RELIABLE MEMORY CELL BACKGROUND [0001] Non-volatile memory
(NVM) circuits have achieved widespread adoption for code and data
storage applications. An important aspect of NVM circuits is their
performance, which includes endurance (number of programming or
write/erase cycles) and daffetd BidhMEMORXLdbe cycling. Within the
industry, the performance of NVM technology has been characterized
extensively. Generally, the NVM %ﬁ&}ﬂg%ﬂgﬁﬁg’ be able to endure over 100

sand to 1 million progr ing.cycles with data retention exceeding 20
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years, even at extreme ambpient temperatures. rammin
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the gate dielectric of the floating or select gate of the memory cell, whi
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tunneling. This may result in high electric fields, which can degrade the gate
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method of forming a semiconductor device is presented. The method
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gate is processed to form a second gate with a rounded corner and a first
thgasenid tfo trmeldionptieersmby izt cIEh e fikglagpretdstionifrcestting anslcove degrsab
portion of the second gate and the rounded corner. [0004] In another
IR AN SPREEHYEF B forming a memory cell is disclosed. The method

includes providing a substrate prepared with a second gate of the memor
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Inter-gate dieléctric layer is formed In the overlap region

involves discharging the gate dielectric by Fowler-Nordheim (FN) tunneling. This may result in
high electric fields, which can degrade the gate dielectric and cause reduced reliability of the
device.

SUMMARY
[0003] A method of forming a semiconductor device is presented. The method includes
providing a substrate prepared with a second gate. The second gate is processed to form a
second gate with a rounded corner and a first gate is formed on the substrate. The first gate is
adjacent to and overlaps a portion of the second gate and the rounded corner.
[0004] In another embodiment, a method of forming a memory cell is disclosed. The
method includes providing a substrate prepared with a second gate of the memory cell. The
second gate includes an overlap region. The second gate is processed to round a corner of the
second gate in the overlap region. An inter-gate dielectric layer is formed in the overlap region

and a first gate region of the substrate. The method further includes forming a first gate. The



and a first gate region of the substrate. The method further includes forming a
first gate. The 1 first gate overlaps the second gate in the overlap region and
is disposed on the inter-gate dielectric layer adjacent to the second gate in
the first gate region of the substrate. [0005] A semiconductor device is
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Substrate. A first gate and a second gate are disposed on the substrate; the
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Isclosed, 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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permutations. BRIEF DESCRIPTION OF THE DRAWINGS [0007] In the
[09(6lving T hitke neferbarcebtharattegshgdneralyapefemtbitheusawighggrtssent invention
throughout the different views. Also, the drawings are not necessarily to
hesetldissinsidasislipesternd appaendlfr walnty isiatedite gorfalgstirgides¢ription and the
principles of the invention. In the following description, various embodiments
ASPIRRAPY SR DS htBHFAFERRIS I Bt AsreRadcBa g EtbIrsHmhghe various
drawin%?, in which: [0008] Fig. 1 shows an embodiment of a, memorg cell;.
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process 1or rorming a memory ceil.
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; and
[0011] Figs. 4a-f show an embodiment of a process for forming a memory cell.
DETAILED DESCRIPTION
[0012] Embodiments generally relate to semiconductor devices. More particularly, some
embodiments relate to memory devices, such as non-volatile memory devices. Such memory

devices, for example, can be incorporated into standalone memory devices, such as USB or other



DETAILED DESCRIPTION [0012] Embodiments generally relate to

semiconductor devices. More particularly, some embodiments relate to

memory devices, such as non-volatile memory devices. Such memory

devices, for example, can be incorporated into standalone memory devices,
tyggeRf29158B %?réﬂ%éwﬁ%ﬁség%ﬁm?rﬁémécgfé?agellﬁfﬁ@ VPRIL 0B GRIPHSOCs). The

microcontrollers or system on chips (SoCs). The devices or ICs can be,
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such as computers, cell phones, and personal. digita istants (PDAS).
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shows a schematic diagram of an em nt of a memory cell
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cell. The memory cell comprises a transistor with a gate 130 over a channe
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comprises a split gate having a first gate 134 and a second gate 138. In one

c@npoiee mentsiher Wsh gate.CcNprises-hcoblmolgaie bihectirstiarmingtond terminals
comprises a source terminal, the second gate comprises a select gate and
1 thersethdliergutaloogmiprisep bt @rairhaténmindst@iket onfigusatimdg ot 138. In
gates and terminals are also useful. For example, the first gate can be a
orgpbatiaganenthadifsstentnipranpasebecarreligaerthinfrstensiseberingate scaspiise
a control gate and the second terminal can be a source terminal. [0014] In_
teHRRENMBOFARHEXRETPErigata 18lejarie AP o e ooanismr PRy ifGe @ drain
second gate. Far example, the control is adjacent t %:ld partially
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gate voltage source (Vcg), the select gate is
[0014] 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 dielectric layer or layers 120 isolate the
gates from each other and the channel.

[0015] 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
about 0-3V and V; can be about 0-5V or about 0-0.5V. Other voltage values can be supplied to
the memory cell, for example, depending on the technology. The appropriate voltages are

supplied to the memory cell to access the memory cell, such as programming and reading.



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 (Vd). For example, Vcg can be about 0-14 V or about 8-9.SV, Vsg

can be about 0-3V or about I- 1.5V, Vd can be about 0-7.5V or about 0-3V
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supplied to the memory cell, for example, depending on the technology. The
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reduce the magnitudé of the electric field during programming/erasing (P/E)
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or reliability is improved. [0017] Fig. 2 shows an embodiment of a memory
mahialy 20Qy kb eped sembasinentldhee Hdeyneryy aTay GemkiSes coapkeladilgurality
memory array. The memory array comprises a plurality of memory cells
ofarrangedéhlsams grbiicadwnmns] ddienme Mbryneatisyfoelbxdonplepgdmprisprise
memory cells 100 as described in Fig. 1. A row corresponds to, for example,
mgmpoydighle (0012 deeoriapdlia Bslumr covvespesndads ta, hitlieramlo, 28 usHithre(WL)
array. In one embodiment, the BLs are coupled to the second or drain
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memory, cells. For example, WLs provide Vcg, BLs provide Vd. Source lines
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type array architecture. Arranging the memory cells in other types of array
SeIGHRLHHeSe %b@&lt@%ﬂﬁ&é%&@!ﬁt%@&m lor select gates 138 of the memory cells. SLs
and SGLs maybe coupled to the memory cells as desired. The memory cells may be configured
as a NOR type array architecture. Arranging the memory cells in other types of array
architectures, such as NAND, is also useful.
[0018] Fig. 3 shows a portion 300 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.
[0019] 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-



[0018] Fig. 3 shows a portion 300 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 '
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prepared with a region 301 containing memory. cells 100. In one
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types of memory cells are also useful. The region can referred to as an
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are included in the deviCe. The array region can be arranged to have sub 4
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region comprises heavily doped well or wells (not shown) with dopants of a

bt @latlibyntype. (Aneofiest pabarityortYRa <A higeiriype @pantyRen dRRLIREAG phorus
on the memory cell type. The first polarity type wells are used for second

(M olasityidype) memony Shs oForexbimplen theéyped. wells are used for p-type
memory cells while p-type wells are used for n-type memory cells. P-type
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n-type dopants can include phosphorus aSP),_ arsenic (As), antimony (Sb) or a
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regions (not shown), such as logic portion for support circuitry. The substrate
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type ice or JC. The logic portion, for can includ vaolta
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includes isolation regions (not shown) to isolate active device regions
[0021] The substrate includes isolation regions (not shown) to isolate active device regions

from other active device regions, as required. The isolation regions, for example, comprise
shallow trench isolation (STI) regions. Other types of isolation regions are also useful.

[0022] 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.

[0023] 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.



from other active device regions, as required. The isolation regions, for
example, comprise shallow trench isolation (STI) regions. Other types of
isolation regions are also useful. [0022] In one embodiment, a memory cell
comprises a transistor with a gate 130 between first and second terminals
[0024] and e sinaedi s TEsta sste et aid e gibHE T P Fidiglegdinmear-fdp one
example, serves as a source and the second termjnal serves as a drain. The
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secon ales or example, the first gate can a control gate
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is adjacent to and overlaps the second gate in an overlap region. In One
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gate in the overlap region, leaving a portion of the second gate uncovered by
althebéieshgaiedn a non- overlap region. The adjacent portion of the first gate is
over the first gate region of the substrate. 5 [0024] The gates are isolated
(0925 eadh athemanditiatstiostratezing didiekectrienipyisrs hfionanésebod] imemntgate
the dielectric layer comprises a plurality of dielectric layers. For example, the
digleteegrieyray P e ondpiiSe T hedaisbmet tyaee dieledtiicliages @R A M aprimeeiatad
dielectric layer 324 provided to separate the first gate from the second gate
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. dielectri¢ layer. Other types of second gate dielectric layers may also be
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first and econd.i&]ter.- ate dielectric Ia%ers gG nd 3%8. Tthe first inter-gat
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&?@Irectrlc ayer contacts the seconcf 1aate and su gﬁa ew ﬂ% trhe secon

A ARIA YRI5 AIFRBSRAHINCFS PRy AR ARG RMRQAiBE Bl R Ml I IGL - 9ate
dielectric layér comprises silicon oxide while the second inter-gate dielectric
céﬁ:ifﬁfse a high-K dielectric material and/or other types of nano-crystals.
[0026] An anti-reflective coating (ARC) 342, such as silicon nitride, may be provided on the
second gate. In one embodiment, the ARC is at least partially pulled back from the edge of the
second gate which is overlapped by the first gate. Pulling back the ARC exposes at least a
portion of the top surface of the second gate in the overlap region. In one embodiment, at least a
portion of the top surface of the second gate is exposed sufficiently for rounding the corner of the
second gate in the overlap region. For example, at least about 5-50% of the total gate length is
exposed for rounding the corner of the second gate in the overlap region. Pulling back the ARC
layer to expose the top surface of the second gate by other amounts is also useful. In alternative
embodiments, the ARC is completely removed from the overlap region. The ARC can be

completely removed prior or subsequent to rounding the corner of the second gate in the overlap

region.



comprises silicon oxide with silicon nano-crystals. Other types of
configurations of the inter- gate dielectric layers are also useful. For example,
the first inter-gate dielectric layer can comprise a high-K dielectric material
and/or other types of nano-crystals. [0026] An anti-reflective coating (ARC)
[0923] sudh qaesimRadinIEnte! sy B pPevids o thef Beseiradatts ihtmeverlap
embodiment, the ARC is at least partially pulled back from the edge of the
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gate In the overlap region. For example, at least'about 5-50% of the total gate
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region. Pulling back the ARC layer to expose the top surface of the second
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completely removed from the overlap region. The ARC can be completely
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overlap region. 6 [0027] In one embodiment, at least an upper corner 344 of
otthet sex ORE geneins thahoverepp regiimbaiietn idatijacenst wer ordsgrticou fdegdyging
the first gate is rounded. The corner is rounded to reduce the electric field on
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ARC reémains in the overlap region between the first and second gates.
akSHMSIRBFul. The gates may also be provided with sidewall spacers and salicide contacts (not

shown).

[0030] Figs. 4a-f show cross-sectional views of an embodiment of a process for forming a
device or IC 400. Referring to Fig. 4a, a substrate 105 is provided. The substrate can comprise a
silicon substrate, such as a lightly p-type doped substrate. Other types of substrates, including
silicon germanium or silicon-on-insulator (SOI), are also useful.

[0031] The substrate is prepared with an array region containing memory cells. In one
embodiment, the memory cells comprise non-volatile memory cells. Other types of memory
cells are also useful. The array region comprises heavily doped well or wells (not shown) with
dopants of a first polarity type. The first polarity type can be n-type or p-type, depending on the
memory cell type. The first polarity type wells are used for second polarity type memory cells.
For example, n-type wells are used for p-type memory cells while p-type wells are used for n-

type memory cells. P-type dopants can include boron (B), aluminum (Al) or a combination



the electric field, improved device reliability is achieved. [0029] The first gate,
for example, may be a gate conductor which serves as a common gate for a
row of memory cells. Adjacent memory cells can be configured as mirror gate
electrodes which may share a common diffusion region. Other configurations
thsrertyBlits BitYREARPRAECHS iarlidgabersbrirstRE YatRls My ansiEnBRYdriViged
with sidewall spacers and salicide contacts (not shown). [0030] Figs. 4a-f
CURBRAERSLLeLEtional views of an embodiment of a process for forming a
ice or IC. 400. Referring, to Fig. 4a, a substrate 105 is provided..The
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silicon-on-insulator (SOI), are also useful. [0031] The substrate Is prepared
typithraR\@kEay: fegion containing memory cells. In one embodiment, the
memory cells comprise non-volatile memory cells. Other types of memory
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wells are used for second polarity type memory cells. For example, n-type
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memory cells. P-type dopants can include boron (B), aluminum (Al) or a
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rsenic (As), antimony (Sb) or a combination thereof, [0032] Additionally, the
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the isolation regions comprise STIs. Various processes can be employed to form the STI
regions. For example, the substrate can be etched using etch and mask techniques to form
trenches which are then filled with dielectric materials such as silicon oxide. Chemical
mechanical polishing (CMP) can be performed to remove excess oxide and provide a planar
substrate top surface. The STI regions can be formed, for example, prior to or after the
formation of the doped wells. Other processes or materials can also be used to form the STIs.
[0035] Various layers of the second gate are formed on the substrate. The second gate, for
example, serves as the select gate. Alternatively, the second gate may serve as the control 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,



[0033] 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
theeRiishia e et LEBrhE PODAIITHISHBeEe e Hekprepelrdd AN SRitidislectric
regions (not showé%,l for example, to separate the active regions from each
[
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as silicon oxide. Chemical mechanical polishing (CMP) can be
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surface. The STI regions can be formed, for example, prior to or after the
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to form the STls. [0035] Various layers of the second gate are formed on the
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Alternatively, the second gate may serve as the control gate. In one
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The gate dielectric layer, in one embodiment, comprises silicon oxide. Other
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Various techniques can be employed to form the gate dielectric layer. For

usé’flgmple, the gate dielectric layer can be formed by thermal oxidation in

ither a wet or dry ambient. The oxidation, can be performed at a temperature
[0%5958 ¥\F/l l'lguet l_Iﬁl-i gtéevglat% ei(ectroc(i)enla €I COom r1]§easbzb de pg%e q%@ﬂtrg%e ayer.

ran or a a pressure range o u

F&"@(ﬁﬁ'}gﬁ%etﬁ %déf&,qmdglé grg&g&fgl% ﬁ‘—%ke&gﬂiﬂ& HEvH{QX'Q&QéM}Quon of about 1
nitrogen. The thickness of the second gate dielectric layer is about 10 to
_yPAhhenseonnd gpte silgstis iayessandrifaimedivsingthanhty@gat, for
example, are incorporated into the gate electrode layer by ion implantation. Other techniques,
such as insitu-doping, can be used for incorporating the dopants. Providing undoped gate
electrode layers may also be useful.
[0038] The various second gate layers are patterned. In one embodiment, the various layers
are patterned to form a dual gate stack. Techniques, such as mask and etch, can be used to form
the dual gate stack. For example, a photoresist layer 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 of the gate layers.
[0039] In one embodiment, an ARC layer 439 is formed on top of the second gate electrode

layer below the photoresist layer. The ARC layer improves lithographic resolution. The ARC

layer, for example, comprises silicon nitride or silicon oxide. Other types of ARC layers are also



dielectric materials, thicknesses or techniques. [0036] A second gate
electrode layer 438 is deposited on the second gate dielectric layer. The
gate electrode layer comprises, in one embodiment, polysilicon. The gate
electrode layer can be formed as an amorphous or non-amorphous layer.

usa i/ Big kphepftifiseSRSf aes ielvrsieBleab il LseB0 Fhétisichaissaing the

the second gate electrode layer, for example, is about 400 - 2000 A. Other

PRI RS ANy Ws ST PRI MO AR thiE L S sa e itk ode layer,
nigues, such as.chemical vapar deposition (CVD), be used. Other
B S R e SR Lot TR TSRl or e

AV ELEQIRISER MIORR] HR1S SISGIradS IRYSInGRKEXATRIR: HAGiTRAS the top

electrode layer comprises n-type dopants having a concentration of about 1" -

sifadodpiemal QihshiyPes ShdaradieantenseIalirNS Aespmaigeibate stack
The dopants, for example, are incorporated into the gate electrode layer by

inaruBIplaskapae Starniechnigdasen§UePRm iNsittio RINGe ¢anshagadsod terdual
incorporating the dopants. Providing undoped gate electrode layers may also

gde wsafid afDE38{ PheuwhnobsckelsoNR GatgciayBrs ARCHayte raachel pubiné back about
embodiment, the various layers are patterned to form a dual gate stack.

5-PeEnelidirciotadizake den atasRudinek she\Ranaber bsethts forerntheadisisgbaiseful. To
stack. For example, a photoresist layer is formed over the gate layers and
PYLBRIN R, P dRTRE POGHS 6F tARIGHEE: 1A RS SMIbediiapifolbic WiEHCR GERBEses 2

reactive ion etch (RIE), is performed to remove exposed portions of the
] SR BT B SOUTFRHE N LA yr MBI ror otk R B3 e

the second gate glectrode layer tﬁe‘ﬁowthe hotoresist layer. The ARC layer
T R B e S R B M

oGP0 BHASR: SHiE0Rm QXiHe: YINGEMMET RER O IPHEIR AR AR The

phosphoric acid etch can be performed at a temperature of about 40-200°C for about 1-60 sec.
[0041] Although the ARC layer is pulled back, it remains over a portion of the second gate
electrode. The ARC layer remains in the overlap region between the first and second gate
electrodes as discussed previously. The ARC layer, for example, improves the poly-to-poly
breakdown margin during erasing and prevents the consumption of nano-crystal oxide stack in
between the first and second gates during downstream processing, such as a wet etch. This may
improve reliability and yield. In alternative embodiments, the ARC layer may be removed to
expose the top surface of the dual gate stack.

[0042] Referring to Fig. 4c, an inter-gate dielectric layer is formed. Forming the inter-gate
dielectric layer, in one embodiment, comprises forming the first and second inter-gate dielectric
layers. In one embodiment, in forming the first inter-gate dielectric layer 426, the exposed
corners 444 of the dual gate stack are rounded. The first inter-gate dielectric layer may be

selectively formed on the substrate and portions of the dual gate stack exposed by the ARC layer.
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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. [0040] In one embodiment, as shown Fig. 4b, at least portions

442 of the top surface of the dual gate stack from the edges are exposed. In
Ogise teshpedrhEntoaniea b B b aY O figlectop laGRe %if‘f&@ Ayl dkBedfiekeate

are exposed to facilitate rounding the corners of the dual gate stack in a

diglpsuicassh prorBsd Pin I9n e amadimidHionx Boeni s BBrHERL bk deSate
surf f th | t ki hi lling,back AR .Th
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% [o)
ayer can be pu e total gate leng ulfing

callh‘?aﬁé% G AYRBRY PHISH FMARTHIRY AIFH REHRE e G E’éﬂ%@%ﬁqﬂa‘@oﬁt%go to

ayer, a wet etch is employed. In one embodiment, the wet etch comprises a

1606 €heMmigiraRd isnBrieroed A AIeMRAR G4 A RRUDEBIAA gate stack

The duration of the wet etch is about 1-120 sec. Other types of processes or

aretglsoneristrheancrisesRE s etteFQlteaNalByRR 1#) RNOIB B EIHDOAINRA eSS than or
wet etch employing phosphoric acid is used. The phosphoric acid etch can

eqrlipeFodmeddica feniperaturephlabbetdds200C for about 1-60 sec. [0041]
Although the ARC layer is pulled back, it remains over a portion of the

[09d3bnd Fairs telwerotethT HeeARG ipksciierialins irpthranomtiigstregiowlant (PAD)
between the first and second gate electrodes as discussed previously. The

MARRS RSy TYeN- eXaingld FpielO N B ST Ik REaIEIB et pEiFtgifrYRIridg one
erasing and prevents the consumption of nano-cr%/stal oxide stack jn

CIHRAVEER & first SHARIEEO A GAtSRaiirGUBIMS RS HochanG; SUBRTA¥PEs of

dwgltltetch. Iﬂgsbrpg% improve reliability and yield. In alternative embodiments,
the ,&ﬁléylayer may%e removed to expose the top surface of the dual gate

[Oﬁﬂﬁk' [%4&%] ﬁ@lfﬁ"am{;@e%kgm%ﬁt f '%559@&%&@@&1{}% I@t)’aq %Qefgﬂagge rounded

Forming the inter-gate dielectric layer, in one embodiment, comprises
plerna-thediigt AReiseeoAd intercarte fielaptbte MRISnitne R @APREIRG Rt of

in forming the first inter-gate dielectric layer 426, the exposed
the dual gate stack are rounded by a hydrogen anneal. For example, the hydrogen anneal is
performed prior to forming the first inter-gate dielectric layer. Other types of processes for
rounding the exposed corners are also useful. The conditions of the anneal comprise, for
example, a pressure ranging from about 0 to 500 T and a temperature ranging from about 800 to
1200 °C. The hydrogen anneal rounds the corners with improved polysilicon surface quality.
After the corners are rounded, the process continues to form the first inter-gate dielectric layer.
For example, the first inter-gate dielectric layer can be formed by thermal oxidation. ISSG
and/or PAI may also be employed to form the first inter-gate dielectric layer.
[0045] As shown in Fig. 4d, a second inter-gate dielectric layer 428 is deposited on the

substrate. The second inter-gate dielectric layer may cover the first inter-gate dielectric layer as

well as the ARC layer. In one embodiment, the second inter-gate dielectric layer comprises
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corners 444 of the dual gate stack are rounded. The first inter-gate dielectric

layer may be selectively formed on the substrate and portions of the dual

gate stack exposed by the ARC layer. 10 Other techniques for forming the

inter-gate dielectric layer may also be useful. The inter-gate dielectric layer is
SiHSROYIBR Midh Bherh prNcostiation PIAVitiBeSheoBtinsalst ditlecthtelaygityith other types

dielectric layer is formed by insitu steam generated (ISSG% oxidation. The

ol 3ABAHOR BleSUEh&s SSHVINYB FENSBUUE 688 88°PWifithe oxidation

erature can range from gbout ]600 to 000.Cinah dré)glen ambient
[0 {Eﬁ arious tecﬁm ues c&n 19 ﬁmp %¥ed 0 O{I{hthe n cfr— %{e ectric layer. In one
r technlques Or rounding the‘corners o e dua e StaCK are-also
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less than or equal to 200 A. Other thicknesses may also be usetul. [0043

oINSt MINgG thedniesaalesielRslris ayan-80nrR- IR PINZRIQRIMRIAN, uscful.

(PAID) may be performed. The PAI facilitates forming a thicker first inter-gate
THéslgicticldayek ihasebembedingnt, tveDRAL cOMPrSas teibsal SPesis°af The
dopants such as Ge, Si and C. Other types of dopants may also be used.
s inbaimaltensdtd efemivodinyaht, siecaxppsad tommsisofotaey tlulal Jateanneal,
stack are rounded prior to forming the first inter-gate dielectric layer. In one
fos gisotinenpetieaspaset voersrsec THe-HIY GarabpasikurefoboitdddSByl for
hydrogen anneal. For example, the hydrogen anneal is performed prior to
gyl Aecrifst HteegateBiene et ER TS RRRsesRprdbeassd orgfation is
roundin%the exposed corners are also useful. T%con%%igns of the anneal
8ut
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€ corners witn Impro poﬁ/5|llcon surrace qua er the corners are
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For example, the first inter-gate dielectric layer can be formed by thermal
p QXA IBP&Kample, a nitrogen and/or oxygen ambient at a temperature of about 500-1100
°C under a pressure of about 0-760 T for about 10-5000 sec. The final anneal may comprise a
plurality of anneal processes.
[0047] After forming the second inter-gate dielectric layer, the first gate electrode layer 434
is deposited on the substrate, as shown in Fig. 4e. 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 ions/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. In one embodiment, the first gate electrode comprises a thickness which is greater

than the second gate. Typically, the thickness of the first gate electrode layer is about 400-2000
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and/or PAI may also be employed to form the first inter-gate dielectric layer.
[0045] As shown in Fig. 4d, a second inter-gate dielectric layer 428 is
deposited on the substrate. The second inter-gate dielectric layer may cover
the first inter-gate dielectric layer as well as the ARC layer. In one

Ae/RHathiereTHs Beyahe hraregaeTadmweile Hys edssiprEeds Ty aiicshniggre such
with sjlicon nano-crystals. Providing the inter-gate dielectric Iatj/er with other

LGPRRIG A0S LRALRT ¥R kg Afurk! HEHS BRI SRR AT A6 B
I. [0048] Vari [ b | f he i -
B s RS DA S ST e e
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silicon layer can be about 10-300 A. Other thicknesses are also useful. T

thleeR ek iIsHermed RYoL@xARPIB ok Y B W0a termpairEts &f RPRUYo improve

500-800 C. The substrate is being annealed after forming the silicon layer to
lifesprapiibageichystials. The anneal, for example, is performed at a

temperature of 700-1000 C and pressure of about 0-50 T for about 1-200
[09d8]in a Mtfogery antligenf, Aftertforadngtivemad ocfystald) dwetmehexidation (®a-b

performed to form a silicon dioxide layer of, for example, about 10-500 A. For

fremethepleakigate stroktrdiehoiaridi sochans antsknperaithec ot bbeigd300210001E for
about 100-1000 sec. A final anneal can be performed after forming the

sUiiEd: diokrIe Rler ThEGRHEAYRE AT EmEkoYsafsMRE 1AYTor Biéaphpieresist layer
nitrogen and/or oxygen ambient at a temperature of about 500-1100 C under
) BF%?&F&V oF &683&964?6’6“??5?&%‘86?%1%%0 Z(E% Pﬁ‘ﬁé%ﬁé%%ﬂjh%tgfﬁéva“ebe
compri Ilupality of anneal processes. [Q047] After forming the second
S A e e Y SRy M S o
RrIBE $HOSHARs BSSDBWHRAMR tHY pAStork0R: sl Qale RIS RARIAVEE AR ABE cells. The

embodiment, comprises a conformal layer of polysilicon. The gate electrode
phBNRESANARE: is removed after forming the memory cells.

[0050] In one embodiment, the memory cells can be formed with two patterning processes.
For example, a first patterning process patterns a portion of the first and second gates followed
by a second patterning process to pattern the first gate. In patterning the first gate, depending on
the overlay, the ARC layer over the second gate may or may not be removed. Forming the
memory cells with other patterning processes or configurations is also useful.

[0051] The process continues to form the IC. For example, additional processing can include
removing of the ARC layer over the first gate, forming gate sidewall spacers, source/drain
diffusion regions and salicide contacts, filling gaps with dielectric material, forming one or more
interconnect levels, final passivation, dicing, assembly and packaging. Other processes are also
useful. For example, other components, such as LV, HV and I/O devices can be formed prior to
forming the interconnections. The memory cells can be formed as a memory device or

embedded into a part of ICs.
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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 ions/cm2. The dopants can
Wé%corﬁb?dfé@%‘;?‘idﬁ%ﬂﬁlﬁﬁ%ﬂ%‘?ﬂ OB ERISHIG GOV iHCYE PPt fisem the

opants can also be employed. Formlng the gate electrode with other types

Spd’? B SR AN Ty TaidBe B SsoMEe I SHE b DA et
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layer, techniques, such as chemical vapor deposition (CV an be used.

dé?éhﬁﬁ&ﬁ%%%ﬁﬁ@%@ﬂﬁé} sSaILi{RA48] AS SRR IMAREJQYCLIAAS SF the
formed over the first gate electrode layer. The ARC, for example, comprises

clailisonaitcigiacariosientthed tygem of ARC layers are also useful. The
thickness of the ARC layer is, for example, about 10-500A. The ARC layer
serves to improve lithographic resolution. [0049] Referring to Fig. 4f, the
substrate is patterned to form adjacent memory cells 100a-b from the dual
gate stack. 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.
[0050] In one embodiment, the memory cells can be formed with two
patterning processes. For example, a first patterning process patterns a
portion of the first and second gates followed
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by a second patterning process to pattern the first gate. In patterning the first
gate, depending on the overlay, the ARC layer over the second gate may or
may not be removed. Forming the memory cells with other patterning
“?roqess_es or configurations is also useful. [0051] The process continues to
brhistrlaineSdisr example, additional processing can include removing of the
ARC layer over the first gate, forming gate sidewall spacers, source/drain
diffusion regions and salicide contac ‘HM@ gaps with dielectric material,
1formingg](<)rd%gg%9re. interconnegt | vei]gﬁfgrggl Flassivation, dicing, assembly

. A"me ﬁ,]mln a semicondauctor ) Prlléll’llgi
and packaging. Other processes are also useful. Forexample, other

corn_q)qggg}ﬁg *'fi%ﬁQsﬁﬁt&}(reb%@@%ﬂéosgc%‘{li&%gt&an be formed prior to forming

the interconnections. The memory cells canbe formed as a memory device

or embedded A& RRILAE ToAs [Q0R2L bhr n¥eatemmar-hasnmpgedied in

other specific forms without departing from the spirit or essential
charagetefistiagitheraelonlihe fobegaing rrhodisTasigatheyreipi@nare dadtgerlaps a
considered in all respects illustrative rather than limiting the invention

paescrif e haraid .gdecpd tiof thendrdention. 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. 14 What is claimed is: CLAIMS 1. A method of forming a

2 semidBRdeiS @b GleEnchivisigimge BrohEain GO BLbRStARengr sareenduits second gate

second gate; processing the second gate to form a second gate with a

CYBBHESA EBNHeE

3. The method of claim 2 further comprises a first diffusion region adjacent to the first gate

and a second diffusion region adjacent to the second gate.

4. The method of claim 3 wherein the first diffusion region serves as a source terminal and

the second diffusion region serves as a drain terminal.

5. The method of claim 1 further comprises a first diffusion region adjacent to the first gate

and a second diffusion region adjacent to the second gate.

6. The method of claim 5 wherein the first diffusion region serves as a source terminal and

the second diffusion region serves as a drain terminal.

7. The method of claim 1 further comprises forming an inter-gate dielectric layer in the

overlap region of the second gate and between the first gate and the substrate.
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forming a first gate on the substrate, wherein the first gate is adjacent to and
overlaps a portion of the second gate and the rounded corner. 2. The
method of claim 1 wherein the first gate comprises a control gate and the
second gate comprises a select gate. 3. The method of claim 2 further
comprises a first diffusion region adjacent to the first gate and a second
diffusion region adjacent to the second gate. 4. The method of claim 3

8 \wherd it tREMRL O HGoh YEYER BeRrse LA S BURRE $8 minal and the second
diffusai%gcg%gioyt sgi%\ieec%%sl a grr_ain terminal. 5. The method of claim 1 further
comprises a fifst difrasion régi’on adjacent to the first gate and a second
diffusjQp.regi Q@Q&%H&to the second gate. 6. The method of claim 5
wherein the first diffusion region serves as a source terminal and the second
diffusiQRVegiAPes BN thaScRdABHLE NG Tanthe method of claim 1 further
comprises forming an inter-gate dielectric layer in the overlap region of the
seconghgatecansdihativaamihediist grte pndihrsubsitatetht Ai8letie Meih@dering
of claim 7 wherein the second gate comprises: a second gate dielectric

thayera gecond gaieratie ottedsn dagevides| heaticvetrithieyse candigditecorner of the
electrode; and further comprises forming a dielectric layer on the substrate,

saprm@Raledtribdayerlap iy the second gate and substrate, wherein
depositing the dielectric layer rounds the corner of the second gate in the
overlap region. 9. The method of claim 8 comprises a preamorphization

implant (PAl) prior to.forming the
9. P The(met oFc’l of ciaim 8 coniprises a preamorphization implant (PAI) prior to forming the

dielectric layer.

10. The method of claim 9 wherein forming the dielectric layer comprises forming a

dielectric layer with nano-crystals.

11. The method of claim 9 wherein forming the dielectric layer comprises forming a

dielectric layer with silicon nano-crystals.

12. The method of claim 8 wherein forming the dielectric layer comprises thermal oxidation

or insitu steam generated (ISSG) oxidation.

13. The method of claim 12 wherein forming the dielectric layer comprises forming a

dielectric layer with nano-crystals.
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dielectric layer. 10. The method of claim 9 wherein forming the dielectric layer
comprises forming a dielectric layer with nano-crystals. 11. The method of
claim 9 wherein forming the dielectric layer comprises forming a dielectric
layer with silicon nano-crystals. 12. The method of claim 8 wherein forming

14he dicie ey rckom prisespresriaP GBS B HEIIBtd B Yifsigréyming the
(ISSG) oxidation. 13. The method of claim 12 wherein forming the dielectric

digeRIrie Mifrises forming a dielectric layer with nano-crystals. 16 14. The

ethad of claim 12 comprises a preamorphi %rfion.im lant (PAIl) prior to
it ek R e e Dl

digigé?r%rf%qu%ﬁ:gmg_g%%afgrming a dielectric layer with nano-crystals. 16.
: !

The method of claim 1'wherein processing the second gate comprises a
hydrogen anneal to round the corner of the second gate in the overlap
region. 17. The method of claim 16 further comprises forming an inter-gate

16lieledtiicHayieydibfthigine Yeiiapeie giodesditiiasacond gate @nthhaeiwanihe fitsheal
gate and the substrate. 18. The method of claim 17 wherein forming the
toindendyditecdiete cif ibdayerncomiprisds doenkpgegivinter-gate dielectric layer with
nano-crystals. 19. The method of claim 1 wherein processing the second
gate to form a second gate with a rounded corner comprises performing a

hydro&en anneal. 20. A method of forming a memory cell comprising:
17. e method of claim 16 further comprises forming an inter-gate dielectric layer in the

overlap region of the second gate and between the first gate and the substrate.

18. The method of claim 17 wherein forming the inter-gate dielectric layer comprises

forming an inter-gate dielectric layer with nano-crystals.

19. The method of claim 1 wherein processing the second gate to form a second gate with a

rounded corner comprises performing a hydrogen anneal.

20. A method of forming a memory cell comprising:
providing a substrate prepared with a second gate of the memory cell, wherein the second
gate includes an overlap region;
processing the second gate to round a corner of the second gate in the overlap region;
forming an inter-gate dielectric layer in the overlap region and a first gate region of the

substrate; and
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providing a substrate prepared with a second gate of the memory cell,
wherein the second gate includes an overlap region; processing the second
gate to round a corner of the second gate in the overlap region; forming an
inter-gate dielectric layer in the overlap region and a first gate region of the
substdtBngrid 15 $aiemirs s ifrde Gutt SHheYeiRh &St e BT EHEE S YREAp region
second gate in the overlap region and is disposed on the inter-gate dielectric
anpd R SPOARE AR {BotHUCESRSHU RS S HHEE T STt 3Rk BLbSHIRbeS .
reAlgﬁeo i&onsdléscttrggedevice comprising: a substrate; a second gate disposed on
e subsfralfe; a first gate disposed on the substrate and overlapping the
second gate; and an inter-gate dielectric layer separating the first and
second gates, wherein a corner of the second gate which is overlapped by

21he firgkgaler@mpraesia somMpdadgcorner. 18
a substrate;
a second gate disposed on the substrate;
a first gate disposed on the substrate and overlapping the second gate; and
an inter-gate dielectric layer separating the first and second gates,
wherein a corner of the second gate which is overlapped by the first gate comprises a

rounded corner.
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