RELI ABLE MEMORY CELL BACKGROUND [ 0001] Non-vol atile menmory (NVM circuits
have achi eved w despread adoption for code and data storage applications.
An inportant aspect of MId circuits is their performance, which includes
endurance (nunber of programm ng or wite/erase cycles) and data retention
after wite/erase cycling. Wthin the industry, the performance of | NVM

t echnol ogy has been characterized extensively. Generally, the NVIMcircuits
shoul d be able to endure over 100 thousand to 1 mllion progranm ng cycles
with damretention exceeding 20 years, even at extrene anbi ent

tenperatures. [0002] Programm program state invol ves, for
exanpl e, injecting hot elect r@ﬁ&}ﬁrm&&‘g?@i& electric of the floating
or select gate of the nmenory cell ZBA{ i @§$si ng invol ves discharging the
gate dielectric by Fow en. Nonittein tunneling. This may result in

hi gh el ect r[b(ﬁllf i ?}\Tgrﬁ—volm Iﬁe!?xm?}a@\%g:fr@tﬁghévgQchg:@édewigésﬁlaﬁcéﬁ(g -ti9n ﬁpa)d@ _ause
reduced reliability of the device. SUWARY [ 0003] A nethod of formng a

sem conductQ dMEVr&e applicbRS ARtiBsbriak AGefBE RO dirfGhs WdRS pprit@ b, Vgich
substrate prepared with a second gate. The second gate is processed to form

a second gafictuded dnllurdhce @uinbke df Gegr e tingorOvrae/drast Sfclegaie ddtsrefemionetkron t he
substrate. The first gate is adjacent to and overlaps a portion of the
second gat evrggidast heling Widedthe mdwsey, the| ped@Hpica oaNbMhehnodrgh bdibeent , a net hod

of formng a nenory cell is disclosed. The nethod includes providing a
substrat e hupiaried cniersively. Seeeeaiy tepa M sfrevith ghopid ipble te endpre oiid0&econd gat e

i ncl udes an overl ap region. The second gate is processed to round a corner
or the secdbsggatod MiHiop pesEvEies)Fle gk 6%? refRtiqn sk ErdingeOacdt 818k ric | ayer is
formed in the over]ap region and a first gate region of the substrate. The
net hod f ur AT SARICHIEPFE%i ng a first gate. The

[0002] Programming the memory to a program state involves, 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. 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



First gate overlaps the second gate in the overlap region and is disposed
on the inter-gate dielectric |ayer adjacent to the second gate in the first
gate region of the substrate. [00051A sem conductor device is presented in
one enbodi nent. The sem conductor device includes a substrate. A first gate
and a second gate are disposed on the substrate; the first gate overl aps
the second gate. An inter-gate dielectric |layer separates the first and
second gates. A corner of the second gate which is overlapped by the first
gate conprises a rounded corner. [00061These and other ~objects, along with

advant ages and features of the prese i nvertrion h [n disclosed, wll.
become app AFE gate OeHIPs g RecP Y gé?"é‘ﬁ@‘é"‘fegap[rﬁ%""f B I‘Sé\ﬁ’?fﬁ eC‘P ¥#¥%n and t he
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general Iy rgfgEs Qb8 RAR: Fite &@a&ﬁ&f&%@t@%ﬂhsﬁ&@d Sithd ShERE; ¥ BWSare Al SO, the
drawi ngs are not necessarily to scale, enphasis instead generally bei ng

pl aced upomnvirlabditd deddntl Bge.t AEinfef-kaRCdigMcE 1Er sbpheatds e hdRecohdigatehea f ol | owi ng
description, various enbodi nents of the present invention are described

Wi t h refer en@e of te tdeend galewbinh g vettagped g e fitsngawtviombrise DOOBEd¢ogner.l shows an
enbodi ment of a nmenory cell; [00091Fig, 2 shows an enbodi nent of a nenory
array; [0006] These and other objects, along with advantages and features of the present invention

herein disclosed, will become apparent through reference to the following description and the

accompanying drawings. Furthermore, it is to be understood that the features of the various

embodiments described herein are not mutually exclusive and can exist in various combinations

and permutations.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] In the drawings, like reference characters generally refer to the same parts throughout

the different views. Also, the drawings are not necessarily to scale, emphasis instead generally

being placed upon illustrating the principles of the invention. In the following description,

various embodiments of the present invention are described with reference to the following

drawings, in which:

[0008] 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



[MJ Fig, 3 shows a cross-sectional view of an enbodi mnent. of a nenory cell;
andu [ NMFi gs. 4a-f show an enbodi nent of a process for formng a nenory
cel | DETAI LED DESCRI PTI ON [0012] Enbodi nents generally relate to

sem conducror devices. Mre particularly, some enbodinents relate to nenory
devi ces, such as non-volatile nmenory devices. Such nmenory devices, for
exanpl e, can be incorporated into standal one nenory devi ces, such as DEB or
other types of portable storage units, or ICs, such as mcrocontrollers or
system on chips (SoCs). The devices or ICs can be incorporated into or used
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schemati c dj agra f an.enbodi t of ,a.penor ell | h cel l
oo oo s ArIcR ethl RERRSETRor Bon Syl bt dnaduid el flc FRABLY 021 )

conpri ses asuéhra@@éﬁ;i@tsegricewpmgei@g%ﬁﬁagiavggistguﬁbﬁme' 114 and between first

and second ternn 11 an e gate conprises a split gate having a
first gate [@@4) andica $660NGnIRLEi3En of A APRIRIPSAinRRLy cell 0. frhd St gate
conprises a control gate, the first term nal conprises a source term nal,

t he second gatoey @0/ TP bic:@BoBMER |cebprisgal n-asetilé hem&e candhd @émdrnadl conpri ses a
drain termnal. Oher configurations of gates and termnals are al so

usef ul . Forcomp@dsaipd @ansistivevithiargst 1§ adver axmnbld 14 agidki@etn fgates] setdné tefminady

termnal can be a drain termnal, the second gate can be a control gate and
t he second tlépmiIial Theane benmisesaupld gatt kavivg adrst sf031 41 ateemnéeanidédinment , t he
first gate is adjacent to and partially overlaps the second gate. For

exanpl e, t Hae edhdingnt Gafiet gas cappEeeRONTV s3h dheatt teraipdl jOrBRMETS|2aEt he sel ect
gate. In one enbodi nent ortion of the control cg%e i s di sposed over the
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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.

[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.g), the select gate is
coupled to a select gate voltage source (Vs,), the source terminal is coupled to a source voltage
source (Vs), and the drain is coupled to a drain voltage source (Vq). 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.



/ 00151 The control gate is coupled to a control gate voltage source (V,5),
the select gate is coupled to a select gate voltage source (Vg), the source
terminal is coupled to a source voltage source (V,), and the dmn is
coupled to a drain voltage source (V,i). For exanple, Veg can be about 0-14
V or about 8-9.5V, Vsg can be about 0-3V or about 1-1.5V. Vd can be about
0-7.5V or about 0-31? and V. can be about O0-5V or about 0-0.5V. O her
vol t age val ues can be supplied to the nmenory cell, tor exanple, depending
on the technol ogy. The appropriate voltages are supplied to the nenory cel
Ei ) access the nenor el |, such as programm ng and reading. . 100161l n
accor dance W'h o Hbacé‘}%‘ﬁfﬁ Hpe e"é{’oa'ﬂJF?fear coger ‘Efﬁl% SERRLHIF G LF g"eiﬂﬁp FHE" overl ap

regi on conprises a rounded ner.. Roundi ng.the corners of. t second gate
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field, gate ectric performan ty 1s 1 nproved. [001l.7]Fig.
2 ShOAS an eibadineeRliifeld ML riceFidharkdOr relidbi@NSingARedi ment, the nenory
array conprises a no voiatile nmenory array. The nenory array conprises a
plurality qbommenogy. £&blSandmbaiigat of ImdnMABaraf doc b sHFBEbodihat, RMory cell's,
for exanple, conprise nenory cells 100 as described in Fig. 1 A[OWV

cor r espondsnasyy fray c@xaings la@on-eoland roHmomear{ay\ The2@hhogragagconplisesm pluabyr esponds
to a bidine, (EL) 289 of the array. In one enbodi nent, the Ms are coupl ed

t o t he secoricenprydelhiamanged inravalagd colBnphTHeancwbryseelisy @r oupkedmpigset he first or
control gates 134 of the nenory cells. For exanple, W,s provide V'g, BLis
provi de Vd.mSwi els |40edesqriged igFizpizaA rpaicopespeploofpeerample. grvvdligeWs to t he
first or source termnals Il1; select gate lines or S3,s 276 g§¥ be used
to provide A8 adasoluma caEsRofds (o7 bidier Bty bt dy a5y Jr Oﬁeﬁ@b?‘é‘ﬁﬁ?’ﬁe l's. SU and
SCits maybe coupled to th nmory. cel esired. Th ry cells may be
configured‘ﬁ?mgﬁﬁﬁﬁmF?38m§¥H§Vt%%%ﬁggg%?%?@ﬁ”ﬁ??ﬁﬁ&?ﬁﬁgfﬁ%nﬁéﬁng cells in

other types ag% 180F g% 6%%819 ic&lﬁ.c ﬁ%{ggﬁggswi@ ]p1%§idMN|%Ls ip§ovﬁ%: gg %\)EI%@S ﬁ\lg,s 100181Fi g.

3 shows a ﬁ"’or 1on or "an e nt of a deVice or wn, the

portion inckuges rﬁaysb'clgﬁfalf)ﬁeﬁ?o kORde VEREnS BRS ERLE terbiRfils EXANRLE e GANRE | SES 2
silicon substrate. "The substrate can be lightly doped with p-type dopants.

Q her typesf 284St veate@So prowdV 26 tifiskdofiDdt sg& PRI 1881f@e memory cells. SLs
silie.on-on-insulator (SOD, are al so useful. [0019] The substrate can be
prepar ed WaiSa@Ly egbOfbuBedio @@ michadiykliths ABFal \The dkhay 1400 may be @ngguedbodi ment ,
the nenory cells conprise mmvolatile nmenory cells. Qther types of nenory
cel | s are abksdORggfewlray dithgcanegi orengiagithbmemet edlls @chthet op@asf areyarray regi on.
The array region shows adjacent nenory cells. Al though only two nenory

cel | s are gbugvturgsfsughsas idde) stalspdscfuhat nmany nore nenory cells are incl uded

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 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-



regi ons corresponding to, for exanple, groups of nenory cells. The array
regi on conprises heavily doped well or wells (not shown) w th dopants of a
first polarity type. The first polarity type can be n-type or p-type,
depending on the nenory cell type. The first polarity type wells are used
for second polarity type menory cells. For exanple, ntype \veils are used
for ptype nenory cells while p-type wells are used for n-type nenory cells.
P-type dopards can include bOAEI (B), alumnum (Al) or a conbination

t hereof while n-type dopants can include phosphorus (P), arsenic (As),

antimony (fih) or a conbination thereof 002 ditioilall t he substrate
may i ncl ude®#i c%ffef%??&)‘f‘%t& fB?Fé‘a‘{‘ﬂﬁtgmg?fd\Rﬁ‘f‘L‘orgﬁ‘%Ag%e ﬁ"%feélo'b%%r{pflf‘?ﬁ for
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ortion, W and
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to isolate active device regions frotn other active device regions, as
requi red. Th@norpRliakhiRp-tf RGNS uskOfor RXPERERery COBPP-typedphial da@Wchaench
isolation (S171) regions. O her types of isolation regions are al so useful.
[04122] | n dpenéBbdanimentAl) & anembinatios ékileofodiiip o 5y@s depatts @n sickitlophosyphdhs a gat e
130 between first and second. terminals 111 and 116 :forned by, for exanple
di f f usi on r(@gykrme. (AYhatifnprygbitops erintbalationftigreobxanpl e, serses as 9 source and
the second term nal serves as a drain. The source and drain conprise, for
exanpl e, sdb®Ab pordieely. EWWS%WN@@F@W@Y TFE’@nsdﬁ?tého“i“h sghas Ebodi ment
conprises a split gale with first and s con es 134 _and 138. _For

exanpl e, tH&MR f"éf“pg%ﬂ%m&‘éﬁ‘r H@S%\bm%f%ﬁi‘yr Rl aegt%f%%‘ %W@esg"éte can be a

sel ect gate l.n i.ne r ate LS a over | aps
the second ggl{ltg de eI nng Oo\rllere %Pe of dev;ce or Ib %Be lg 1C %or%ond% xalflpe CFIH 1n<f11|1 reg(% gat eis

adaeem to apg, .0 \é O@ RSy ofadl Qi) 4 gﬁd&fl @&ld%%ﬁ@aﬁdeq@éseﬁ@a&d&vc%g kap region,

| eavi ng a porti t he Ssecon gat uncovered by th irst gate in a

non- over | ap LRAL 9k usch i 1@diaGeAE portion of the first gate is over the
first gate region of the substrate. enbodi nent, he dielectric |ayer

conpri ses go@hpr alvhd yibs@hte heRE& Gdolatién @YWL (ot shE(i)ﬁ) € XaP h@ive dhRe dpiohect ri C
| ayer conprises a second gate dielectric layer 322 and an inter-gate
di el ectri c floay@licr 32ide @Y tegietk, isaedhepRarTat Bolhthe rdgions forgadmelef toampriiche second
gate and substrate. The second gate dielectric |ayer, for exanple, is a LV
gat e di el echaliow ticaopasolati@t (NED regippe Pt ypescd rdlagatresias et eled wsefol- | ayer s may
al so be enpl oyed.

[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.



[ 0025]in one enbodi ment, the inter-gate dielectric conprises a first and
second inter-gate dielectric layers 326 and 328. The first inter-gate
dielectric layer contacts the second gale and substrate while the second
utter-gate layer is disposed thereon. In one enbodi nent, the first
inter-gate dielectric |ayer conprises silicon oxide while the second
inter-gate dielectric |ayer conprises silicon oxide with silicon
nano--crystals. Qher types of configurations of the inter-gate dielectric
| ayers are al so useful. For exanple, the first inter gate dielectric |ayer
can conpris dielectric materia

hi t
nano- cr yst a{ﬁ@% [b%@@fﬁh”&ﬁ?lﬁmq 1597 g6t PYE 28t ‘f?“ %raie § §%§pla§eﬁcl{q °ds silicon
nitride, bbg nt cEhe tﬁc{?ect&lc rllag%rr(]cg?l?rleses qq]urgﬁ oef dlell tnf: Ea ers, nitg)re &m@l@ the the ARC is

at | east pa y' pu econ ate which is

over|apped b ecsnb? gzscga,gnsg&ts confHd diflgh RASK: ézaﬁnagﬁghw@%éﬁctﬁé lay£ 35 a

portion of the top surface second ‘gate i e overlap region. In one
embodi ment ,;; &tdch RASTaraf tROTE A0 110t (R ohPRIIH §iBGROThd B&nE BLONGe BRI € |'S
exposed suff|C|entIy for rounding the TI Cl of the second gate in the
overl ap regiyen for ERpRXARDY ate klcbBASTer.aD@Eypas HQ%vaS gatehieslde@it Blyergatiye | engt h
is exposed for rounding the corner of the second gate in, the overlap

regi on. Pulasb hgehagkd.t he ARC | ayer to expose the top surface of the second
gate by other amounts is also useful. In alternative enbodi nents, the ARC
I's conpl et 0825t enmvederirodimentige oteegitagiclrety compristheliaRe! semdreeredapl et el y
removed prior or subsequent to rounding the corner of the second gate in

t he over | aplidlasiic dpers 3%6(?0‘23/2]& Ao ke icpragyedicHrientayersontagktheapeondggffend cor ner 344
of the second gate in the over region which is aiacent t r surrounded
by the firsEbsgae é{hl?%hersﬁi?ﬁﬂ@&r'g%gy"é&frﬁ’ésPosF‘%th?rB%n&‘b‘d“eF'Bb‘fdé’é‘i%% ?‘Ffé electric
field on the inter- dielectric |ayer he radius of
the rounded &M mﬁga&ﬁtcoﬂprﬁ?ﬁ(?lhﬁﬁno Sunt F]’deEtrﬁe ¢ %nd mceé ﬁtgge[t}’cmc #a er anount s
may al so beo}\f,l\l? ?Sﬁy 1licor§ 8&80%%11%'31%% rr{alcfo é & lsd (R&Ig %E&% ok ﬁﬂs%f ?’!O%lté?‘—(:t ric layer

for deV|ces second gates o rou ed co Peet - und to be
reduced, %ﬁte QRCRL ByerdE LiQGsEhE FOexddife, TR TR Mick: t‘l, (ﬁel@e‘ﬁlcq red to those
wi th second gates of unrounded corners. The electric field is reduced

whet her or Bbrist B 8ighRGidIQIRIMAErikRnd/BHRVESF 3hah@Gh @i bet ween the fin: ad
second gates. By reducing the electric field, inproved device reliability

i s achi evedoo2bP028} Thierefldctivesbat@a{ ARC)f302, smhamlloen nikrily, nxe ba pgeatie coarduct or
whi ch serves as a common gate for a row of menory cells. Adjacent nenory
cel |l s can becogdgiid. gueredmbslimdnt, tterAR§ais & l@bigetiplbydeledtadkdpmthyedghelitee a conmon
di ffusion region. Qher configurations or layouts of nenory cells are al so
useful . Theeqad g Whagh 1$1¢V96apb@1 hyrtlesfird gete- wivi e S1cl EiRC Spaeot s2ahd sal i ei de
contacts (not shown). BANFi 4a-f show cross-sectional views of an
enbodi ment p@ftlo%_ofﬁpeotegglgfaqe@f i fe.coqdl gﬁt@ inthe overlap region. In one embodiment, at least a

portion of the top surface of the second gate is exposed sufficiently for rounding the comer 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.



device or IC 400, Referring to Fig. 4a, a substrate 105 is provided. The
substrate can conprise a silicon substrate, such as a lightly p-type doped
substrate. O her types of substrates, including silicon germanium or
silicon-on-insulator (S01), are also useful. (00311The substrate is
prepared with an array region containing nenory cells. In one enbodi nent,
the nmenory cells conprise non-volatile nenory cells. Qther types of nenory
cells are also useful. The array region conprises heavily doped well or
wel I's (not shown) with dopants of a first polarity type. The first:
polarity type_can be n-type or p-type, dependi on the menory cell type.
The first {g&zyri t I ops yebofiEenisat pg a%@’@‘(‘f PO 39%8%&%“??8%1 8% 't“)}heto)‘?%]ép nmenor y
cells. For exanple, n-type wells are u for p-type nmenory cells while
p-type wel Ir?l(’g;@lcﬁéseag’a?%?mﬁ{ S[“?ﬁ‘gld?fd;b%}}ey% Sgéftf’ls?.r “ﬁ‘t?‘%éyg‘é" "88‘6%1‘% ogndé:g?]o i ncl ude

boron (B), r@dluﬁ:g}'}ene?leggn? '%gl%l o} [he ?nte?—%sgc? %h@gc}]t{lu?l eﬁ;IlH ?\éfé?r{bomgﬁt,eth&h&ib{sqg _thgo pants can

i ncl ude phosp seni c or a conbination thereof.

[ 0032] Addi thQnalchYer it db6urSUDE hihaREunbRY th BShed B otferhRAGnEs iRQTalsh B uséiOt  Shown)
for ipport circuitry. The substrate nmay al so include regions for other

types of cig2si t r gleciteR@Nsi tRgn®pateli1dciip @iy&ffordeMies @itPkecdr@.gatk0333] General | y,
the 1Cincludes regions with both first and second type wells. To formthe
doped wel | sSouniddroinéihantatfouan idbe chindedfersexamge) dring $/H ofpicamimatyicolts api t h - a.

t E3acart be used. The first and second type wells can be fornmed in separate
processes. c@nprexd t¢ bodamiith sresndfgotes $fonminmigd ¢drersa dhé destricdigldansdugedevigthsio usef ul .
[ 0034] The substrate can be prepared with isol ation regions (not shown), for
exanpl e, t 6r&eparRCacnhes inte pyrdan sgPoirsvers Bafiegah sseagrteanty 'etUn8s acti ve
devi ce regions I n_one enbodi nent, the isolation regions conprise STIs.
Various pr deeeskeds figdimpaved dpiicsydigbiiy ¥ 45kifthe STI regions. For exanple, the

substrate e etched using etch and nask .t echni ques to :kmtrenches
whi ch are ﬁ‘ﬁ@?ﬂbf : Thedi g °f8?aé‘lpi?c?‘?>‘?bc"a F 8ot W e ik Gommon BEG 10

chem cal MRGRAN, GherPR] AL AMholrblbhord Blhs B RELIQLARH nliflor BIBKS BHCESS OXI de

and provide a. planar ‘substrate top ace. regions can be forned,

for exanpl %vhicﬂ'hia? EhakeQ BhmbHd &iﬁ'ﬁsiénh@gignoml; é-ogﬂgugjtioﬁsh)?la QREA mBbdy Selts Ot her
processes or materials can also be used to formthe STls. [0035] Vari ous

layers of tReIs88&aMITIE@akEs @4yalsh B8 pBeld@nvit RRewMpicEa hft sallth® csReanht gal e, for
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



exanpl e, serves as the select gate. Alternatively, the second gate may
serve as the control gate. In one enbodinent, Et SCCOElId gate. dielectric

| ayer 422 is forned on the substrate., The gate dielectric layer, in one
enbodi ment, conprises silicon oxide. OQther types of gate dielectric |ayers,
such as silicon oxynitride, may al so be used. Various techni ques can he

eni phiyed to fojtsr the gate dielectric |ayer. For exanple, the gate
dielectric layer can be fornmed by thernmal oxidation in either a wet or dry
anbient:. The oxidation can be perforned at a tenperature range of about

750 - 1100C Wi th a pressure ranqe of about_0-760 T. In an Iternative
enbodi nent ther@("ﬁgh‘&k‘rtﬂ?eﬁol’?dts cHBTeliPIBTs £V pt i fett WiPHY 41 Progen. The

t hi ckness of Ehe ) gate dielectric layer is about 10 to 100A,. The
second gaIéOHIEFQBf ? | ayer can be formed using other types of dielectric

material s, (; ?j;knggcﬁttl%lalpygth% Sibs a't q?gsu(lflud? % llo?@gﬁéu @8@90 I’o? txﬁp trode |ayer

438 is dep d on econ e el ectrode

l ayer conp cﬁr 'I'hEI s@ﬁﬁlte%ng En@ﬁﬁg reé?&ls Y(ﬁ“' lhErct%s ofmglllﬂati&eﬂn%% Iﬂfad el ayer

can he fornmed as an anor phous or non-anor phous |ayer. Alternatively., other
types of gajR oehekt bades can he used. The thickness of the second gate

el ectrode | ayer, for exanple, is about 400 - 2000 A. other thicknesses are
al so usef ul[0033p f GéndratiehedecRndesgadics @luebdt Hrdend syer ype el iTqes thesuch as
chem cal vapor deposition (CVD), can be used. O her techniques are al so
useful . 003@pddrwetn@nenpodiimenthniquiresugatsemphregion pdiea nakesan bowpt i¥es a doped
gate electrode |ayer. For exanple, the gate el ectrode |ayer conprises
U-type dopdint gndresphdiypavels aedateraed iorepatcginseises) Othergghgiages for &FRINE Ot her
types of dggants and concentrations are also useful. The dopants, for
exanpl e, TR iEATatedst el t he gate el ectrode Iayer by i on inplantation.

O her tech such as insitu- can .be us i ncorporating the
dopant s. ﬁ@‘gﬂhl n@helfﬂl?f’gf)t%&an 5 PEPES "@ %’&8‘”} r§§)%’}s§n°ﬁgrﬁ9wﬁ) $oBEr u’gef ul . I%C]\IT he
various second qu act ver ern§ frg&%acﬁal:htr an tﬁlera tlve v(iec? %ﬁgglm&tembw}ﬁ Ya“ ous

n

| ayers are dh erne orma I'ques, such as mask

and etch, J@a%oy&ggns Elgs@ Rrks hearﬁ)uga{m&@stesecaﬁ baGKs10yEPh tEARINTE. @

ohotore5|st ayer d over the gate layers and patterned, exposing

por ti ons Ofredidd® BRLLMPRYBE SibstAR A e2RhEQRIE o8 £ maBUEHnigSes & H@ACT i ve i on
etch (RIE), 1s perforned to renove exposed portions of the gale |ayers.

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,



[0039] I n one enbodi nent, an ARC |l ayer 439 is fornmed on top of the second
gate el ectrode | ayer bel ow the photoresist |ayer. The ARC | ayer i nproves
I'ithographic resolution, The ARC | ayer, for exanple, conprises silicon
nitride or silicon oxide. O her types of ARC |ayers are also wuseful. The
t hi ckness of the ARC |layer is, for exanple, about |0-500A. After
pattem El g, the photoresist |ayer is renoved, |eaving the ARC | ayer over
the gate slack. [0040]1In one enbodi nent, as shown Fig. 4b, at |east
portions 442 of the top surface of the dual gate stack front the edges are

exposed. In one_ enbodi ment, at |east portigns or the to urface of the
dual gate dSPRKIZEQMBIERsaRLy PE‘B“dFEE’i‘“P I“g%&eé' gy °€tﬁ%seg%‘§ AYY g‘el?ﬁm“t he dual
gate stack .in a subseq t .process.. |I. ne enbodi pent., expEsin ortions of
Phe t op sur P8R TR B, mRE SR B tRe R nBTRR T B B RPR S ¢ he A
llayer. The AR “k%ﬁﬁhﬁ%%ﬁﬁggﬁggtkgﬂm‘gpk about 5-50% of the. total gate

I ength. Pulling the ayer by ot'her anotnts nmay al so be useful. To pul
back the ARGoI6RYeh se@ndEke fledic 159¢:29P]s QYRthied bR L MLoRIERO A RBAL layd.Ne wet etch
conprises a HF chem stry and is perforned at a tenperature range of about
25-100C. The@e ghbléladio@Nayef collpBse¥yet o bibodirfent PAilichn. 120 pseElectioidgyer t ypes of
processes or etch chem stry can al so be used. For exanple, in another
enbodi ment ,ca@baNeimee bdn a@iiph@ig bngnphiopphio liyer. atrdativay,wseckyped higgapghosphori ¢
acid etch can be perforned at a tenperature of about 40-200t for about 1-60
see. [0041]ekctrdveugh bt ived. AREHickyes ofitls spahd gtk diatéde layer, foeerainpls. ipabewt a porti on
of the second gate el ectrode. The ARC | ayer remains in the overlap region
bet ween t het0f i g@ﬁo Agrfeihes dhidkprgscy are alsepselit rloders thesseefing etisdestiofsla9s ousl y. The
ARC | ayer, for exanple, inproves the poly-to-poly breakdown margi n during
er asi ng and“ﬁP@F%ﬁW?aﬁﬁ@“%%ﬁ@ﬂﬁﬁﬂPSW“BFVﬁéﬁﬁ“@???tQﬂwb&¢ﬁ€m§ﬁﬁégoin bet ween
the first aq& second gates during downstreammt:ening, such as a wet etch
This may i P Yve reliability amd yield. In alternative enbodi nent- the ARC
| ayer may noyed e : t ack.
tlﬁ()3r7§ i iél qae %@boﬁ?&ggﬁle &%Ee %léc?rgdeq%lf (%Iﬁlgll‘lsgg a &Ji')‘gd %aellectgc?d'é ?a]ya'

[0042] Refetrin nter-ga ectrrc Tayer 1s forned.

Form ng the:; |l abg lé,gﬁet Gg%thle%(ﬁg }agrcj,rgoxjnﬁbégsrmté};er!io%% hﬁ@fgoﬁ@%ﬁgaﬁorp& Rut $€S

formng the firs second inter-gate dielectric 1ayers. In one

enbodi ment :, gp1 RicRBML. BtBertyhpes Jridbhis hidtcBhice @Atishs die@ls Gdeful CTH: @yRAs 486, the
exposed corners 444 of the dual gale stack are rounded. The first

i nt er - gat e i€ etk linc6rpbray@intoMByateelesielde tifydr\be foy ifh@inteien. ohthdr kehsqubst r at e and
portions of the dual gate stack exposed by the ARC | ayer,

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



O her techniques for formng the inter-gate dielectric |ayer may al so he
useful. The inter-gale dielectric layer is forned by, for exanple,

oxi dation. In one enbodinent, the inter-gate dielectric layer is formed by
insite steam generated (1SSG oxidation, The oxidation pressure can :range
fromabout 0 to 50 T, while the oxidation tenperature can range from about
500 to 1000 'C 1i 3 a hydrogen anbient. O her techniques for rounding the
corners of the dual gate stack are al so useful. The thickness of the
inter-gn dielectric layer is about, for exanple, |ess than or equal to 200

A. O her thlckn S e useful, 43 formn
i nt er - gat e "§7 & gﬁ"t ‘S'ic@ef%lfyg’fj‘%gqi}'re‘é‘s g?ﬁﬂ‘ ngﬂOPJoqu %% ‘éfﬁef p?“fﬂfﬂg fi/ be
per f or med. 'ghtoregrplfam litat s f%l( Alﬁ 8 t hi cﬁer first inter-gate dielectric

ader 18 re ove eaV)lB dayer overt
| ayer. In ne € conp 1SS “hetfTa speci es of dopants such

as CGe, Si ngo E’;Jﬂg Emlgo\é st %fsh é‘ 4mYIe§§l 1(9?44%%?&116 tog) QQA4] deean

alternati ve e di nment, the éxposed coners o dual gate stack are
rounded priqgQf oh@ stg&rffshnge ddB& afel ekgihsed. M &e eglﬁ(;d@m&ilt %ﬂ 186t goltfond @¥Rlep 1 N ONE
enbodi ment, the exposed coners of the dual gate stack are rounded by a

hydr ogen armle@b of tROduaERsRFAtIEre dxp&cdip GicO@Rd roalng &e coserpefithcdun®dte padkor t o
formng the first inter-gate dielectric layer. Qther types of processes for
roundi ng t hea eppos@dpro@ssn &r e amsodahe exppefig Hortionde tleoepdhutfice nSthoduat he anneal
conprise, for exanple, a pressure ranging front about 0 to 500 T and a

t enper at ur eateawngi ingrhierarpy atlbut bag0de £8C 12260 ThOIRT heerlsyrdicogled deghb@al  r ounds
the comers with ;inproved polysilicon surface quality. After the corners
are rounded S t*ﬁﬁ@%‘@é‘é leé’%ﬁ‘rt (e het ARG lyerpy teer pppusts man flat begatte dPel ectric

| ayer. For exa the first inter ctric er can. be formed by
t her mal oxWBBPngH‘”‘IRé‘é@’eéﬁdva‘?c P’%"F‘H‘f’g'fl‘i glf‘ °H§ %Wfﬂt&f’e T PBPHCE fe fir st

; -nt er- gaj[ © I—FB %l eCt I’I 1sI % grmed .Iit a(t) perau SQng\évg%abgutE gOO“édThe%urale ?gwl nter-gate
di el ectric Tayer i°P posi fed Su he“second I nt er--gate

dielectr & Ja%ais Qi?oxt f:%%gc fda%r {ybgs%hprbeagsggor b BhefhisBl BGLIb fe LBY §for s el | as

the ARC | ayer n one enbodi nen e secon Inter-gate dielectric |ayer
conprises i€ QR AnbBhitBne S Wt aanennmglg%ﬁaé?ﬁoals foid B0V gieng t he
inter-gate dielectric |ayer with other types of nano-erystals, such as
ger mani um gﬁ&@h&fcﬁﬁﬁ akiScaBY peom@d e tg@fddlre off 084 60-I0d8T fopabBuitieRY. ques can
be enployed to formthe inter-gate dielectric layer. In one enbodi nent, a
silicon | ajyer41j s Aokdigitdtheo ARChgedupgitd atle it rdinsSivdria parion dyterseaord/galze an
anor phous or polysilicon |ayer. The silicon |ayer can be about 10-300 A
Qt her t hi clivessles Tas sRE e resafsin the Thrdapsidiontshwebayefinsi agd fegondedic by,  For
exanple, CVD at a tenperature of about 500-800 C. The substrate is being
anneal ed afelceirodeorsdisaigscd e vigishy. donARGYRPr fopeBplfm IGPorARS PEV ySPAY s, The
anneal , For exanple, is performed at a tenperature of 700-1000C and
pressure ofreakiin mpreipduting H?SI%BBQHEW‘”EMQ@GC%‘E‘E“HUHH 4 WPt W&éﬂxuéﬁﬁff%ﬁt Af t er

f th md t th dat h f |

oors 2 oIS A Bl TR B 2

i s oxidized af & re{)a% earn?%%lrd. e %Q%'}méo‘a&emf{{g erﬂlawérerw a!o000 see. A
final anneal ’can F e SI

ormng t con di oxi | ayer. The

final anneal,gan. RE REES FupRdaisRe sh@r exanpl e, a nitrogen and/ or oxygen
anbi ent at a tenperature of about 500-1100 "C under a pressure of about

0-760 Ti fqbo4aPouRefd@ing BARO4S BCintel Bls difiédn 1ay@iih RRhedd YR iht8Egalt Pl Ural ity
of anneal processes.

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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[09471After | hrm ng the second intergate dielectric layer, me first gate

el ectrode | ayer 434 is deposited on the substrate, as shown in Fig, 4e, The
first gate electrode |ayer, in one enbodi nent, conprises a conformal |ayer
of polysificon. The gate el ectrode |ayer can be fornmed as an anor phous or
rum anor phous | ayer. The gate el ectrode | ayer, in one enbodi nent, conprises
a doped gate electrode | ayer. For exanple, the gate el ectrode |ayer can be
doped with n-type dopants, such as phosphorus, at a COBCCl Flralien of about
| 9E15 ionsfern2. The departs can be incorporated by ion inplantation O her

techni ques for iincoiporating the dopants can al so be oyed. Form ng the
gate el ect r'gb& te\‘)‘\ﬁ“‘[“lﬁ“’%’gﬁr@?‘“? ‘é’é‘tcﬁgateg‘g%‘@trgllgﬁrt'f’%'cf 0%"388%%@% }lrﬁtf’ﬁﬁat‘él so be
useful. In pne enbodi pent., the first .gate el ectrode rises a thickness
which i s orBRTEs IO TRy Pyl MoaS bt o o SRR TERER 2 ' Char s ne
gate el ectr o : - ss& D& Lid K OEE S &Sy, al SO he
used. To tf@%%%%@%ﬁéﬁ%??@?9g%$gggwéggggg§[nger?nf%chniquggﬁnsuc% as

chem cal vapehLndeRasSibhii 0 {0GY Phite HEASkidABo ISR ranf AR FanfEedMivgeso @r e al so
useful. [DM As shown, an ARC | ayer 448 is fornmed over the first gate

el ectrode 1@y®LC in I ARIrARGmMUiQE @Xa PhRqueLoNPIndS$heSbiér€ Mhddubiighdeadr oXi de.
QG her lypes or ARC | ayers are also useful. The thickness of the ARC | ayer
is, for exanplseusibollie tHickhed00B infEheatARIdir)lger is eyouieBr Examplayiess then or
l'ithographic resolution. [0049] Referring to Fig. 4f, the substrate is
patterned tegual w269 AdCdeethicknesponay alseb¢ wsefuh0a-h from t he dual gate stack.
Techni ques, such as mask and etch, can be used to pattern the substrate.
For exanpl d0043] phBiwialeiane heaipisteqtesdiglesiicilaygr opErmpRzARCInAnyEAD The

phot oresi st | ayer can be selectively patterned by |ithographic techniques.
The pat t er MP° PHE PO BT eifgligesiopired hiries fé‘?ﬁ“&é'gﬁﬁ dl[e% = %@r‘a}?d’nﬁat e

el ectrode | ayers by r _exanpl -l n apisr i.C ch.s s . RE. .The

various | af@’% %Jl%%n?fé%etl%&f HEPBRAF %‘?alesé’f:cs“is OE%OH a etlsrerglﬁhaéfst?}éa"rgjﬁgﬁgo [georrqﬁzlest He menory

cells. The dg&qusgl{agﬁfsﬁedsgyer is renoved after formng the nenory cetls.
nbo

[ 00561l n one e Iment, the nenory cells can be formed with two patterning

processes. Rk XA hfornAvd dfbslimPAL (hEIxPbsBBcPRCLHS dRAFH LR ad rddRdch | On Of
the first and second gates followed by a second patterning process to

pattern theyribi b SdrmBAHUR firsk MicP 8did EIRJ R Dayet. NE odd ibbdigér:, 8he c@BR&IAnBE oON t he
overlay, he ARC | ayer over the second gate may or may not. he renoved.
For mi ng t hehdtaamhay saed dreSromidedbyatly@bgdpahdeelr Fomrgaylo e sgdegenannedif i gur at i ons
is also useful.

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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[ 0051] The process continues to formthe IC. For exanple, additional
processi ng can include renoving of the ARC | ayer over the first gate,
fram ng gate sidewal |l spacers, source/drain diffusion regions and salicide
contacts, filling gaps with dielectric material, formng One or nore

i nterconnect |evels, final passivation, dicing, assenbly and packagi ng.

Q her processes are al so useful. For exanple, other conponents, such as DI
NV and |/ O devices can be forned EtEi C33" to formng the interconnections.
The nenory cells can be formed as a nenory device or enbedded into a part

of 1Cs. spirit or essential characterjstics thereof. The fpreqguin

ermbodi ment SUCPHRHEHER AleoREncEeRRl. CRHEMELE Sl &FF“P%'%%&tgmﬁ%txs’gg rative
rather than,.limti t he invention describe erei.n. Scope of the invention
o' Thus. 1 ndr taPeh S G KR SR PERAE A ot i 5y e + ompi ng
descriptio d " t kSR L e ' diange of
equivalencgmgﬁpthgkgig?%§g§§%£$ﬁ?gﬁ§gﬁi¥% ggeﬁggggggﬁ?ﬁg?g?n{ ﬁa%at i's

clai med i sienfEhdhhd¥B a siticoraytBl RRMeOdn heQlPRRE. PheSRIONRAMS] RMan SEYpIAS

conprising providing a substrate prepared with a second gate; processing
the second ogpdigillcon f@k.NTIR sBieGANG:r Gabeatohit10-380 Ar othBtRiGkneRes are alsofugdfuri ng a

first gate on the substrate, wherein the first gate is adjacent to and
partial | y dfhesiliapgayer ipforibdddm, fofexiryde, €VOaIN{ tegatraure nf 4bhe S6@8dEdTIeor ner part
of the second gate.

substrate is being annealed after forming the silicon layer to form Si nano-crystals. The anneal,

for example, is performed at a temperature of 700-1000 °C and pressure of about 0-50 T for

about 1-200 sec in a nitrogen ambient. After forming the nanocrystals, thermal oxidation is

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

substrate is oxidized at a temperature of about 500-1000 °C for about 100-1000 sec. A final

anneal can be performed after forming the silicon dioxide layer. The final anneal can be

performed in, for example, 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



2. The nethod of claiml1 wherein the first gate conprises a control gate
and the second gate conprises a select gate. 3. The nethod of claim2
thriller conprises a first diffusion region adjacent to the and a second

di ffusion region adjacent to the second gate The nethod of claim3 wherein
the first diffusion region serves as a source termnal and the second
diffusion region serves as a drain termnal. 5. The nethod of claim1l
further conprises a first. diffusion region adjacent to the first gate and
a second diffusion region adjacent to the second gate 6. The nethod of
claim5 wherein the first diffusion_region ser(gi %wsource tertinnal and

t he second ‘i %‘Héﬁ%ﬂesf"‘éﬁ‘iﬁbﬂs"s@r"%‘g Lefo H‘Fé‘fshgaf er tecmq‘ﬁ’?es“ﬂbt hod of
claim1l furtgﬁr co rlses fOE an ; L e. gleleﬁtﬁélllayer in the
overlap redf "%?“? & IS g??ga and ? ﬁ‘”?m ate and the
substrate. [0048] As shown, an ARC layer 448 is formed over the first gate electrode layer. The ARC,
for example, comprises silicon nitride or oxide. Other types of ARC layers are also useful. The
thickness of the ARC layer is, for example, about 10-500A. The ARC layer serves to improve
lithographic resolution.
[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
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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8. The nethod of claim7 wherein the second gate conprises: a second gate
dielectric layer; a. second gate electrode; a device |ayer over the second
gate el ectrode; and further conprises formng a dielectric |ayer on
the substrate, the dielectric |ayer covering the second gate and substrate,
wherein depositing the dielectric |ayer rounds the corner of the second
gate in the overlap region. The nmethod of claim8 conprises a

pr eanor phi zati on i nplant (PAT) prior to formng the dielectric layer. 10.
The nethod of claim9 wherein fbrmng the dielectric |ayer conprises

formng a dj ctric |ayer vvlthn crystal, 11. Th met h claim9
wher ei g fo&hqeéﬁg t FIR TR YDAy Eerl“t?i\a@&‘ 5%’[) °’f“l§r“f‘rt|h?ﬂ§ P ?’?&8 | ayer
\M t h SI l I Con pano q;la}IC% tcnsP(i.sl:lfhereof- OXIOdeét)m%eIgbOdllt\f}?tS %eref?re arc OEI for m ng t he

Qr essen
dielectric?® ayer conpri ses erma €am generated

(1SSG oxi %@ﬁsﬁc@l@d in all respects illustrative rather than limiting the invention described herein. Scope

of the invention is thus indicated by the appended claims, rather than by the foregoing
description, and all changes that come within the meaning and range of equivalency of the

claims are intended to be embraced therein.



13. The method of claim 12 wherein formng the dielectric |ayer conprises
formng a dielectric layer with nano-crystals. 14. The nethod of claim 12
conpri ses a preanorphization inplant (PAT) prior to formng the dielectric
| ayer. The nethod of claim 14 wherein formng the dielectric |ayer
conprises formng a dielectric layer with nano-crystals. 16. The nethod of
claiml wherein processing the second gate conprises a hydrogen anneal to
round the corner of the second gate in the overlap region. 17. The method.
of claim fITthe._conprises formng an inter-gate dielectric 'aye in the
overlap regtGif ¥ Gfe second gate and between the first gate and the
substrate. 18. The nethod of clainbﬁxnwgerein formng the inter-gate
dielectric layer conprises formng an'inter-gate dielectric layer with
nano-crygtals }Qe nethod.onmgkp&pﬁl wherein processing the second

"A method o orlrir‘lig a sertnﬁ:on ice, comprisi F: ) .
gate to forma second gate w a rounded caorner conprises performng a

hydr ogen arni %Véd&‘?%oﬁst“ﬁwégg’geﬁgfe%“ﬁ Qgégz@g%a%;errermry cell co providing a

substrate prepar ond gate o menory cell, wherein the

second gate i;};?(loc?s@t tli%’leé%}ﬂ&’%zlt@t% i5iCH $8bnd gatP Wi £ Rhdd bl aRcond gate to

round a corne e second gate 1n the overlap region; Formng an interc

di el ectric | ayginihdh 6 R\ ile@Postil i vRreBNBe frsf dafedd adfiRER td RAbANaIRT the
substrate; and

overlaps a portion of the second gate in the rounded corner part of the second gate.

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 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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formng a lust gate, wherein the first gate 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, and the first gate is
di sposed on the inter-gate dielectric |ayer adjacent to the second gate in
the first gate region of the substrate. 21. A sem conductor device
conprising: a substrate; a second gate di sposed on the substrate; a first
gate di sposed on the substrate and only partially overl apping the second

gate; and an i ter ctrigc la aratlng the first and second
gat es, % hﬁ? &ad?lﬁé’ghe’ﬁfntﬁ%sgc%ﬁ%tﬁﬁg & which is overlapped by the

first gate conprises a.r g qu corner. 22. The device of claim21 wherein
the first gatesgm%gga%gge "E6hT T ol gate and the second gate conprises a
sel ect gate. second i€ device of claim22 further conprises a first

di ff Usi on reglon a%Facen 90 the first gate and a second diffusion region

adj acent to ”l%e%@é:lg%%%ﬁh%sec%ﬁd él'igeeel ggaecgn of claim23 *herein the first

di ffusion region serves as a sou and the second diffusion
region Serves f@rﬁleﬁcdl{p@l'ség f&rﬁﬁx{g arli?électnc layer on the substrate, the dielectric layer covering

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 (PAI) prior to forming the

dielectric layer.

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

diclectric 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.

14. The method of claim 12 comprises a preamorphization implant (PAI) prior to forming the

dielectric layer.
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15. The device of claim21 further conprises a first diffusion region

adj acent to the first gate and a second diffusion region adjacent to the
second gate. 26. The device of claim?25 wherein the first diffusion region
serves as a source terrniaai and the second diffusion region serves as a
drain termnal. 27.The device of claim21 wherein the dielectric |ayer
conprises a dielectric layer with

15. The method of claim 14 wherein forming the dielectric layer comprises forming 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 diclectric 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

forming a first gate, wherein the first gate 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, and the first gate is disposed on the inter-gate dielectric layer adjacent to the second gate

in the first gate region of the substrate.
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21. A semiconductor device comprising:
a substrate;
a second gate disposed on the substrate;
a first gate disposed on the substrate and only partially 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.

22, The device of claim 21 wherein the first gate comprises a control gate and the second

gate comprises a select gate.

23. The device of claim 22 further comprises a first diffusion region adjacent to the first gate

and a second diffusion region adjacent to the second gate.

24. The device of claim 23 wherein the first diffusion region serves as a source terminal and

the second diffusion region serves as a drain terminal.

25. The device of claim 21 further comprises a first diffusion region adjacent to the first gate

and a second diffusion region adjacent to the second gate.

26. The device of claim 25 wherein the first diffusion region serves as a source terminal and

the second diffusion region serves as a drain terminal.

27. The device of claim 21 wherein the dielectric layer comprises a dielectric layer with

nano-crystals.
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