in one
embodiment, comprises a confomml layer of 1)613:silicon. The gate electrode
layer can be formed as an amorphous or non-amorphous layer. The gate
electrode layer, in one embodiment, comprises a doped gate electrode layer.
For example, the gate electrodebe doped with n-type dopants, such as
phosphorus, at a concentration of about I - 9E15 ionsfcm2. The dopants can
be incorporated by ion implantation. Other techniques for incorporating the
dopants can also be employed. Forming the gate electrode with otheres of
gate electrode materials may also be useful.  



[0054]in one embodiment, the first gate electrode comprises a thickness
which is similar to that of the second gate. The thickness of the first and
second gate electrode layers, for example, is about 400-2000 A. Other
thicknesses or configurations of gate electrode layers may also be useful.
For example, the gate electrode layer may have different thicknesses, To
'Corm the first gate electrode layer, techniques, such as chemical vapor
deposition (CVO), can he used. Other techniques are also useful. [0055]As
shown, an ARC layer 439 is formed over the first gate electrode layer. The
ARC, for example, comprises silicon nitride or oxide. Other types of ARC
layers are also useful. The thickness of the ARC layer is, for example,
about 10-500A. The ARC layer serves to improve lithographic resolution and
gate etch profile. [0056]Referring to Fig. 5e, the first gate electrode and
ARC layers are patterned to expose portions of the dielectric nanocrystal
layer. As shown, the layers are patterned to form first gate electrodes
over second gate electrode stack. in one embodiment, the first gate
electrode layers are patterned to overlap the second gate electrode stacks.
'Techniques, such as mask and etch, can be used to pattern the substrate.
For example, a photoresist layer is formed over the ARC layer. The
photoxesisiively patterned by lithographic techniques. The pattern of the
photoresist can be transferred to the ARC and gate electrode layers by, for
example, an anisotropic etch such as RIE. The Vabeneath the photoresist can
be patterned to form the memory cells. The photoresist layer is removed
after forming the memory cells. [0057]As shown in Fig. 51', patterning of
the first gate electrode exposes portions of the inter-gate diaver
witY.over El,ate electrode unprotected by the first gate electrode. In one
ernbodit eru s by exposing the rumoerystals. For 



example, in the case of an inter-gate dielectric stack, the top oxide
sub-layer is removed to expose the nanocrystals.  100501The substrate is
subjected to processing to modify the exposed portions of the nanocrystai
layer to form modified portions of the nanocrystal layer. The unexposed
portions are unmodified portions. in one embodiment, processing comprises
oxidizing the exposed portions of the nanocrystal layer to at least reduce
the size of the rianocrystals. Other types of processing to reduce. the
size of the nanocrystals may also be useful. Preferably, the processing at
least reduces the size of the narmerystais to a size below a threshold
diameter to enable their removal without remnants. For example, the
threshold diameter is about 15 run. Other threshold diameters are also
useful. In other embodiments, the exposed portion of the nanocrystal layer
is oxidized to fully consume the nanomystals. For example, the exposed
portion is oxidized to form an oxide layer. [0059]The processing, in one
embodiment, comprises oxidizing ambient, such as oxygen containing ambient.
For example, the oxygen containing ambient can be oxygen (02) or ozone
(03). In one embodiment, the processing comprises an ozone clean. The ozone
clean can be performed at a temperature of about 400 C. to oxidize the
nanocrystals. Processing the device layer using other ambients or
temperatures is also useful. [00601Fig. 5g shows the selective removal of
the modified portions of the nanocrystal layer. Removal of the modified
portions is elective to the ARC and gate electrode layer. For example, the
removal of the modified portions exposes the ARC layer over the second gate
electrode layer. In one embodiment, the removal of the modified portions
comprises a wet etch. The wet etch completely removes the modified portions
without any nanomystal remnants. In one embodiment, the wet etch comprises
DHF and SC I with mcgasonic process. The wet etch, for example, can be.
performed at about 40 - 60 t for about 10 - 30 minutes, Other processes or
wet etch process parameters may also be useful. [00611In Fig, 5h, the
second gate electrode layer is patterned to form split gates of memory
cells. In one embodiment, the second gate electrode layer is patterned to
form split gates of  adjacent memory cells. The second gate electrode layer
is patterned, and the paiterrung is, lbr example, selective to oxide. The
patterning of the second gate electrode layer exposes the inter-gate
dielectric layer on he substrate between the split gates and the second
gate dielectric: layer adjacent to the split gates. 



I0062lTo pattern the second gate electrode, techniques such as mask and
etch can be used. For example, a photoresist layer is formed over the
substrate. An ARC layer can be provided beneath the photoresist. The
photoresist layer can be selectively patterned by lithographic techniques.
The pattern of the photoresist can be transferred to the layers beneath by,
for example, an anisotropie etch such as RIE. The various layers beneath
the photoresist can be patterned as desired. The photoresist layer is
removed after forming the memory cells. [0063]As shown, the device includes
a logic region 509 in which non-memory cells are formed. The logic region,
for example, comprises circuitry to facilitate accessing the memory cells.
Other types of logic devices are also useful. In one embodiment, the gate
electrode in the logic region is protected from the patterning process of
the memory cells. in one embodiment, the logic gate electrode is the same
as the second gate electrode. The logic gate electrode, for example,
comprises an ARC layer thereover. 1100641As shown in Fig. 51, patterning of
the first gate electrode layer exposes a pomon of the inter-gate dielectric
layer on the substrate where the first gate electrode layer has been
removed. In one embodiment, the process continues by exposing the
nanocrystals. For example, in the ease of an inter-gate dielectric stack,
the top oxide sub-layer is removed to expose the nanocrys I00651The
substrate is subjected to processing to modify the exposed portion of the
rianocrystal layer to form modified portions of the nanocrystal layer. In
one embodiment, processing comprises oxidizing the exposed portions of the
nanocrystal layer to at least reduce the size of the ina ()crystals. Other
types of processing to reduce the size of the nariocrystals may  also be
useful. Preferably, the processing at least reduces the size of the
nanocrystals to a size below a threshold diameter to enable their removal
without remnants. For example, the threshold diameter is about 15 MIL Other
threshold diametersalso useful. In other embodiments, the exposed portion
of the nanocrystal layer is oxidized to fully consume the nanocrystais. Por
example, the exposed portion is oxidized to form an oxide layer. [00661The
processing, inembodiment, comprises an oxidizing ambient, such as oxygen
containing ambient. For example, the oxygen containing ambient can be
oxygen (02) or ozone 



one embodiment, the processing comprises an ozone clean. The ozone clean
can be perforated at a temperature of about 400 C. to oxidize the
nanocrystats. Processing the device Layer using other ambients or
temperatures is also useful. 100671Fig, 5j shows the removal of the
modified portion of the dielectric nanocrystal layer. Removal of the
modified portion of the dielectric nanocrystal layer is selective to the
ARC gate electrode layer and substrate. For example, the removal of the
oxidized dielectric nanocrystal layer exposes the substrate and leaves the
ARC layer remaining over the gate electrode layers. In one embodiment, the
removal of the modified portion comprises a wet etch. The wet etch
completely removes the modified portion without any nanocrystal remnants.
In one embodiment, the wet etch comprises DliF and SC1 with megasonic
process. The wet etch, for example, can performed at about 40--- 60C for
about 10 30 minutes, Other processes or wet etch process parameters may
also be useful. [0068]The removal of the modified portion of the ielectric
nanomystat layer also removes exposed portions of the second gate
dielectric layer to expose the substrate. The etch time should be selected
to avoid undercutting of the unexposed second gate dielectric layer beneath
the second gate electrode. 100691Referring to Fig. 5k, the ARC layer 439 on
top of the first gate 434, second gate 438 and logic region 509 is removed.
In one embodiment, the exposed ARC layer is removed prior  to processing
the logic region. For example, the exposed ARC layer is removed prior to
logic poly implantation and logic poly etch. Removal of the ARC layer can
be achieved by, for example, a global etch selective to silicon. The etch,
for example, comprises a plasma etch. Other techniques can also be useful.
11007011After removal of the ARC layer, the logic region processed, as
shown in Fig. 51. To protect the memory region from being processed during
processing of the logic region, a mask, such as a photoresist mask, can be
used. In one embodiment, processing of the logic region comprises doping
the gate electrode layer of the transistors therein. For example, doparits
of a first polarity type are implanted into the gate electrode layer
(indicated by arrows). The first polarity type can be n-type or p-type,
depending on the transistor type. The first polarity type dopants are used
for first polarity type transistors. For example, n+ dopants are used for
n-type fhTs while p+ dopards are used for p-type FETs. Other configurations
of dopants and transistor types may also be useful. P-type dopants can
include boron (B), aluminum (Al) or a combination thereof while n-type
dopants can include phosphorus (P), arsenic (As), antimony (Sty) or a
combination thereof. The dopard concentration can range about 1-9E15 cm-2.
Other dopant concentration ranges may also be useful. f00711in other
embodiment, first and second dopant types can be implanted for first and 



second transistor types, forming a CMOS logic region. The first and second
dopant types can be implanted using different implant processes, 'Me
dopants can be selectively implanted using implant masks. [0072]After
doping the gate electrode layer in the logic region 509, the gate electrode
layer is patterned to form gates of transistors, as shown in Fig. 5m.
Although only one gate is shown, it is understood that numerous gates may
be formed in the logic region. The gates may include gates of both p-type
and n-type transisw.rs to formcomplementary e, such as a  complementary
metal oxide semiconductor (CMOS) device, Other configurations of gates are
also useful. f00731Spacers 460 can he formed on sidewalls of thethe logic
and memory regions. The spacers, for example, comprise a dielectric
material such as silicon oxide and/or silicon nitride. Other types of
dielectric materials may also be useful to form the spacers. Various
techniques can be employed to form he spacers. For example, a spacer layer
is deposited on the substrate and patterned to remove the horizontal
portions of the spacer layer, leaving spacers on the sidewalk of the gates.
in other embodiments, the spacers can he composite spacers with multiple
layers. Other types of spacers are also useful. [0074]Source and drain
(source/drain) regions are formed for the transistors, in one embodiment,
the source/drain regions are formed after forming the spacers. The source
and drain regions are formed by, for example, ion implantation. First type
source/drain regions and second type source/drain regions can be formed by
separate implant processes. Other configurations of forming the
source/drain regions are also useful. in some embodiments, lightly doped
extensions (not shown) can be provided for the source/drain regions. The
lightly doped extensions can be formed prior to forming the spacers.
[0075]The process continues to form the IC. For example, additional
processing can include forming salicide contacts filling gaps with
dielectric material, forming one or more interconnect levels, final
passivation, dicing, assembly and packaging. Other processes are also
useful. [0076]Figs. 6a-d shows an alternative process. As shown in Fig. 6a,
a device 600 is at a similar point of processing similar to that of Fig.
Se. Referring to Fig. 6b, the first and second gate electrode layers in the
memory region are patterned to form split gates. Various techniques, such
as mask and etch can be employed for patterning the substrate to form the
split gates. Removing portions of the first gate electrode layer exposes
portions of the inter-gate dielectric 



layer while removing portions of the second gate electrode layer exposes
portions of the second gate dielectric layer. The mask also protects the
logic region during patternmg processes. [WPMAlter patterning to form the
split gates, the mask is removed. As shown in Fig. 6c, removing the mask
exposes portions of the inter-gate dielectric layer and ARC layer. The
logic region may also have the inter-gate dielectric layer over the ARC
layer and gate electrode. In one embodiment, the process continues by
exposing the nanomystals. For example, in the case of an inter-gate
dielectric stack, the top oxide sub-layer is removed to expose the
nanomystals. [0078)1The substrate is then subjected to processing modify
the exposed portion of the nanoerystal layer to form modified portions of
the nanoctystal layer. In one embodiment, the processing comprises
oxidizing the expo.of the nanoerystal layer to at least reduce the size of
the nanocrystals. Other types of processing to reduce the size of the
nanocrystals may also be useful. Preferably, the processing at least
reduces the size of the titillate tals to a size below a threshold diameter
to enable their removal without remnants. For example, the threshold
diameter is about 15 am. Other threshold diameters are also useful. In
other embodiments, the exposed portion of the narmerystal layer is oxidized
to fully consume the nanocrystals. For example, the exposed portion is
oxidized to form an oxide layer. [0079]The processing, in one embodiment,
comprises an oxidizing ambient, such oxygen containing ambient. For
example, the oxygen containing ambient can be oxygen (02) or ozone (03). In
one embodiment, the processing comprises an ozone clean. The ozone clean
can be performed at a temperature of about 400 'C. to oxidize the
nanottrystals. Processing the device layer using other ambients or
temperatures is also useful. [0080]As shown in Fig. 6d, the modified
portions of the dielectric nanocrystal layer in the memory and logic
regions are removed. Removal of the modified portions of the dielectric
nanocrystal layer is selective to the ARC, gate electrode layers and
substrate. For example, the  



removal of the oxidized dielectric nanocrystal Layer exposes substrate and
leaves the ARC layer remaining over the gate electrode layers. [0081]in one
embodiment, the removal of the modified portion comprise- a wet etch. The
wet etch completely removes the modified portions without any namierystal
remnants. In one embodiment, the wet etch comprises DHF and SCI with
megasonic process. The wet etch, kw example, can be performed at about 40 -
60 C. for about 10- 30 minutes. Other processes or wet etch process
parameters may also be useful. 100821The removal of the modified portions
of the dielectric nanocrystal layer exposes the substrate. In some
embodiment, the removal of the modified portions also removes exposed
portions of the second gate dielectric layer to expose the substrate. The
etch time should he selected to avoid undercutting of the unexposed second
gate dielectric layer beneath the second gate electrode. The process
continues as described with respect to Fig. 5j and onwards. 1110831As
described, the ARC layer and nanocrystals are removed prior to processing
the logic region. Furthermore, the nanocrystals are completely removed.
Completely removing the nanoerystals and ARC layer prior to processing the
logic region has been found to improve uniformity in gate electrode
resistance variations across the wafer. 100841The invention may he embodied
in other specific 'forms without departing from the spirit or essential
characteristics thereof, The foregoing embodiments, therefore, are to be
considered in alt respects illustrative rather than limiting the invention
described herein. Scope of the invention is thus indicated by the appended
claims, rather than by the foregoing description, and all changes that come
within the meaning and range of equivalency of the claims are intended to
be embraced therein.  What is claimed is; CLAIMS 



A method for forming a semiconductor device comprising: providing a
substrate prepared with first and second regions wflh a first device layer;
forming a second device layer comprising nanocrystals; providing a cover
layer over the second device layer, wherein the cover layer comprises a
patterned cover layer which exposes a portion of the second device layer in
the first region and exposes the second device layer in the second region;
processing the exposed portions of the second device layer in the first and
second regions to form modified portions, wherein processing atreduces the
nanocrystals to a diameter below a threshold diameter in the modified
portions. removing the modified portions; and processing the second region
after removing the mcdiii portions       The method of claim I wherein the
modified portions are removed without leaving nanocrystal remnants. 3. The
method of claim I wherein: 



the second region comprises a second region gate electrode layer with an
anti-reflective coating over the second region gate electrode layer; and
further comprises removing the anti-reflective coating after removing t:he
modified portions and prior to processing the second gate electrode layer
in the second region. 4. The method of claim 3 wherein the first region is
patterned to form a split at structure of a memory cell with first and
second sub-gates, wherein:  the second sub-gatc k separated from the
substrate by a second sub-gate dielectric; and the first sub-gate is
separated from the substrate and the second sub-gate by the second layer.
5. The method of claim I wherein; the first region comprises an array
region while the second region comprises a logic region;         the second
region comprises a second region gate el trode layer with an
anti-reflective coaling over the second region gate electrode layer; and
further comprises removing the anti-reflective coating after removing the
modified portions and prior to processing the second gate electrode layer
in the second region.  6. The method of claim 5 wherein the array region is
patterned  to form a split gate structure of a memory cell with first and
second sub-gates, wherein:    the second sub-gate is separated from the
substrate by a second sub-gate dielectric; and the first sub-gale is
separated from the substrate and the second sub-gate by the second device
layer. 



The method of claim 5 wheremn the emory cell -   atterued to form a split
gate structure  the second sub--gate is separatedthe substrate by a s&ond
sub--gate dielectric; and the first sub-ga:ed from the substrate and the
second sub-gate by the second device layer. The method of claim 7 whe  the
first sub-gate can serve as the patterned cover layer; and      the first
device layer serves as the second sub-gate and a second region gate
electrode layer in the second region. 



9. The method of claim 7 wherein the first gate partially overlaps the
second gate.  10. The method of claim 7 wherein the first gate comprises a
control gate and the second gate comprises a select gate and the second
device layer serves as a storage layer of the memory cell.  11. The method
of claim 1 wherein the second device layer comprises silicon nanocrystals.
12. The method of claim ii wherein processing of the second region
comprises implanting ions into the gate electrode layer.  13. The method of
claim 11 wherein ming the modified portions comprises an oxidizing ambient.
14. The method a Clain) 13 wherein the oxidizing ambient comprises oxygen
or ozone. The method of claim 13 wherein the oxidizing ambient oxidizes the
nanocrystals,  16. The method of claim 13 wherein the oxidizing ambient
completely or partially oxidizes the nanocrystals.  17. The method of claim
11 wherein removing the modified portions comprises a wet etch.  SC1 with
mcgasonic. 19.The method of claim I wherein forming the modified portions
comprises oxidizing ambient. 



A method for forming a deviee comprising; providing a substrate; forming a
nanocrystal device layer on the substrate;      processing the nanoerystal
device layer to form a processed nanocrystal device layer wherein the
nanocrystals are converted to a dielectric material; and removing the
processed nanocrystal device layer using a wet etch. 




