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APPARATUS AND METHOD FOR VERTI CAL SPLI T- GATE NROM
MEMORY RELATED APPLI CATIONS This application is a
w@omvsiosead i on-in-part of U S. Patent Appli catiPeI/NS2004/038259
10/ 612,725 filed on July 1, 2003. TECHN CAL FI ELD The
present i nv&ARRARATUS AN METHORBIAQGR VERIdGALonduct or
menory devi ces, SSRLITFGAREINROMAVIEMORY tride read only
menory transistor structures. BACKGROUND OF THE
I NVENTI ON Fl ash nmenory devi ces are high density,
non-vol ati | e menor REIVTEPA PRMICWTIONSpower
consunption, fast access tines and |ow cost. Flash
nenory TRy hifRatidieis e atiN@ition Shtiph@ df 18, Pas@t hppEcation No.
vari ety of portable electronic devices that require
1ﬂ46gﬁr7a%ﬁﬁdt0}11$1bbl,é’@93but cannot support a disk drive,
or other mass storage devices due to high power
consunption or the additional weight of such devices.

An addi tional advant Qf ry is that it
offers in-circuit pr g’gﬁér—mmg(li“ﬁ{k}ﬁi?ﬂ ash nenory
devi ce may thus, be repr o%r anmmed _under software control.
whi | e tHee pressntiaveriingelaiesgencrally € sepiephdPefoRMERCR dgyices,

' I [ ' fdeery cell 10
ag{l: @fé%ﬁ%ﬂé&ttgﬁﬁggbeﬁ ﬁgg%ﬁ%&w&?ﬁ% P {Sggﬁt}urrermr'y cell 10
has a netal oxide sem conductor (MJS) structure that
i ncludes a substrate 12, a pair of source/drain
regions 14, a floating gate 18 overlying a MOS channel
region 16, andpaACRGROUNIROF PAEIWNVENTIQN he
floating gate 18. An oxide structure 22 separates the
floating gate fromthe channel region 16, and al so )
separ at Blssh membiyodeviaes argahigh flensity 1 oa-vdaitle glempay deviges having
For the device sho the substrate 12 is d :
I EgHE" PORUPPEbdnt AR PRoL By e v T BSBRg e are thus
WIRSSteAdr sl yPRiek B drtabRSeleclid@iciRiREY thattelquit®highydensity
be programmed by applying a sufficiently positive gate
stophgedyé cannet suppok apgssk driXee ORQtheTMAss |StosREe d%eprh éuf‘dféav%lbpowel‘
10, while [ i ni : -vQl .
S shiion Sy SRt feuoab Wb A B ARERYiRbn R o8 Rlnfagodf lash

Ay iingigait effd8 ifi-cnouit pogsounsligr Aifinsh eginory ddyice ey thus be

device 10 attains a | ogi ate "0". | L s
reprogrammed under software con%ro? Wﬁle the device resides on a circuit board within

an electronic device.

Figure 1 is a flash memory cell 10 according to the prior art. The flash
memory cell 10 has a metal oxide semiconductor (MOS) structure that includes a
substrate 12, a pair of source/drain regions 14, a floating gate 18 overlying a MOS
channel region 16, and a control gate 20 overlying the floating gate 18. An oxide
structure 22 separates the floating gate 18 from the channel region 16, and also
separates the floating gate 18 from the control gate 20. For the device shown, the
substrate 12 is doped with P-type impurities, and the source/drain regions 14 are doped

with N-type impurities.

The memory cell 10 may be programmed by applying a sufficiently positive
gate voltage Vg and a positive drain voltage Vp to the device 10, while maintaining

the source voltage Vs at a zero, or ground potential. As charge is moved to the floating
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Alternately, if little or no charge is present at the
floating gate 18, a logic state corresponding to "1"

WO 2008008302@l on t he device 10. To read the stat ePCf/UB1064/038259

device 10, a positive voltagé& VCG of predeterm ned
magni tude is applied to the control gate 18, whilg. s
gats Rt iapRdke wsﬁpef’qr@l@.régl?n b Briemlo Fhs SRS D

- § GRoSIB stafe
ATy, TR SemoTigedd Btert & L IRAGIELRELS S0fE ek
cotthgpondimgrto &1’thsatoned egihodedide lBat may be det ected by
ot her external circuits, thus indicating the logic
st at e "Tb reddahe sate@ifi thendgivice 10f a podifivecvattape ¥aapfpredetermined
exists at the floating gate_to prevent the device
AP RG PR HecanSgt a5 \éhliér Vo gompigtifneg posikve g the
Wi @?}{%¥d REth8camed ohteOr® it BErdfNE fPudDihOUeBBPL0/bRG dirrent

posTt source voltage to the source/drain region 14
fluvwd feor/GEe pmrired/diaimedgian 14 to dyaitharsopt/drain tggionTHethat may be

' 10, att ai l.ogj tate "1" fol |l ow. .
RS B Bt GG TG Fradi RSB 38, (B 5ifRfne
iPseht¥nedtabildx s 4t CheSGHiRgEalcO® t6 pidv@hetht HedcdTEIRbI turning
device, it has been observed that the progranm ng

st hilegiestate off 07 isaeare Adlpgicstdte map be sragedjfra@dbe davignt) by

nuhber of .accunul at oqr i . es:
ROV o B Aofite g R AT PO GRYELR 1R
rpﬁiﬁ&i@ﬁfaea asgatioy pbratiAxTheds/ic 10 atiainsrdoyialstaes “Kfolidwing an
is ternmed the endurance limt for the cell 10.

W&emelgh the endurance limt is relatively uninportant
in cases where the cell 10 is progranmed only once, it

may be Althoigh thalforegeing flashunemeryt ¢edl 1@ds highlyigifactive to store a
er.as and _reprogr r ' . ]
A R

the nieafy telf I(Dmchgfad@d &rthe anmbéhsftachaaulard prapppadrdasa cycles
the relatively thin oxide | ayer separating the

inprsates s yeasallitheeslt Humay, Bk fter sheipmbieg ObDIEREY &iasg Figles

: ks I Is 10!
SH5HGa A0, RSE PR TR ER s B s LRI 10 Bt
the amdaired lahit isrglatvelyg enimypoitast inlvates oehesethh otle 30 aprogrgmmed

| ati I I t b [ h [
SR o SRR Um L becae, L 2hhed 0,15 98 dEmes

RS bEAResl Fhe BSerhdRioR OF thelBos@mdtRl 8GRACY B HeBBRA t8Fesult

I
prograni erase cycles, the trapped hol es accunulate in
frére hokélderdnayhmt besrund tiapped inuthe relnévealy thin pxide fayer spparating the

f?(?fRilnlg eg(ajtedllérfjror}g the subs daté: Yr ldl?rilggoa Br% gga%an%ec(}jrcle, which permanently

damages the oxide layer. In addition, extremely high electric field strengths are

generated during erase cycles that cause holes having relatively low momentum to
become trapped in the oxide layer separating the floating gate 18 and the substrate 12.
As the cell 10 is subjected to repeated program/erase cycles, the trapped holes
accumulate in the oxide layer and thus cause the electric fields applied during a read

cycle to be degraded.

The qualitative effects of degradation of the flash memory cell 10 are shown
in Figures 2 — 4. Figure 2 compares the performance of a non-cycled flash memory cell
10 with the performance of the cell 10 after it has been subjected to a substantial

number of erase and programming cycles. As shown in Figure 2, the source/drain



10

15

20

25

30

The qualitative effects of degradation of the flash
menory cell 10 are shown in Figures 2 - 4. Figure 2
we vpaswso t he perfornmance of a non-cycl ed fl asPCTHENNY038259
cell 10 with the performance3of the cell 10 after it
has been subjected to a substantial nunber of erase
capentdp b@\fgrﬁﬁ}’ﬁ{?d&?]é 1@ SIg@ 1oV S tb?tgtb%t@b?mﬁdrﬁom 2 non-
Gfble! BhirdINBCVditagd veg! A &Qdé th
2@5‘?1?% caﬁdtrlréccldﬁ{ fiblc foid tﬁgt rg%bt e Ve 3 oistauence, the
datannmtlexd of:zeldglclsmaté durizg zoap ayebisadversely affnnwd due tpothe

vol t AS a con que et i,on of a

PSR LG R he e S IR TP U RS pRovEin Figue

3d%eltthé &ﬁlrée@m{n&,@nﬁﬂ%gsf GE QLI 16 W dHRBved B éts@m@z;d@b@dse as
cell 10. This effect is further shown in Figure 3

thdglsnabqu@é cylen asenminlaten o the eabt 10, Bigues 3 else sh@vs thatyhe gndurance
Steadi| |
Bp RS0 %? et pAIREGE A ARl 165 TRPIe R PO

;BSr oxi HiabE 4 she iz E%ﬁggshovpﬂ G ?ﬂfo\%g g0 as the
n‘éﬁfbblaé n}%ﬁgﬂfn/&akm VRO icréletiatiee thedshdlasotetd V4 & @Sined as the

the nu Erogram erase cycles is increased. The
nihinesh oeqhingd voliage th surd ehiarrell ledurlng ageadt ayigler Frelignyeetd V.1

c\éfraqtﬂ%ggagoot{}? Hir gpﬁegab&ef{laém{e t{) lt'urn rt@eS eﬁfﬁ) ?A fhe ffo'atlng gate
of etideried ik @hdrgém(lﬁtﬁcdtiﬁg 164t ktafeO oem evhilehe; fdopetpongds gathe

of the cell is charged (indicating |ogic state

thigshold wpfp eeqviree totF @b s ﬁalé 10 avhendna s grty \dp get charged.

I‘h%‘%ﬁ'f r%ﬁ' &t&v%! @9 Q@ bali'xQ R Bertd2s ftﬁr@éﬁdl&‘g%laa%ke

i'S no énce etvveen t he )
““$ahdees’ hhslﬁ)\xdﬁhlﬁilgﬁe a. Ah thesdeﬂlld ivaitjentpel towiycldgthe ‘@gndow”
shovvnlnFl gure 4. As ecell 10 is 1o .
hegReY RIOZEeRR VOl AT %tgetdﬁegcoa}eég}%% %ﬁvo {negish between

t é’th‘ %10' atpsesq $nffRIEndpf ficult to distinguish

et wee oglc states stored in the cell 10.

Cne pri 6&15@5& gr%d’lﬁt'flcﬁﬂsttﬂe J n%ofn&g &ﬂﬂk@ae RREUSBRER i is 2 flash

limt emis a ving ‘a floating
rﬂﬁh@yaﬁn Maeihg iadhlativg pas aiyrmnetﬁcﬁlbv\msdmrt& ¢oveards the source, with

S e i LB
rgﬁ)h of i diISK (ﬁ%%éeﬂ ihh&jeff&iiin anl 44i@8 ngPt PeVA, Q(Yal erﬁﬁ}éﬁrFlash

, entitle Menor i es- An Over vi ew,
MemmeﬁdAmngervmw IEBE Pradecdiggs, ppl. 83.248-81 pp 1124391@7 1 1997. Since

i nce the, ramm.ng..and eras unctio occur

o PORBITOITERY CERAEHOPCyCBr s Boone Of BeChEMeb bbic Racent
td ﬁf@aﬁﬁr&odﬁlﬁ@%eg@'ﬂ% axd 68dé 5 liﬂu'f@dttﬁ @nlyoa péttiyn 8f Q@IchindiRl

of the chann region. Although the foregoing flash

reginns Alteaigh the ﬁm&@@ﬂ@h ansmasy eell swpREeNeat dchiqyes some increase
in the endurance limit, the damage to the oxide layer underlying the floating gate

eventually becomes excessive, so that it is no longer possible to read the logic state

stored in the cell.

Another prior art flash memory cell includes a source region that is
surrounded by an N- region to further protect the source junction of the cell from the
large electric field strengths that arise when the cell is erased. One significant drawback

present in this configuration is that the source and drain regions may not be
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in the endurance limt, the damage to the oxide | ayer
underlying the floating gate eventually becones

wWe@@ensioze, so that it is no |onger possible tPCT/ESH04/038259

the logic state stored in thd cell. Another prior art
flash nmenory cell includes a squrce region that

infgrohangedde ewnéﬂler@ndvrémedﬁ theocatls FURBET, e gpepmetrical amangement
| ect
Pieledte W%%%if%% <R T e R Ry Pl T o

5 1 s Rin iy SaRAGe AR oy ISR ORD de e By

dpeigetRpping e e dilicen aitiéldydrie a@odwoanasiondl flak nﬁﬁidry device
Further, the asymetri cal arrangﬁnent adds to

sovetes- [The Jaserbspreasipfehares stgrediin dha pdernitidhspyidg é‘SNQé layer
%ﬁ‘&%ﬁds& AEUBLRYP ﬁ)dscgietdowqhé Wc@@hheﬁ?ﬁ% %&Nﬁ@éﬂly, planar
I ces enpl oy arge trapping in a siliconnitrid

thayeny dells seqniva acdatreshy preatat arch &steacke pell thanl wntlcé dev1ces There

structure. The | ateral read of. char nt

idareialiRemes e b agidor R ey deSH VBl behtfs of

I@iSOM Eeflsh ﬁﬁlelb%né%ﬁy\m &é}ﬁca@lﬁiéhﬁﬁ gelfli, meNsi ons.
d|t|on y, planar nenory cel s require a relatively

greater area for each cell than vertical devices.

There is a resulting need in the art for a flash

menory devi ce that conbi W&R nefits of NROMcells

with the benefits of vertical mnenory cells. SUMVARY

The pre I nventian enconpasses a. Vv Gal  NROM

nenory @EP presgifdnyeafipn E‘b‘i‘?ﬂﬁ%%sg% ag e‘gFﬂﬁﬁf{b@ mgmogy egfl The cell

&ﬁﬁeﬂrﬁé§a bhgdtice éﬁ&lﬁé‘ﬁﬂlﬁrs&%reﬁéﬂ BisH doufRMir8iA réQomRAmed in the
t he lar. Atrench is forned between each

topiof th@fpﬂclm Aérqnpln iSafpgnedabeéwmnreaph gair ef pxide pilagsd in the
trench between the pair of oxide pillars. A program

.gat e i s A amtetgiieisdesned ineth@ trmdlchet\geﬂndhapdr ebetidopillges. A

illar. end al,on

Rt Tt Bortil 816 B Sfich s SURS 1R pro¥ram
%\@é SURERIGRSHIY tRE SEERN 8fda8h BRide pliradj acent oxi de

['1ar. Each gate insulator |ayer has a structure for

trappi ng ?eft |Ratlor? fer GHBHEG bdtReQEcR PRAGATSRHe, anH A adjacent

gate insufator structure Is an oxide-nitride-oxid

bxgeepillan Babh gate flﬂselaﬁhdax@e hasa gtustd fmtrappmgtat lmsthme charge. In
bott qm end o t he nui ? ¥ BRI hich
e ww&g pigpigARsulatorStgctupeis an OF R QR T whic

fhb @60 ESRBRS¥A G€thb t@ﬁ&ﬂfdi‘ﬂoﬁgeddcbﬂtﬁ@mtnde layer.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a cross sectional view of a flash memory cell according to the

prior art.

Figure 2 is a graph that qualitatively compares the drain/source current

performance for a cycled and a non-cycled flash memory cell.

Figure 3 is graph that qualitatively illustrates the degradation of the
drain/source current performance as the number of cycles is increased for a flash

memory cell.



prior art. Figure 2 is a graph that qualitatively
conpares the drain/source current perfornmance for a
weyowbsesBoand a non-cycl ed flash nenory cell. FiBUF/ESB04/638259
graph that qualitatively illostrates the degradation
of the drain/source current performance as the nupber
of cycllBgured is geanbdheAunbiatively Phshatss hsnprewing ?fitggv%‘tage
' t ' [ LI
el IO AR T A Bhorh By ok LS B3 E1eb Rncrppoed,
menory gel | t.he nunber of P S ]
P gur & e S8 e g o AR sisferh 160 52588 g on
eabointino 6f the imrendemodi ment of the invention. Figure 6
is a block diagramof a nenory device according to

5 anot herpiRisFaNbckdiaghf dhesehdryidevieshiiding tdatothef
is a schematic diagramof a menmory cell array
eabodingtinh gf the psesertibwiiti®Bnt of the invention. Figure 8
is an isonetric view of a portion of a nmenory cell
array akigored] 13g schematicedingrainreg mtmeyhonyeell iarre acdopding to an

Fi.qure LS a crass sectional view of a nenory array
e&@%ﬂ%“ﬁﬁk%%‘ﬁng%‘odi ment of the invention. Figure 10

is a plan view of a nenory array.accordi ng to.an )
enbod! nEIHIEG ISRASQTFRTBA FIeYrE! ERiTeo) mampp el airay according

10 t§%ﬁ%§n88&lb&ﬂ%&ﬂ%nh&ﬂ.l13tfat es a step in a method for

ormng a nmenory array according to anot her enbodi nent

of the '#%é?erga{s%naofsi s é%o%al vie® of E%Eegncftg%}ﬂ]ag Q@t!oreghg% an

that il es a s Ina meth rmn
eibvdiyend bf i imeemeiobal ng to anot her enbodi nent of the
invention. Figure is a cross sectional viewthat

i 11 ustrpiopfe A Slhgilar View dTRtniatbry Qfray asdbrdigg o apembdiment of
array according to another enbodi nent of the

theipgptiodn. Figure 14 is a cross sectional view that

illustrates a step in a method for formng a nmenory
15 array aFigoredl Inig ataposarsettinanl dens detit ifhustraios atsiep in a method for

i nvention. Figqure is.a plan.viewthat il t a
fg{nélﬁg iaﬁn%ncﬁgtagrg& a?%)rrmpg ??T?Ihoéheé embonIxen't 01” R i Rh88n.
Figure 12 is a cross sectional view that illustrates a step in a method for

forming a memory array according to another embodiment of the invention.

Figure 13 is a cross sectional view that illustrates a step in a method for

20  forming a memory array according to another embodiment of the invention.

Figure 14 is a cross sectional view that illustrates a step in a method for

forming a memory array according to another embodiment of the invention.

Figure 15 is a plan view that illustrates a step in a method for forming a

memory array according to another embodiment of the invention.

25 Figure 16 is a cross sectional view that illustrates a step in a method for

forming a memory array according to another embodiment of the invention.

Figure 17 is a cross sectional view that illustrates a step in a method for

forming a memory array according to another embodiment of the invention.
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menory array according to another enbodi ment of the
invention. Figure is a cross sectional viewthat

WO kdosmsioat es a step in a nethod for form ng a PENDS2004/038259

array according t o anot her e@bodi nent of the

|nvent|on gure 17 is a cross,sect.i vi ew t hat

i |1 ust rEges 1§ 18 61PS pECHORA (VR OF %Yerflﬁ"]? ﬁﬁ#@ FoRpr gl
efbbA¥neAt HREGRink thasg)m ?85 of Hﬁgﬁ‘és@ﬁﬁhvéﬁtlohh e

Invention. Frgure~is oss sectional view of a

Lo L O bR TR IR sfflobal SERO O ARMler WBERARARBM Rirlchf ol
split £ “of resen |nven lon. Flgure I's a cross
eﬁxboﬂinmnaincwp@mmfg thms;ﬂlln giite 0é thei predenNR@Mtivanor y cel |

enbodi nment incorporating the split gate of the present

I nvent i Bigurefi0dy b elRbiricsl cynivaledetitdudtadf txavdriiedl plit gate NROM
circuit of the vertical split gate NROM devi ces of the
dyisessofithe prpsant iny§NtigETAI LED DESCRI PTI ON The present
invention is generally directed to sem conduct or

menory devices, and in particular to floating gate

Sem conduct or  momol e BANERSERCRIBIGN. F or

e o R 8 SRS AF B S S W

dfeq'cé@%@ﬁl FIEEGHARD R A shtd Ralksigor s@8icres ubdd iandﬁt‘ﬂﬂittﬂ@
a t horough under st andi n% of such enbodi nents.

seiidohdurtonmerheryaleyions suchuas dlesismamary deyigss.dylany ﬁ%tt.he spreific

sent Jnven ti Qut, s
Bl Ehtest L EBheRReATY IR VAP ARG teh R TR B Flp Rtcripion
B £ PMEfes 5I-N11 (BEHroEaE b itiirb@th ﬁdalatstaﬁmidgmmh émbadiments. One
understood that the figures related to the various

sisilsd dn therartsvidlrunderstand hgyeeven hat ﬁmféﬁﬁnb@"%%%@f Bfgticed
vg' Hl%%‘l vgra? bt t'(ij'lg ldﬁlta{ly ﬁeﬁﬂx d ﬁla[he fgl e a des é]lgtﬂﬁlt ﬁ'f&eo%} in the

'S u n I Cc or nmensi ons
desdriptien tHao fdlhﬁvseirb@mmm thatfthe figtresirelaedtotbe vamgouse

considered Iimting unless the clains expressl
egthedipinisare pptigrhe lstegﬁ AHEPVRRBE ARG SRECHTC %{re% ?@islcal

cﬁﬁﬁ%%s%ﬂ i]%@eahhﬁishﬁWrs't&ﬁ thzﬁ%ﬁé@ﬁ@ byrefh@ivt Afn&isidnk 9416188 tdthe

or some ot her enbodi ne a nmenory device
eadmdnnhmsg ift statedh @rqua e he considentd limiting elesoiheeladms expressly
S{% tg\m 100 includes a processor 102 for performng
POES & nputi ng functions, such as executing
specific software to perforn1ggecific calcul&g ons
O b

Unsks.  Tiggrept Sroesseenosionet ohaampUigs it o fatmapyse the

memory device of Figures 6 — 17 or some other embodiment of 2 memory device
according to the present invention. The computer system 100 includes a processor 102
for performing various computing functions, such as executing specific software to
perform specific calculations or tasks. The processor 102 includes a processor bus 104
that normally includes an address bus, a control bus, and a data bus. The processor bus
104 is coupled to a memory controller 106, which is, in turn, coupled to a number of
other components. The processor 102 is also typically coupled through the processor
bus 104 to a cache memory 107, which is usually a static random access memory

(“SRAM”) device.

The memory controller 106 is coupled to system memory in the form of a

synchronous dynamic random access memory (“SDRAM”) device 108 through an
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that normally includes an address bus, a control bus,
and a data bus. The processor bus 104 is coupled to a

woregesgsoeont rol | er 106, which is, in turn, coupdEUS1004/638259

nunber of other conponents. The processor 102 is al so

téglcally coupl ed throu?h t he processor bus 104
adéresrebuseiifand 2 gontralbus hI7.Anexiemaldaga bysk13of device

1%8{ RplEA1y Fﬁé SRR he gﬁﬁ&e‘é&r 109 ei [[ﬁ{fﬁ#ré’ct%qg?ﬁxghéﬂhe

stcoupled to system nenory in
ngnierh icomedlker d9diam ¢ random access nenory (" SDRAM')
devi ce 108 through anaddress bus 0 and a control bus

12. An Exd gematy dhatrall@uneds alko thepl&DIsAMe de vidte mipﬁedévsces
coupled to the data bus of the processor 102 e

1dftrsugh pya B?Ybloﬁ'iddﬂgiﬁn?lﬁé (QeMEPANPREAIR (P dRiCHERs wm*h@e ‘computer
I
PR 00 EALR e c2fE LR 10PR) 1 BAEo Ot
dawcew conpled ab the pirocekssur d 02 deughi thh niemeorg cogroller 106, such
oD AR ot N Bl B ke R e
dRVREE PR e 438 t;tﬂﬁéamg&%u,'me@ (S BEDECeSRR Y 02 IH 8BS meﬁuﬁfﬂ

out put devi ces ‘typical being a printer or a vide
cortrotiand D6 t@tereaiatzrm‘rretrlﬁm dats fl@na@éeraekﬁt@ege Bedipénef| SQQWH)

Eelels ofbrbean P B! B EaE R 438 bRVt Wi casseues

ahfl Q&nﬁ%dt%idk%adsérﬂﬂr agendiRg(@D(ROMsyhown) . Exanpl es of
typical storage devices 118 include hard and fl oppy

di sks, ﬁ\?%ﬁfﬁéﬁl@ﬁ]b%ﬁcon@ﬂ&ﬁeﬁmé%ufﬂécﬁiﬁ 4 GRLA Soutput

nmenori es . Finally, the nenory controller 106
('BIQS3 0 péadcbni yomambgis (“BR OMPutevipet] g tfor st@ingsy BIO: am)goam {hat is

d 120 f
eXFEveq b BRabrett N0 furd i oBe LR oSt AR et
ﬁ%&§§§ 300 eitkbt dvBMIEHREGUAEBIOS ROM@esise 20 Gﬁfr&lntth@SDRAM
directly fromthe BIOS ROM device 120 or fromth

demraNOg efterctbe BHBS @fQ%@mthﬁ%bW@SaCb?"(ﬁﬁ‘r anaterieety from the BIOS

ORI 20 RSS9k 5 R L 3ty

d onpvotitie akhyoradeace acabﬂiﬁng ® thepmesant ﬁemnn@n amﬂDasdhm g
to the present invention, such as the e |n%ﬂ% gf
rdd- guch

emhodipgnihof the InvEBLPR SHeWnHE ﬂ?F‘eﬁ‘FB‘i“?rYo‘B?\YFC@é’
e%b#g}@égi&%ﬁ@g%ﬁﬁ@ }e%a;ggg% iRy @m@m %e{h@éld only

evi ce one of

charact ﬁlrlio%llh%SQ' soorBe H’ e Qhﬂff&gﬁéﬁcp Yk ﬂgs@l%erﬂ&ty Yuf Qs ot require
the special fabrication processes of flash memory. NROM can be implemented using a
standard CMOS process. Because of NROM’s compatibility with the CMOS process,
an NROM memory device can be embedded into other architectures, such as

microcontrollers, that also use the CMOS process.

NROM technology can incorporate both a single bit/cell and two bits/cell.
The charge or charges are stored on a layer of silicon nitride. The nitride layer can be
patterned in small pieces matching the size of each individual NROM cell. In one
embodiment, the split transistor memory of the present invention is implemented using

NROM technology as will be discussed subsequently.
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the special fabrication processes of flash nenory.
NROM can be i npl enented using a standard CMOS process.

wBewans®2of NROM conpatibility with the CMOS PCDUSNS4/038259

an NROM nenory devi ce can be8enbedded into other
architectures, such as mcrocontrol]ers, that gl SO use

t he CvVOBgBrdTBablogngram I dERTBsry daHice RO AFrOFHRG AR h
ﬁﬁ)hﬂﬂén‘? oPite/pr&bht &ﬁ‘%ubﬂ@wﬁbﬁﬁ{ g%glh{pn@st 1ERRh! Bitfoh of the

es are stored on a 1ayer o Icon nitr
mnmasnydés lshyven incBiguiees. fhe tremueyl devics 26 incluidecesemory cell array

LT ML NG RNV /R

Vﬂ[l%%gcﬂb@& %‘éﬂe@t@r B&ail BRLRMERS if?l@rd«ibéb Mlm diecinpaiaon x-
as Wi Il be discussed subsequently is a bI ock

gm@padm@ﬁoahamm@ﬁs dehirelity Zdgaisdines & - X0, SKON for
?5%3?{1% o tﬂ? ngha%fgfi@éu M\ &¥o & ﬁ%%\ﬁgéegﬁ}fgl?é%der 240

pro@désea ﬁuraﬁﬁﬁoﬂ'@ﬁﬁkﬁrﬂﬁ Yine£YDPQ QYDZC | MDNSfoa ad‘:’ﬁﬁﬁsing( theéirkt
arr%Zlo t hat incl udes mermr%'écel I's conprised of
spriseldraip regens of the Heaiing idiedE Toeansiskay cglds thF agggy 210. An x-

SR AR S T TR e xon

f?fhwcaéslﬂrltg/seeén%hﬁ:e}'drmﬁ segloné@f the ceXi@lih ﬂmrmaﬂahymyﬁgO The x-
e cells in menor

SUSEE At LBBH RS S5 sBuie A ek B dpptlpugpt (VO)

(%%5&3 ﬁ{r‘?éeﬁl'l% l\x}rfﬂ'ﬁg OYer\le% datam bRy m@xﬁG@rSC%llrbgraSI hgo. TThe

irst sourceldral reglos of the floati'ng gate F
masramsyl detvive 208 firther includes address bffors 220 thasoegedes address pignals

AE 208 rom Gegudfessdiys P (RAHETRRERLL B b et g 220 are

doBple@ RS t1Rfx -5 1€ d&RbS230N tHe sd‘ﬂiﬁ’!@kir}sﬁnaieb@dér 240 and'he x-
xsource/ drain decoder 250 may al so include sense

samse/drain Kisccaﬂqd%mtplﬂontmlt their ea@qn/gqv riflag paderasigg OP%TQH?WQP,H the
Witin r the nmenory cell arra

%T??ryf%g &?ﬁ mo"g% ce% urther includes addre)s/s
uffers hat recei ve dd ess s nal.s AQ f

Phe. SdaFEsee o i Scbsu et Rm Rl Re s boppaich O the

rﬁ&%@%%ll%ﬂ‘a&@‘i@ 4 200wA th FigR) @ d'hk endnht@y Xell airgy UECRdRMes a

230, -source/ drain decoder 240 and t he xsource/

;dwahty Qf@dﬂﬂ@emt ang dntersonrnstedanemery celadPthef, sulptpatially sipidar

at.| [
BofiE o RHREShRER sfitef QfecllBRoke BitN S LA BTN a el
THOAGY & édll 30HAMNATHR Grra ﬁﬁtﬁwexmln@fsemﬂ dirorieny tocedolw 300
array 210, as shown in Figure 6. The menory celll arra}/
NAghat farthgyextends in the first d1rect10n to a cell 300NN. Each of the memoty cells
300AA through 300NN includes a pair of field effect transistors (FETs) 310 having an
electrically isolated floating gate that controls the conduction between the source and
drain regions in the FETs 310. The FETs 310 in each of the cells 300AA to 300 NN
share a common gate, such as XG1, XG2....XGN, and are formed in columnar

structures, as described in greater detail below.

Figure 8 is a partial isometric view illustrating a portion of the memory cell
array 210 of Figure 7. For clarity of illustration, only memory cells 300AA and 300AB
of the array 210 are shown, and in the following description, only memory cell 300AA

will be described. It is understood, however, that the array 210 includes a substantial



10

15

20

25

30

plurality of adjacent and interconnected nenory cells

300 of substantially simlar configuration that extend
WO pooa/osioest direction along a row of the arrayPQuOSIonemms259

a cell 300AA to a cell 300AN9 The array further

extends in a second direction t a row 300 NA th .
PP RS el eviasa FYPSRBAY SRS ISP (9% the g 210 extends in

f‘ 9 - . . .
a?fggl}!ﬂgcgﬁi:&h@ *x ’tcﬁfec??rg}ﬁg ¥howi 1'[1%31%.98 AP ahafg a%@&)h'&' gllrce)ctlon

includes a pair o d effect nsi stors (FETs
(thaVi’hdireumion) #led as shalinym Fipotead)gbiatfis sztistantalipapeperdagular to the

controls the c cti.o et ween .t '

g girgetion. Tbe el RRLFEA RBidRSh HEE Bt LSt TR EuRTy A i 3208
f&%{eld%n%g@%etsﬁbs’%&% MY, BRA &F the EQTIMEA GricRiresS328Nndades a first
X3, XG&..". XGN, and are fornmed in col umar

seurce/dtain @giom@mmri:sm 4 matgrielhagingcet M- comsbicivity that extends
b hERe D R BRI s Gy P b AR 3Bt e

aGké&nidispueb/didih wsdi 68260450 Ieving HEN® cyndietivisy 8Q0RAositdned
300AB of the array 210 are shown, and in the foll ow.n

adiagent ipthedirst soRTop/diinglon )2 ASCOMALGH lqyeb?%@geét%@édlgped
S L ok .] .

L3 LSRRy, AUl et IS SOy A9

tld secbmt swikdeddrhinrregion 828.hat the array 210 extends in a

first direction (the "x" direction, as shown in Figure

8), andsalll sferiritgdo FROMY thl ¢d@hhasutitiees 328 AdindSC8B arg

al so as shown in Figur exg that is substantiall
speoeg @palt tpeamitthe gafe ling X&3!1 tgbedesitigned hajweendhe S%mms 328A

' e ' l.
PSS affL by s BT e RN 291 3R e
1k XNE1, uhé Hetd8n iecdtudimsee 3288 arsitthe gate dime AKiGil . The dlpatmg gate 330

fgélgﬁr%g%éﬁiqgég‘é{%ﬁgat? ,téee ig@ |§Prt v :gﬁ]eg’t}%rgﬁng‘k aa%g’ﬂ’gl{g Eﬂisc\)/ Er}tgrposed

bt .eﬁgféé %ERQ lind R&5 18I HRAyRERAb AR 338 thith b Eﬁﬂgle control

inclu second source/drainregion 326 al so havi ng
gare 90 teonakbndhé stinopureh3A8A andsi8B:. iTha flgating gate B30 iselackically

first .source/drai i 0 2. A separgti .l ayer 3
AR RS S GRS B B ER AY h BGhosti beveen
thé b RE RS ]G IDAIIMREN oAt dhate 330. TRUIFI6RIY @itd133088 if@itheB 2Rctrically
and the second source/drain region 328. Still

imﬁe% grioglgth@ firgtisgueteregi28rrad dlest s stecfure 82912 by 33s90nd
3P PBer PRI RARRtn 8 R b B30 9B ReleutGosa

afd BR8B! TIROFl@RIng g3RMB30Ss futher usishetl dttween thdrst structure 328A

structure 328A and the gate |ine Xd and petween the
an thecteapnd SpBRre ALSH prthghive flopiRg sete 330 mRostioped Fiager to the

e
below. Accordingly, a portion of the second dielectric 350 that is substantially adjacent
to the first structure 328A is thinner than a corresponding portion of the second
dielectric 350 that is adjacent to the second structure 328B. One skilled in the art will
recognize, however, that the thinner portion of the second dielectric 350 may be
positioned adjacent to the second structure 328B, while a thicker portion of the second
dielectric 350 is positioned adjacent to the first structure 328A. The floating gate 330
may be comprised of a polysilicon material that is deposited on the array 210 during a

fabrication process, as will also be described in greater detail below. The first dielectric
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between the gate line XA and the underlying substrate

320 to forma single control gate 330 between the
wa@eoososwees 328A and 328B. The floating gate 3B0I/US2004/038259

electrically isolated fromtHe gate line X@ by a

first dielectric |ayer 340 that is interposed. betyee

lysie 4l the recordrickiriria REAS Basiy RIS 9! ssrp dicxide that

i i ' &t tRE birh 1 0, Yl th GRS simil

1%%%§?t geggygggggé %?E?gk%%gk and tﬁg secon%gitrucfﬁ?éu

dadaBibyaerisBaaychlst v wedr i ¢ | ayer 350 i nterposed

between the floating gate 330 and the structures 328A

and 328Bhe sEaend dovddeidigingedion 336A of thedirtsemicipes32§Aomeidhe

between the first structure %%gA and g?ngeqond b

seqandseurre/dmgmeseion 3208 ofithreseeprebiiyusy g de B gigpinjegconnected by a

daﬁ.\%hfe'&%?gaaﬂs%ﬁ{ ris@ SmEtaliRtor Sied flibteEnR2 Aok fifdihat i9

the second str uctpure 328B, as will be shown in greater

suledtaitiallp eleotnicalby solatkidriginy theaindeorying topsilogyhed theamayd210.

di el ectri.c. 35Q that .i S _.subst iLally adjacent, to the ..

Aoy, itis uRners 398 A1of LR ARALD =5 RIATE U EHES JORue Grertaid

b?%ﬁﬁ%é? Bf QltidierisraRAd @b tat BRMdel 8énthd paaitAGEMN that are
0 the second structure 328B. One skilled in the art

eyahied inr the diphtctric matsvieliarorder fimperniethe Hpiadine Y3t ta ecappected to
h d di i c 35 iti d adj t
b fish SRR oA AR MG BB R R, L Chcer port 1 on
f the s .dielectric 350 is. L d adj t O.
o 1o SRS See SR et S A
VIR e i the¥ecBoPRAS/SDIdf PRIMr B A tRs VibRéd bénefl@Gatdllelio the

on the array 210 during a fabrication process, as wll
xadlisastibe shiwecin Figareidh Agmetgt @bovie the floasiak gate 3PRds seppigted from

iglectricl 3 and t.h 0 ' o A
L BREEbbEt S50 D B R A BURC TP D o
seEondei&dttie thyet3 300 Qct rdineBh thecfidsi Qrucaire BRGA & spayedip@st from
al t hough other simlar dielectric materials n§¥ al so

thefloaing saterisOducohitst distaneccd o pad hersegmartayoipe $181 jgpaced
P TP 2 S B01 f B REARE OSSR i a5
lessttieancthe seeohé distincad2ldh a paitivelay Bmbbtiatent, she saepnd distengf d2 is

SQBSSHHHIED AP yiraAs ot IRy RS SRFape<h hghorthé partcular
A hor: e hgaﬁgg%qyet ﬁio fRS RGN giSistqg&a ey A8HuY 0.1 1[8m, and

I'S under'st oo e array own I n Figure
iepacbeamvieirdmities fisst and eyard sofucairei 38Acand 328Beiyes fimt distance

not shown) that. in¢ludes. ¢ontac netratio
d&ﬁé a_BPf@ﬁ’é’agt?lbf@?%%(f apescopd 5@%% é? nglpnrwﬂg}atf 364 gf“rhe present
iREbh id R Ligatea tb gﬁ&f%aﬂ?&ulﬁlodigﬁn&g%ﬁﬂtﬁﬂ dpo the first

structure 328A an e second structure 328B. Figure 9

IZZSL Oa ’ ngfgugé 16255t BE Blan VR o thE theédorly Al RI® ENoviH f¥¥gure 9.
In particular, the cell 300AA has a pitch that extends in the y-direction of
approximately 2F, and a pitch that extends in the x-direction approximately 2F, where F
is characteristic dimension associated with a minimum lithographic feature size.
Accordingly, a logic state corresponding to a single data bit may be advantageously
stored in an area of approximately 4F2. This compares favorably with a feature size of
8F2 for the well-known folded array architecture commonly found in DRAM memory

arrays.
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viewed fromthe section line 9-9 of Figure 8, and thus
viewed generally parallel to the x-direction shown in
wo-e@ans3080 As noted above, the floating gate 3BOI/US2004/038259
separated fromthe first structure 328 and the second
structure 328B by dissimlar thicknesses of the second

di el ectFhecforegping ezgpdiment prenidesi siill ofhe adyantages pyqythepraor art.
. . .
rif B 9306 AR HEORS Ml S b plre

fgmi@ﬁsiaxa parfornfigdaom thb €irdtlsoattined32§At that386paoyd apaseirondhe floating

i stance d2, where the first distance dl i ess .than .

sbive D0 Grisnerely BHpaedBrqn plah P ayer 3 itige fEpDing in the
o | . N 1

R AR A e e

thetrig pasitloned edibordit tremgenerdiky thickenfondgonyef the dRtechipslayer 350

ei ght .d3 of. approximately about 0. m, and is spaced
‘Q‘B&gfeaﬁPBm4lﬂ%£fi rst and second structures 328A and

328B by_a first distance dl of approximtely 33 A and
a secontSHicE dAnctd Ao PHiabpBoRr Hig g Grakitupfide steps'ina

. y . i . . .
BREECYBN PRkl a cOMAES fugin BB e e
Reifeving first e Figereotly aanbsisate?329 formoehfrom siiagaaad dopado a P-
parti.cul ar he cel |l 300AA.h itch that .ex '
PRy Rosed the SfungiperHanar) ShCRr R R Roplba on
tRX 5P S BPOMTR r¥gidh BEE hia9bedoRicddni@E ehstrafe, 320516 F
is characteristic dinension associated with a m ni num

implantsgion pg pidier anlar prosesses inmudasteipitin fhe desiredNe: copdegivity.
B R R

3001 A sepERIndaydr 320 hedyl thenbd formed oather fersssoneceafrai k2gibwB22 by
“the_well-known folded array architecture commonly .
nepialeroin T fdicpn e p é?%f.e‘#ﬁ%lckl%?ﬁ%g%ﬁfi?@nﬂg _ﬁ%afifﬁtémlayer 326
R e e R
midiger po®gsmprived of sitidore pride nfaybe tfommes] caran gxppsedrsuefdceoof the

the first structu 328A that is ed apart om t he
serodPHEC/GER 3805 “ﬁﬂﬁbﬁ%}f by YT P e Byes 470 gmpitsed of
diendighectric layer 350, charge trapping in the

thinner oxide layer will have only a m nor effect on

t he oppes| t r j bt d ehiit
s acop g SR ASERLE MRS TP Bk B ey o
sdt@ldacenches 468 ey fodmed duthe sguctemdhowe imFigores] 1. fihg first re@ehes

re rtial cross sectiopal vie hat illustrate .
Bl Seseforddismiher B w0 roime 1S et e g A 8 acigeton
th&t 1808 MmaRIPAGHERIEuIA to kYUYl PRe trenches 440 and 460 are
substantially mutually parallel. The first trenches 440 and the second trenches 460

project downwardly into the structure to the p-substrate layer 320. The first trenches
440 and the second trenches 460 may be formed by patterning an exposed surface of the
structure shown in Figure 11 with a layer of photoresist (not shown in Figure 12) to
form an etch barrier having exposed surface portions that coincide with the intended
locations of the first trenches 440 and the second trenches 460. The substrate material
underlying the exposed surface portions may be removed by plasma etch methods, or

by wet etching method known in the art.
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Referring first to Figure , a substrate 320 forned
fromsilicon and doped to a - conductivity is used as

w@2@®basioeng material. A first source/drain regP@nUSDR4/038259

is formed on the substrate 320D. The region 322 may be

formed on the substrate 320 by ion inplantation or
ot her sS#il referring de Bisves13, rﬁh%ﬁréb?rertcaeg nq thegecgrd frppehes

4'85 a? gh%%'t%ﬂla\.‘[b't fﬁled‘%lzlttl?glﬂ%rﬂhxxg@ 13§ ﬁ#ai ﬁrygr@s!vn E)IF%Q rflr&ftrelﬂﬁhes

Icon on a sur strate
@B%d Aecvap &Eﬁtthe@ A60 &yetliglﬁa'MO)aMmh tpescekre of depmlﬂed)m thdGrst

tipcies DD S1pong BN HPBY Pl KA keS P i e Habrin
q%@i%ﬁé‘d GUr@kdh tha ¥Rl trigéndd@No Bfd ﬁferser@cqldql%n&ﬂrb% 4%@ Ry ﬂlbwmn

ayer 324 by another epitaxial growt I'i con.
Hgitte Ilaysrremovjaddmﬁonnsgohnoﬂlesetbh ston lmr d%phmgremt (hotr sh@tv}'n)

an expgs sur.face of e S e/ dr ai.n
B s ey i Gt Pple iy S SHn SRR Fogbl el s00 ¥ Ehown
if %’@Hré $80A Bbttsth pbRIA J10coPEising Wsilicds dXidd Bateiigus Gormed by
plurality of first trenches 440 and a plurality

Qxﬁdas:@wrwthqr IHenowpalepasition piogesges i@ fpme thersegend diglectric layer
own in Figure 11. The first trenches 440 and the
tond trenches 460 are forned in the structure of
a.direc

Fi gure pn i S 0r 0Xi .

per pend F&{?I‘Té‘?g 1 th % ]glgﬁ}red v &P YSﬁICO% ﬁ‘g Eﬁﬁﬁg frmed £5 e, g
HRBudd 6 I%%lﬂ el13 nﬁvhi%h'e&(teﬁﬂi dahwarBBiald dath offthe vbids SO0 of Figure
trenches 440 and the second trenches 460 project

@omhwaﬂldﬁlyccplnlamelt 328 may b depositadon the st,gucé%@‘yrvafl@uq sa9lé-|known
a0ty e b5 B AR AlRuPIRRN 4 08RG Rxposine

th& Bolgtiliéit ly€r 330avan bﬁldﬁtl@mptbcwst A palylsﬂyen onnetal layer 540 may
Bhotoresmt (not shown in Figure 12) to forrrl g etch
20861

thert be Brmpd oveidhepds Byes ik ticwrioys Wegﬁ@OtVﬁ cRB g gretal
&%ég é@ﬁwﬂﬁh?nded | ocations of the first trenches 440
a

e second trenches 460. The substrate materi al

under | yi e &9

by ol e Ftas [ isSRE D1t ic R i, RISt e Fobnion ST ey of
JuBsthitealigrparaBel ﬂ;ﬂooflésfﬂorthit@xteﬁd finh gidryed1ﬂe2t101t Héhefdrostes 520 are
trenches 440 and the second trenches. 460 are

forrped binsalestivelyrerahingithistractare shewn inFiguredk aghat thgpobsilicon
c% 618%@}1& E‘ntéljggmfecﬁéﬁ dﬁo‘-’&?é?ﬁ%crﬂo%&’ th%rggo&fgg 856! 'Ith'égﬁ‘ti%%%tﬁrﬁeectlons

rough an oxi dation process eposite
330rfetm theegwdrmSM(GI Xd2s éfﬁN chs desenibbd dﬂxﬂl imycoondvgion with

wel | -kn nmet hads. The Jmateri al 03| bet n
Elﬁ!éfe? Bridh Thg %ﬂaﬂggom%era‘% Fhaxie 3’%@ @?@W@?oyﬁmeg\gr
?/éﬂ'b'46'rﬂéy tBerd B2 rdnfovel TRYEthe kih%p&%’hfﬂa&@ 53004sh@bwR i Breater
sto ayer of photoresist (not s
detaﬂ in Flgure 16. The layers 520, 530 and 540 may be removed using chemical

mechanical planarization.

Turning to Figure 17, a surface oxide layer 550 may be deposited on a
surface 550 and patterned wvsing a photoresist (not shown) to form an etch-stop layer to
form a plurality of protrusions 590 that extend through the surface oxide layer 550 to
the second source/drain regions 326. A metal layer 570 is then deposited on the surface
oxide layer 550 that extends downwardly into each of the protrusions 590 to electrically
couple the second source/drain regions 326, forming the data lines YD1, YD2...YDN

described in detail in connection with Figures 8-10.
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and renoving the material by wet or plasma etch

nmet hods to formvoids 500, as shown in Figure 13. A
whoedsomoporti on 510 conprising a silicon di oxi PEr/US2004/038259

material is formed by oxidatl®n, or other well-known

deposi tion processes to formt he second dielectric

| ayer 3Ble ermadipents gf thewiptiiosats HROM salls of theppssnt inyRtion
p\%ﬁi}{githg%gn rYglaEg{)\m V\%@(ﬂﬁnteﬂ?s o??fa%%ﬁh%g?éﬂﬁ'\ﬁﬂ{ ed ice sa\]gmg

exte y Into ea e vol
bEngfits of ddtical menpoy ydisl AdditiohalybenefiR dnahede Iheltlphepmslgb stbrage
on the structure by various well-known nethods. An
1o60i98S-| ayer 530 is then formed on the polysilicon

| ayer 520 by exposing the polysilicon |ayer 520 to ?n
oxi dat i Bigugsr Scllusirates anzspgﬁsswti%@hwsw tavartiqahBOM 6l

N e R A A

chbinprisea] ofona pplysﬂlcah cq@itanh getied\R00 had twd palgtiliadresplit prwgram gates

SR80 S b 5 RS Ll e 1

iBRANRS é&ﬁo@rcal f QO RAWEY aSEdrR6hd Ftdler %&mnwn&hsry array.

structulrle shown in Figure 14, so that the polysilicon

o et L ERUNDSONR 306 A9 F APl IR vl

layereB8IGE 184 @Ermed béBheasthel pmgraritl]) gakes ﬂ]8(hﬁef 4808 amd the oxide
8-10. T n r

e Tl el rbSatngit e Bisyiars LER o BErep

cbﬁ%@&té&&c@é’oﬁ&?& ﬁ’iﬁ‘ldee&i&@@)lﬁ()?m the upper surfaces

as shown in greater detail in Figure 16. The

l'ayers gﬁgrnaﬁ%%b%ﬁﬂnéﬂ’@u %afeEiHRl\fﬁ sl’b%klﬁgs t‘ﬁ@ @N@ Hructure

mechani ca anari zation ng to Figure 17,
showh dlies® xtrldnalrhﬁmeludS Bﬁldﬂmﬁnkie—aﬁmnsmtoad:lmn@osm ]‘aacm, oxide-
aiSSO and tterned using a photoresi st

A HIdE ERPORYETEE: PBEmS lcﬁplﬂxg{ @196 Sideeotrposie

1 &;mapabsotﬁ&% Litemy&ad through the surface oxide
ayer 550 to the second” source/drain regions 326. A

netal | i r i de-
e st ARt S Al iR cbAR N icker
tharodortigi mlieorﬁ@ﬁddsdoﬁh@bﬁy wetalklidationapdl eott dneeded, silgton rich

sorce/d |nre ons 32 m ng .t.he data .l.ines YD ,
S R BB R e FoqR s B SoERaHe (e el dre no

cghﬂ)%l?esla&r; Q178 rRABAFLABRALi®RS inh1fofRhitlardRs R oMpEMte layers,
the present invention provide the

sdmmnmyaarbﬂde irstlatcag thabamept canpfsite laysts, siboern gxidelnsslators with

1nclu31ons 0 aplaca?tlcsles otnsghcon carbide, in addition to other non-stoichiometric

single layers of gate insulators of two or more commonly used insulator materials such

as Si, N, Al, Ti, Ta, Hf, Zr, and La.

The cell of Figure 18 is additionally comprised of conventional silicon oxide
insulators as interpoly insulators 1821, 1822, 1824, and 1825 between the program
gates 1805 — 1808 and their respective control gates. The conventional oxide insulator
material, in one embodiment, is also used at the bottom 1820, 1823, and 1826 of the
trenches 1860 — 1862. The charge storage locations 1810 — 1813 in the gate insulator
layers are indicated at the ends of the program gates 1805 and 1806 opposite from the

source/drain regions 1840 and 1841 of the transistor.
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benefits of vertical nmenory cells. Additional benefits
include nmultiple charge storage | ocations. Figure

WO R008®53026 €S a cross sectional view of a vertiPel/UNMA®OM38259

cel | enbodi nment incorporatintdthe spli t gat e
enbodi nent of the glr esent invention.

conpr i sE&E of the yertise) dgxice |S%’%‘?'iu‘@dH‘t‘%t@Fedg‘81F ég“I‘B (]3% mipigrigesdhe
g sl (t}ttmﬁ% éa*ah bl 'R &IB BabRSoH 9@6%%1#%968? prior art

e sides o e two oxide pillars 1830
NRQM @ash8nérhonyseH atithsa splibpate styuctedelre i8R0 fag foatiie (4B) sizes in
ortions of other cells in a nenory array. A vertical
gr!ﬁl?t gate NROM cel | is additionally conprised of gate

I nsul at or ers - 1804 fornmed between the progr
gat R G ey LA FiePi ol raoehomrric NROM
&2‘%61? rhedaiat 1nc&2>%ragiﬂ§ e %’ LAL of ﬁteg)p? nt inteitbn@ASin the

osite structur OXId -nrtride
eAlbiodinmat of Ergum:llfirﬂmt@ntw]egm K0 ig hetaveen the tatocsph't program gates

Ao Ty S T B a5 AP gy Lo

1‘9&! Aot METpNWR 0%50HRd A9k f&n GAEBRADBbABInBYES Sate ﬁ?éhldﬁ»rs 1921 and
i | icon oxycarbi de-oxide conposite Iayers as wel |

162?1 ere axempssite ONQlaves Aligimiateg erpboiments inalyrgtthe Structures listed
nbodi the gal e sul ator coul d include thicker
asﬂ‘éemrtgeﬁlgfusgtoﬁ x?%es formed by wet oxidation and

not anngal ed C ric th I

nanoparfﬁ e o%;.ne 'i(%%d%‘lﬁqu“?qh&%ﬁ W%ﬁ?f{"?&&ﬁ“ggéﬁ’? 1903,
1908.an@ 1907 8% dROIBRASH e dANRHDentIf FHARE 18 I'PHA: e’#ﬂlﬂdﬂhﬂéﬁﬂof
oxi de insulators that are not conposite

S dB:honepenribluiss ol e hf@tagaraéeaﬁ $B0 LRSI, and
10851 e R B AR b AR B o AFOND ARl jngutator

IﬂzﬁéhﬁtlQB@ hiogpEdndi 1938 ik erchéty Bstfony. AdRtitatd sisbddiments usd the
two or nore conmonl used i nsul ator materials such as

stucturgs lisjed appve mgteadpf thy ONQ fayer. dn onpembeqiment app@\@pgonal
|4l

chfhe it |9@NA Wo? RTREA REfc (REBIEH! (R PPl ficBrogram

¢h¥2494@ant 1825 between the program gates 1805 - 1808

and their respective control gates. The conventi onal

oxi de i Piguteat®illubdtey dnddlectiichl eqsivalshagicaR of thelvertlabgplit gate
used at the bottom 1820, 1823, and 1826 of the

NR@NEdrvices 96 the-embmgpnenthaf Idgutes d8 8nd [ Agkhel Grerit shayes the two
vhid? grou]tﬁ Hita 1theb BSOQQI{deZdOQ,Stlﬁla 8 brogram gates 2003 and 2005, and the

control gate 2007. A word line 2009 couples the control gates 2007 of each of the

memory cells in a row of memory cells of a memory cell array.

The NROM device can be programmed using conventional channel hot
electron injection or source side injection. The NROM device can be erased using
negative gate FN tunneling and band-to-band tunneling induced hot hole injection.

These techniques are well known in the art and are not discussed further.

The vertical NROM devices incorporating the split gate feature can be
fabricated using the above-described methods for vertical transistor fabrication, with
minor modifications. The NROM devices form the program gates along the sidewalls of

the oxide pillars and the single control gate forms a transistor channel along the bottom
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| ayers are indicated at the ends of the program gates
1805 and 1806 opposite fromthe source/drain regions

wasee/os3020 1841 of the transistor.Use of the verET/U81004/038259

device structure illustratedlin Figure m nimzes the
cell area such that each cell is only two feature (2F

o thedeenrly, Therpgniol gaiq isdpiaagd ip rﬂaeotrenghtbememtbq RISEI 2T
r
"feicll bt B bty AP LT Bl RO e Lor L ?&‘“f’g o the
p&ﬁGMﬁﬂWﬁhoHJGMIOf another vertical NROM nenory cel
enbodi nent incorporating the split gate of the present
i nvent i Biom s foldgbing itenilladiapprtiacdd thitgaltieugB spdcific
control gate 1900 is between the two split program

g&pégnepgwef the ipvenion hayp begpdescribed heggip far ppoposespfdygpsion,

BARRLALE oo rl R Rk ALART (o Ind R R cope of the
1i1mt1bmtRmr sxdifiplé, cenainlfd@Areaskoven oothp osntext ddNde Iemjaedlment of the
(Al ternat e _enbodi nents i n¢l ude. t he struct ISt
iBYSHURD Y DR AIHRTREA T Offe TZPB?J‘BE‘ R ell Brasutignine

r o {RAWT eﬁﬂn%éﬁn&)%oe&ce By the

lmenFPlggnrg)t %ggi?ﬁggqg?@él 0S egg@e Sﬁﬁghe enbodi ment B by
fellguing clens.The enbodi nent of Figure 19, homever,
i ncl udes additional charge storage areas 1901, 1904,
1905, and 1908 in the trench bottonms. This is
acconpl i shed by using an ONO i nterpoly insul ator
material 1930, 1932, and 1933 in the trench bottons.
Al ternate enbodi nents use the structures |isted above
i nstead of the ONO |layer. In one enbodi nent, a
conventional oxide insulator 1960 and 1962 is used
bet ween the control gate 1900 and the program gates
1940 and 1941. Figure 20 illustrates an electrica
equi valent circuit of the vertical split gate NROM
devi ces of the enbodi ments of Figures and 19. The
circuit shows the two virtual ground data |ines 2001
and 2002, the two program gates 2003 and 2005, and the
control gate 2007. A word line 2009 couples the
control gates 2007 of each of the nenory cells in a
row of nmenory cells of a nenory cell array. The NROM
devi ce can be programed using conventional channe
hot el ectron injection or source side injection. The
NROM devi ce can be erased using negative gate FN
tunnel i ng and band-to-band tunneling i nduced hot hole
i njection.



These techniques are well known in the art and are not
di scussed further. The vertical NROM devices

WO psofBoe@t i ng the split gate feature can be fRUOFUSHDES259
usi ng the above-descri bed netéods for vertica
transi stor fabrication, with mnor nodifications. The
NROM devi ces formthe pr og‘?hﬁlw es al ong the

i de f d the single control

IS‘ate l(\)'!?r?r%aal\ut&rag%l)és gX&IHh rﬁ R%[ ong the bottonof the
t r enclplurbliey efwxideopillgatach mvingrawedrdefdraineegiomraciench being
bet ween the program gat es FBFQ;L regions are forned

“only at tHempgsijetyeengagh Bﬁ‘ to formthe data or

bi t ldd?ﬁﬁ‘op atd RFodel BS€Rtkn bﬁt‘h%ﬁ]ﬂd?@mdé@i’]ﬁr&he foregoi ng
it wl ppreci ated that, "al t hough sg;m fic

enbodi pimrahsy off progremi galz@n@acb ﬁornr@déoeb’e@n theeentiobgafe and each
herein for rpRses illust . . . .
nodi fi cat | &Ecﬁe ;ﬁ,ﬂ rpé%géa%gfi ex#en (i;tjlgntﬂ P?“g%pflhaé sidewall;

spirit angpgcope of the i nventi on. For exanpl e,
certain features shown in the context of one
embodi plevalitsosf gatrinpHetenlayens, el eple inswéaelayetiapmgdhegveen

ot her @&%@g@ 2@3 i theédﬁaceﬁ%%%egdmai a!acht gei'ggﬂaef 1298 having

is not e foregoin escrtip

enbodi dsieituge XTRPPing it lmysttoheclﬁargd: owi ng cI ai ms. CLAI MB .
A vertical NROM nmenory cell conprising: a plurality of
oxi de pillars each having a source/drain region, a

jren ?ﬂretlﬁérﬂgryf RN LR WP eif mogi‘deﬂﬁmﬁ'rééléﬁ is fBrmed at the top

cont gateforne etween each pair of oxide

pi | | arfeactapilaur al ity of program gates, each forned
between the control gate and each oxide pillar, each
program gate extending along the oxide pillar

31 devild me@Be RIRIfeladh lt\yhé?éln dﬁufa![l%“biaéa@é ink@yRkSare
each gate insulator |ayer forned between each program

gat e cwmprtsh@ oﬁ@lptaumte oxidgaitpidejozide sayemreyaich that the nitride

i nsul.at or. avin tyucture for trapping at
I east1 %eﬁéhc %etra@mg%%rucnemry cell of claiml

wherein the source/drain region is formed at the top
of each pillar. 3. The nenory cell of claim1l where

4he prhermemesy csil of 126 I Taest dnlyding 3 fhicrs exidggats insulator
(r:no{rp .Qfgh{lgd B8 e Lbh Qo3¢ A9 tfsd &H&Ieﬂf Fros el odtBdndldiéhg the

bottom of the trench.

3. The memory cell of claim 1 wherein each gate insulator layer is a composite
layer comprised of one of an oxide-nitride-aluminum oxide composite layer, an
oxide-aluminum oxide-oxide composite layer, or an oxide-silicon oxycarbide-

oxide composite layer.

6. The memory cell of claim 1 wherein each gate insulator layer is a non-
composite layer comprised of one of silicon oxides formed by wet oxidation and
not annealed, silicon-rich oxides with inclusions of nanoparticles of silicon,
silicon oxynitride layers, silicon-rich aluminum oxide insulators, silicon
oxycarbide insulators, or silicon oxide insulators with inclusions of

nanoparticles of silicon carbide.



| ayer the charge trapping structure. 4. The nenory

cell of claiml1 and further including a silicon oxide
w@2108/0530%ul at or formed between the control gatBCHOS20041€38259

adj acent program gates and al'bng the bottom of the

trench. 5. The nmenory cell of claim1l wherein each

gate insulator layer is a conposite |ayer conprised of

pne qhe?ﬁkn%&&%@ﬂ% Eiird § viHehdEh BAMR )ég%gi' HSSBFRADKP ?ised of non-

I"ayer, "an oxr de- a um num oxl de- 0 e conposnte ayer,

or antochiclaetsiclsingtenlagety oﬁtvm atencriedd sitioomasirogen) dymnnum

6. The nenory cell of cl 1 wherein .each gate

msul“é?“é‘t‘mi'éﬂ}'@fm?éla WG B P E A& Mconpri sed of

one of silicon oxides forned by wet oxidation and not

anneal ed, silicon-rich oxides wth inclusions of

&anopAamrtiealé‘{rR@M miemonoeell eolipris®g: oxyni tri de | ayers,

oxcyc A aSTy Bt BB S G kBl Gain Rt Bteg ot top. o

with incl lﬂ&héﬂlﬁelﬁ fdraiR @ibaf\ﬁdeﬁb@cslpzﬁr@dxﬁda:;ﬁum;r bi de. 7.
The nmenory cell claim1l wherein each gate insul ator

| s c@mﬂtfgle&ﬁt%fom’éﬁ betgreen pashanai of oxidegiliats:ayer s of two

r I
i D B8l L
verti cal NE@(H‘élpmméachtped)gram@mrdxmnﬂQg atorpy the akide pilbi sidewall;

oxi de pill.ars each havi a source/ dr egion f
at t HePlighty of &aFeelﬁé‘HatBé an%*P at%%%“%é%frlalseg{ Qqﬁt%?en
oxi de pill, Qf}?gro?ra?x‘?@ﬁté gha El%ta@ at:él{t@ﬂieliﬂtlé&%fdé“ﬁﬁc&cﬁ%h&

of oxi de pi ['ural |ty of program gates, each
f or med betinsdator llagerdmmmgcal strgelt.lm fon c‘taﬁang aolg s @n‘fodllﬂrgﬂ? and

each rogr am et ndi al on the
o1 devBioR e ST a5 ogined e g cpeft el acEigipeon
gate insul hml ayer forned between each program gate

and the adjacent oxide pillar sidewall, each gate
i nsul ator layer having a structure for trapping at

Vet wolh HEoD et PP R By AL kot Bl AR forme

gat e.on%he bbt€omeRte)redeh lsudhfthzfﬂaqﬂﬂﬂaﬁt)affd:hﬁngéﬁ bear be trapped under

including a_gate insulator |ayer forned
the control gate in the gate msulator ayer.

10.  The memory cell of claim 9 wherein the plurality of charges are trapped in a

nitride layer of the gate insulator layer under the control gate.

11.  Anarray of vertical NROM memory cells comprising:
a plurality of oxide pillars each having a source/drain region formed at the top, a
trench being formed between each pair of oxide pillars;
a plurality of control gates, each control gate formed in the trench between each
pair of oxide pillars;
a plurality of program gates, each formed in the trench between a first control
gate and each oxide pillar, each program gate extending along the oxide

pillar sidewall;



on the bottomof the trench such that a plurality of
charges can be trapped under the control gate in the

w@aa08/0530%ul at or | ayer. 10. The nenory cell of PCHU#2094/038259
wherein the plurality of chat§yes are trapped in a

nitride |layer of the gate insulator |ayer under e
cont Reluryiy ef gate insplaterlayeys, 6rch gl WE%JF%NW ?Péﬁ‘ﬁﬁﬁ Eetween
cells co b Si0G i dsiRi |

ch}g@%rp%a@ aHlacthd Bdﬁ?&fnt 9}2‘189?111{3% ch& %at@gﬁﬁ‘lator layer

havi ng a sou n regionforned a e top,
trench behaving o stmedure domieqpinesat heaptadne abfirgexamde

pillars; luralit f control gates, each control
gateaf"‘fﬁﬁirgﬁ‘??‘ﬂ] lﬂét%'@ﬂ‘@ﬁ%%‘{%té géqgeéh pair of oxide
pillars; a plurality of programgates, each forned in

the trench between a first control gate and each oxide
1gi | | The awaxof gaioyt handyhriberincleddichg al ong t he oxi de

i11ar sidewall:a plurality of  psyl | ot
bach et e @iy aReltafsivesrtneBRsiicl BRH o4 Ben T g

gate and hie adj acent oxide pillar, each gate
i nsul at or | ayer_ havi ng a structure for trapping at
&

| eas® g@ﬁén%@rgléyer% boigsma of ¢35k t@ggbmqq@mm'glng a structure for
pluralityq in%?ﬁ%t{r&étx%?%ﬁ%ges]&defr QRh26hEN e, € @i m and

further mcFu OXI i nter poPy mat €1 | al bet ween
each control gate and each programgate; and a gate
i_nsul_at or Ia%/er, on, the bottom of?(gach trench and

18onprlihe gy af dioy Lt wherefygach sevres{gralp meinndp cpgpied of an n-
char magg&e’ﬁivg%anﬁeﬁ&ﬁ&éns;ﬁ&m 13. The array of

cl ai ach source/drain region is conprised of
an ntype conductivity sem conductor material. 14. A

onput er _system conpri.sing: a central processing unit
l((iCP \ C %fr‘?y%fF’Flaflg‘chnWég'ti cal NROM nenory cells

couplag:gnt}aq.pgg@ss(ﬁlf’é.hni{ fep@y, Ry i ncluding: a plurality
of oxide pillars each having a source/drain region

f or mad azray pheertieg) NROM mawhrstesilp goundediedhe 6Pke His as@yh
pair of O)frilc‘ijuedixpézl | ars;

a plurality of oxide pillars each having a source/drain region formed at
the top, a trench being formed between each pair of oxide pillars;

a plurality of control gates, each control gate formed in the trench
between each pair of oxide pillars; y

a plurality of program gates, each formed in the trench between a first
control gate and each oxide pillar, each program gate extending
along the oxide pillar sidewall;

a plurality of gate insulator layers, each gate insulator layer formed
between each program gate and the adjacent oxide pillar, each
gate insulator layer having a structure for trapping at least one
charge; and

a word line coupling the plurality of control gates.

15.  The computer system of claim 14 wherein the source/drain region of each oxide
pillar acts as either a source connection or a drain connection in response to a

direction of operation of the vertical NROM memory cell.



a plurality of control gates, each control gate forned

in the trench between each pair of oxide pillars; a
w@bkwsakioey of program gates, each formed in theCT/D820041038259

between a first control gatel@and each oxide pillar,

each program gate extendi ng along the oxide pillar

sidewal | ; a plurality of gate insulator |ayers, each

gat ° T @%Ug@h@f sySBAEbf &Qﬁﬁrffwlaefeﬂ@@a@h§mdeamw@wgﬁ>n is

and t ace oxI de pi each gate insul ator

I ayercohx@msemofamﬁ-r umtducévit;mlhctm]apmm@ at | east one

charge; and a word |line coupling the plurality of

control gates. 15. The conputer systemof claim14

wher ed et fSPtEBRIA Rirfical RROM spfit @A faRxdtaie tRithétsd

acts as either a source connection or a drain

conneomposingn response to a direction of operation of

t he ve rt.ical I 0

of o B 3 Epapwr L a8 s s R SR bR elure

conpr i sed Hating diped Aipbiacdfiadirsytyps bf @nductiigrthatlis diff2rent than

A nmethod for Tormng a vertical NROM split gate

transi st orthe suhstratet hod conprising: forming a first

col urmar:, 8 LIHGI ‘Blugﬁh o s Al s&b@?atfﬂ: 'tﬁa%'is sg)%éﬂﬁiféft from

structurecRav] I ng region of

conductiv |th@/ﬁtshatlumsa1chtﬂ1f:mr@m fotrh amrehblebawesn thettep columnar
form ng a second columar structure on the substrate h

that is spdueyresphe seqopd splumpar ptrucfurg gf‘ﬂﬂ%é OB§ Ii?élcoﬂroét ©
to forma r&q bfShWE&Ridyhe two col umar structures,

t he secon mar structure having a doped regi on of

t he fforminlgtaypmdufmatamimtthwmtsom fbbtthmtllquan oxi de

mat er on the.bottomaaf the tre . fo

pol yPrigg RobiEgh g eaterreb e e rER Hit B4 socopa
and seconcofihittiB@hcteles;uct ures; form ng a f| rst- gate
insul ator layer in the trench al ong the sidewal |

of
the fiormngedirsrgate insulator laypringheltrepchedengdhe sidgwall of the first
I nsul ator cloﬂ}ﬁ%{ar SH’U&HI% Al %@g&)nﬁl g%&qnsulator layer in the trench along

the sidewall of the second columnar structure; and
interposing a polysilicon program gate structure between the first gate insulator
layer and the control gate structure and between the second gate insulator

layer and the control gate structure.

18.  The method of claim 17 and further including forming an oxide interpoly region

between the control gate structure and the program gate structures.

19.  The method of claim 17 wherein the first type of conductivity is N+ and the

substrate has a P+ conductivity.

20.  The method of claim 17 wherein forming the first and second gate insulator

layers comprises forming a composite oxide-nitride-oxide layer.

21. A method for forming a vertical NROM split gate transistor, the method

comprising:



the sidewal |l of the second col umar structure; and

i nterposing a polysilicon programgate structure
wheddesd2d he first gate insulator |ayer and t hECTUS10040038259

gate structure and between t2e second gate insul ator

| ayer and the control gate structure. 18, The nethod
of ~ cFaming #{iesheolpmparsructuse pr, @ SRy iRty thedsteeluggag siructure

| nter POl Vil 2BoRA'YEER of ird Al flcofiftcfiy Y [iiE sWiRerent than

and the progr tructures. 1
clai m 17 wiesukdtntd;he first type of conductivity is N+

and the substrate has a P+ condyctivity. 20. The
ot hGMHE 1P SoRRE LR iU Al spptgd apart from

second gahR frfilRhRh str@dtfleto ¢SRS r8fh HeBi&HnNBe o columnar
conposite oxide-nitride-oxide layer. 21. A nethod for

form ng astmetures die RROM eqpipargameture kavinigsa doped megion of the
nmet hod conprising:fornm.ng a first columar structure

on a subs lséf@,ec’?ﬁ‘én%nbg‘?y’col ummar structure having a
dopedorfifigld #Bot@fm %at%ﬁﬁs%ﬂat&b’l@ﬁar@h thObsitoah bVihk yrehégt 1S
different than the substrate; formng a second

col ufieraring? pelysilipen emtioh gate stsagtyrgthetwaea ths Grst ansegond
apart fron&lh%a{%%{u%{mgsol umar structure to forma
€ two’

trench befWeen col umar structures, the second
col urRaiingh Fikkt izte endudatorigya inl dpacknck gionp tiaf siddvenllf afrts¢ first

type of conductivity; formng botto te i, nsul at or
| ayer on FHEMBEE %t&?{”é? aRh SYPRA BHE “FSB[QIH‘?grﬁ@Y%m tshe_trengh along
pol ysi | i cqn GNNIYs 19deBod EdlThHiSuReeaRgt he first

and second columar structures; formng a first gate
i nsulimexposihgy eolysiticom pragram ghte atroctgret heewesindbekitst gaje insulator

the first _colu r stryctur nd a second gate .

i nsul at or 143’5{/@?31 ‘?‘ﬁ C?ﬂéolftg?@ﬁgrﬂgtgfeoﬂ’&_ eﬁ‘@eegitge_é%f’?d gjte insulator
the seconghyephdiiatostdlyalcti@ctudd i nterposing a

pol ysilicon programgate structure between the first

gate insulator layer and the control gate structure

d t d fe | | at
oo DS B Bl Sl B Y B Ehd Bt
wher qﬁy@rgd}@ab@ﬁ]b@me stiuetate. and second gate insul ator

23.  The method of claim 22 wherein the composite structure is comprised of one of
an oxide-nitride-aluminum oxide composite layer, an oxide-aluminum oxide-

oxide composite layer, or an oxide-silicon oxycarbide-oxide composite layer.

24, The method of claim 21 wherein the bottom, first, and second gate insulator
layers are comprised of non-stoichiometric single layers of two or more of
silicon, nitrogen, aluminum, titanium, tantalum, hafnium, lanthanum, or

zirconium.

25. The method of claim 21 wherein the bottom, first, and second gate insulator
layers are non-composite layers comprised of one of silicon oxides formed by
wet oxidation and not annealed, silicon-rich oxides with inclusions of

nanoparticles of silicon, silicon oxynitride layers, silicon-rich aluminum oxide



| ayers are a conposite structure. 23. The nethod of
claim22 wherein the conposite structure is conprised
w@boosns30ed an oxi de-nitride-al um num oxi de conPOBUSE04/038259
| ayer, an oxi de-al um num oxi2keoxi de conposite | ayer,
or an oxide-silicon oxycarbj de-oxi de conposit Ia&p .
24, inselassidisop X yraabide iselagars Otfﬁ’élc%f’{“éﬁfnsflfant%ﬁ, iting
secopth At R dr AStpatiRies| A% EESn B4rBideONPr | sed of
non-stolchiometric single layers of two or nore of
silicon, nitrogen, alum num titanium tantalum
haf ni um | anthanum or zirconium 25. The nethod of
cl ai mwherein the bottom first, and second gate
i nsul ator |ayers are non-conposite |ayers conprised of
one of silicon oxides forned by wet oxidation and not
anneal ed, silicon-rich oxides with inclusions of
nanoparticles of silicon, silicon oxynitride |ayers,
silicon-rich al um num oxi dei nsul ators, silicon
oxycarbide insulators, or silicon oxide insulators
Wi th inclusions of nanoparticles of silicon carbide.



