PATTERNING NANOCRYSTAL LAYERS BACKGROUND [0001]
Nanocrystal device layers, such as silicon nanocrystals or germanium
nanocrystals are used in semiconductor processing. For example,
nanocrystal device layers have been widely used in Non-volatile memory

(NVM) devices. NVNIAEFEBNINGNANRGEN kb JrAXERRI options for code

and data storage applications. The use of nangcrystal device layers as the
storage medium has demonstratgé%gﬁ&w% programming, fast tunnel

e intg the gate, and_robust data retention. [0002] In the fabrication of
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However, conventional pattefning processes havée been inefféctive in
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nanocrystal remnants on other device layers or substrate. Such nanocrystal
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nanocrystal remnants on the substrate or on device layer hinder uniformity of

stiongimypddintation domdoypragd olyigatesmopreplstrabes fdako tomsd wresy deainhe gate, and
regions of transistors. This may undesirably result in high n+/p+ unsilicide

rqbuly detgistendenhigh bitcell contact resistance, as well as large resistance
variation across the wafer. SUMMARY [0003] A method for forming a _
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regions are processed to form modified portions. The processing of the
sePesRApaLiansmahieashd problems for subsequent processes. For example, 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 in
high n+/p+ unsilicide poly resistance, high bitcell contact resistance, as well as large resistance
variation 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 nanocrystals 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
redyprstthtiarpry Hak e Adnetevhedomydhies prit diagisietdrdinime Pfsdoxytgns. The
nanocrystal device layer. The nanocrystals are converted to a dielectric
HeHROHRMGTHEBEss. The processed nanocrystal device layer is
Py sing.a wet sen. I000Bl A deviee is presented. none. embndiment,,
deviCe INCIUAES & substrdte. A substrate as & device structure in a
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evice layer in the device structure area. The device also includes a non-
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non-device structure region is removed with no nanocrystal remnants. [0006]
nandesstaindiethereiiects alasgivithaasaatagesrigdestureseprtoes pesaiicrystal
invention herein disclosed, will become apparent through reference to the
ddeitowing dascroptidnsantativet @ccompanying drawings. Furthermore, it is to
be understood that the features of the various embodiments described
[098Pdin aredsstomistprgignésdcinsiveecariddimeixisherdvaro insledpn bineionts. ad
permutations. BRIEF DESCRIPTION OF THE DRAWINGS [0007] In the
SUpERIT B ke visteTBICE CHA Jevdes YerBrEIRfsefd Nl s smetpariaciudes a
throu%hout the ciiiffer_en views. Also, the drawir:]gs arr(:eF not necessaril ltg
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Vfl%FI S HaBOCéyst
) € present mvention-are described with referernce to the owing

red{MESn 0N WER HIPROBLEGS: laikShow a process for patterning

nanocrystal materials; [0009] Fig. 2 shows an embodiment of a memory cell;
[0006] These and other objects, along with advantages and features of the present invention

herein disclosed, will become apparent through reference to the following description and the
accompanying drawings. Furthermore, it is to be understood that the features of the various
embodiments described herein are not mutually exclusive and can exist in various combinations
and permutations.

BRIEF DESCRIPTION OF THE DRAWINGS
[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,
various 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;



2 [0010] Fig. 3 shows an embodiment of a memory array; [0011] Fig. 4 shows
a cross-sectional view of an embodiment of a memory cell; [0012] Figs. 5a-m
show an embodiment of a process for forming a memory cell; and [0013]
Figs. 6a-d show another embodiment of a process for forming a memory cell.
[ AILES: BEDERP TIORAOGIUERISEIMEAR generally relate to

semiconductor processing and fabricating semiconductar devices. Some
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ices..Such memory devices, for example, ¢ e incorporated intq
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Processing of other types of devices are also useful. The devices or 1Cs can

be incorporated into or usedhia,[fHEHEOIEPGOsUMer electronic
products, such as computers, cell phones, and personal digital assistants

[0(APAS). [bba] drigs. danersitpwian erebodinanief gdqecagsdarienningea
device, such as a semiconductor device. Forming other types of devices is
seadoudefiol. dsistoBome substiateniOblas provdoed; ddviceulvsttate pforvolatile

example, comprises a semiconductor substrate, such as silicon. The
mepiesiraesieesn Bechightipayp dedsritip-typardosantys: Oihmotgisdsnsd sabdatenes,

such as silicon germanium, silicon-on-insulator (SOI) or n-type doped
meREY desiceareielists HSEOr 981 6105+ SheosaoieAtEHeVikesiayeh o8

comprising nanocrystals Atg IS %rovid d over. the substrate. The device layer,
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nanocrystals. Providing device layers with othér types of dielectric materia
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germanium nanocrystals. The device layer can be about 230-600A thick with

[ohestiamatar of thaRaneensialmbeipg.rabritaans Aacaaberh 49 am.
Providing a device layer with other thicknesses or diameters of nanocrystals
sdmilgelusefdbvice. 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 (SOI) or n-type doped substrates, are also useful.
[0016] In one embodiment, a device layer 28 comprising nanocrystals 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 other types of dielectric material or nanocrystals is also useful. For example,
the device layer can comprise germanium nanocrystals. The device layer can be about 230-600A

thick with the diameter of the nanocrystals being from about a few nm to about 40 nm.

Providing a device layer with other thicknesses or diameters of nanocrystals is also useful.



3 [0017] Various techniques can be used to form the device layer with
nanocrystals. For 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
[09%ite. TYErERmeSH MayIciscpRdasd oy an AT dRiS Y HaRBSFFataL. ATor
cap or top oxide |layer can be formed over the nanocrystals. The cap oxide,
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nitrided shell may rovided to surround f}e nanocrystals prior to cap or... .
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et al., "Chemical vapor deposition of Ge nanocrystals on SiO2", Applie
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rence for all purposes. [0018] As shown, the device layer is formed on the

bshsthatenpbisubdeistqed gyatithenesihisitaiemaynincidd ehdr vics lygbaded to

layers which may be patterned and contain an uneven topography. [0019]
suiiboré direndeviostidy eriis another wpwiddddyer depaefemme dteasdaqueyifuy

layer. The covering layer can be various types of device layer. The covering
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for the covering layer. For example, the covering layer may comprise
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may comprise a covering stack having a plurality of layers. For example, the
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it. Qther types of covering .stacks may also, be useful. The coverj
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yer contains a pattern which selectively exposes a portion or portions
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substrate’is subjected to processing to modify the exposed portion of the
opeMgsnlayer to form a modified portion or portions 24 of the device layer. The

unexposed portion or portions are unmodified portion or portions. In one
[o®nsRodim@Btie 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 polysilicon 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 or portions 22 of the nanocrystal device layer in an opening 22.
[0020] Referring to Fig. 1b, the substrate is subjected to processing to modify the exposed
portion of the device layer to form a modified portion or portions 24 of the device layer. The
unexposed portion or portions are unmodified portion or portions. In one embodiment,

processing comprises oxidizing the exposed portion or portions of the nanocrystal device layer to



processing comprises oxidizing the exposed portion or portions of the
nanocrystal device layer to 4 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
atrleatbEsJtaldes i L e BIGRFE tite s RO A1t Ry enias 0 tisaiceehsoe of the
without remnants. For example, the threshold diameter is about 15 nm.
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as oxygen containing ambient. For example, the oxygen containing ambient
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comprises an ozone clean. The ozone clean can be performed at a
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ambients or temperatures is also useful. [0022] As shown, in Fig. Ic, the
[0921dess Tonpinyesingh e precasisodontinuasipyi sslectivelizing mobiag, thieh as oxygen
modified portion of the device layer in the opening to expose the surface of
caphleinsub sphtent Forrxanplso dimerigah earieifie dpbititsaf th exyaso (Pystalozone
device layer can easily be selectively removed by a wet etch without any
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be selectively removed with diluted hydrofluoric acid (DHF) and standard_ .
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at ab?ut 40 - 60u§%tflﬁr about 10 - 30 minutes. Megasonic serves to increase

te{ﬁ cratures 1?’]a15ﬁ). . .. .
wet etch efficiency by removing any remaining nanocrystal residue or
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parameters may also be useful. [0023] As described, the modified portion of
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nanocrystal remnants. The ability to completely remove nanocrystals
subRabiesiihaeisafdaiger mManoehfsidisoant thprovassybsequent preeessigily be
This can result in an
selectively removed by a wet etch without any nanocrystal remnants. In one embodiment, the
modified portion can easily be selectively removed with diluted hydrofluoric acid (DHF) and
standard clean 1 (SC1) with megasonic. The wet etch, for example, can be performed at about
40 — 60 °C for about 10 — 30 minutes. Megasonic serves to increase the wet etch efficiency by
removing any remaining nanocrystal residue or un-oxidized nanocrystal core. Other processes or
wet etch process parameters may also be useful.
[0023] As described, the modified portion of the device layer in the opening is completely
removed, avoiding any nanocrystal remnants. The ability to completely remove nanocrystals
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.



expanded operating window (e.g., faster programming speed) and improved
subsequent processing, which enhances reliability and yields. 5 [0024] In
one embodiment, the process is employed in forming non-volatile memory
cells with a nanocrystal storage layer. For example, the process is employed
(A0 rmiry ang st RRstiE eAb b BEGRS THETHBHYESI N EfRsg Bthetljiiseacpory cells
non-volatile memory cells or devices is also useful. [0025] Fig. 2 shows a,
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cell, in one embodi t, comprises a nop-volatile memory cell. The memary
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uJigst and second terminals 111 and 116. The gate comprises a split gate
having a first gate 134 and a second gate 138. In one embodiment, the first
[092%F COMpRYisan ARl aate dihe fIrstASHRING) GRRIRIBE SR ROM 68 RN R,
the second gate comprises a select gate and the second terminal comprises
marfilsaitelRiminaleibaineaniiguiaiiens abiersninr smanealselUSEidlnkmory cell
example, the first terminal can be a drain terminal, the second terminal can
cdyepa sourcentéyonimalh [0126 ] B one entboakimdAtatiddivgtegdiesisraldjamaditéominals
and partially overlaps the second gate. For example, the control gate is
1 HjaddrbtolandasartalBriover s ghie Betars garet satohdt ambodienshaatg 138. In
portion of the control gate is disposed over the channel region and partially
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120 isolate the gates from each other and the channel. [0027] In one )
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germanium nanaocrystals. Other types of dielectric materials and/or
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dielectric layer which are to be patterned or removed are first oxidized prior
[06268MOV#lone embodiment, 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 136. 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 nanocrystals.
For example, the nanocrystal dielectric layer can comprise silicon oxide with germanium
nanocrystals. Other types of dielectric materials and/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 (V,), the select gate is
coupled to a select gate voltage source (V,), the source terminal is coupled to a source voltage

source (V;), and the drain is coupled to a drain voltage source (V4). For example, V, can be



[0028] The control gate is coupled to a control gate voltage source (Vcg), the

select gate is coupled to a select gate voltage source (Vsg), the source

terminal is coupled to a source voltage source (Vs), and the drain is coupled

to a drain voltage source géd) For example, Vcg can be 6 about 0-15 V or
abgyb it 8IYBV ket T3 Ne \ab6btit BR30OBY BYLRrOEML - Moy e dBgheut 0-3V

0-3V or about 0-3V and V. can be about 0-3 V or about 0-6 V. Other voltage

LAY RN %lél é@ﬁffﬁ A5t Thar ORI Fo¥ o ARRPIE! B EHIA G 81 PeaPPlied
Bt 25 voliades are, supplied todhe, g'p‘%%%r ]Vﬁltaggs are
In

r
eme ﬂﬁ)
oaCeasdY memoryce Such as programming artd rea

SUPRLE B The MORGINEH B3 MEMOM ALY éﬂ%d&%@%@gﬁpﬁm R ding.

memory array comprises a non-volatile memory array. The memory array
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memory cells, for example, comprise memory cells 100 as described in Fig.
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corresponds to a bitline (BL) 289 of the array. In one embodiment, the BLs
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the first or control gates 134 of the memory cells. For example, WLs provide
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to the first or source terminals 111; select gate lines or SGLs 276 may be

260k el b BIBHAEOVEPEIdhE dibig Bloctsdogtearys bt e %@W@ef@ BLs

SL L led to th Il d d. Th

R DO A AR b e & eﬁrgiéavﬁiﬁ%a% Hyideconto
lls in oth f hitect N

gg{%s’;?ifé%%g?{gng &Lt Yspei%roe&”ag% y VSEGWAS I SUST s 3 I3 alse Jjmes

S rov
usefu shows a porti an emsBdim a d%wce or

(ﬁ%)%%tﬂge%m% %%M@éea\ﬁ%@%%t]&@o@@t%m@tﬁ Ol XR MRS ines or

comprises a silicon substrate. The substrate can be lightly doped with p-type
SGQE’@'?‘%QIB@ﬁEM@%&BﬁH@ﬂ[QI@&&é&B@%ﬁH@&@ SHREMAOBIMhOMmemory cells. SLs

silicon-on-insulator (SOI), are also useful. [0031] The substrate can be
aff SpAres Wih cupgibn dRIntaniairiy Masaey celils Hethol @B 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.
[0030] Fig. 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 (SOI), 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 array 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-



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
array region. The array region shows adjacent memory cells. Although only
two memory cells are shown, it is understood that many more memory cells
regiRNf IR it YT S MRl AP TOG AR Bl arr YO IRRAECETIPTTSes
regions corresponding to, for example, groups of memory cells. The arra
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memory cells while p-type wells d@re used for n-type mémory cells. P-type
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n-type dopants can include phosphorus (P), arsenic (As), antimony (Sb) or a
bsom@nationithereal) [R03hAadiionaityedhe susiigie dnanineid decnas @isayhorus
regions (not shown), such as logic portion for support circuitry. The substrate
(Mnaysalgo(A0ludendhg (Sepions dorbatheortylpgsobf circuitry, depending on the
type of device or IC. The logic portion, for example, can include low voltage
[0032), highddaitagd Y HRe) eheidigangatechiie aoDoa) Weigees10T leom@Ouch as logic
devices, for example, are used for 1/0 circuitries. [0033] The substrate
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regio re also usef 034] In pne embodi t,.a mem | compris
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serves as a source and the second terminal serves as a drain. The source
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gate, in one embodiment, comprises a split gate with first and second gates
frdddbther active device regions, as required. The isolation regions, for example, comprise
shallow trench isolation (STI) regions. Other types of isolation regions are also useful.
[0034] In one embodiment, a memory cell comprises a transistor with a gate 130 between
first and second terminals 111 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 dopants.
[0035] The gate, in one embodiment, comprises a split gate with first and second gates 134
and 138. 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.



and 138. 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
[0936Hap reyisriciedsitiglacddapreathne sertHdcgals tiie Syardig Btk dafipst In one

gate.in a non- overlap region. The adjacent portion of the first gate is over the
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other.and the substrate by a dielectric layer. In.gne emhodiment, the .
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dielectric layer 328 provided to separate the first gate from the second gate
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dielectric layer. Other types of second gate dielectric layers may also be
aletneleppibylielectric sid eiallsppacss 354 canbprpriid el v GidBvwaltise @hites.

the gates. The dielectric sidewall spacers, for example, comprise silicon
Thxitlele Otheidypas phclisldoirxamplie tahpaiscaldo deousied formpiseof dielectric

spacers. [0037] In one embodiment, the inter-gate dielectric layer comprises
matgnekeystlle BagserHe fimte thgamawislectric layer, for example, comprises

oxide with silicon nanocrystals. Other types of inter-gate dielectric layers are
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ctric material and/or other types. of nanocrystals, such

. high-K djel f
B g?ﬁ%?n%ﬁ@ﬁ‘&d%‘ﬁ%?&l%’f%&n&%ﬁ %?ﬁé@‘izﬁ?%&llﬁ%fé‘ Eaﬁﬁfff&ét&?Fsay%?‘er types

otSHE?-“Qrt%'H(%th sanacryelaly;, 19931 ﬁ}ro'?;% embadiment é’Hfé%cht&f e con
In er-éa e dielectric Tayer with nanocrystals which are patterned or remove

ccﬁﬁ%eréE_ﬁ%ﬁ%@%&?ﬂ:ﬁﬁﬁﬁﬁﬂl%ﬁf&%{ﬁépR/‘ﬁ@é 1 faHLRQATiSd P ionSs.lf

processing, in one embodiment, comprises selectively 0xidizing the portions

nflodhRdierrgaifdisiesticlayerRich atademaveduyselectiveldnocrystals.

processing the nanocrystal layer to form modified portions, we have
[0d3%joVvermbihahnibedinedifipcpariionsanceasitydngeseinnyecw ging mstetals which

etch without crystal remnants. In one embodiment, the oxidized
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 embodiment, the oxidized
nanocrystal layer can be easily selectively and completely removed with a megasonic process
using DHF and SC1. The ability to completely remove nanocrystals 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 be 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



nanocrystal layer can be easily selectively and completely removed with a

megasonic process using DHF and SCI. The ability to completely remove

nanocrystals improves subsequent processing. For example, this can result

in improved process window, reliability and yields. [OOBQLFor example,
URHRIFBEHE URETRItPRABDIGr S BNE aredisisplarnior thanvapifse i reinpes across

achieved. This results in more uniform sheet resistance between source and

the il et IV AN RS M CTET SXETRDYAT RS Beithpate! of sate

salicidation of cont qt re .iqtps, more 9 uniforr¥ gate electrode,im laﬂt to .
I’CSIStthCC as well as ena mr% 12ner covera (()]I use o 1 r%er nanocr stals 1C co?trlbutes to
result in greater uniformi ygln unsilicided gate resistance across the wafe,

18 Pﬁ{igﬂ‘ﬁ{%ﬁﬁgwﬁﬁﬂfﬁﬁ?&%‘% g{ﬁg%e\égriability due to tighter control of

gate resistance as well as enabling higher coverage or use of larger

[0030PCTy RIS H:,%PUJQH{}%,tﬁa?ﬂ@@&ft%@ﬁc‘iﬁ&b%ﬂ%é%’s fRSI@bmmon gate

program speed. [0040] The first gate, for example, may be a gate conductor

foNVRiRIySEvemas sctomMuagR@aitefradaw ahmeanseelssAdjagenie electrodes
memory cells can be configured as mirror gate electrodes which may share
whidommchadifiusiompagidfus@thegoonfigiheationSgordéyouss loy memibmemelg cells
are also useful. The gates may also be provided with salicide contacts (not
arshidsnpefob4lerigies Banalspoarcrosiedudtiocniridespniotannembediment of a
rocess for forming a device or IC 500. Referring to Fig. 5a, a substrate 105
[44dovideigs Pra st aies ot WprisRsP s caPlinsiand aduiesrsider fighe 2
-type ubstrate. Other types of substrates, including silicon )
d%é%ﬁ&ffﬁﬁﬁ@f@ﬁfegﬁz%&?ﬁ% I%ﬁ’og “‘(‘ébéﬁfitea?ﬁ ASBTUEER [OBAIPHHRE SaBSHaRSIse 2
IS prepared with an array region cqontaini moyy cells. In on : .
S S OB S gty hocine

SRR SLMANRDE Sl 1R aleAeSldnThe AUAERgion comprises heavily

oped well or wells (not shown) with dopants of a first polarity type. The first
[ty tyReseairhe R-fYRRueH Rri¥Re: HeRendingcemihsnnemery calktyRene

The first polarity type wells are used for second polarity type memory cells.

eiibsdexaniple, Meips wellscangptisetbior@atylpensiesnoeylBel St itepps yp@emory
wells are used for n-
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 dopants 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.
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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. [0043] Additionally, the

substrate may include a logic portion (not shown) for support circuitry. The
[0k tratSeneiy BistarElirrdudsgitsiors rothapty Hes didircantyty e pettingt shown)-

the type of device or IC, 10 [0044] Generally, the IC includes regions with

TS APRPL G SRR GIOEShANSS: St B RGERRY ehgiat, can be

wiTPIFntatio aﬁ%g%%%ﬂ A sasal'l’Pé’k%Ptat iy é’é"tﬁ‘ra%e?%%léss%%” 8%“%%%1{5‘& for
irst and secon ype V\y S can be 1ormea in sed)ara e’processes. fher

fotr‘?ﬁ’llﬂgiﬂ}é%%tf% rg%[&nggfgq%@ﬁggfﬁlyegions are also useful. [0045] The

substrate can be prepared with isolation regions (not shown), for example, to

[cdaBfrateripeastive ©distsfom eaah B@ﬁi&\ﬂ@g@éh?(&@QN&H@@%&&Q{%&O
In one embodiment, the isolation regions comprise shallow trench isolations

sefSTd@)thY abOUS RIRGE $526 €A HicemplayeactafomyiberSldieginnse E@bodiment,
example, the substrate can be etched using etch and mask techniques to
thioiyvldrenchgswiishpaise sthaliofillechwithdiclect(BTinatéfmisus pebrasdsilkiaohe
oxide. Chemical mechanical polishing (CMP) can be performed to remove
ciarlsesd ©xidlanghel Provigions. plerrresupbs tizaeuleny adacbe Thbe THipggiohgnd mask

can be formed, for example, prior to or after the formation of the doped wells.
teehigrsriocesReEeariratdiciccdhca Edpenibetidstsmpataiay uch e pr oxide.
one,embo%imeni, various layers of the sefcond ate are formed on the

ChBSHL oA L BB B Y0P SRS QHPFE oS TR SEIER GAES ATORE i 2

pL%r%‘lP%’u I@r%&:%oa% %S&?c”e‘?' Q'ﬁ‘éesﬂ'?e'egn%é'sca'é?%% 3253 [ormed.on thr‘?o?.‘{b?}raﬁ%f the
e gate dielectric layer, In one odiment, COI’ﬁpI’ISGSS Icoh oxide. er

rRERRLERE ARl GIEIaWANS: SIAERQS SHIGRR MY BINIGE, MAK AR A YRELTIS.

Various techniques can be employed to form the gate dielectric layer. For
[od48MPlemthe-gatsodiglestrialrye LR bederinas by tharn@leXidstion Wbstrate.

either a wet or dry
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 oxynitride, 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 either a wet or dry
ambient. The oxidation can be performed at a temperature range of about 750 — 1100°C with a
pressure range of about 0-760 T. In an alternative embodiment, the oxidizing ambient can be
provided with nitrogen. The thickness of the second gate dielectric layer is about 15 to 100A.
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
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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 be provided with nitrogen. The
thickness of the second gate dielectric layer is about 15 to 100A. The second

c3ichte ieTale i Y BPPAAB O THARE BBy DIMEF ty D3t idfdIe ot RiBgeAhRsate

thicknesses or techniques. [0047] A second gate electrode layer 438 is

clapuEREANTT the et gEte Ul G PR PRy el Gate 'aNSE e gl is about
sgomailRes. 1g.pnsembodiment, polysiigon, The gate elecirode aver 44, can
e formed'as an amorpl%ous or non-amorpﬂousmlayer. Rltefriatively, dt‘he
. i t -
e e o e hh s g o
u@lg@ useful. To form the second gate electrode layer, techniques, such as
chemical vapor deposition (CVD), can be used. Other techniques are also
[oogsful. [(D48] tmbaE A adiResidthesaeandi@rir closipods lyesdamprisRsode
a doped gate electrode layer. For example, the second gate electrode layer
lagem pisesanyilg ¢hel opantsdasviig teoded apenirapoises halppeitidpa B ERD imnicm?2.
Other types of dopants and concentrations are also useful. The dopants, for
caxanplenetartrboriéd itsnhe Qe sleeuidionayisrany ¢oncantpiamsaionlso
Other techniques, such as insitu-doping, can also be used for incorporating
usefal- dbatBIB AR B GHR  a RS aled ifte oSt S ersipdadey Bebydetul.
. [0049] Referring to Fig. 5b, the various second gate layers are patterned. In
! %“té%‘fﬂoé?ﬁh%gﬁﬁcm%%%%8&%‘%@5&5&%&"@%‘8&&?&}% RS GLite agmeLating the

JEgipsReuchan mask and, sich, can e uaedo fop the gate stack. For
é)xam'p e, a pﬁ%toregl)s I%yer 181°%s 1éfmed oVer the gate layers and

[0RAYF MR RXRASINSROSIONR QARG ARLEHAYGHS 1A SIHSPHRRIE e oFuUCch as

a reactive ion etch (RIE), is performed to remove exposed portions 471 of

ethR galearers. [005Q) 4n ans ehrdimentnand Relay et 4R is fornerdsaRask and

top of the second gate electrode
etch, can be used to form the gate stack. For example, a photoresist layer 481 is formed over the

gate layers and patterned, exposing portions of the gate layers. An anisotropic 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. 5c, 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
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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
diglgelfifslapst dR Qe AR BN -SRI CATEM LS BRI, S RO FasrtleRsy epgot
removed, leaving the ARC layer over the gate stack. [0051] As shown in Fig.

th%éf‘%siﬁljé%eét'éaﬂ?éf&m% layer 428 is formed. The inter-gate dielectric

lavers Iirie the gate stacks, sid Wall§ g.np ub?trate surface. Formin th(? )
[005¥é n(f?gqn [0] %merrt t’he mier-ga é 1 6(331'10 ayer Comprises a? nter-gate ]I%lei:trlc
Infer-gate lelectric layer, in‘oAe embodiment, comBrlses orming multiple

sURYGIR P %{SH‘R?J _iﬁﬁ‘-ﬂ}%?sexﬁﬁcﬁh&é?&éﬁﬁsaiﬂiﬁHﬂ%ﬁ%ﬂf?ﬁﬁy/g?‘lfhiQQé?J%ll'E‘eQ”e

1
embodiment, the inter-gate dielectric layer comprises an inter-gate diefectric

dRiagkhayingi MsHERIR-RnaNEESMINGR INRILEESR MBRATYSIGLSHDIRYRAMDIE a

inter-gate dielectric stack, in one embodiment, comprises three layers. The

tHfieataily erosnfestexa BN, v titharoriys g 60 wibtiatto nEXIdeHyito e th skae ssnafe
about 50-100 A. The bottom oxide can be formed by either wet or dry

foomicthbip pitAdneveeaohd tayditisna Tyereainddaporisstddsdal e ositectysraltdpposithé on
first layer by, for example, CVD and anneal. The second layer can comprise

top ghdpdilisidayer Bmisiphie oSl icd laybrweibh Tsepiesoaddexdbspancarmealito
form nanocrystals. The size range of the nanocrystals can be about 30-400

PRy slipamietMalRAC R M IO HRYFHRBIEH 1SDIPetie e RARaeH AR MTHE Y gals-
ayer is an oxide layer formed to cgg the nané)crystals by, for exan;%lg)é?%\ég) ) o

TRy tpid e Antr BT TES) Dr AR sAof‘?h‘é‘tfh‘?ég YR

100-2(15% A. In one m%%di{nem the. cap layer, co riseg a HT% layer. In one,
h ) 1 1
SEmbodiment. a “nitrided Shell may be provided Y6 surround e nanocrystats

R QLHRIEAR A R AR AN cHePastiaip ] rﬁ’}{jedtiﬁlgkﬂgé?6F@1@fiﬂl*ﬂ&6}|£i§?é}§soibout

the dielectric stack may also be useful. For example, other materials,
16biokp&ssasAE dRPBesitiRn A IAUES CAMBA S U TOARA ! NIF ighe Reh R diERENt, a

gate electrode layer 434 is deposited on the substrate. The first gate
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 conformal layer of polysilicon. 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
electrode layer can be doped with n-type dopants, such as phosphorus, at a concentration of
about 1 - 9E15 jons/cm”. The dopants can be incorporated by ion implantation. Other

techniques for incorporating the dopants can also be employed. Forming the gate electrode with

other types of gate electrode materials may also be useful.
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electrode layer, in one embodiment, comprises a conformal layer of

polysilicon. 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 electrode
[0938r cafrecepReFImER by JEd eparsiec Eotarad pisspribikses which is similar to

concentration of about 1 - 9E15 jons/cm2. The dopants can be incorporated

thﬁ&%ﬁ?ﬁfﬁfﬂ}ﬂ%@nT@tﬂﬁktg%ﬁﬁ(ﬂltf’e@rfb?rfﬂ%?ﬁ'ﬂ)‘?ﬁf?get A OpANES iR %ﬁ%’ﬂi‘l’ ©
R I h f I
S STRRYR, oY e gate clectode wit, oer es o g3ie dleciod, .

ma er S may also be usefu one em men

uIRPURGE. CAMLISRS AdNIRKAGHS t’é’}‘é?ﬁlé? il %[f%@reﬂ?%&@ﬁ?&e%e‘ﬁ%‘ﬂ&ﬁﬁe first

The thickness of theTirst and second gate electrode layers, for example, 1s

o ADOMEAOR: 2000 ARt thicknessemeucapliguEatiansloats, eleastaded. Other

layers may also be useful. For example, the gate electrode layer may have
tediffi@jentdhiekoassas. To form the first gate electrode layer, techniques, such

as chemical vapor deposition (CVD), can be used. Other techniques are also
[005&7ul. [08SF] A .ShOMRC day ARB lafermdSboiefonmibdt@uer dleetfirdgt hate The ARC,

electrode layer. The ARC, for example, comprises silicon nitride or oxide.

foperamnpjp o BPARG gy sitrde sisoxifse fAIthThe peiek AESs lay arsa RISy lagagulis The
for example, about 10-500A. The ARC layer seryes to improve lithographic
thl‘é%‘éﬂﬁﬁtﬁﬁ%%faté‘/é‘téﬁ Yo PDsEPrRnINg 1o bsA BE ler fiFstgapsimprove
lectrode and ARC layers ar %t rned to expose portions of the dielectric
lithaRSRRIS TSP Py MY SRS G E[E{é gf/ers are patterned to form first gate

[0%' @trodg (I;:/r:nrl %Sf(ipndsgathe 1Ir(-gtc:tr St c% F?Aﬁgtinbogl|£peent the JO . xpose

gate ele ers>are pattern to over ap e Seco gatepe ectro

pocttt?&ﬁsof-ltﬁ& Hf@:'lg&tﬁ% n%&i%?&aﬁ‘ié‘y%? aﬂg s%% ﬁ%ﬂ@@rk‘ﬁﬁd&%}ﬁ&ﬁ{&fﬂ?ﬁl first gate

substrate. For example, a'photoresist layer is formed over the ARC layer.

chpahaesishiayeicanchedmalastivaboratiamadRydlithogranhic eMiguRSers
The pattern of the photoresist can be transferred to the ARC and gate
are|pateoatel ldyoralby tHosexamgle, dectrode 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 photoresist layer can be selectively 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 various layers beneath 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. 5f, patterning of the first gate electrode exposes portions of the
inter-gate dielectric layer with nanocrystals over the second gate electrode unprotected by the
first gate electrode. In one embodiment the process continues by exposing the nanocrystals. For

example, in the case of an inter-gate dielectric stack, the top oxide sub-layer is removed to

expose the nanocrystals.
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anisotropic etch such as RIF. The various layers beneath 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. 5f, patterning of the
first gate electrode exposes portions of the inter-gate dielectric layer with

[0958berydtiasWErihs sdiefferdaisrseiPsde UAPFstbEePpipdnertias ghtee

electrode. In one embodiment the process continues by e>éposing the
I

NSRBI fedPrEaRTHisd PPEHE AN MAROF RIS SR id R RREK Rpyons are

to ide sub-layer is rempved to. expose the nanocrystals. 14 OOSSJﬁThe :
S e 06 B S ty HE B S e e o

o AL RGRGEIRLIAY RIS J AR IRLHIED ROANS ARG DAVAGTY SIRANG e B rocessing

unexposed portions are unmodified portions. In one’embodiment, processing

toCRANRE BeSsXIdiZINch e Sy RAs echPaIlipns Qihepparreysial |R¥esithahlaast
reduce the size of the nanocrystals. Other types of processing to reduce the

regize Ofhthg-panaw yistalsynay alsabe wselud iRiaienalyntberpsasassifigeatremoval
least reduces the size of the nanocrystals to a size below a threshold

wilametenrtonen divhectheipie tho viale shitlialidme ranantswiF o5 exartier theshold
threshold diameter is about 15 nm. Other threshold diameters are also

diggefars heathie peshbobiméats mhedarpisdbiepativedafortie meinbe manedrieja diger is
oxidized to fully consume the nanocrystals. For example, the exposed portion

O}féd&%rﬁefa”asC?aﬁﬁmaﬁfma@%%ﬂS[o%@fgWW@lﬁf&@e@%ﬁ?iﬁ%ﬁh@l is oxidized to
embodiment, comprises an oxidizing ambient, such as oxygen containing

foé?ﬁﬁ?e?fﬂdﬁz?y&ample, the oxygen containing ambient can be oxygen (02) or

(dgssf> (PR 'r%c%QSne”lE%ﬂénée%%&Peeﬁtr%c?ns%@ compgSEs an o CleA s xygen
€ ozone clean can’be perfgrmelgjla a ?e perature o a‘tl)%u]%] 88 Cgl%o

e e st %pfg,r%e%%g&l%gﬁl\ﬂ&eam&{t Using %ﬁﬁééf@?ﬂ‘%ﬂ‘&one

or temperatures is also useful. [0060] Fig. 5g shows the selective removal of

(the meslifisdmartiens of theaanretrsiliayen cRemava ofthepadifiies can be

portions is selective to the ARC and gate electrode layer. For example,
performed at a temperature of about 400 °C to oxidize the nanocrystals. Processing the device

layer using other ambients or temperatures is also useful.

[0060] Fig. 5g shows the selective removal of the modified portions of the nanocrystal layer.
Removal of the modified portions is selective 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 nanocrystal remnants. In one
embodiment, the wet etch comprises DHF and SC1 with megasonic process. The wet etch, for
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.

[0061] In 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
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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 nanocrystal remnants. In one embodiment, the
adipseRiar BoRisites HrEed steclifrodsdaradnraftticdsandthe ppesres ifofor

example, can be performed at about 40 - 60 C for about 10 - 30 minutes.

CMRIF SFATAREAE et Redh irotasel s shietd gt Sl diededay e erapspo dainter-

edft ﬁf%egﬁbtf"ee‘?'%%‘%ﬂéjsﬁﬁ‘stga?' clods IRYeh: é’?etﬁerﬁ‘ Aaedorm SRt ages.of e,
memory ceﬁg. Inone em oé"lmenf, ﬂ1e SECo 8 gate electroae layer Is

a@g&&g(@g%@%ﬂ{@é@!it gates of 15 adjacent memory cells. The second_gate
electrode layer is patterned, and the patterning is, for example, selective to

[osifie. The paltsiniRaQbikesecand SriaLIGRIRIGIAY 8f SXROSKSIOR IR used.

gate dielectric layer on the substrate between the split gates and the second
F@aieadipleclpadayedisadjaeanioiontie sglithgatesir iR 62 AR patiasinciiespenndkd
gate electrode, techniques such as mask and etch can be used. For
bancatingie paqoinesorte Sist lplyeoisioimned oude tiwdesuladirateend AR Gthagerpban
be provided beneath the photoresist. The photoresist layer can be selectively
tepbntavaedlihy ttonyapHie phetmidiican Thaafeaind of thelpieotideasish banfoe
transferred to the layers beneath by, for example, an anisotropic etch such
e’%fé“ﬂ?&?‘ﬁ'h‘é%‘?&ﬁ%sﬁ%é‘?%hﬁ’éH@&h@h"e@ﬁ@t’éﬂéﬁ?‘éf Beif B haphaestigican be
desired. The photoresjst layer is removed after forming the memory cells.
Pitersy Assdgﬂb%n ,tl%ﬂe 88%?&2 lf’ﬁfﬂﬁ%féé, TSR ot RS A AR oY cells-

-memory cells are formed. The logic regio r ex le, comprise
d&g AS %gl\ﬁ{lét C%GVICG IHCCL% €S a IIO%C r}e;ggoglrFéO dlilh\%éﬁirgipnoh-n?(iog()il‘(‘y 83118 are

C
circuitry to te accessing the memory~c r types o evices

fo?ﬁ?e@‘.'sﬂlﬁ@gl-é'réQi&Q%?@Qﬁqj@%hﬂ?ﬁeg@f?cﬁl%%oﬂgiliflﬂ&%ﬁcég&iﬁé‘a@%Hﬁory

protected from the patterning process of the memory cells. In one
c@RMbodicress Hradegig-oria slealiodsisithm samemdsdis-seerneh@alRetrode in the

electrode. The logic gate electrode, for example, comprises an ARC layer
ldfieegivalis 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.
[0064] As shown in Fig. 5i, patterning of the first gate electrode layer exposes a portion 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 case of an inter-gate dielectric stack, the top oxide sub-layer is removed to expose the
nanocrystals.
[0065] The substrate is subjected to processing to modify the exposed portion of the
nanocrystal 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 nanocrystals. Other types of processing to reduce the size of the nanocrystals may
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[0064] As shown in Fig. 5i, patterning of the first gate electrode layer exposes
a portion 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 case of an

aliyube-Bieeld diBrelib st PP W peckiliass iR es e fss b thscn i expisdls ha size

nanocrystals. [0065] The substrate is sub{ec_ted to processing to modify the

OB SsSEr pY Bt AR A SRRtV HYH IS JSFHiBHEBIHR®
jansErsiaLlaver, dn one embgdiment, plegessing comprises oriding the
0]

14,
exposed portions o € nanocrystal layer 10 at least reduce the size o trhe

MRORAINRAIR OIPSLIRSE R A RESHRING R0 ES AR Bf AR consume the

nanocrystals may 16 also be useful. Preferably, the processing at least

ndfolcasIIhe sizeafflReNangRRka B oS4t Rel antanthigshald idigmeter to

enable their removal without remnants. For example, the threshold diameter

[086alpout TR PRocENR! thtpshalddiamaleispigalsa oisaftihdn@biglt, such as oxygen
embodiments, the exposed portion of the nanocrystal layer is oxidized to fully

cgoasinyenhenndivoerysials. tkopey@mpdaidine gxpbdsed orbonxiggexidizeor terone
form an oxide layer. [0066] The processing, in one embodiment, comprises

(G dridiingeedinient, thaoroasssrg gempooritantgnaribiantl kopzenaigie ciebe
oxygen containing ambient can be oxygen (02) or ozone (03). In one .

P‘?%FﬁHB%ﬁrﬁélw‘Eq}ﬁ’érﬁ%%@géﬁ?@%B@ié%g’%ﬁ%ﬁéa@@éﬁs.tq*ﬁe dothteigdan dexire

be performed at a temperature of about 400_C to oxidize the nanocrystals.

o B A RSN ST RTINS SR Afients or temperatures is also
ul. [0067] Eig. 5j.shows the oval.af the modifj rtion.of the
[Oggei 99 S sh W? ltﬁF remoyv OF%EQ 041?63 Pr(])étaO]H (8] %ﬁle%l)e cC (fhnearg)lce eSé%l.layer.

lelectric ma ocrystal layer. kemoval O e ea portion o rc

REABOAYFIAL INGHSSRIRHVG IRBRIARE %@cr%ﬁﬁtfﬂg?i@é%ca?g SYRSKRIE gate

For example, the removal of the oxidized dielectric nanocrystal layer
cIBXRARES e sy bitaiR-andleayanithe ARGIAY ST IRMAIIDEIAVEELRR d@Berystal

electrode layers. In one embodiment, the removal of the modified portion
lagorBRpiSEes havabetefe. ahbecivet HEMRC 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 DHF and SC1 with megasonic process. The wet etch, for
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.
[0068] The removal of the modified portion of the dielectric nanocrystal 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.

[0069] Referring 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
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completely removes the modified portion without any nanocrystal remnants.

In one embodiment, the wet etch comprises DHF and SCI with megasonic

process. The wet etch, for example, can be performed at about 40 - 60 C for

about 10 - 30 minutes. Other processes or wet etch process parameters may
to1EQs s S Hei [ OO BB OPh d P8 %m%ﬁbﬁéwﬁiﬁsﬁtﬁ%wm%@é@m logic

nanocrystal layer also removes exposed portions of the second gate

PofielBEtFE 8R! 3830 REM AL Bstre ] PhEB(R G SHB ORER e Ble (o
' ing of th d di ic | b h
ofE ndeienng e dnexposed secand gate diglectic yer benea.

e'Seco electrode. erring 1o Fig. layer

OlRR: ?Jcmﬁqﬂ@tcgﬁ‘gﬁsé%é’u§gfﬁ?nd gate 438 and logic region 509 is removed. In
one embodiment, the exposed ARC layer is removed prior 17 to processing

[06R]0QICARSIQIMERN 6?@!@[&'1@(:%?&2%@%@?A&%W?ﬁ&%é@gﬁ%{@ﬁl&ﬂmﬂ% .51,
logic poly implantation and logic poly etch. Removal of the ARC layer cangbe
Taghiexethbyhdabrexaivpleom plababeiehsalactive peosiician.of e aligh,fgion, a
example, comprises a plasma etch. Other techniques can also be useful.
miBR/OlcAften phmoneaisofiting, ARMdayed, theolegimbedimers praecsgsegdf &8 logic
shown in Fig. 51. To protect the memory region from being processed during
regroiceesipiisest dnpingdhe satficleciosdakerstichedmasiprotdhesist niaskxaapldbdopants

used. In one embodiment, processing of the logic region comprises dopin .
01%Hé”@éfé’]é@&twi&é‘{ﬁy@%ﬁ%%‘aﬁ%‘?s%%ﬁf‘seﬂﬁ%ti‘@%ﬁ.IFXS’F Exdiri ,taoapsaqw@-o%lae first
first polarity type are implanted jnto the gate electrode layer (indjcated by
R R R e e A S o A
transistor type. The first polarity type dopants are used for first polarit e
o oS R B R T A L R PR e

FEPPARIR 3EMBEH I RP R E@e@ﬁ“ﬁf RO AHART RhIBPASYEAhd transistor

transistor types may also be useful. P-type dopants can include boron (B),
tyRRRIRUALEAD @efi CORIRatipmthereafonbile sy pe) dapaMarAING Wde

phosphorus (P), arsenic (As), antimony
combination thereof while n-type dopants can include phosphorus (P), arsenic (As), antimony
(Sb) or a combination thereof. The dopant concentration can range about 1-9E15 cm™. Other
dopant concentration ranges may also be useful.
[0071] In 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. The 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 transistors to form a complementary type device, such as a
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(Sb) or a combination thereof. The dopant concentration can range about
1-9E15 cm 2. Other dopant concentration ranges may also be useful. [0071]
In other embodiment, first and second dopant types can be implanted for first
and second transistor types, forming a CMOS logic region. The first and
C@@E@ﬁwwaﬁ%t@bﬁégd%a%@qﬁ%&%%%w@%mr@.#tq?ﬁslﬁ%ﬁum%@s%@tes are
The dopants can be selectively implanted using implant masks. [0072] After
PRl the gate electrode layer in the logic region 509, the gate electrode
r is patterned to form gates, of transistors, as shown in Fig. 5m, Although
U e ST SRR P e T e snd e A i

reitérl&ﬂé? IPRIG fEdiaNe - g, gRIes rf&%%%e&ﬁ*c%ﬁx‘?ﬁ%&i%%ﬁl1%6‘9 SWPhd/or

ansistors to form a complementary type device, suchasal

sifiesRigReNBi-Meial oxiHaSeRi RRINH W ACMOR) deMicR fiRahe spacers.
configurations of gates are also useful. [0073] Spacers 460 can be formed

venosidewliguet tae gatapioytiadagit andspaceRryoregiaiise, thmpacees ifor
example, comprise a dielectric material such as silicon oxide and/or silicon
deyitddel @thersiypestohoigiectricdiateralsertimhatsoine psefobtofdrmnpher layer,
spacers. Various techniques can be employed to form the spacers. For
leayiamiteccasspabe sidgretlis otidasirsd brother sutbsthanensth thp aprseneehtdbe
remove the horizontal portions of the spacer layer, leaving spacers on the
CURp AP ATV R L R OINET e rfbRdiRRHe! tharspacerSeacHd: composite

ers with multiple layers. Other types of spacers are also useful. [0074]
[085thce asHdral HBIESFE ﬁﬁ&bi%ﬂgﬁr%r%?ﬁ%e& %F e R aHELEs L Sne

e godirqent the S%Jrce/drain regions are ort}ned.aftﬁ{ forming tpﬁe spacers.
€ E(]) imen thé S(()Jll‘ae rain reeions a ?orme da ter min GF acCers.. FS Urce and
e source an rain regions are formed by, for example, ion implantation.

afalFSIBBR SPLEGHATERIY, 16010 AR0RG YR SPHECR/FLABUISARAR 3R and
formed by separate implant processes. Other configurations of forming the
scSBHIG{HrainrEsRians &R AlsanURafimba 59 LbRimaS UMY 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. 5e. 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
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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
layeatuhidg, roRAIRG BRIEWY Rfdks MEeRbIle 0 da i aNpassivatiims gcifgysecond

assembly and packaging. Other processes are also useful. [[007,6] Figs. 6a-d

SURAURE AH AT hafile PROCAKE PAYSH R R Eit S8, LR RIS BB SPECE 5SS

ilar point of processing similar to that of Fig. 5e. Referring to Fig. 6b, the
B R M T T s M P AR i de

rel RO FPHGRIES  MRAUQUS FREANG H&%Srntéﬂgﬁ't@&&%%ﬁ]fcei&%ﬁéﬁﬁ KRR BSer The logic

employed for patterning the substrate to form the split gates. Removing

reBRIIANS Qfsthe frsth ORkeeleciRde1RY8L,RXBOSaRPRRIONS Qf Jﬁ@?ﬁ@ér&ﬂé‘de. In

ielectric 19 layer while removing portions of the second gate electrode layer

oXfabes pettjonspidhe satands patasisiacthc dayasiylhs. NFask-aleplprotaasase

the logic region during patterning processes. [0077] After patterning to form
ofthe ipplit gatekcltheimaskishemopueide Asshpwis irriged o) ergroreuirgntinecrystals.

mask exposes portions of the inter-gate dielectric layer and ARC layer. The
[09HE redienshbalyaidde thewsuthecipddp-peaeesiakeistritothifeho vapabrsl AR feglcthe

and gate electrode. In one embodiment, the process continues by exposing
N ARG &Y o Modififp ROTP RS O Tche @ BN IRt Fatd difeErted g, the

the top oxide sub-layer.is removed to expose the nanocrystals. [0078] The
PISGBSIrE e T RHER 84 El%&lf’oeb?%%is%‘?ﬁtg’% f’rﬁglfiw&ré% et b%?ﬁi e

nanacr, t%tal layer t forra Lnogified ortions of the nanqﬁrystal layer. In one
the s%e [0} € ntané]crys als. ther YPES Ol processin o redl}}]ce €7S1Z€ O € Panocr&stﬁ_}s may
embodiment, the” processing-comprises oxidizing the exposed portions e

210 BORLYRIR! PAYEFQ PlE %?&J@sgfﬁ%eat R SizROlhe CA0FINSIARGAINGH l%nféze

of processing to reduce the size of the nanocrystals may also be useful.

bétseferakimdhriRncesaing M derst reducasitimosizenniihe rﬁﬂ@ﬁﬁﬁﬁiiﬂ,&ﬁ@ a
size below a threshold diameter to enable their removal without remnants.

threah&xdaimpleetheatbie shald. dameiardshaldaliin&annrOike ibreshaldther
diameters are also useful. In other

embodiments, the exposed portion of the nanocrystal 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 as oxygen

containing ambient. For example, the oxygen containing ambient can be oxygen (O,) or ozone

(O3). 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.

[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
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embodiments, the exposed portion of the nanocrystal 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 as oxygen containing ambient. For example, the
regiabAf cbheaidired stslsife GarPBR B /gus ORI ovtiate(@sl lapvende ARC layer

embpodiment, the processing comprises an ozone clean. The ozone clean can

reB?—f”‘BB%fBVﬁ’iélaeétaE BRI BYE"SF about 400 C to oxidize the nanocrystals.

oSS SRERRYRL SSid e ambisnis gr empcrates RAS0, e

usetul. [ S shown in he modifie ric

wiAROCYIBl VPN IS MSMANANLIAS RN A SISTBVEH  REMOY AL Ofne

the modified portions of the dielectric nanocrystal layer is selective to the

ARGngaterlantiads [Ryessans subsiiaie: FahexamRigc heRQ removat efch, for

the oxidized dielectric nanocrystal layer exposes substrate and leaves the
AR dayer végmddRing evaidine gateoeteesiotedayers3(0R8dlel omer processes or
embodiment, the removal of the modified portion comprises a wet etch. The
waret@tphocampletebtaemoyesoie nyefilified portions without any nanocrystal
remnants. In one embodiment, the wet etch comprises DHF and SCI with
(098] asonite peoweabofithe mediBednoivions dithp dictesttib aperfosabldyst aximges the
40 - 60 C for about 10 - 30 minutes. Other processes or wet etch process
sybstiairetaromRsEhedinenh<BeUr TOTR thicmafidrmhpestions AhodrReVpbriBAsd
of the djelectric nanocrystal layer exgoses the %bstrate. In so

PR AEMC A S SUElF B thE YRGS Yot Sé’f%‘c?‘rg%eo?}é@z%é%%}d be

sé?é’crtté%???aov% QR e?ﬁurt‘tdn%‘%ftﬁﬁje'%'%%35%@'%%%%§8de%a$§§1%1teré§i§‘f&’@{?&%eiﬂ%gg‘é@om
time shoul € seilected 1o avol naercutting he unexposed second gate

gﬂéeéf‘e%t%@mebﬁ[}@&%&ﬁ;ﬁ%%Ek&%’e&l?ﬁﬂ%@(?ecmﬁf@ OSEHR CARLiRKES as
described with respect to Fig. Sj and onwards. [0083] As described, the ARC

[0688" and NAReRRkatalS ARCEMPOVAR RERIIOSRIOGRSRIRGAE pIRFiG [9EIeMing the
Furthermore, the nanocrystals are completely removed. Completely removing
ld§ie region. Furthermore, the nanocrystals are completely removed. Completely removing the
nanocrystals and ARC layer prior to processing the logic region has been found to improve
uniformity in gate electrode resistance variations across the wafer.
[0084] The invention may be embodied in other specific forms without departing from the
spirit or essential characteristics thereof. The foregoing embodiments, therefore, are to be
considered in all respects illustrative rather than limiting the 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.
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nanocrystals and ARC layer prior to processing the logic region has been
found to improve uniformity in gate electrode resistance variations across the
wafer. [0084] The invention may be embodied in other specific forms without
departing from the spirit or essential characteristics thereof. The foregoing
WripoeitHesftdstherefore, are to be considered in all respects illustrative
rather than limiting the invention described herein. Scope of the invention is
thus indicated by the appended clairﬁg‘%er than by the foregoing
1'desg:gx g%ﬁfoﬁ?gﬁ?” changes that gogm;gvithin the meaning and range of
e

ormin semiconauctor Vice comprising. . .
equivaléncy of the " claims are intended to be embraced therein. 21 What is

Claim&%Jﬁ‘ﬁMﬁra}e 61‘ ?E‘&%&Pﬁxf&rgﬂﬁ‘%@o&? pé' Q&d‘yﬁfp{ gr%ﬂ?e_%ice layer;

comprising: providing a substrate prepared with first and second regions with

a firskggvifelaehd my@glﬁls&ggﬂqsg@ﬂ%@*gﬁlgpmprising nanocrystals;
providing a cover layer over the second device layer, wherein the cover layer
compiseidiag patiesnegdcover Iy sicuhichexpnses aHefionafdte BgeORsnprises a
device layer in the first region and exposes the second device layer in the
paecotcregidny prebessingptheagpose dipo tions dflithesegonth deviost lagemiand
the first and second regions to form modified portions, wherein processing at
elpassisridd yeendris vienbaey stdle tieepeiangeedr below a threshold diameter in

the modified portions; removing the modifiedégortions; and processing the
secoREPFEYIHR hrSKPeIfOIMY I HiBRITFSNd Sitdtfslape AR G bR Fegions
herein the modified ﬁv rtions are removed without leaving nanocrystal

to form o 1f§dfﬂglﬂrllé,t TR PLocessIfg Al 8?ﬁt reduces the nafocrystals to a diameter

below a threshold diameter in the modified portions;
removing the modified portions; and

processing the second region after removing the modified portions.

2. The method of claim 1 wherein the modified portions are removed without leaving

nanocrystal remnants.

3. The method of claim 1 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 the 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 gate structure

of a memory cell with first and second sub-gates, wherein:
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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 the
modified portions and prior to processing the second gate electrode layer in
the sEtoiseCREGiBreate ThiePABR From dhsim B tiaticbsin roqt st betjisriliglectric; and
patterned to form a split gate structure of a memory cell with first and second
sub-dBtdEs\heRalS: 2 X IRESEdEen YhsHgate Ra8d bat atsant Shy #e A0 8f sreond
deb\X %@ecrond sub-gate dielectric; and the first sub-gate is separated from the
Substiate and the second sub-gate by the second device layer. 5. The
method of claim 1 wherein: the first region comprises an array region while
the second region comprises a logic region; the second region comprises a
5 seconfd e@nOstegleatiotedgayer with an anti-reflective coating over the
second region gate electrode layer; and further comprises removing the
anti-reflettive goatompiter mewngelibe Wedifietepeili ofs AN RPAskO logic
processing the second gate electrode layer in the second region. 6. The
regiethod 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
secofitd sedsghiegionsepapeseslroparh ecgighsirielpsiradsdeptidvsiisuyant-reflective
dielectric; and the first sub-gate is separated from the substrate and the
C%M@db@@ﬁ%@l@gﬁtﬁ@%&%ﬁsﬁ&%@%%ﬂ%é?d?. The method of claim 5
wherein the first region is pattgrned to form a spljt g%;e structure of a

memBy AR RSTeRY D8dohasis aths SRR HEREsA S g s

pSTRALAIRAEOMDR SHRRIAE DY &P ERNL S IRl AISIRCUIS R0 L gion.

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-gate is separated from the substrate and the second sub-gate by the second

device layer.

7. The method of claim 5 wherein the first 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-gate is separated from the substrate and the second sub-gate by the second

device layer.

8. The method of claim 7 wherein:
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the first sub-gate is separated from the substrate and the second sub-gate by
the second device layer. 8. The method of claim 7 wherein: 23 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 sHEJHE RGIEACTAT H Yh AtHBRINSHBIBFhCP \hihsTn AR first gate partially
overlaps_the second gate. 10. The method of claim 7 wherein the first glate
comphe 8L hdES it ShgatE AR THBSEEOML YR e aAissey Lol gits gripde

1 therzi%e% ogedC dlgav}C(aL(I)%yer serves as a storage layer of the memory cell. 11.

e methiod of ciaim 1 wherein the second device layer comprises silicon
nanocrystals. 12. The method of claim 11 wherein processing of the second
region comprises implanting ions into the gate electrode layer. 13. The

oImetorkah iRk L iRCIeIIRG e HOHE pONIRRRATLSRP A
oxidizing ambient. 14. The method of claim 13 wherein the oxidizing ambient
comprises oxygen or ozone. 15. The method of claim 13 wherein the
oxidizing ambient oxidizes the nanocrystals. 16. The method of claim 13

1@vheré&ir tinetlond diz g rambienticaheglietegyto c partially oxiodizeedhend the second gate
nanocrystals. 17. The method of claim 11 wherein removing the modified

cqoptiePrsAcolelinsesaad s sersnd davics 19iee seveEeh 08l oftetagmlayenphéreinemory cell.
removing the modified portions comprises a DHF and SC1 with megasonic.
19. The method of claim 1 wherein forming the modified portions comprises

an oxjdizing, ambient. _ . o
1. The méthod of claim 1 wherein the second device layer comprises silicon nanocrystals.

12. The method of claim 11 wherein processing of the second region comprises implanting

ions into the gate electrode layer.

13. The method of claim 11 wherein forming the modified portions comprises an oxidizing
ambient.

14. The method of claim 13 wherein the oxidizing ambient comprises oxygen or ozone.

15. 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.
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20. A method for forming a device comprising: providing a substrate; forming

a nanocrystal device layer on the substrate; processing the nanocrystal

device layer to form a processed nanocrystal device layer wherein the

nanocrystals are converted to a dielectric material, and removing the
Irocddsanslasorirgsia dbwbertsyemming Svepdiis porionsgeppsses a DHF and

comprising: a substrate with a device structure in a device structure area,
SHvhBIAH3859BVice structure comprises a patterned nanocrystal device layer

in the device structure area; and a non-device structure region in which the

patterned nanocrystal device layer is removed, wherein the non-device

1§.trucq‘ﬁce dﬁt‘ﬂgx%ﬁdcﬁﬁrﬂqqgggyg}?}oﬁm@atﬂgsmg&ﬁed portions comprises an oxidizing

ambient.

20. A method for forming a device comprising:

providing a substrate;

forming a nanocrystal device layer on the substrate;

processing the nanocrystal 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.

21. A device comprising:

a substrate with a device structure in a device structure area, wherein the device structure
comprises a patterned nanocrystal device layer in the device structure area; and

a non-device structure region in which the patterned nanocrystal device layer is removed,

wherein the non-device structure is devoid of nanocrystal remnants.
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