MEMORY CELL WITH IMPROVED RETENTION BACKGROUND
[0001]Non-volatile memory (NVM) circuits have achieved widespread
adoptions for code and data storage applications. An important aspect of
NVM circuits is their performance, which includes endurance (number of
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cycling. Within the industry, the performance of NVM technology has been

characterized extensively. Gene ; Neircuits should be able to
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Injecting hot electrons into the gate dielectric of the floating or select gate of
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(Fowler-Nordheim) FN tunneling. Leakage paths in the dielectric layer can
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method for forming a device is presented. A substrate prepared with a feature
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formed on the first and second adjacent surfaces of the feature. A first portion
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whereas a second portion of the device layer over the second adjacent
XA B RVERPERRYFD-crystals. [0004]In another embodiment, an

lternative method for forming a device is disclosed. A
[0%68] Programming the memogy to a program statecl)nvolves, for example, injecting hot

electrons into the gate dielectric of the floating or select gate of the memory cell, while erasing
involves discharging the gate dielectric by (Fowler-Nordheim) FN tunneling. Leakage paths in
the dielectric layer can exist, degrading the retention of the memory cell.

SUMMARY
[0003] A method for forming a device is presented. A substrate prepared with a feature
having first and second adjacent surfaces is provided. A device layer is formed on the first and
second adjacent surfaces of the feature. A first portion of the device layer over the first adjacent
surface includes nano-crystals, whereas a second portion of the device layer over the second
adjacent surface is devoid of nano-crystals.
[0004] In another embodiment, an alternative method for forming a device is disclosed. A
substrate prepared with a second gate feature is provided. The second gate feature has side and
top surfaces. A first gate dielectric layer is formed over the second gate feature and substrate.
The first gate dielectric layer is processed to form nano-crystals in first and third portions of the
first gate dielectric layer over the top surface of the second gate feature and substrate, while a

second portion on the side surfaces of the second gate feature are devoid of nano-crystals. A



substrate prepared with a second gate feature is provided. The second gate

feature has side and top surfaces. A first gate dielectric layer is formed over

the second gate feature and substrate. The first gate dielectric layer is
processed to form nano-crystals in first and third portions of the first gate
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while a second portion on the side surfaces of the second gate feature are
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feature disposed on a substrate. The feature has Tirst and second adjacent
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adjacent surfaces of the feature. A first portion of the device layer over the

thirséaciagpntosuriacgiinclupiesnnanane YisiRidg Whsaags Alserandp artomveirtion
the second adjacent surface is devoid of nano-crystals. [0006]These and

oathée ehjenisdiong withcadvdetages andfaaturss of the present invention
herein disclosed, will become apparent through reference to the following
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understood that the features of the various embodiments described herein
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arRﬁ%leﬂHlﬁ&igfﬁhe invention. In the following description, various embodiments
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e present invention are described with reference to the following
drawings, in which: 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] Fig. 1 shows an embodiment of a memory cell;

[0009] Fig. 2 shows an embodiment of a memory array;

[0010] Fig. 3 shows a cross-sectional view of an embodiment of a memory cell;

[0011] Figs. 4a-g show an embodiment of a process for forming a memory cell; and

[0012] Figs. Sa-f show another embodiment of a process for forming a memory cell.

DETAILED DESCRIPTION



[0008]Fig. 1 shows an embodiment of a memory cell; [0009]Fig. 2 shows an
embodiment of a memory array; [0010]Fig. 3 shows a cross-sectional view of
an embodiment of a memory cell; [0011]Figs. 4a-g show an embodiment of a
process for forming a memory cell; and [0012]Figs. 5a-f show another
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DESCRIPTION [0013]Embodiments generally relate to semiconductor
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chips (SoCs). The devices or ICs can be incorporated into or used with, for
IEXNPIGCSRRSUMBL RIREHCN IR BIAAHEISwRHCR AS & RIBIPUETSuR&! RRABER RB8Cts,

personal digital assistants (PDAs). [0014]Fig. 1 shows a schematic diagram
swehap @mboedi)cel phenmemopscelal AQitdhasistants (PDAs).
[0014] Fig. 1 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 gate 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 configurations of gates and terminals are also useful. For example, the first gate
can be a select gate, the first terminal can be a drain terminal, the second gate can be a control
gate and the second terminal can be a source terminal.
[0015] In one 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 gate dielectric layer or layers 120 isolate the
gates from each other and the channel. Other configurations of the gates, for example, non-
overlapping gates may also be useful.
[0016] 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

about 0-14 V or about 8-9.5V, V,, can be about 0-3V or about 1-1.5V, V4 can be about 0-7.5V or



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 gate 134 and a second gate 138. In one embodiment, the
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terminal, the second gate comprises a select %{ate and the second terminal
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gate i$ adjacent to and patrtially overlaps the sécond gate. For example, the
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embodiment, a portion of the control gate is disposed over the channel region
teafigbp@stiatiyeypriaps theosetechagalepiiiento vies lapniegieslli3acée gate memory cell,

dielectric layer or layers 120 isolate the gates from each other and the
swhanmpedgtatheingomiiguadingns of the gates, for example, non-overlapping

gates may also be useful. [0016]The control gate is coupled to a control gate
[0dfthge doanrceiglintvatstiestigatelisiccupietconarssietisgand wsieadgate dielectric

source (Vsg), the source terminal is coupled to a source voltage source (Vs),
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be ahout 0-14 V or abgut 8-9.5V, Vsg can he about 0-3V or about 1-1.5V, Vd
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S‘%-S(gr.a%/. To program, for example, V, can be about 5V, Kg can be about 9V,

sg can be about 1.2V, Yd can be about OV. To erase, for example, Vcg can
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for example, Vscan be about OV, Vcg can be about 1.2V, Vsg can be about
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memory cell, for example, depending on the technology. The appropriate
coaffagesiae supplieditosthemheemayy daliio-acsassithe nermotyeteall, Baaixanple,
programming and reading. [0017]In one embodiment, the gate dielectric layer
goorprisey fitkednpes e omb gayetdislaotiic layerdhEHesseeeniclyate diglentnmprises
layer isolates the second gate from the substrate; the first gate dielectric layer
fifsatesseprdfiteitigate Fiosrpxaerke enidryaer tennast denge first Gm@igbihipleis
substrate. [0018]In one embodiment, the first gate dielectric layer comprises
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substrate on which the memory cell is formed while the second portions are
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portions of the first gate dielectric layer comprise nano-crystals while the
cadrcelinyiataéd, aherelsanpriroiny the: staocichportitniss kfhas heaordisibvered

that, by avoiding nano-crystal formation at the vertical or sidewall of the
[a8dAtrol date asthselettyhedinwakabe pativoanrhe Bliminatedetivorkingnt, the

improving retention characteristics of the memory cell.
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



[0019]Fig. 2 shows an embodiment of a memory array 200. 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
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and a column corresponds to a bitline (BL) 289 of the array. In one
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The memory cells may be configured in a NOR type array architecture.
likdy angiBDstbeomamey yiedlls frovidemypeseotaitay arehitestor s, sued@sells. SLs
NAND, is also useful. [0020]Fig. 3 shows a portion 300 of an embodiment of
argl d¥¥liceray e c Ap st oovhe tihenporticrlsnsldeiesd Jlbstratery@dliTey be configured
substrate, for example, comprises a silicon substrate. The substrate can be
inigNBRIGpe arwithrphiigst o pais 20gHbe myprerptelhstribes agerfasrelicon
germanium or silicon-on-insulator (SOP, are also useful. [0021]The substrate
archjtepistetishets NANE r&qibiA 8ittontaining memory cells 100. In one
odiment, the memory cells comprise non-volatile memoyy cells. Other
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are included in the device. The array region can be arranged to have

cGHbiRAQNSIGEHESRANGINGLEs (25, examplasgteups of memory cells.
[0022]The array region comprises doped wells (not shown) with dopants of a

[Ost]polariy dyperalhesbpeepialisvwitay bginicmediaialingaarilcdBp@d. In one
The first polarity type can be n-type or p-type, depending on the memory cell
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cells. For example, n-type wells are used for p-type memory cells while
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pr%pared with other types of regions may also be useful. 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.

[0022] The array region comprises doped wells (not shown) with dopants of a first polarity
type. The doped wells may be intermediately or heavily doped. 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. Providing an array region with a



combination of first and second type memory cell regions may also be useful.

P-type dopants can include boron (B), aluminum (Al), indium (In) or a

combination thereof while n-type dopants can include phosphorus (P),

arsenic (As), antimony (Sb) or a combination thereof [0023]Additionally, the
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supstrate may also include regions for other types of circuitry, depending on
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5]In one embodiment, a memory cell comprises a transistor with a gate
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example, serves as a source and the second terminal serves as a drain. The
typewice asgladmin comprise, for example, second polarity type dopants.
[0026]The gate, in one embodiment, comprises a split gate with first and
[092ddnd JatesiBdtamect188s Forexamgissthefiistgate cotprisesadeointrobgions
gate and the second gate comprises a select gate. The gates, for example,
frerapiis ecpoydeieesreoner agaed nede rlais splatils segswfu foT hsagwle scaneprise
isolated from each other and the substrate by a gate dielectric layer. In one
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separating the first (e.g., control) gate from the second gate and
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the second gate dielectric layer comprises a low voltage (LV) gate dielectric
pbRYRY (JhedoMagate dielectric layer, for example, can comprise silicon oxide

having a thickness of about 10-100 A. Other materials or thicknesses may
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be a gate conductor which serves as a common gate for a
and 138. For example, the first gate comprises a control gate and the second gate comprises a
select gate. The gates, for example, comprise polysilicon. Other gate materials are also useful.
The gates are isolated from each other and the substrate by a gate dielectric layer. In one
embodiment, the gate dielectric layer comprises a first gate dielectric layer 328 separating the
first (e.g., control) gate from the second gate and a substrate or channel 114 and a second (e.g.,
select) gate dielectric layer 322 separating the second gate from the channel. The first gate
dielectric layer comprises a tunneling dielectric layer. The tunneling dielectric layer, for
example, comprises silicon oxide of about 6-20 nm thick. In one embodiment, the second gate
dielectric layer comprises a low voltage (LV) gate dielectric layer. The LV gate dielectric layer,

for example, can comprise silicon oxide having a thickness of about 10-100 A. Other materials

or thicknesses may also be useful for the gate dielectric layers.



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. [0028]The first or control gate

dielectric layer comprises first and second portions in first and second
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parallel or horizontal to the major surface of the substrate while the second
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AANG crystals comprise silicon. Other types of hano-crystals may also be

udisgd. For example, nano-crystals may comprise germanium or other types of
crystalline material. In one embodiment, nano-crystals are only present in at
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from the second portions. In one embodiment, the nano-crystals are only

alr esMtlini_tiRastiso merefdhrdetzortaiportivnesiak the ditsh gate diglgefricparallel
layer while absent from the vertical portions. [0029]Figs. 4a-g show

ochosgesedtioral mgursofan einfzodibsent oftél priocessiddfounmg sspelgeicicolar or
IC. Referring to Fig. 4a, a substrate 105 is provided. The substrate can
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types of substrates, including silicon germanium or silicon-on-insulator (SOP,

ong gmahedi BN OORDTrIEAS IR IS i eharkbrWRCa Ry FBgal may also be
containing mPimor cells. In one embqdiment, the memory cells gompr'?e
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type. The first polarity type wells are used for second polarity type memory
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p-type wells are used for n-type memory cells. P-type dopants can include
dibreonc(ByealuminabwiAhoindie Retin)lgoaicambination thereof while n-type

dopants can include phosphorus (P), arsenic (As), antimony (Sb) or a
[093bindtign thezebb0OBIjAcldition afisy shd substradensrapingiudesa fogierming a

portion (not shown) for support circuitry. The substrate may also include
deeigiorid forRafearingpe Siaf tircuintstaEpEiding onfdete tlreswdiaidcarororaprise a
silicon substrate, such as a lightly p-type doped substrate. Other types of substrates, including
silicon germanium or silicon-on-insulator (SOI), are also useful.
[0030] 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 doped wells (not shown) with dopants of a first
polarity type. The doped wells may be intermediately or heavily doped wells. 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



[0032]Generally, the IC includes regions with both first and second type
wells. To form the doped wells, ion 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
boEsicRs alrenis (SdrinGonBETT e Seasalia U pechrap kBl RitAIRYIEFGA

regions (not shown), for example, to separate the active re%?ns from each
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ipns comprise STIs. Various processes can. be empl to form the STI
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such’as silicon oxide. Chemical mechanical polishing (CMP) can be
yypedprned i@ femove excess oxide and provide a planar substrate top
surface. The STI regions can be formed, for example, prior to or after the
[OesPnatioGaictarydaRdd wellgleOifesRrA0aIRes MisnateiialacapalsalbeTuseem the
to form the STIs. [0034]The substrate may be implanted with dopants to
datefinectheiimitimbyatetin esthoidues)tage {Vih)pMatrous vayer smofktheusbe o] o he
select gate are formed on the substrate. In one embodiment, a second or
fiess ek gaga diiede oralsl age pa 2ms danrpeidrols thecstsostratbeThehrigsontdgipmning
dielectric layer, for example, comprises a LV gate dielectric layer. The second
thg AR RdReMtnE H5AFOiRsBINe embodiment, comprises silicon oxide. Other types
f gate dielectric layers, such as silicon oxynitride, may also be used. Varjous
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second gate dielectric_layer. The thickness of the second gate dielectric layer
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electrode layer 438 is deposited on the second gate dielectric layer. The
reSRARNGE Gt RISICLAdURNRECOMBH SRS lNUOME SEMAMIMSIN (Ratysilican dhe
gate electrode layer can be formed as an amorphous or non-amorphous
tréayREs WhelgatetrladiedevinayidecdapasteNasiows techidghesissay bénical
employed to dope the gate electrode, for example, insitu doping or ion
migniplaictd iohs P Vidhid) amihedepedgdt® eletivodeckayoxagnd o deusptular
Other types of gate electrode materials are also useful. The thickness of the
sstatsd gt iefsctidd e [dyeginray aeba oo ioseaampie. otarieibseaihents,

the thickness of the second gate electrode layer may be about 500 - 2000 A.
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. e substrat implanted with dopants to define the initial gate threshold
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voltage (VT). Various layers of the second or select gate are formed on the substrate. In one
embodiment, a second or select gate dielectric layer 422 is formed on the substrate. The second
gate dielectric layer, for example, comprises a LV gate dielectric layer. The second 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, such as thermal

oxidation or CVD, can be employed to form the second gate dielectric layer. The thickness of



[0036]The various second gate layers are patterned. In one embodiment, the
various layers are patterned to form a dual second or select gate stack.
Techniques, such as mask and etch, can be used to form the dual select gate
stack. For example, a photoresist layer is formed over the gate layers and

the stetifban e LRl FORISHY SriROYatE 18)ets. The Sersskesficlisterrisltysagn be
a reactive ion etch (Rllé)lﬁ{ié (iferformed to remove exposed portions of the
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C) can be provided beneath the photoresist. [0037]Referring to Fig..4b, a
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embodiment, the first gate ctric comprises first and Second sub-Tfayers.
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dielectric materials are also useful. The first sub-layer 426 maybe formed by,
dépeexannole, taniat oxgdabioemplogse emhedivent thetfisat Fabehayaplis insitu
formed by furnace deposition. The wet or dry oxidation temperature can be
dghngiv800 ThphthaidecHhigudsdan forjrg the sidotayeagamalgalbebassiill.
The thickness of the first sub-layer 426 can be in a range of about 10-100 A.
Othenéyngrickisessdectialy alssriids aseflfo [0088] AheHuokndss Fighascadnsl satcond
sub-layer 428 is formed over the first sub-layer 426. The sub-layers are

clegfirdedarsity b auE P Yo pBvidd Hather eRRedime i i FBick P i Bisgstand gate
dielectric layer. | diment, th ond sub-| ises sil
S B ST ot tne KOG S L R B FRdor he

d sub-| f | i h ilicon. t f
sSLEqnd suRlayer 11%%%%? Egﬁcss%f%P“S%%ﬁP :Oa{ﬂ%‘rl*n e%UsEPn B) ¥Qr?§e‘r’]uéed.

as C 10 ,
SsiHicon comprising IS ma 0 De use g other pes f seco

Oﬁ%tp-t@m[&ufégragg@%ggg%es of nano-crystals, for example, germanium, is

also useful. [0039]The second sub-layer is selectively deposited or formed on

[0655 PUbstiatQa iR seeand stibnayeeaniihie desriibaddnsefaithiSvarious layers

subsequently processed to form nano-crystals. In one embodiment, the
arsgaasthsUi-fayarachalpesas aneraatosmat. |ayehmviiel fatmssemikand etch, can
horizontal portions (e.g., along or substantially along the plane of the
bsufsittato)yofthhelsubskreteanote ke léutbrelyiilzan gheteresnishrizont@rpertions the
For example, the second sub-layer is selectively formed on the first or
SHOHRGHANH BRHSHS Giete S BerAIens| Af drfoate) BB eHit, AERIEARIE 151 EBr MRS 2
the second sub-layer deéoosits the second sub-layer on the first portions at a

regraRAPIAAE R this BREUMREDEHITHEY FOREATRBIIOM I S Taydrigprove
foimed on ne top surface of (e second Rie-and substiale fan e 81988 01 i
[0037] Referring to Fig. 4b, a first gate dielectric layer is formed on the substrate, covering
the dual select gate stack. The first gate dielectric layer serves as a tunneling oxide. In one
embodiment, the first gate dielectric comprises first and second sub-layers. The first sub-layer
426, for example, comprises silicon oxide. Other types of dielectric materials are also useful.
The first sub-layer 426 maybe formed by, for example, thermal oxidation. In one embodiment,
the first sub-layer is formed by furnace deposition. The wet or dry oxidation temperature can be

about 800 °C. Other techniques for forming the sub-layer can also be useful. The thickness of



[0040]In one embodiment, the selective deposition forms a second sub-layer
of sufficient thickness on horizontal portions to form nano-crystals when
subsequently processed while the non-horizontal or vertical portions have a
thickness less than that which forms nano-crystals when processed. This
thg\ iR SWPrdaFS et OF ian&BEy SIS B thd é@d@s Qfhgidhigteeseoranaitisibe
the second sub-layer is selectively deposited by a physical vapor deposition
u \‘}D) process. PVD processes can include, for example, sputtering. PVD
RRGESSER SN deposit the, layer wilh preater, han or cqual10,6:4, NOTORAL 4
to vertical deposition faté’ratio. Other selectivé dlep05| ion processes may

TASQRE HSe L JORELIAH NN HI AL RANKEHFIAR HARAR UGS gate

the first'gate dielectric layer. To form nano-crystals, the substrate is

di@f&@ﬁ@%@ﬁolﬁ%éQ%ﬁoﬁ%ﬁt%@“&é&ﬁ%ﬁﬂﬁkﬂgﬁ%s@ﬁ BESREPPRvide silicon
sub-layer 428 to form nano-crystals therein while fully consuming the

ndRchRtIOntapeiian Sakullyleanswning The ssosnheitzaiyial perionsRIevaHSses
formation of nano-crystals therein. In one embodiment, an oxidation process,
arsugihas si@nndahdastepapldypdctoo oxididethdagecondy sito-layeeA28Pidvéling other
oxidation forms nano-crystals in some of the horizontal portions of the second
typahabsrspa 81hvhikerfuity dbfeserrhivigstiné maon-postabniel poriots Sooariimolkelso
embodiment, a dielectric cap layer can be formed over the nano-crystals. The
u%f’éﬁb‘-layer can be formed by, for example, CVD or rapid thermal CVD

CVD), The dielectric cap layer.improves tunneling voltage. [0043]A first

[0 gé e|eiﬁsaf‘e0? éPﬁZl‘é%‘/ 98 S%Ei‘éedgo%?ﬂ%‘tgf?BEf]l"éE%?da%“s%Enﬁg}?ﬁH g.TES.SeC(’“d
e first gate electrode layer, in one embodiment, comprises polysilicon. T

R G B L T R R R R e

el NREmERE tg@ts%c%lﬁfg[%dﬁejé‘ryc% £ dopedpeHndeRer AMGLIMRGS algate

electrode materials are also useful. The thickness of the control gate

h&lesHads ayes is oforexaninimsahakilyl AreQRA AN HBIGIBSRS SRR MBtrate
useful. To form the first gate electrode layer, techniques, such as chemical
méapaidepeositien (o, canhealsedionhBotechnigelebeake @lgaubskafiek is
selectively formed on the first or horizontal portions of the substrate. In one embodiment,
selectively forming the second sub-layer deposits the second sub-layer on the first portions at a
greater rate than the second portions. For example, more of the sub-layer is formed on the top
surface of the second gate and substrate than the sides of the second gate.
[0040] In one embodiment, the selective deposition forms a second sub-layer of sufficient
thickness on horizontal portions to form nano-crystals when subsequently processed while the
non-horizontal or vertical portions have a thickness less than that which forms nano-crystals
when processed. This avoids the formation of nano-crystals on the sides of the gate. For

example, the second sub-layer is selectively deposited by a physical vapor deposition (PVD)

process. PVD processes can include, for example, sputtering. PVD processes can deposit the

10



[0044]Referring to Figs. 4f-g, the substrate is patterned to form adjacent

memory cells from the dual gate stack. Techniques, such as mask and etch,

can be used to pattern the substrate. For example, a hard mask can be used.

The hard mask may be patterned by a photoresist mask. Using the patterned
lapigt o iR N o6 oIt fih hetigAnid RIEerietdessifiengate miirerQtepr selective

create the desired structure. In one embodiment, patterning of the substrate

d3BORIFT REFSEERAT BENSEAP eIy dual damascene techniques. For example,
irst. patterni rocess patterns the first gate .and first gate dielectric laye
Lot i R e ol S R

TYMESIAGK: AR Wit &8 JARERLING &{&%%%esls%fétmﬁét}&%%fB‘Srtions of

device. For example, additional processing can include removing of the mask
HAYRL P LIHNGy BRI Sid WAl ARG E) St RAHERS RN ATy IR hBGIRNBAR-horizontal
salicide contacts, filling gaps with dielectric material, forming one or more
péaisrsomastcealsifinat passivationadioiign ApaeeHNY @hd (Rackaging cHthes
processes are also useful. For example, other components, such as LV, HV
tharedhl 10 devigebodancoe doronekdtpngriocdsrmicigathen intecaboinneoplonsd Thexidize the
memory cells can be formed as a memory device or embedded into a part of
sa@yd [0b48)RIgS 35 s hodaaendhens akue-eivitdeimwmeodiHe ppozesil portions of
Referring to Fig. 5a, a substrate 105 is processed to form a second dual gate

thersgaorshstied aishrditehile ShywATMIRIGE die nemcheEzoMY B0RIWate stack
omprises a second. gate dielectric layer 422 and a second gate electrode
["Z’S‘%}. Th %?B%S%@%‘Bgﬁﬂhé‘ B?F?B%‘fgﬁ layﬁFsﬁaae‘Ef’e%?ﬁniﬁ P Ghtd digngtals. The

Ca{ayfé-:-regga% e§ubstr te. 1;ln Qne em

badiment, the.first i ic.layer .. .
e T R S R A D SRR e
ca?»‘l%@rﬁ%p?&@ﬁxfﬂéﬂﬁg \Qﬁltglgg substrate, covering it and the dual gate stack.
h

e first sub-layer serves as a tunneling oxide. The first sub-layer, in one

[odayodiments GamRlisasR filicpmichdiRiartiicdayetudhe dilicensiahin Fig. de.
dielectric layer comprises, in one embodiment, Si", where x = 1-1.5. Various

Thedhsiguesisuchiag{be imahyanbudineyid porapiiie O Sl RbIOW I @t ctrode
chemical vapor deposition (LPCVD), can be used to deposit the Si-rich

lagitelgatie filrmev ey thersuipbtrater Inoamapibodiment, the SBieridtr didektyte fidlimbe
is deposited using LPCVD. The LPCVD is at a pressure of about 0.1 to 100

depee andndapedp E¥&ai e nst abstie 2B0tteds 0nTE BheE mMehAtgives The thigkngep of the

the first sub-layer are also useful. The thickness af the Si-rich dielectric film

C(&’éﬁ)}o%ﬂiﬁ %ngHS%I?)‘f?ﬁjﬁ’ é‘?(’éerﬁﬂfé’,l%llﬁéﬁ'[‘tﬁl 98—560”% Other thicknesses are also useful.

To form the first gate electrode layer, techniques, such as chemical vapor deposition (CVD), can
be used. Other techniques are also useful.

[0044] Referring to Figs. 4f-g, the substrate is patterned to form adjacent memory cells from
the dual gate stack. Techniques, such as mask and etch, can be used to pattern the substrate. For
example, a hard mask can be used. The hard mask may be patterned by a photoresist mask.
Using the patterned hard mask, an anisotropic etch, such as RIE, patterns the gate layers to create
the desired structure. In one embodiment, patterning of the substrate to form adjacent cells can

employ dual damascene techniques. For example, first patterning process patterns the first gate

11



[0048]In Fig. 5b, dielectric sidewall spacers 510 are provided on sidewalls of

the second dual gate stack. The sidewall spacers should be sufficient to

prevent formation of nano-crystals on non-horizontal portions of the first

sub-layer of the first gate dielectric layer. In one embodiment, the dielectric
angdishgnte Sidersie prisesbRygdn friehiietetasRn diniésiaingpinqess patterns the dual

embodiment, the dielectric sidewall spacers comprise oxygen-rich oxide. For

Seé%?lrﬁﬁtg,Sfﬁgs?aémfls}ﬂfé%régcomprise oxygen-rich SiON. Other types of

en-rich dielectric materjal_can also be used to form th acers. The
s L Sp e ol LA St 00 Bt AT B oo can

il HRKNERRS T e S0, 0E e T 100G %LTeost?é%ﬁigﬁ‘é’&U, IBACE Fafh IR

dielectric layéer is deposited on the substrate. The spacers can be formed by

regﬁiﬁga\ﬁ@fi%&g%ﬁ‘t%t@%l% ba3$ wlasmac-enhansedchemiad ¥aPY more
eposition (PECVD). Other techniques to form the spacer dielectric layer are

inddsnaetubviRersppsakdielealitinyekissulsadyacithsmaisoepisaldysses are also
etched, such as by reactive ion etching (RIE), to remove horizontal portions,

udefvirigpnormhplkizottalcoonorsassitlewhNs A spadersicl0asehadsifiowadmprior to
Fig. Sc, the portions of the first sub-layer exposed or unprotected by the

fospag eeanecisrapessets. Ihhsracambyouitnem, thEourpbaed porondayiaherfirst
sub-layer are processed to form nano-crystals 548 therein. In one

crahsHdUl AR Rife EXFdsed portions of the first sub-layer are processed to

electively form silicon nano-crystals therein. Forming othey types of
[Oi?é -cr?fé?&lssﬁﬁfﬁ?é"ﬁ%‘t %ﬂ%%‘?*‘r‘ﬁ‘gﬁ’/dz‘%%lb%f eﬁfﬁ?ﬁg“/ o g&ﬂ%d({ﬁég' 53,8

non-horjzontal portigns of the first sub-layer with the spacers, the -
subs{}alt']e ftfsols I‘OQGSSG%QO tflg)rnilyafsecon% (Rl ﬂ%ﬁlﬁe t?_la(r)]( on tﬁg (S_ﬁi)Stl‘ te as s Oﬁrel li‘lllrls:{g 43..

nano-crystalg are selectively formed on € exposed portions of t

TRYQ:LBYE AR RO EHIPRANIMERIRTEE SRR 19780 ARSI gae

comprises annealing the substrate. The annealing is performed at about 600

ellRdQRAGForRbpr-as fuhmillizasoresite a faw Hndradsesandsiditfihyer on the

annealing temperature or durations may also be useful. The processing
sievitag NN one rataisiasny etk as @ poxide dayrrayetiengxpesadiprdinostaiktheth

first sub-layer. [0052]The process continues as illustrated in Figs. 4e-g, for
mgkarepley-Byghown in Figs. 5d-f.

[0047] As shown, a first sub-layer 526 is formed on the substrate, covering it and the dual
gate stack. The first sub-layer serves as a tunneling oxide. The first sub-layer, in one
embodiment, comprises a silicon-rich dielectric layer. The silicon-rich dielectric layer
comprises, in one embodiment, Six, where x = 1-1.5. Various techniques, such as thermal
vacuum evaporation of SiO or low pressure chemical vapor deposition (LPCVD), can be used to
deposit the Si-rich dielectric film over the substrate. In one embodiment, the Si-rich dielectric
film is deposited using LPCVD. The LPCVD is at a pressure of about 0.1 to 100 torr and a
temperature of about 200 to 600°C. Other techniques for forming the first sub-layer are also
useful. The thickness of the Si-rich dielectric film can be in a range of, for example, about 6 to

20 nm.

12



In Fig. 5d, a first gate electrode layer 534 is deposited on the substrate. The
first gate electrode layer, in one embodiment, comprises polysilicon. The gate
electrode layer can be formed as an amorphous or non-amorphous layer.
The gate electrode layer can be doped or undoped. Other types of gate

(09 trod &higtetraicArer i siewatuipases ﬁﬁ@l@ﬁ%@%’ﬁﬁ%@%éﬁ%ﬂﬁ@%@é the second

electrode layer is, for example, about 100-500 A. Other thicknesses are also

ISP S5 orPhid el GRS EI SR TAYEI AR RIE IS HetrRgarystals
d ition (CVD), b d. O hni . ful.
o ARSSSEROTONCHDN b0 ke totd OlPs el are g useiil

erring to rigs. € supstrate IS patterned to rorm acen

eSS QM e AL IR HREKmMERLD B%@ﬁqﬁ‘ﬁ%e@&m@ﬁﬁéﬁﬁeiﬁ%e

can be used to pattern the substrate. For example, a hard mask can be used.

crhSihate RSkIRAY: be RAtarged by 3 hwtorssistimrak Heingdhe Rateraed

hard mask, an anisotropic etch, such as RIE, patterns the gate layers to
sigeealesfhecdestieptst uclidea-ohasio Mo odingat, galtepaing of dee sulbstateial can

to form adjacent cells can employ dual damascene techniques. For example,
alfiogiepatté tnifignprbec ess gatt@rsthéfisstogaie aackfirdiogeatenipsiestaimlayidr) @500
_shown in Fig. 5e. A second patterning process patterns the dual second gate
AstQtherabigknswasim®igl BbeossAdditional processing can be included to

form a device, such as forming salicide contacts, filling gaps with dielectric
[0k rial TRofoRm g b b sRAgS ihteRcehHeC TGy cTilt 4l paditsd idhe sibmigte: The

assembly and packaging. Other processes are alsg useful, The memory cells
SP&SF%%E"F&H%“&S @rﬁ%ﬁ%oﬁ}“d’&%%&h&qélﬁ%b%ﬁ &4% B‘%{}?‘Eﬁ’é&em& vapor

d d?Q&t?%E%ﬁ?EYﬁS[}:QS‘tt@ra%ctﬂ%leﬁQ? E(I)dﬁlgrd iﬂl(e) tsl%?agesﬁclei%ic%rfg {g/ﬁsir\glriéha?yot useful. The

eparting from the spirit or essential characteristics thereo he foregomg

SR AERS, {BEIEIRE. AR A9 DR GADSIARTP iR SRSRRS LSRR IR

than limiting the invention described herein: Scope of the invention is thus

(RIE) CRiedrdY LN ARRANESH SIimsyirathes IR Ry IR ARIRISINGH SRSETIRUBbers.
and all changes that come within the meaning and range of equivalency of
[obsD Tlaims akevimtaneigds ihe ginbriacetHb eFeitub-layer exposed or unprotected by the
spacers are processed. In one embodiment, the exposed portions of the first sub-layer are
processed to form nano-crystals 548 therein. In one embodiment, the exposed portions of the
first sub-layer are processed to selectively form silicon nano-crystals therein. Forming other
types of nano-crystals in the first sub-layer may also be useful. By protecting the non-horizontal
portions of the first sub-layer with the spacers, the nano-crystals are selectively formed only in
the exposed portions of the first sub-layer.
[0051] In one embodiment, processing to form nano-crystals comprises annealing the
substrate. The annealing is performed at about 600 to 1000 °C for about a few milliseconds to a
few hundred seconds. Other annealing temperature or durations may also be useful. The

processing forms nano-crystals as well as an oxide layer on the exposed portions of the first sub-

layer.
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What is claimed is: CLAIMS 1. A method for forming a device comprising:
providing a substrate prepared with a feature having first and second
adjacent surfaces; and forming a device layer on the first and second
adjacent surfaces of the feature, wherein a first portion of the device layer

(0952} the e PERIRRE SADERIACE IHYMTPIEdE Righdlesdrlsxantls secbmunarigs Sd-f.

over the second adjacent surface is devoid of nano-crystals. 2. The method

Ingiginth A 1 875 ¢ RS AR G ac e dippstisd o IBR Y BOLE Bt st giigelectrode

1 AIOr surtace gf the, substrate a&dsﬁﬁleo%eﬁ‘tlﬁed adigcent pyrface is E‘éof‘aﬁ’%%d san
<8eond Girection whic |spperp3na/|cufar to irst direction? 3- The method’

2L 5 HDRIRHO AR U S AdIaReNE SUURGEGOMPLSES BLaBSY Gﬁﬁﬁdf%ééﬁ? Other

feature and the second adjacent surface comprises a side surface of the

ot eade TR methed af daimd juhereimtheidadise laHeE SRMPLRESISIHLRR layer
or germanium nano-cryst%Is. 5. The method of claim 4 wherein:
is, for example, about 100-500 A. Other thicknesses are also useful. To form the first gate
electrode layer, techniques, such as chemical vapor deposition (CVD), can be used. Other
techniques are also useful.
[0053] Referring to Figs. Se-f, the substrate is patterned to form adjacent memory cells from
the dual gate stack. Techniques, such as mask and etch, can be used to pattern the substrate. For
example, a hard mask can be used. The hard mask may be patterned by a photoresist mask.
Using the patterned hard mask, an anisotropic etch, such as RIE, patterns the gate layers to create
the desired structure. In one embodiment, patterning of the substrate to form adjacent cells can
employ dual damascene techniques. For example, first patterning process patterns the first gate
and first gate dielectric layer, as shown in Fig. Se. A second patterning process patterns the dual
second gate stack, as shown in Fig. 5f.
[0054] Additional processing can be included to form a device, such as 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. The memory cells
can be formed as a memory device or embedded into a part of ICs.
[0055] 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
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the first portion of the device layer is formed with a sufficient thickness to
form nano-crystals when subsequently processed; and the second
portion of the device layer is formed with a thickness insufficient to form
nano-crystals when subsequently processed. first portion while its second

dgsertsians Ay cgraann dent ommsithiathsdnsreiRgng [Whes efrP i devrvefdler
comprises a third portion covering the substrate, wherein the third portion

CIABRs AL Ry Y ass 115 ethod of claim 7 wherein the third portion
of the device layer is formed with a sufficient thickness to form nano-crystals
when subsequently processed. 9. The method of claim 8 wherein the device
layer is processed to form nano-crystals in the first and third portions while its
second portion is fully consumed. 10. The method of claim 1 wherein forming
the device layer comprises: forming a pre-device layer on the substrate
covering the first and second adjacent surfaces of the feature, wherein the
first adjacent surface comprises a top surface and the second adjacent
surface comprises a non-horizontal side surface; forming a spacer on the
second adjacent surface; and
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processing the pre-device layer to form the device layer, wherein the spacer

prevents formation of nano-crystals in the non-horizontal portion of the device

layer. 11. A method for forming a semiconductor device comprising:

roviding a substrate prepared with a second gate feature having side and

“Fb‘f}i BuiRiEes: iforming a first gate dielectric layer over the second gate feature

and substrate; processing the first gate dielectric layer to form

nano-crystals in first and third portioﬁ%‘ MR first gate dielectric layer over
1the to& nslutli{ag?o%;the. sec%nd. ate feature and substrate while a second

. (] I Tormi a devict comprising, .
portion on hie'Side'Surfades of e Second gate feature are devoid of

NanosCIY RIS - 'AIROING AR AAIR R ICRIRAE HAVRE PYEr e SHARRIRe AP irfaces:

patterning the first gate electrode layer, first gate dielectric layer ahd second
afpte feature to form a memory cell with a split gate. 12. The method of claim

11 wherein the memory cell comprises a non-volatile memory cell. 13. The

methagheihglaimvice whereinibeifitshgate hielrgitentayief carppiisasasite Onherein a

germanium nano-crystals. 14. The method of claim 13 wherein the first gate
fidiglentnc ddyier @omptises dist tha disead ack sidodayersmprises nano-crystals and a

second portion over the second adjacent surface is devoid of nano-crystals.

2. The method of claim 1 wherein the first adjacent surface is along a first direction of a
major surface of the substrate and the second adjacent surface is along a second direction which

is perpendicular to the first direction.

3. The method of claim 2 wherein the first adjacent surface comprises a top surface of the

feature and the second adjacent surface comprises a side surface of the feature.

4. The method of claim 1 wherein the device layer comprises silicon or germanium nano-
crystals.
5. The method of claim 4 wherein:

the first portion of the device layer is formed with a sufficient thickness to form nano-
crystals when subsequently processed; and
the second portion of the device layer is formed with a thickness insufficient to form

nano-crystals when subsequently processed.
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15. The method of claim 14 wherein the first sub-layer of the first gate
dielectric layer comprises silicon oxide. 16. The method of claim 14 wherein:
the first and third portions of the second sub-layer of the first gate dielectric
layer are formed with a sufficient thickness to form nano-crystals when
6 subsdfesiniiosifcdased; vdiseein thirdevise g RIBFFUEHE EuBbrrIQbL e the
.of the first gate dielectric layer is formed with a thickness insufficient to form

AR SHRIS Whesr QbR BR Hull Brse88YBE 17. The method of claim 16

wherein the second sub-layer of the first gate dielectric layer is processed to
form nano-crystals in the first and third portions while its second portion is

7ully GansHmedof8.ih0s Melogdiel £laip 111%}“’&%3}'[%4??' JﬁFH’}?ot}HQnocfo%?mg the

nano-crystals comprises oxidation. 19. The method of claim 17 wherein the

sdtdlaRNImERHaRah e sREAND RRHIeN QL NG fiialgate dielectric layer
comprises oxidation, wet etch, or a combination thereof 20. The method of

claim 16 wherein the formation of the first gate dielectric layer comprises a
PVD process. 21. A device comprising:
8. The method of claim 7 wherein the third portion of the device layer is formed with a

sufficient thickness to form nano-crystals when subsequently processed.

9. The method of claim 8 wherein the device layer is processed to form nano-crystals in the

first and third portions while its second portion is fully consumed.

10. The method of claim 1 wherein forming the device layer comprises:

forming a pre-device layer on the substrate covering the first and second adjacent
surfaces of the feature, wherein the first adjacent surface comprises a top surface and the second
adjacent surface comprises a non-horizontal side surface;

forming a spacer on the second adjacent surface; and

processing the pre-device layer to form the device layer, wherein the spacer prevents

formation of nano-crystals in the non-horizontal portion of the device layer.
11. A method for forming a semiconductor device comprising:

providing a substrate prepared with a second gate feature having side and top surfaces;

forming a first gate dielectric layer over the second gate feature and substrate;
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a feature disposed on a substrate having first and second adjacent surfaces;
and a device layer on the first and second adjacent surfaces of the
feature, wherein a first portion of the device layer over the first adjacent

surface comprises nano-crystals and a second portion over the second
adj a@ﬁf@ﬁﬁ&é@iﬁ@b&%ﬁ@ﬁm%@@rm nano-crystals in first and third portions of

the first gate dielectric layer over the top surface of the second gate feature and substrate while a
second portion on the side surfaces of the second gate feature are devoid of nano-crystals;
forming a first gate electrode layer over the substrate; and
patterning the first gate electrode layer, first gate dielectric layer and second gate feature

to form a memory cell with a split gate.

12. The method of claim 11 wherein the memory cell comprises a non-volatile memory cell.

13. The method of claim 11 wherein the first gate dielectric layer comprises silicon or

germanium nano-crystals.

14. The method of claim 13 wherein the first gate dielectric layer comprises first and second

sub-layers.

15. The method of claim 14 wherein the first sub-layer of the first gate dielectric layer

comprises silicon oxide.

16. The method of claim 14 wherein:

the first and third portions of the second sub-layer of the first gate dielectric layer are
formed with a sufficient thickness to form nano-crystals when subsequently processed; and

the second portion of the second sub-layer of the first gate dielectric layer is formed with

a thickness insufficient to form nano-crystals when subsequently processed.
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17.  The method of claim 16 wherein the second sub-layer of the first gate dielectric layer is

processed to form nano-crystals in the first and third portions while its second portion is fully

consumed.
18. The method of claim 17 wherein the formation of the nano-crystals comprises oxidation.
19. The method of claim 17 wherein the full consumption of the second portion of the first

gate dielectric layer comprises oxidation, wet etch, or a combination thereof.

20.  The method of claim 16 wherein the formation of the first gate dielectric layer comprises
a PVD process.
21. A device comprising:

a feature disposed on a substrate having first and second adjacent surfaces; and
a device layer on the first and second adjacent surfaces of the feature, wherein a first
portion of the device layer over the first adjacent surface comprises nano-crystals and a second

portion over the second adjacent surface is devoid of nano-crystals.
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