WD 2008/ 076152PCT/ US2007/ 017414 NANOSCALE FLQOATI NG GATE AND METHODS
OF FORMATI ON Background 10001] Menory devices are typically provided
as i nt er naWO0g080&€é2 areas in a conputer. The term menoBRCTIEEBMTI01 46
data storage that conmes in the formof integrated circuit chips. In

general , menory _devices contajn array. of ls.f oring
data “and"Tow ANANBFCAEABRTE st B MBERDIS OF rrknR g of
menory cells for accessing the array of nmenory cells in response to

an external address. [0002] One type of nmenory is a non-volatile
menory known as flash nenory A flasBackeneund i s a type of EEPROM

can b or ascll'G T opr JAPATNGRVER 7 BEELY Rioki SR avr e Pt

conmput ers ( PGa)a domgitet NEhe teBh @Rn{depiestifidd dbfastrddeUbat Sy@temihéfopned on
a flash nenory chip so that it can easily be updated if necessary.

Such a Bl Cs i &f igsamted pirsuitehipe dngengralsmempuglevicPsmiamabiyay of al so
popular in W feh68Sefil f’o‘?ts{oﬂﬂgﬁatgeéﬁﬂ(fg\?af?@&ﬁhiﬁﬁdééoldsxr@l%ﬁice&;ﬁ%d to

manuf acturer to sudpport new conmuni cation protocols as t econe
st andar di zed thadrrepofmenoryecihfer adresingythe arayeofonahory aglisriadesporse to
device for enhanced features. [O0003] A typical flash nenory conprises
a menory arrad! Pepala %F'ﬁ‘des a | arge nunber of nenory cells arranged

in row and cojognn) f ashiGiety éhorly ta RERORIIAIE Blelndry IfoMHAR Flash
floating gate field-effect transistor _capable of holding a charge.

The cel I's ar emeaat |4 flgghauqreary isn pe PORKIROMdglicoirallherasadle s within a
0 ook con ¢ ShESHLBRLIMPHAP bl MISAFReLedhoot 9 92t
oper ation. Theprbgtammed ia bbeks. Manylmbéernmpemohabyorhpdens (BGSs) hee: their
SR o SOERIT YR TR N
easily be updated if necessary. Such a BIOS is sometimes called a flash BIOS.
Flash memory is also popular in wireless electronic devices because it enables
the manufacturer to support new communication protocols as they become
standardized and to provide the ability to remotely upgrade the device for
enhanced features.
[0003) A typical flash memory comprises a memory array that includes a
large number of memory cells maﬁged in row and column fashion. Each of the
memory cells includes a floating gate ﬁeld-effect transistor capable of holding a
charge. The cells are usually grouped into blocks.- Each of the cells within a
block can be electrically programmed by charging the floating gate. The charge
can be removed from the floating gate by a block erase operation. The dataina
cell is determined by the presence or absence of the charge in the floating gate.
[0004) Flash memory typically utilizes one of two basic architectures
known as NOR flash and NAND flash. The designation is derived from the
logic used to read the devices. In NOR flash architecture, a column of memory
cells are coupled in parallel with each memory cell coupled to a bit line. In
NAND flash archifecture, a column of memo‘r).( cells are coupled in 'scries with
only the first memory cell of the column coupled to a bit line.
[0005] Memory device fabricators are continuously seeking to increase

performance. However, the scaling of memory cells is limited by the need to
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known as NOR flash and NAND fl ash. The designation is derived from
the logic used to read the devices. In NOR flash architecture, a

col um of wenusprast| s are coupled in parallel wth eactmvErTPiITRS! |
coupled to a bit line. In NAND flash architecture, a colum of nenory
cells are coupled in series with only the first nenory cell of the

col um  coupl e@cxeaseeans{w majrign c?m'@spmm § copspl 5@3%@ﬂ€%tn6rg§tear e
continuously Sagki zgndofﬂggrﬁ&?e?e&g%%Me&?&lﬁ&enmdﬁﬁgﬁmeé rtﬁme%‘r‘n@tk‘lbdi'9 of
nmenory cells I's te y e need To Increase an mal nt ai

coupl i ng bet V\thﬂcr&amtg]ielrfbhngﬁ:bef afidatingfdateahémary gell & todricreasarhai m zing
t he mterference .bet en?ntla}lacent floati n d. of

.
i ncreasing pef P BHARptEe £1t5 it thr dogfiiee %%iﬁd&ﬂn& rfr{gth?‘goﬁ ncrease
the coupl ing fitschdifis G RIGhcelldivs Bdcie hdrORichiat Gstn bR 4 | ONal

met hod of increasing performance involves placing nore menory cells
in the sane osmallesah pep mamegy deviee. hinfortynatelyyeach methedbeanlensditel y, each

nmet hod can | e r Ilng of the gate stacks.
Brief Descri pﬁ?g&%&gﬁ%?@%?%lﬁgo?%g@%g gures 1A-1Gillustrate
cross-sectional and top plan views of a portlon of a nenory array
during various stages of. fatheﬂDésaﬁpﬁdh@fQE@DM@ with an enbodi nent
of the present disclosure. [0007 Fi Q{Tures 2A-2F il lustrate

cross- sect i ondP0Rk ewns cﬁ‘glffﬁ%k”"l #Qﬁrﬂ%&e?twna%@ﬁ%ﬂé%vw Rfa
pitch multi p'ﬂ)&asﬁ Chefa G H5E v b OLELAG T FBRAton T hteRuale e
present discl osure 0008 |gure ustr tes top plan view of a
portion of a withen ymbedisgnt of the present dlsclosure

[0007] Figures 2A-2F illustrate cross-sectional views of mask lines,
formed in accordance with a pitch multiplication method for use in. forming
memory arrays of the present disclosure.

[0008] Figure 3 illustrates a top plan view of a portion of a memory array
during a stage of fabrication in accordance with an embodiment of the present
disclosure.

[0009] Figures 4A-4D illustrate cross-sectional and top plan views of a
portion of a memory array during various stages of fabrication in accordance
with an embodiment of the present disclosure.

[0010] Figure 5 illustrates a functional block diagram of an electronic

system having at least one memory device in accordance with an embodiment of

the present disclosure.
Detailed Descfiption
[0011] One embodiment of the present disclosure provides a memory

cell. The memory cell includes a tunnel dielectric layer overlying a
semiconductor substrate, a floating gate having a first portion overlying the
tunnel dielectric layer and a second portion in the form of a nanorod extending
from the first portion. The memory cell further includes a control gate layer
separated from the floating gate by an intergate dielectric layer.

[0012] In another embodiment of the present disclosure there is provided

a method of fabricating floating gate memory cells. The method includes
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during a stage of fabrication in accordance with an enbodi nent of the
present disclosure. [0009] Figures 4A-4D illustrate cross-sectional
and top plwowiseaaspf a portion of a nenory array duri rgCTAS2OOMS7414
stages of fabrication in accordance with an enbodi ment of the present
di sclosure. [0010]Figure 5 il]lustrates_a functional block di agram of
an el ect r oni cfospingafinnel dislgctic lavsnayerlying avspusopderden substiafe, frawidfance

w th an enbodj : | i 1: % 1,.0N
[0011] e enbidy Rl o RFR ERENer DIt OB i 1S S TR P
cell. The nenkolticetegionnic & saheisoralutionsudistrate eaeetterids abavearsudfaerdfithag a

sem conduct or .supstrat e, floatin te having a first portijon
over |y ng t et e arbuidier FhuiRs furmibsbheron st ot 5 he
form of a nangg@afofrepRACWRGe b befioh BEtheifiritiayRPreriapd expéted BBREY thee! |
further includes a control gate |ayer separated fromthe floating

gate by an i ntpeeegaensd igrmaing amanerod gy exposedportionsof thedirpidayes abpalt ofent  of

e Present ChEBRER 6yl Syl RARGIRY L e el 6 70
separated from the nanorod by an intergate dielectric layer.
[0013] As used herein, the term "substrate” or "substrate assembly” used
in the following description may include a ﬁumber of semiconductor-based
structures that have an exposed semiconductor surface. "Structure” can be
understood to include silicon, silicon-on-insulator (SOI), silicon-on sapphire
(808), doped, and undoped semiconductors. In addition, structure can be
understood to include epitaxial layers of silicon supported by a base
semiconductor foundation. The base semiconductor foundation is typically the
lowest layer of silicon material on a wafer or a silicon layer deposited on another
material.
{0014] The semiconductor need not be silicon-based. For example, the
semiconductor can be silicon-germanium, germanium, or gallivm-arsenide.
When reference is made to "substrate" in the following description, previous
process steps may have been utilized to form regions or junctions in or on the
semiconductor structure and/or foundation. When reference is made to a
substrate assembly, various process steps may have been previously used to form
or define regions, junctions, various structures-or features, and openings such as
capacitor plates or barriers for capacitors.
[0015] As used herein, "layer” can refer to a layer formed on a substrate
using a deposition process. The term "layer" is meant to include layers specific
to the semiconductor industry, such as "barrier laf-er," "dielectric layer," and
“conductive layer." The term "layer” is also meant to include layers found in
technology outside of semiconductor technology, such as coatings on glass.
[0016] Various embodiments of the I'Jrcsen.t dis'c':losure utilize an inverse-
T floating gate structure, where a first portion of the floating gate is a layer on
the substrate, and a second poﬁion is a nanorod extending from the layer to '

facilitate reduced spacing between adjacent cells without significantly impacting
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formng a tunnel dielectric |ayer overlying a sem conduct or
substrate, formng a first layer of a floating gate overlying the

tunnel diel, %Jso?m%?yer and formng an isolation regi 5 ,”017414
sem conductgr substrate that extends above a surface o tﬂ& @l

| ayer. The nethod further includes formng spacers on sidewal | s of
the isolati onpare\gu@w,pamcea As wed herem, Graneted” fafers to anpjangated maiteril

exposed bet wegp, {0 SPARELS 80! QL0047 HAA0LAT- A SeRsd for Li ons

of the first layer as par I'ng gate il

further incl utgfnietraingg t@te\nqm)nﬁi ag@h& DeBpdchitid (lehigthiviiin) thaﬂor od by
an intergate dielectric Iaé I‘?"EﬂOOlS ] As used herein, the te
"subst rat e" oFanEeHUR Sdte 19dde Oyalth%élanmrqdﬁ@rer@qumﬂywsfeﬂééécr,ﬂ;f-’t| on

may include a;p sdgécn% é}Qin}éC}léU lpgﬂéa%ﬂs (3 ikt Bmés haye an

exposed seni conduct or sur "Struc can stood to

i ncl ude sili cnmonbbcbnscdsdsoomemawbwaan b(aﬁ@i@ed hawhg dxffa:r&nns}s:apq;l‘nrr e
(SOS), doped, and]ugr(r:lo ed sem conduct ors nl add ti orl1 tjatelure can
be under st ood*t¥"H'% OR3fT ¢ ee?l‘fc‘l‘&&éerc?né'l’a"siPP YEYH ?65@‘8? d by a
base sem cond@q{epghafp@ymdmelnqmma'me Q]@@posgm conductor foundation is
typically the |owest 0e;er of silicon material on a wafer or a

silicon |ayer[0@pbsite Woébﬁﬁlmat%étﬂe&?fthﬁ[mgwpﬁéﬂ%tFﬁgcg?fﬁjuct or

need not be SfdrhS&)ﬂlcR@@gda naﬁ&rod% +e endtffhafi G4 C}ﬁ%%ﬁﬁq

silicon- ger mani um nium or ar seni re ence i's
made to "su bssurfabeérea o mmatairoddeqmtmg)whsg;betmcmﬁle flpatimgi gatesanﬂ tl@ecess
steps may have beian ut d 1o {)t?lrm regj ons or%ﬁ;nctl Qns in or on

t he sem condut%P gqt? ‘u u%{ﬂld? © PRPH %tTuBWre SYSAR ST s nade

to a substrat msaﬁ&edmheen AL S/ B REBDEriSE RRFInEBYtel) B fRERALing 2
previously used to form ar define regions, junctions, various

struct ur es. or FfagioniRaragficicappeimnerysaing 1o 1&5""6’&65@?‘@@#9 BBat es or
barriers for E}?a%?érfsﬁéss DL{eQQillé]uA@ogﬁ‘gﬂro'a? Iifed ﬂoannk %Xt% maf?;ﬁfdrﬁ’xfs@ rtoa

Iayer for med on a substrate using eposition proces term
"layer" is neaith r&dmcadnphudg thl&;fwhtasm@mmfeasrdtauay Hensgeni conduct or

Conduet ve  ToB . O3 e mEEL wne 6% e LA referett Shpber B puda ey o1 o

found in techpighedy whithst dasaf whiterihe eadaitingtwb e@h@efmgyefemw as
coatings on glass. [.0016] Vari ous enbodi nents of the presen

di scl osure ut Pmbes refgr tp or ST PRI ‘&ﬂ@c’ét’?%ﬂﬂféhe I%ﬁ%é’ﬂb a

first portiongigdiodieudsh @RbidhGuaAl &vemi Aoy efheQRall Q)f%ﬁ‘ and a
second porti onl |g a LFlélanor oogmegtendlvng f%omthe I%yde%r to fac?slta:a?%te

reduced spaci my réreesneiamecistj dmersions @hd/sr dimehsional sitigs pf the xamdug
I mpacting elements illustrated herein.

[0019] Figures 1A-1G depict both the structure and a method of forming
a portion of a memory array, or memory cell 100, in accordance with one
embodiment of the present disclosure. Although a single memory cell 100 is
illustrated and described herein, it will be understood that the memory cell 100 is
formed as part of an array of memory cells 100,

{0020} Figure 1A depicts 2 memory cell 100 after several processing
steps have occurred. Formation of the type of structure depicted in Figure 1A
will be appreciated by one of ordinary skill in the art and will not be detailed
herein. In general, Figure 1A illustrates a substrate 102 upon which a tunnel
dielectric layer 104 and a first layer 106 of a floating gate have been formed. As
discussed herein, a substrate 102 can be formed of silicon, silicon-germanium,

germanium, or gallium-arsenide. Other substrate 102 materials are also possible.
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parasitic capacitance. As used herein, "nanorod" refers to an
el ongated material that includes at | east one cross sectional

di mensi on Wwhabogioasges fromtwo (2) nanoneters (nm to tAsIeroidy
and has an aspect ratio (length:wi dth) that ranges from5:1 to 100: 1.

Al so, althou orods, are fr ently referredq to,. the technjques
descri bed he?ﬂmﬁﬁ;re al Ié‘é"@ﬁﬁ!”ggﬁﬁ’leétsz%e H‘&H?}\ﬂlgﬁ,‘%"}c H&?fdtoﬂb%ass,d‘&’i’d

nanor i bbons. @*iﬁé}ho%fﬂ,nﬁﬁﬁ AL JtheP GieleRfrXGHAt a‘rf:‘;. M S drly 8, 1Y

shapes, for exanple, e nahorods can be circu ., rectangdl ar,
pol ygonal , or tuahélididleatad lay€diche inchida pifisort axides{8in81h),cdeomniriddsso

possi bl e. [00]1/ o..the elongate.stru re,of the nanorod, the
floating gat e@g%g’ﬁw@r E'Hfsﬁl °§°ﬁ%{ﬁ6ﬂ8§@§ﬁy)@re | ength than width,
resulting in me] Ci entinowe EABSdiRbMAthE Quiiie] diklektfic BYSALA@En 6O Bihied
bet ween the f[ oati nq gate and the control gate. The inclusion of the

nanorod st r uchuiieredl ogidetienefithe substrate | & daanaltemaln sabpdimgrlethead) acent
and/ or nei ghbgfb 0G;dil 3t 1 lgﬂlti:%?llae n%ﬂﬂédl‘; bl'ahﬁe%éd%?ilnﬁa LEAEEkRR 1N

parasitic capacltance Teadin roved gate co
char act eri st i materibl)such@s b ehansieal vaparaiapositobs, (CMAY ok pbwsidaheppgat es may

be f d wit ing,. thus facilitating i d
denstty. [ 0014PORIPRE VD dradtionJt pre Efbasimfhis BF iR B mper
refers to theidd @R fhrmedRudthhtlit has ailiekhesy\of dpBroxiiBatéI TRty T Mthnt BO

digits of the reference nunber refer to the same or equivalent parts
of enbodi ment!{e8% of the present disclosure used throughout the

several 1igur @i%%%]lhe S Clﬁ'sbngg eﬁfao&iggntF,i tggflf‘sg 1Sa9§§1%6 MOh1sd feRdred ?@%s a

preci se di nmen and/ or di mensi ona the various elenents
i I'lustrated hBrseportiod 60xhe flFatipgreets, 4sAlisGswd heein. Hotbme brebetiments,the and

a nethod of farmn poriion .of. .a nory., aLr or..memqry. cell 100,

in accor danceg{ﬁﬂaﬁgroﬁé C%%%ﬂpﬂm‘co&fq%eﬁ'e%b? fé@ﬁl\/ﬁ/‘ffo‘i"ée%ﬂg‘ﬁﬁ/ be oﬂ?l?‘il]ough
a singl e MemofymGikdr mb&PialsS Fot &Husiplead iRGiraN et 266 EdntRdoeddif Bilickd W | |
be understood that the menpry cell 100 is fornmed as part of an array

of menory cel g&gmapgm EFe)ofiligognsapphigegraaaiug, pgabiyn-asenida oo aft er
several proceggt ste p r { f
Structurs depPedy o R oRe YRy ARaMy BP sritBIEIAC 8t L bYERIS In
ordi nary ski | another einbodimentathd finstlldyentd6 dae bd doraicdégt PAED. eDther hathods

general, Figure. lAillustrate substrat.e 102 upo ich_.a tunnel
detect ic | aydprigs mefr R 108 =F Ao fte o awerBatimest sidkthave
been forned. ASerdioseushad ahmicRicds ofapproREhdely ewdy (209 Ame 1dser nd of
silicon, silicon-germanium_ gernmanium or galliumarsenide. O her

substrat e 1022468 pdiscuased hatelp insegsi epbgdiments, the first layer 106 can be
used to form a first portion of a floating-gate for floating gate memory cells.

[0025) Referring to Figure 1B, in one embodiment, isolation regions 108
can be formed to reduce parasitic capacitance and/or cross talk between adjacent
floating gates. In some embodiments, isolation regions 108 can be formed by
photolithographic etching to form, for example, shallow trenches. Shallow
trench isolation (STI) can be used to form the isolation regions 108, the methods
of which are known in the art and will not be further described herein. In one
embodiment, the isolation regions 108 are etched to a depth of at least fifteen
(15) nm relative the upper most surface of the first layer 106. In some
embodiments, following ST1, an STI fill is performed, as is shown in Figure 1B.
In some embodiments, the STI fill materiai can be an oxide laid down by high

density plasma deposition. The use of other fill materials is also possible. The



WO 2008/ 076152PCT/ US2007/ 017414 [0021] I n sone enbodi nents, the tunnel
dielectric layer 104 is a silicon oxide, however, it may include

ot her di elwebhdsm7éms eri al s. For exanple, the tunnel di glcagishéolAYLr
can include silicon oxides (SiQSi02), silicon nitrides

(SINSi 2N Si 3N4), . and silicon oxynitrides [0022]1n one enbodi ment,

the tunnel di plaawizef straciyre sltarguchismirabmeshspiealpolish (GMPheiep isghers inon of
the substrateg %Qn?e 18,0 an alternate enbodiment, the tunnel dielectric
| ayer 104 can ©be fornmed by a bl anket dep03|t|on of a dielectric

mat eri al, sucff026} by chiaspmalembagiorenidgthe fsolationregiovD)l 0® cantaysi cal

(o 9epos: LR ATt Betilihele bR SRS RSt

appr oxi mat el yembbdidehtofhk sideWalty 110888 extbtbalé theSQRATDQdRERSS, the
first layer 106 is also referred to as a first portion of the

fl oati ng gat elayers! (§ibyct esetapprorisnately fwenboE) rimb dafthissembodimens the r st

| ayer 106 can. | r. I 0 be
formed from ot ﬁﬁugnf% lo%? li)é &9‘21 b@X?ortal h%_%ﬁt I]hz %#J?lr@%{a]le%s%egp rﬁ%@a%!}ﬁ
formed of sil thbonfige(3SRramum (Si Ge) silicon-on sapphire, germani um

or galliumar de. [O n _one enpodi nent he first yer 106 can
be formed by @517 In an‘g’f’ﬁé-{“e %Bﬁ?ggﬁgmetlﬁed R OIPtWéFOfaUBt@an be
formed by PVDmefdoRedellMebhods p?éserﬁtQﬁéHd@QretaﬂeeaJailﬁb% in%@'ém%@&nﬁﬁ@aal S0
possi bl e: I n' one €nbodi nent, first la can have a thickness

of appr oxi mat &faging st RET N0 rdpmsctc:d oreths fi rst &ayadbﬂ&andnsolawnmgevus sed
ner et 10 SO, LI i 3% Bk B SERA , TO
[ 0025] Ref er r i exgnipte, Fhegpacing Byeri In Smﬁhebefﬁhﬁdd ﬂﬁﬂiterlals sdl@tdddffoni &gl ons
108 group including, but not limited to, polysilicon, silicon nitride, silicon
oxynitride, and silicon dioxide. Other materials for the spacing layer 115 are
also possible. In addition, the spacing layer 115 can be formed by a variety of
methods such as CVD or PVD. Other methods of forming the spacing layer 115
are also possible.
[0028] To form the structure shown in Figure 1C, the spacing layer 115
is removed. In one embodiment the spacing layer 115 is removed by etching.
For example, in one embodiment, an anisotropic etch can be performed to form
spacers 113 on the sidewalls 110 of the isolation rééions 108. In one
embodiment, the spacing layer can be etched such that the spacers 113 are
separated by an exposed portion 114 of the first layer 106. In such
embodiments, the spacers 113 can have a width in a range of two (2) nm to
seven (7) nm. In some embodiments, the portion 114 of the first layer 106
exposed also can have a width in a range of two (2) nm to ten (10) nm.
[0029] In one embodiment, nanorods 116 can be grown on the portion
114 of the first layer 106 left exposed, forming the-second portion of the floating
gate. The nanorods 116 can be formed from materials such as silicon (Si),
germanium (Ge), gallium phosphate (GaP), gallium arsenide (G_aAs), indium
phosphate (InP), gold (Au), silver (Ag), zinc (Zn), zinc oxide (Zn0O), silicon-

germanium (SiGe), silicon-germanium-carbon (SiGeC), zine sulfide (ZnS),



can be forned to reduce parasitic capacitance and/or cross talk
bet ween adj acent floating gates. In sone enbodi nents, isolation

regi ons. 18 6@&A7682formed by photolithographic etchi nediudharisbor
exanpl e, shallow trenches. Shallow trench isolation (STI) can be used

toformthels .ation . r ns ,108, 1 he nethods _of which are kpown in
the art ana veRtonoRds SR Mo edbim gBaHEABARA MORGE IR nant
the isol ati on(mas))o0mel BhoRdEl B iEshid ﬁe@ls@%@ésibl@f at least fifteen
(15) 11111 reI ative the upper nost surface of the first layer 106. In

sone enbodi met030] f ol | olmmglesmbodlawntsmenantIrOdS§léerefgrowedo thatsthﬁs
shown in Flgur Tl fil ] I an be
o oni e | oy dndnstidy B AR AR FER:RuiatfSe BEiniior LB b
other fill matesdn® ﬁnboﬂlrﬂérﬁgtm(}ﬁﬁdnbﬂ@l16Tziﬂ6groﬂ‘n€tﬁalﬁdtﬂ&dlaﬁ&rbﬂ§1we
after a chem cal chani cal polish (CW) step i;s shown in Figure 1B.

f0026] I n spi nBXERERMHRS! laysid 0p §b4paquanatﬁlég1%¢f§y O3 degier g
si dewal | s 110488k tedhRnd df%ﬂe‘a}{'g;e ?I&”Ifn%ﬁﬁlle eHbodlﬁ'fegfsh@ Eht{o? ds 13%¢€r

106. I n one enbodi nent, the s can exten ove
surface 111 ofan bed“oﬁncrdsusm%ﬁapo&ﬁi@nd)yolai (Vi&a steckqmino xinsatte| y t went y

(20) nm In thi nbodi I SO t|o re onsl an have a
total hei ght ?LTE ‘ﬁﬁ’ﬁ%f t %n%orq:ﬁiétgr% ?fag‘ﬁﬁfff’% )

rim [0027] Fr giowiiheviktd (e et naiopatlgwaetshBa c&b@&ﬁhﬁ@heaame@a@wﬂmf orm
t he nenory ceII 100 of .the_ present disclosure are available. In one

enbodi ment, a2 8{gabi M- q"&%ﬁmnﬂ‘&%ﬁ Heuged hersin, cppngpartiple” refersio 4 ayer
106 and i sol afj,pRaf ] alaé&% raifbgleﬁggm%@sgf oxtlRel§ a0, Bt frofuRd of

several different nate aci ng’l'ayer
be formed of atdtast om csosesb@mhelctllmemnmhehegnngqmﬂonctl)dmn@ terb{ID) mnt

limted to, ppl con ilicon nitri con.o

silicon dioxi Peé/ bé)?"??ﬁ‘?élﬁ gl qagppatrﬁgé i’F Haecit%fi/(lép t%igrsgpag Tal so
possi bl e. In agBlihioter einbedimpats) th@meRy dno cl@ﬁﬂmbﬁ depésied o shedirst
variety of rret hods such as CVD or PVD. O her nethods of form ng the

spaci ng | ayer layarsi08r o al so possible. [0028] To formthe structure

shown in Fi 9u[d R31C th%?gﬁ&hln&dlﬁx%sh%é 3@35&@»@%& OREtal

enbodi nment th spaci ng 115 1s re I ng or exanpl e
i n one enbodi nawepartigls catalysoforopa Gquid elhoycwith the npmrﬁdm hedategalfafr m

spacers 113 on.t si dewal .don.regiqns 108. I n one
onbod ment . ¢ ST TS 25 Eprelnipl biter Ao Bhienof Wa%a@ﬁsc%%@sﬁes 113
are separ at edishymah HeptRe stekingQirbtadiiti d4igfid ivérgud dolid udfaxer THelfuid N

such enbodlne§LW the spacers 113 can have a width in a range of two

(2) tun to se %etrspmrswa%wh@ma# hehprecurggang beaomshthe14 of t he

first layer 1 av (2)
A 0 ton (10 o TSR T R AT (nalethe by @ RN KA

grown on the giorensiomal growth can occur in the presence of reactant based on the
preference of the incoming reactant to diffuse to and condense at the existing
solid/liquid interface. This occurs because less energy will be required to
continue crystal step growth compared with secondary nucleation events in a
finite volume.
[0032} In one embodiment, a mixture of hydrogen and silicon
tetrachloride (SiCls) can be introduced into a vacuum chamber containing a
silicon substrate with a small gold (Au) particle sitting .on top at a temperature of
nine hundred fifty (950) degrees Celsius (°C). In this embodiment, when
nucleation occurs, the alloy droplet can become displaced from the substrate 102

and "rides" on top of the growing nanorod 116. In other embodiments,



114 of the first layer 106 |left exposed, form ng the second portion
of the floating gate. The nanorods 116 can be fornmed frommaterials
such as siwbeos/ofsas), germani um (CGe), gallium phosphat eda@®)o7/017414
gal Il ium arseni de (GAs), indium phosphate (InP), gold (Au), silver
(Ag), zinc (Zn), zinc oxide_ (Zn0), silicon-germani um (S| Ge),

si I'i con- ger nagﬁrﬁlﬁvle@rr@aﬁmésiké@,beﬂw R cat%ag) ,13 2 ﬁl«?q: Garpon
nitride (GaN) zaroRfsk 4115 84 He G REHY dfciel ¥ ARAIystand | ndi um oxi de

(1n203). Oher nanorod 116 materials are al So possible. [0030]1n sone
enbodi nent s, [B33nanor ddsnd &Bbedimensy numrals 1 haf silidos cambogwds ohtbe ar e

approxi mately r icular 1ot ane aof -the,subst.rat 02. In
2bhe erbodt moRat f ettt D i 825 At SEnEIpLERLS SREkBe 116
extend from th@opirtisles taaiRdedEifedbn BizpoacnTAY of thedirdtilit YOq RR) degree
angle relative the tunnel dielectric layer. 104. In sone enbodi nents,

the nanorods @peseandisebseientiyannseleg. n addpion. misyeh eokesiments Yes)
mechani sm | ntéi?.fr'n'iglg;[ @g@%ﬁ)ﬁ(’f‘i%ﬁ be %ﬂ%g e%ﬁl% (’3#}%% 9&?8\‘ dcHidsitfe et 2l

nanoparticle r owt re the tal nanoparticle acts
as a cat al yst (SiHz#il,)das atcttsmpéretucy inwtrangerfram ik ghhdred@0piGriereéght nal

aepoct rati o GEia o0k G A 3o e FiamiL e BFan: ki hodd: o? °"

| east one cr ogRl/STSEHICINs, diicRnNHieRs thioidhend/engewsf thedanfull nmto ten
(10) nm 1In one enbodi ment, .the nmetal nanoparticles can _be injected
into the firseanopartieles gl preqipitesont. dnsaeh srabadiments as Hesiicon

nanoparti cl es ‘ it ; ir I : Octds! N
general , and %%?Bl\}mﬁgsﬁﬁ%%ﬁt%g lggoggﬂﬁ%e%yvtuag%r@%ﬁ?ﬁég %ea{lg& >
nanoparti cl e casiagyetnahaods] b thihgve dtasibundipsw thi forreofiiEiBiar dbie 116

material of ipterest b ervin s a.preferentiagl site foi-

absor ption of I%&ﬁt%tcx%g%ﬁ?ﬂ?é’gq ﬁ%?@“?‘% s 8Herﬁip59’?8sfs S&PPcki ng
probabi ity opmoBdjqui d VBk&HSE emBbdishestyHane08s 116 ghllit Asealdeqadkopl et
supersaturates with nanorod 116 precursor and becones the nucl eation
site for crystabeigzewy emthe rertiogdd4 ek the fisst dayenl Qpsleft exppsethsinthigui d, one
di nensi onal ¢ : i r : hﬁpdtl ) t he
pr ef erence ofé%“?ﬁ@gﬁ?ﬁ%%ﬁ%dagtéaégt&@oﬁg??? %Tslg& ?%tqgg Co%rgéﬁgga%? t he
exi sting sol i phaké epifagly (MOSPEA sestenThFatheg sumsthplgeliued TM S sand teenty wi | |

be required t onti nue. cr l,..St row h ared with secondary
nucl eati on ev@Rfeﬂfﬁﬁ“ ﬁrsﬂeﬁ%(?%%\%l"ﬁﬁ& %%Efﬁﬁ% ©BWSArTER, a
m xture of hygeegss, i thé hinoenl 116tgiaethlcat béear(i&l &it4) a Rafpeldure of

introduced into a vacuum chanber containing a silicon substrate with
a smal | gol d Yexe hydredi he(73Pk G ng on top at a tenperature of nine

hundred fi ftygﬁ@ﬁO) deq:“ig\ﬁé1@%h§dvy§c&§;lsecﬁ6hat biew gubeRioHRRthe When

nucl eation occurs, the alloy droplet can becone displaced fromthe
substrate 102mamdryariapgd§0 with atraporofl 14 hielngromgiempodiarentsothe nawrodsnl 16t her

A T TR S T N

ni ckel (N) caidad wiglth equal to approximately five (5) nm.
[0036] Figure 1D shows a top plan view of a portion of the memory cell
100. As illustrated, the spacers 113 are formed such that only a portion 114 of
the first layer 106 is left exposed. In this embodiment, the nanorods 116 are
forced to grow on the ﬁortion 114 of the first layer 106 left exposed by the
spacers 113. As discussed herein, the nanorods 116 grow from a surface
reaction between the material of the first layer 106 and the reactant gases. By
covering part of the first layer 106 with spacer 113, a surface reaction between
the material of the first layer 106 and the reactant gas is prevented where the

spacer 113 covers the first layer 106, thus preventing the growth of a nanorod
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[ 0033] I n one enbodi ment, nanorods 116 of silicon can be grown on the
portion 114 of the first |layer 106 | eft exposed. In such enbodi nents,
titani um naoeperdrssk es can be deposited on the porti on dclrtusaborios 14

first layer 106 | eft exposed and subsequently anneal ed. In addition,

i h enbodi tg t titan ticles- dt
i1 ane (S 114) [ERPERGHRKT DRoURa e Spaet bis)oogad Jhersioromperia ur e
1 a range 11 ORI GkO90) ot HeToRiellh MRS GBI BY

exposing the titaniumand the first |ayer 106 to the S H4 and

Si H2C12 gas, dadoredsd 16i Ifaddiion: insomg lembadimgntsaspeeansi! k3wantbe demmied do

nanoparticl es recipi LITENGS, .
silicon preci f)‘lﬁ{l‘ga!)tl gjse ?gér?gtﬁ%&f)tﬁg n%%woifl%s%%%b%mg%gévgﬁn%ﬁ%m ? %@E%t ani um
nanoparti cl es]1&ausiformlykpacedimeroals, fidiger pocbairg dah baRiquired,iaps in the

formof TiSix., The titaniumtips can be renoved by etching in
subseqUent pr 8isessediessia [ 0034] 1 n sone enbodi nents, nanorods 116 of

gal | | um ar seniig( CaAS)riga 1BRRGKONDLI Mt V1Ew BPA bl 3 fhe HlenlohPedi

j I st
| ayer 1(16 left exposed. In th nanorod 116 growt h
can be carri ed0bwhert p patterpedanaskdayer ¢ 18/ sfomedioaedyinga fisst portivDoPe

i no. ( AsHe) TRSATR: RSBl e ey ARttt R T1 B

mat eri al s, whitpsédanmhananedd ldsvigy Gt pattion of themah@ddoUE aterad
tenperature of seven hundred fi ftg/ 750) C. 100351Figure | C shows a
cross- sect i on8Y thgpatipraed maskdayer 4 18.0f0 fox@ thepatierned mask layenl M 8 h a

nanorod 116. ks . : to a
hei ght rangi ngﬁﬁ‘@g%ﬁ?@{%ﬁ étgﬁlﬁ%tglgb{g\%gﬁﬁﬁ%gﬂﬁng%&%ﬁ%& and a
wi dt h equal t andgxpreRitoratrafiatiohisvecd, SkchranU¥ U6 TEE ghotelithbersplons a t op

pl an view of a rtion of .th r ell.100. As jllustrated,.the
Cpacers 113 afsor et B iemr Eveuimeg SEacsish arean Oerlying Bt fist Pprieh

| ayer 106 is bftht n@opasade, Wikré the Serpdihiag pRidh of tHi@anabey Néard kb ar e
forced to grow on the portign 114 of the first layer 106 |eft exposed

by the spacer&prpiest fopeemgvale fa serme prabediments, ke wmabingororton ¢ tg ow from
a surface reagt,) i i and
The reactant - GaoaRs 1S HEGDOrRT b Bl T @henal IRy 116 L DHERE AL
spacer 113, apsforfangsanretchahatinsebetivetorthe hanonal Idbinsdtergl. Inhehdriwads,

| ayer 106 and,the,reactan as 1s prevented wher pacer.11
covers the 1 Peteni AFaRinetRang oGl e PEHgs LK 8PV BB oo
1%6 OP t he fipe&terdeﬁhﬁfgk l96r Witene bﬁ berfermad elichthAd théprb%@ﬁ?ﬂdetch the
Therefore, in some enbodi nents, the spacers 113 can be for to
control the WRORFLRIPRES hHaTBPisa8ErpsYaly an, HgineResRds Hﬁ%ﬁgggy the
embodi ment's, SRRGERAMLLByEANgbe formed to control the location of the

nanorod 116 growth. However, to obtain nanorods 116 in uniformy
spaced i nter viI038] f ur t Hgurpd Behews ¢agh eection ef the gattaresd mask lajfies ¢ ik sed
herein. [0037]Fj | h Vi rtion of the
menory cell %@89%2?185 §%S§$$%?%éeg’9%'%i%bé’9§¥é’%§gﬁ”§‘% ’5frlen%ac51% g&érl yi ng
a first porti maskobydrié8 isfonnalds/elhore tharbaeqlaanbl {1 16.t Isotmemai ni ng

portion of the orods 116 | eft exposed nb enpved, | eaving the

First portiontBrOd RN ATEras! IEPeREvar BaTogYSAs Florertoi SIER | ayor
118. To form fhRrdist | € AMP6k I fREHor GHaaTandrb8.116 Rhet-alitbhadhdebintent, esi st
mat eri al can be deposited overlying the nanorods 116 and exposed to a

radi ati on southgsectioneef netenned magilayerii8 cambave differingemennts of bajjosads
material can t i } fiJ st
portion of t hybﬁgﬁ?fe 8%%%?%0289%5?189%E)Qt?%rfr?‘réaaﬁﬁ?srl]cg%(}%gIrl%/i% fége%&‘%{i h%asr
nanor ods 116 diseistedfhereix plesreemébnyrcell @A®vml inclide s portoreafroginoextld6 t he

remai ni ng portion of the noy.o 116. not..covere t atterned
ek 1 nyer 21 Yo Srnad DRGROOR sSPRITAE A RA0E 408 il R e bet i ve
to the nanorobechléméemderial. I n other words, the etch to renove the

[0039] Figure 1F shows a top plan view of a portion of the memory cell
100 after the exposed portion of the nanorods 116 and the patterned mask layer
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[ 0038] Fi gure 1E shows each section of the patterned mask | ayer 118
covering a single nanorod 116, in sone enbodi nents, however, the

patterned walkosgloayies 118 is forned over nore than one fl@‘lﬂfs@dnibiﬁm I n
sonme enbodi nents, a section of the patterned nask |ayer 118 is forned

over several rods 116 d/ or ortion of nanoro In an
Stai 11 onal - enBoaREHEmO: 1290¢ FERRIBEN Y ¢ At REEER SR 19 eEenn
have differinge ?di@aHOé 1R mBRAA STHR paltbrned magmﬁaenan@ﬁmlma}nme gace
the patterned nmask | ayer 118 is renoved, as discussed herein, the
menory cel | 1¢wh ofthe pattermedenask payet ¢@r’oedﬂn®i tn zerervedhelpettemiod mablakayethe
ori gi nal height tion o anorod 1 ave been
Cenoved 0030k Bk bRbedl | 16aaR iign ob felfaiifo TR BRGe
menory cel | 1@Qbafimedts, thespaedpo B Btap 0k ke by phdomanosoesh thitisand t he
patterned mask | ayer —have been renoved. In one enbodi nent, an etch

of the patt erf&stHatochs mptsrialofiharpacss |l bt njariows epRodiments, the etertor he
patterned nas i r ned
mask | ayer Caﬁn@fsﬁeﬂ%ﬁceﬁoﬂ? tecrgr%\ﬁl%s% Eggg%ﬁﬁaetgﬁﬁg %frﬁ g??f@\é/)tmu% out
removi ng the mamgg&ssi&ﬁymadklwmaaorpdslléon of the nanorod 116. |In sone

hat 1o ool eclIy T ot HaeRaTaRma Srlof R el ke Rra BoMenpgArose™y

enmbodi ment's,  &duel oBtisdhudifg £r€iﬁ&:‘{ghté chleleaﬂaq:a@eslmcieaﬂnm gaerlayvfm such
that the spacers, 113 are etche nor e ag?r essively than the nanorods

116. [0040] Fi §g tergateigipgtria laypnd.can bF fgmed overiingihe aagmsed 1 dn of a
menory cel l d r a
control “gat e PR Epks T el B URILaRicTafts PG Gk U ont Y ot 2

f or med over | ydinlgctrih enateaiabriomt exdr6ple) tbatrntargatgdteéctn‘ﬁhwer hkcagdeef a

dielectric | aye 0 nbeoneor nor I ens. of ~dielegtri.c
metertal - rorthiligit AR mRREy S BRf e To & QEOToRab Mulde- e of &
mul ti-layer doﬁﬂ@ct}the@ dieidegtd ipateriAsinRy by sutsfitedder ONOasucRN¥ Xantalum
(oxide-nitrideqgxide). Oher dielectric materials nay be substjtuted

for ONO, sucho%de. bafiimstiontivm @anate, silicomnitrides ard QrhsTimaterinls EOVIdINg| con
nitride, and &EQ?*WEP‘%’%T‘*‘?Q' s providing dielectric properties.

[ 0041] The contro ayer 122 is formed overlying the intergate
dielectric | aLﬂ@#lllzo an’lalepanttcdtgn@daxeolblbhfomedmverlynngnés imérgatenenor y
device. The c .0l er.122 ¢ be ° o

conduct i ve medBFrar B 2o N SR AR n 8RRt oL mEmp P Fifer T

can contain accﬁmﬁgmé layed szd@rpedoriwrmdré layen of Eeridudtivieundtér@dl. In one
enbodi nent, the control gate |ayer 122 can include a net I-cont ai ni ng
| ayer over | yi #Bbodipety e F‘?f%’hz‘%f}*%i?éfFr [ cgn congaip @repaBickysly

silicide |ayeg, n‘?é?l'ié&’nd F8Pa AurGendiddiniah indoned ?ﬁé WSt I'ZQQQn in%)ﬁ%é The
metals of chromum (Cr), cobalt (Co), hafnium ; nol ybdenum ?

ni obi um (Nb), mtiahccaita;mngiéa[)zr oxterlmguamoiy(sr‘rﬁcgm Iatycmggt, ercf{agjory manhdi um
(V), and zir COchHe?ia& fzam?ede y eci%% tlvglg G gec{ ﬁ ﬁéo?lrIX exne'hgc I%E:taftl ol e

anot her enbodl nmen he con can ntain mu
met al - cont ai n¢hrgmiudy @r} cokaligCo), alaﬁﬁarﬁ(mmrmuiybdarﬂm (Q\/To)l\i)lolhamr(N«by | ayer

overlying the inter e. di.el ric |ay 120,. a |umadh
| ayer over | yi #gRHRe [ t‘r‘?’\é‘r‘m?@@»é\m?éﬁ& %t[ﬁﬁ'@‘i‘t”é‘ F“ﬁﬂPé‘r‘”Pﬁ h@fet he
adhesi on | ayefecog‘?ﬁheti%l%ﬁ%ﬂoﬂgrn@tﬁﬂ F@Vﬁotﬁeﬁ%b&hﬁ\éﬁﬂ mb%oﬁfél%&eflé?,kmd
overlying the control gate |l'ayer 122 to protect and isolate

control gate H?dmmg:ptgln@ulbp]g@@ga&pﬁ@ammg layers, e.g., a titanium nitride (T1N)
barrier layer overlying the intergate dielectric layer 120, a titanium adhesion

layer overlying the barrier layer and a tungsten layer overlying the adhesion
layer. An insulating cap layer (not shown) is often formed overlying the control

gate layer 122 to protect and isolate the control gate from further processing.

10



WO 2008/ 076152PCT/ US2007/ 017414 [ 0042] Fi gures 1A-1G can depict either
a NOR-type nenory device or a NAND-type nmerhory device, with the
di f f er encewoaemrsisng i n the colum direction i n mannerrTivR607B1R14
wel | understood in the art of merhory fabrication. [0043] As di scussed
herein, from structure illustrated in Figure IB, different
options for fmﬁ%g t heP gDy apdf@et%?hsr%ﬁé)iﬁ-wp%mewéﬁv 958ed
herein, once NANISRRESHerlchs dbilcd WiliRst Affelchses Sedlfd innd dludh ¢ he
8’e ce, Wi e S A On%(ﬂu

i sol ation regions I( the” nanorods 116 can be e exposed
portion of t hdirdctiosin mayners th@iGre Selhuwlerstenddp deartof Manay éboisaibnt o

control only wi dt h of ..t he nor ods 6 as.th r.o urther
processi ng stL@gg n thejgﬁ' %IF?HS%QP gre%grﬁpﬁée F‘é%frfegﬁ'&g%‘f"‘fm I;n‘%urg:]@,
requi red to obiffeient oitivas @ Forkiify tik nidierged] 108thré péseiblal A digugdeliow f or
i ndi vidual nepory cells to be_ forned, as discussed herein, [0044]1n
some enbodi neRtrEin: onsgdRrewaces I hisifermgd oayhs sidewatls  1Q phide glatiayer can
be patterned : i | W0

speci fic di mﬁg}&gﬁqg%rﬂﬁ%&gyg% of&%ﬁw§$@§8§@bsﬁg@‘§? {Dfr%hﬁg'fsitng
the step of nhgilfg. Smde dechicers Hxiase aed tneomérobetdy thedyidtiofdescr i bed

herein with respec Fiogures 1D,1F. [0045 S in.Fiqure 1B, in
one embod bt 118 pE b B6%, Nt mokesying 1ehs B Rrioe s e o
| ayer 106 usi raﬂemwe&hh{gh@eg{eqmw-to bbtaRMRborotd €16 A thedekRéSinfethall 8S
optics and Ii gl t or radiation wavel engt h, photolithography techniques

each have a n#iviaminsividee! emen sals énbefopaed, pe disenssqsHistedm-i t hogr aphi c
t echni que can relia T Wl | of a
phot ol i t hogra h?‘(‘:] techﬁbéﬁéggﬁ&ﬁﬁlﬁq&%’ (\)Vv?/v%uhgmah{}ﬁgeﬁg%yeagu o%a%ﬁg
growt h of t helaperran bepatiehdonrthdbrst By¢rdi6itsprieide ae drea svithtrespelti§it ance

bet ween an identi cal int int nei ghbori ng features, These.

features are PYPFEAT fc{;?lbeegrpw@oof\@% Wﬂgﬁpﬁgg’eﬁ?ﬂ ﬁﬁg %é@@d’?wgﬂ?%ach
other by, a naidedtéhihg exsitinl ndoreds 116544 RE@Tbe@hereRNAULietect tBTFiguréesul t,
pitch can be viewed as the sumof the width of a feature and of the

wi dth of the H3dée separating that feature from a nei ghboring

feature. [o045) As shown in Figure 1B, in one embodiment, a spacing layer 113

can be patterned on the first layer 106 using photoIithography. However, due to
factors such as optics and light or radiation wavelength, photolithography '
techniques each have a minimum pitch below which a particular
photolithographic technique cannot reliably form features. Thus, the minimum
pitch of a photolithographic technique can limit how small the area for the
growth of the nanorods 116 can be. Pitch is defined as the distance between an
identical point in two neighboring features. These features are typically defined
by openings in, and spaced from each other by, a material, such as an insulator
or conductor. As a result, pitch can be viewed as the sum of the width of a
feature and of the width of the space separating that feature from a neighboring
feature.

[0046] "Pitch doubling" is one method proposed for extending the
capabilities of photolithographic techniques beyond their minimum pitch. Such
a method is illustrated in Figures 2A-2F and described in U.S. Patent No.
5,328,810, issued to Lowrey et al., the entire disc}qsure of which is incorporated
herein by reference. With reference to Figure 2A, photolithography is first used

to form a pattemn of lines 224 in a photoresist layer overlying a layer 226 of an
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[ 0046] "Pitch doubling” is one methdcfproposed for eXtending the
capabilities of photolithographic techniques beyond their m ninmum

pitch. SucWoaoessrbtesl is illustrated in Figures 2A-2F angdta@seriobagy i n
U S. Patent No. 5,328,810, issued to Lowey et al, the entire

di scl osure of which is incorgorat ed herein by reference. Wth
reference to PiR§odablexpaterial apdp sybssale 2BhyAs showryigFigyee 4B+ the paiem i

pattern of | i s udRderted 1 MRANQIBTL 3! aNBYREIYOHEYhBER bely 226 Of

an expendabl e materi a a substrate wn 1 h Figure 2B,
t he pattern i platdhehletsromnmhérelsed@8bThalinast2eh of plaporesistgan bastrippddrandi ¢)

e
i sotropi cal | ynghidogy Handr@Eno8SR shéien Bk anoe. Refap&enonesgohor i ng

mandrel s 228, as shown in Figure 2C. A |ayer 230 of spacer materi al
i s subsequent mpteralis subseqnentledepotited waerdhe magndrely 2285 inFgwegur e

2D, Spacers 233 el R0 JARIPRAM bithe 1888 Bl b MBILSles Y

etching the spac nateri a rrzo sur and 236
in a directi ospatersiasral freincthe harizostabsurfates B qud 23020 a diteetiorabrgpanérng

mandrel s 228 are then renpved, | eaving. behind, only the spacers 232,
Whi cht ogat hereiat SHmin e 25r TRier B mss SV oR B Torgtte | -

Thus, where ajegiiMeBedhd 6dly fHRIspRicts23NEhidE RifefePRt hed Maslefol PAtRenifgne
feature and one space, the same wi dth now includes two features and

two spaces dedsshewnpylighee 18 ddws.ovhesoa given pitohdemmerly in¢lededraepialterst

feature size I ] o) i aJ! I i

ef fect | vel y. RapTis hhg a8 BRI HURRERE b AL ot Ratus 1
pitch is act uald tyolspioeedefinrd bip¢heespasepd 232aavaresulfiite siatiest fdane sive
pitch is conventionally referred.to as.pitch_"doubling, " or, nore
General 1y, _pi PORDIIR 4 pRoteliibogsephic triidteds Sissiivelk dpesised-y

“mul tiplicatigpgyof pitieRibye @}Jtpﬁe%ratealmatfvﬂ%%e PehY@ddially MAREY BSthe
reducing the pitch by that factor. The conventional terim nology is
retai ned her e$¥¢mpigorbeve.ihis ragyctianrippiieh is serventonay mefspmedtioras pitehhe
definabl e feat - Sz " f o]

mul tiplicati ondﬁpglf@f scert %%ﬁ%%%égg{ g’g‘ﬁgﬁ’@ﬁ%@g r@%ggﬁﬁoglgéslﬁ%'fl al%yhe
nunber of ti nasultiplecatipdadpittlobyratérain factoc agsallydneripdsaydading the pitch

[ 0048] Fi gure ho a top plan view of ‘an.enbqodi ent of the present
i scl bsure vt BRChgen, Lissbv ot Crubtoldh if Baties e aves tar By
form define afprdim@apadis Won SpResetle Hifimablelfad@t s Gan bdukthés

enbodi ment, pitch nultiplication can be used to form spacers 332 on

t he ori gi nal | §eceseprsis ddrupgriteh sryltipligation refes te thequroqessganenllp, ragardlpssnas
defined by sp e fol r using pitch
mul tiplicati oﬁﬁ% ﬁue spggg?ngs ?géb%:i%&&ﬁét@ﬂ)ﬁ%@%@iﬁgﬁﬂ%% the area 331
of exposed fi{0o48]l ayer F@be Baboves sp @lahivievd ofensntedmént ofthalptesentng
the grow h of .nanorods of a s Lfic di sion. ln.qne odi nent
the orea 331 GRBRAOURYE prRedBRE s st bt Rpatdly S ASTRE RO By
| n some enbod}Itesflesiposs® At [5e3i03. MaMRs @ndddthént Ofitchinhill@@itatdban b
[0049] I n sonme enbodi nents, once the nanorods are fornmed, the spacing

| ayer 332 canu¥e (¢ ©RBBRCrsAIE Rdhe origiedly chROsSH ReEpa 3 ¥Bof the &rst BYeR ed,
the 306 which was defined by spacers 313 (e.g., first formed spacers). By using

pitch multiplication, the spacers 332 can be formed such that the area 331 of
exposed first layer 306 has a specific dimension, thus allowing the growth of
nanorods of a specific dimension. In one embodiment, the area 331 of exposed
first layer 306 is five (5) nm by five (nm). In some embodiments, spacers 313
have a width of fifteen (15) nm.

[0049] In some embodiments, once the nanorods are formed, the spacing

layer 332 can be removed. Further, once the spacers 332 are removed, the
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dielectric intergate | ayer and control gate |layer can be forned over
the nanorod floating gate, as discussed herein to forma portion of a

MeNOry ar rgy e woesfieyn in Figure 10. [0050] Fi gures 4A- AR dap6d70P21
the structure and a nmethod of formng a portion of a nmenory array, or

menory cell 400, in accordance with an enbodi nent of the present
di scl osure. Fiiglseicntergatsileses and amirat gatelaysr cambe formed oves fhe nanorod

Sl acks of 1 ayParEReR S neich RO Zooriod Y Rl IEAL L ST

stacks i ncl udin BEigtraiGel dielectric |layer 404 and a first |ayer, or

{ovs Erour o 0080 onn. it D RS oo S R ) LR Dl oming
accordance W § Borgitn 8 PRLMIB rrad! orfinéRER c¥il 460, in ASERAALNGH & t he
present disclosure. In one enbodi ment, "the nmethod includes a dry etch

t o form openi ¢émBodimentiof theipresent dispbasure0 Figureid A Hepiets amamaty e¢lb4d0r i ¢

| ayer 404. In i t,..1h ry etch.is_contd.nu to form

i sol ation reg?%érgge‘%%%&ﬁ%ﬂ{gﬁéep g ﬁ%‘%t&rég%éaﬂé%.aer}eﬁﬂ’oﬂr“}gurg%o%ﬂ?gsnt , the
i sol ati on regsevanal #ikks ofilaydre timhadill foamtwaad tibes of therheoryraggiy OThs

[ 0052] Fol | owi ng . et chi of the isolati regions 408, the isolation
regi ons 408 Cg%ckgénc?qd?:% nexrgiglertzig layer %(24 ?’égifg’ﬂ‘slawré’éﬁ PgEIon; ‘?qﬁed
Wi th insul ati gen IGYRE Sate] AHdHsBPngkihi con di oxi de, phosphorous doped

silicon dioxide, or a dielectric such as silicate glass, silicon

oxi de, sil anel008bk r aet HjigureABIsbews & Bewt scqUIIRESY processing steps in
pol ytetrafl ou PT of. silicon nktride Ln,Figure 4B, a
4SO A chbobin Bl R oD, i e o]

mask | ayer 43 or me erne Vi-ng ST‘ayer 406.
Subsequent | y, dipclodureria oné embadimsnt, tie intethoddailades adiPBetclatn oan bpevgd, -

| eaving the fjrst_|ayer 6 extendi above the isol ation regions
408. In one e%ﬁ?jf‘ﬁfe ¥er égén‘iﬁé?nqe[;%@#ec%‘ﬁf"é'ﬁ 4a§6\9%e pRReGimENMt e o
regi ons 408 b&’rg%ﬂ:mri@édrﬂﬁﬁ&itﬁ f&ff@ﬁsnﬁﬁét?%}giomms A RO SURAAERLE, Infone

photol i t hographi c resist material coul d be deposited overlying the

first |ayer 49@sbodinpdsthe isplation regitinattd®eandigishaliow wenthdslation pegionso

defi ne areas | yi ng tsalatio Lons. 4 rempval of the
portion of t h@“igis]ol ati Of%ﬂ?ggnﬁgh&%&?ﬁﬁgh%@erre 1§$s_ )i(%\teheﬁaos qoﬁg | ayer
438 can then fegioneatl/ee bedilledt Thaisbladom@piono4080dande Fitlod kythansuiying 00

illustrated in Figure. 4C..ln gne enpodinent, the_ isolatjon region
1t er al Bresdiias SheqyAPos @nomieRs ansf Se 0K odi 2404 and
first layer 4@6leendt Sidh 23R8 bhEs, s3RbAbiAs) sNaRi Ritadhy okbdilidmd eri al .
In one enbodinent, the first layer 406 extends above the isolation

regi ons 408 bifE&pekisatleppethylere@IFE)DY silinen witridge de §igomodB, grmaskwo
2008/ 076152qu%¢3§§§%€%@§%§&# p{aggﬁéﬂ L0 1ERRADE N6, BuRdhiGhy! N9

| ayer can be
portions of the isolation regions 408 can be removed, leaving the first layer 406

- extending above the isolation regions 408. In one embodiment, the first layer
extends above the isolation regions 408 by approximately twenty (20) nm. As
one example, a photolithographic resist material could be deposited overlying
the first layer 406, exposed to a radiation source, and developed to define areas
overlying the isolations regions 408 for removal of the portion of the isolation’
region 408 fill material. The masking layer 438 can then be removed to obtain
the portion of a memory array 400 illustrated in Figure 4C. In one embodiment,
the isolation region fill material is etched so that the tunnel dielectric layer 404
and first layer 406 extend above the isolation region 408 fill material. In one
embodiment, the first layer 406 extends above the isolation regions 408 by

approximately fifteen (15) nm to twenty (20) nm.
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| ayer 406, and is patterned, devel oped, and etched such that areas of
the first layer 406 upon which nanorods are to be grown are exposed.

The net hodgausfshsi@, Pattern the patterning layer can |%T%%dq}05ﬁlf4

mul tiplication to formareas of the first |layer 406 with a specific
di mension for the growth of nanorods and/or form ng and renoving
nanor ods usi n{f0a3haski nlg onapmbodiawsnidh paitessiog layer a@h ipe fQIﬂ@:ﬂ@]‘llﬂnﬂ fone

ntergate o olugi00EatBiinss: Seraolh BT ol bylitap PtRpel”

di scussed her Eyél', 406aipoh ehithpandrbéhrt @ Beogrowh B oxpodedy Thehkthd@Ouehown
in Figure 4D. 0055]gegure 5 1s a block diagramof an el ectronic

syst em 540, atRsttgnd P@ew@%@mwﬁpﬂ%@uw%@ém 1oy fasiy aseag OE
El ectronic syalqmI4R ruom:wg lﬂl:od?m&%c%tfol‘ fﬁs rg%mmﬂmcgﬁ andr t hat

i ncl udes an array of" non-vo e menory ce 544, an address
decoder 546, fmmmésemwng:mrqussmg a owkkinglayer esdisaissedibeteiny 550,

control circuj 552, In ut/ |1 cireu 554, and an
cdar ess but £ o988 T odadRd ket boes s SaRd ik fpun Bl ocer 1 <
i ncl udes a norayemmlsadn inRrgadielgcteie ldyes420uaH YoRtra g Nalicn 23 Casan
enbodi ment of the disclosure. The nempry cells (not shown in Figure

5) of the arrdiscussesl hereim@an bofiepopited tﬁ@?ﬂ\'@e remesy seihAOGshewp il figgregat e
menmory cells, 4fROM cells or other type of one-transistor non-volatile
menory cells. [0057] El ectroni c system 542 i ncludes an external
processor 558[0085)y. , a Higwrebyis zblotk diagmm afankizstrome eystess 6540,

electrically chnnected to pvice 42 for ccessi,ng. The
nmemory devi ce?$4%! %@é‘f‘\?@??&ﬂ’%ﬂ es?rﬁ??ﬁfgls‘?l?sélfﬁ ﬁgqﬁﬁ‘csé@tg@rg@

over a contr oincludéka &fiOvolate meRiBy deviR!sH3 tiak Rickaerhar fragtofhén d@[hﬁlet hat
are accessed via a data (DQ link 562. Address signals are received

via an addr es@empweﬁséﬂ AR AAdIPSS dgerdsEets, saw AEETSCEsUIY 48e101BuE 1 o
irons oF gnafiaE e <50 boni ey 398 Bhu At PARAS T e
control si gnatmsadsmss bthféeraﬁddr ess signals. [0058] The control i nk 560,
data link 562[0%%’] addr My alrrla)rr] %44? of non—volaH?e memory cells includes a non-

volatile memory cell structure according to an embodiment of the disclosure.

The memory cells (not shown in Figure 5) of the array 544 of non-volatile

memory cells may be floating-gate memory cells, NROM cells or other type of

one-transistor non-volatile memory cells.

[0057] Electronic system 542 includes an external processor 558, e.g., a

memory controller or host processor, electrica.lly connected to memory device

542 for memory accessing. The memory device 542 receives control signals

from the processor 558 over a control link 560. The memory cells are used to

store data that are accessed via a data (DQ) link 562. Address signals are

received via an address link 564 that are decoded at address decoder 546 to

access the memory array 544. Address buffer circuit 556 latches the address

signals. The memory cells are accessed in response to the control signals and the

address signals.

[0058] The control link 560, data link 562 and address link 564 can be

collectively referred to as access lines. It will be appreciated by those skilled in

the art that additional circuitry and control signals can be provided, and that the

memory device detail of Figure 5 has been reduced to facilitate ease of
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collectively referred to as access lines. It will be appreciated by
those skilled in the art that additional circuitry and control

si gnal s camohaspraysi ded, and that the nenory devi ce deteairiuseforigusr e
5 has been reduced to facilitate ease of illustration. As stated

herein, the basic .flash ry.devi.ce 540 has begen. si ified to
Potri i at oo ikfaion® Al B beteit Biteatic Herh AORp R HieR TR hasiieef
devi ce. A noramghfial odeciiagerationdiagafing bREO{ARIRIT 88 thémdkhown t o

those skilled_ in the art. As is well known, such basic flash nenory
devi ce 540 naeviss. Aapare defaided undersianding af Beshananearies is ksawa to those

sem conduct or yslish bRl G ALRS PRI, Gith!basit B S HROXE s A Gatiged 11
ﬁe gt ? F re

various enbodinents int asi¢c nefory array or system struc
descri bed i n fabgeatel £5.int€gaet uedrs ch@GES]dvbdmtor suistrates Thamatmogscelnd

met hods of faq?l‘l at.i on have Been descr'bb‘gd t hat i ncl.ude form ng) a
nanor od f 1 oat fGSERSAEBONGTT e i Parfous PREPUIERA T 6 BRI o mOBLATEN & o
reduction in RakeAsdiufrc@R@HH dFQulesndi Ng to inproved gate coupling
characteristic¢s. [0060] Al t hough specific enbodi nents have been

illustrated and described herein, those of ordinary skill in the art

wi || appreciate that an arrangenent (‘égn% Il%}_led to achieve the sane
results can be substituted for the sp*em-i?-c—enbodi ments shown. This

di scl osur e i s[ibdf@]ended Memag\cell stadaptodndanahals of fbriastioaravobeerar i ous
i.s tpo be_ understood .t hat

enbodi ments of the present, di scl osure.
the above des _?rﬂieﬁaﬁﬁtwgﬂldsg@ﬁl%@%mm aing gEe Fferiiats BEKP%A, and
not a restri cidupRnPiea arfdoiRinaibh pRisidd@pabANE 18I0 B Bloved

¢
ot her enbodi ments not specifically described hereinwll be a%garent
to those of stiupling ¢harageerialias. upon revi ewi ng the above descri pti on.

The scope of vari o i . ol re
i ncl udes ot he@ﬁgodpl i Ca;@gﬁg@?ﬂk%?%ﬁm%@%@g@g@%@ﬁEl(l:lg’ﬂ-?tgéQ:ZdJnd nmet hods
are used. Thedesérilred hetehs thwsopBordinanyaskilbinghearbwill appracitethattdne pr esent

di scl osure shoul d be deterthined.with referepce to the a nged

cl 21 e aF ong ARERE GAFFES FATie s e e g4 b b SUORRGH LEE ol ai s
are entitl ed. spBifi6 hbadiinRers SRVAD OTHISdIREbRird RENtERRE b BIvePRHaptadbhsits
features are grouped together in a single enbodi nent for tﬁe pur pose

of streaniiniYagiations afivacoussmbedimpnisof ghorniesgnialiscinsyrel dsiatebs s not to
be interpret f [ ' ' el : :

embodi ment o oo il B AlkuiriRhabich dlie bV BLGRHIEBhion. | g
are expressl| yamdewt § gdtrictiveareh GonghiimtioRaf theabowdnitvdinfankd, anvd atherc| ai s

SRR TR M= FENE SN T

i ncor por at ed infMkedart upon reviewing the above description. The scope of the various
embodiments of the present disclosure includes other applications in which the
above structures and methods are used. Thcrefore, the scope of various
embodiments of the present disclosure should be determined with reference to
the appended claims, along with the full range of equivalents to which such
claims are entitled.
{0061] In the foregoing Detailed Description, various features are
grouped together in a single embodiment for the purpose of streamlining the
disclosure. This method of disclosure is not to be interpreted as reflecting an
intention that the disclosed embodiments of the present disclosure have to use
more features than are expressly recited in each claim. Rather, as the following
claims reflect, inventive subject matter lies in less than all features of a single

disclosed embodiment. Thus, the following claims are hereby incorporated into
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the Detail ed Description, with each claimstanding on its own as a
separate enbodinment. Cains: 1. A nenory cell, conprising: a tunnel
dielectri cwbgy@m—;ﬁg@rl ying a sem conduct or subst r at €; PCT/US27/017414
floating gate having a conductive first |ayer overlying the tunnel
dielectric layer_and. a conductive nanorod having, a | ongest dinmension
extending fr oﬁaetfr?@ﬂeé Reseiption with eech rlaipe ptapding ol Bpweas srespatale
perpendlculareﬂb&ﬁﬁg on relative to the surface of the tunnel
dielectric |ayer; J a control gate |layer separated fromthe
floating gate by an intergate dielectric layer. 2. The nenory cel

of claim1l, where the conductive nanorod grows in |length atop the
conductive first |layer so that the conductive nanorod extends from
the conductive first |ayer at approximtely a ninety degree angle
relative to the surface of the tunnel dielectric layer. 3. The
menory cell of claim1, where the conductive nanorod has a w dth of
approximately five (5 cm 4. The nenory cell of claiml, where the
conductive nanorod has a height of approximately fifty (50) to two
hundred (200) nm
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5. The menory cell of claim1, where the conductive first |ayer and
t he conductive nanorod are fornmed of the sane material. 6. The
menory cell of claim2 , where the floating gate has a height in a
range of seventy (70) nmto two hundred twenty (220) nm 7. A nenory

cell, conprising: a tunnel dielectric |ayer overlying a
sem conductor substrate and interposed between first and second
i sol ati on regions; a floating gate having a conductive first

| ayer ove€lapnstg t he tunnel dielectric layer and a conductive nanorod
havi ng a | ongest di nensi on extending fromthe conductive first |ayer
in an approxi mately perpendi cular direction relative to the surface
of the tunnelzdh&hﬁﬁﬁé&bcém@ﬁmngWMere the conductive first |ayer

ext ends above the flrgépgﬁd seco i sol ation regions; and a

control gate 1oyl dig BYFL PVY ni%set“?%%’tdflﬁ@rﬁ’éﬁ‘éa%y an intergate

diel ectric |ayefo.ay é&t%ékg dé Q@oﬁdu@@&éﬁ}gtlg?ér%veﬂﬁn t Q%ﬁ%ﬁ&léﬂéctﬁ@hdyeﬁ’f
claim?7, where the unnel dielectric |layer has a % hi ckness of

appr oxi nmnélawonwtl(/qoanor@dhﬁmtge& lengasngimgnsidpeedendings frath éhaxndyopive St

of claim 7 rmana pr0x1 t%ﬂ( Letd Mlcufgla&]i(r)'gc onr)fzgtlevrfl:ggthfer OrP ceho COﬂdu%tl ve
first Iaye¥ in aﬁ’ rOX|ﬁ%p%Py per pen Peu P FECt ] on Ve to

t he f|rSUhﬂayﬁckwed@ndThe menory ceII of claim9, mhere the
conducti ve nanor od has a hei ght R a rapge of fifty (50) to

hundred (200) afenirolgpte lﬂf‘ésm?fi/ e the Hgating gpigby, ah ipigrEate fplece
conducti vgydii rst | ayer extends above the first and second isol ation
regions by at |east approximately fifteen (15) nm

2. The memory cell of claim 1, where the conductive nanorod grows in length atop
the conductive first layer so that the conductive nanorod extends from the conductive first
layer at approximately a ninety degree angle relative to the surface of the tunnel dielectric

layer.

3. The memory cell of claim 1, where the conductive nanorod has a width of

approximately five (5) nm.

4. The memory cell of claim 1, where the conductive nanorod has a height of

approximately fifty (50) to two hundred (200) nm.

5. The memory cell of claim 1, where the conductive first layer and the conductive

nanorod are formed of the same material.

6. The memory cell of claim 2 , where the floating gate has a height in a range of

seventy (70) nm to two hundred twenty (220) nm
7. A memory cell, comprising:

a tunnel dielectric layer overlying a semiconductor substrate and interposed

between first and second isolation regions;
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12. A nmenory cell, conprising: a tunnel dielectric |ayer
overlying a sem conductor substrate and interposed between first and
second isol ati on regions; a floating gate having a conductive
first layer overlying the tunnel dielectric layer and a conductive
nanor od having a | ongest dinmension extending fromthe conductive
first layer in an approxi mately perpendicular direction relative to
the surface of the tunnel dielectric |ayer, where the first and
second i sol at idipatingegnsadng apendupovelintlaye omerlidng e mm\ebdlelﬁ@t}z@ dayernd

3. Cont 1 oLy Ga S AAGE pSRRAALANEHL 1 DO HinchLORL M 92 Gnldls ARAIANE TR ©

di el ectric laye arm
spacers dayes mﬁm/\qulr&mﬁtetyrm:rﬁmdsular gindcaibn orfativego dre sarfecetdiehestemahd

i sol ation re The eII of claiml ere, the acers
have b wtRtEe Bier e S e NATE et B ey v R B Sefend Doy
cell of q&gmﬁhégyomhgﬁ@ the first and second isol ation regions extend

above the conductive first layer by at |east approximtely twenty
(20) nm 16. aEestrolgei loyer senarged Epmiths Astinggatedyapanteigaigdidderdrisecond

i solatio hei ght approxi mately equal to thirty
o SRS AR

five (35 ry cell of claim12, where the conductive
first layer has a height

8. The memory cell of claim 7, where the tunnel dielectric layer has a thickness of

approximately ten (10) nanometers (nm) or less.

9. The memory cell of claim 7, where the conductive nanorod extends from the
conductive first layer in an approximately perpendicular direction relative to the first

layer.

10.  The memory cell of claim 9, where the conductive nanorod has a height in a range
of fifty (50) to two hundred (200) nm.

11.  The memory cell of claim 7, where the conductive first layer extends above the

first and second isolation regions by at least approximately fifteen (15) nm.

12. A memory cell, comprising;

a tunnel dielectric layer overlying a semiconductor substrate and interposed
between first and second isolation regions;

a floating gate having a conductive first layer overlying the tunnel dielectric layer
and a conductive nanorod having a longest dimension extending from the conductive first
layer in an approximately perpendicular direction relative to the surface of the tunnel
dielectric layer, where the first and second isolation regions extend above the conductive
first layer; and

a control gate layer separated from the floating gate by an intergate dielectric

layer.
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approximately equal to twenty (20) nm 18. A nenory devi ce,

conpri si ng: an array of nmenory cells arranged in rows coupl ed
by word lines and columms coupled by bit lines; and a circuitry for
control and/or access of the array of nmenory cells; wherein at | east
one nenory cell of the array of nenory cells includes: a tunnel
dielectric layer overlying a sem conductor substrate; a floating gate
havi ng a conductive first |ayer overlying the tunnel dielectric |ayer
and a conductive nanorod having a Iongest di mensi on extending from

the condugti Ve]i Helrh ry%ﬁe b &1k {rg (.{1) sr}r)t%e?s gl Vil Al A Ist 1solat10n

directionfelative sur unne Xric and
a contr olregiah and alyeécoadﬁ)@ﬂzaioﬁdeg‘idsmm the floating gate by an i nt ergat e
dielectric layer overlying the floating gate. 19. An electronic
system conpri sing:

14.  The memory cell of claim 13, where the spacers have a width equal to

approximately fifteen (15) nm.

15.  The memory cell of claim 12, where the first and second isolation regions extend

above the conductive first layer by at least approximately twenty (20) nm.

16.  The memory cell of claim 15, where the first and second isolation regions have a

total height approximately equal to thirty five (35) nm.

17.  The memory cell of claim 12, where the conductive first layer has a height

approximately equal to twenty (20} nm.

18. A memory device, comprising;

an array of memory cells arranged in rows coupled by word lines and columns
coupled by bit lines; and

a circuitry for control and/or access of the array of memory cells;

wherein at least one memory cell of the array of memory cells includes:

a tunnel dielectric layer overlying a semiconductor substrate;

a floating gate having a conductive first layer overlying the tunnel
dielectric layer and a conductive nanorod having a longest dimension extending
from the conductive first layer in an approximately perpendicular direction
relative to the surface of the tunnel dielectric layer; and

a control gate layer separated from the floating gate by an intergate

dielectric layer overlying the floating gate.

19. An electronic system, comprising:

a processor; and
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a processor; and a nmenory device coupled to the processor, where the
menory device includes: an array of nenory cells, at |east one nenory
cell including: a tunnel dielectric |layer overlying a sem conduct or
substrat e; a floating gate having a conductive first |ayer
overlying the tunnel dielectric |ayer and a conductive nanorod havi ng
a | ongest dinension extending fromthe conductive first layer in an
approxi mately perpendicular direction relative to the surface of the
tunnel di el ectamhemoryyderice geppled to the proeassary wherg Heandnagre dewep e hidesy

fromthe floating %ﬁtaﬁ‘anfﬁ??l%}&Ec%ﬂg,% Fefl&ioﬁ!-: g%ha/'o%?fcénaﬁéahdiﬁ erlying the

floating gate; and a CITcCuUl or ‘contro access of the array
of nmenory cells. a tunnel dielectric layer overlying a semiconductor substrate;

a floating gate having a conductive first layer overlying the tunnel
dielectric layer and a conductive nanorod having a longest dimension
extending from the conductive first layer in an approximately
perpendicular direction relative to the surface of the tunnel dielectric layer;
and

a control gate layer separated from the floating gate by an integrate
dielectric layer overlying the floating gate; and

a circuitry for control and/or access of the array of memory cells.
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