WD 2012/ 170409PCT/ US2012/ 040891 TECHNI QUES FOR PROVI DI NG A SEM CONDUCTOR
MEMORY DEVI CE FI ELD OF THE DI SCLOSURE The present disclosure

rel at es gwoeneli17g4000 sem conductor 5 nenory devi ces andpCmaseopandspcul arly,
to techniques for providing a sem conductor nmenory devi ce. BACKGROUND OF
THE DI SCLOSURE The sem conductor industry has experienced technol ogical 10
advances t hEECHNYQUBESK FORt BROVERINGsASSEMIGENRBUEVORNMEMORY oRBVEKEL vy of

sem conductor nenory devices. Al so, the technol ogi cal advances have al | owed
decreases in power consunptEIRLDAMEF [THEK DFSCILOIRf vari ous types of

sem conductor nmenory devices. There is a continuing trend to 15 enpl oy

and/ or fabriga gpﬁegél@rﬁ]@e@i§@]ﬁ>§1§)ﬁ§lu§éQQtQEWQEMeQQYtL9e%OU%ieﬁﬁcto%%‘l@@t%lies1
mat eri al s, and devices that inprove performance, reduce |eakage current,

andent}@é}f % | aling. Sid.icon-on-i tor (501 bul k., s rates
ar e5exarrp Cgrsipo?{ ér%r}altceérsfalds&tg'ha?{ dr?ae;cl Equt}sledgﬁtg orfj\ifygbrit?at)ete?tijllglhltealzﬁ()elé o

sem condruc‘;io&nrrerg)ré/engieé/ci)c S, oSruche soem gﬁ)nd.ucet or nenory devices may

i ncl udée,” Tor ex%mpl e, parrfl aqt[y dnepnl1 et'e ?\ﬁ[ﬁ devices, fully depleted (FD)
devices, multiple gate devices (e.g., double, triple gate, or surroundi ng
gate), and Fi n-FET devices. 25A sem conductor nenory device may include a
menory cell having a mem)réﬁtransi stor with an electrically floating gate

regi on wherein el ectri caPAERGREGENRRQF HEHE Bf 8LOFHRE excess

The semiconductor industry has experienced technological

10 advances that have permitted increases 1in density and/or
complexity of semiconductor memory devices. Also, the
technological advances have allowed decreases in power
consumption and package sizes of various types of
semiconductor memory devices. There is a continuing trend to

15 employ and/or fabricate advanced semiconductor memory devices
using techniques, materials, and devices that improve
performance, reduce leakage current, and enhance overall
scaling. Silicon-on-insulator (S0OI) and bulk substrates are
examples of materials that may be used to fabricate such

20 semiconductor memory devices. Such semiconductor memory
devices may include, for example, partially depleted (PD)
devices, fully depleted (FD) devices, multiple gate devices
(e.g., double, triple gate, or surrounding gate), and Fin-FET
devices.

25 A semiconductor memory device may include a memory cell
having a memory transistor with an electrically floating gate

region wherein electrical charge may be stored. When excess



WD 2012/ 170409PCT/ US2012/ 040891 majority electrical charges carriers are
stored in the electrically floating body region, the nenory cell may store
a | ogi c hwghko(2e7g409 bi nary "1" data state). Wien the el ecrrise@bk/ofisont i ng
gate region is depleted of majority electrical charge 5 carriers, the
menory cell may store a logic low (e.g., binary "0" data state). Al so, a
sem conthctort nendigcdeviee mayabectabrdagatied son &id | concoddi nsol attdee (SA )
substrates or bulk substrates (e.g., enabling body isolation). For exanple,
a sem canguct iora IMeyrof Yo demi ¢ eb oy begfaby i chtetlecasrg thieemalO sdiorensi onal
(3-D) device (e.g., a multiple gate device, a FinFET device, and a verti cal

pillar deyiceligh (e.glh ©NEaepnvent opal stgebni quenchhe neermy-tGelds1of the
sem conductor nenory device may be manufactured with many probl ens. For

exanpl - i eni.c 5 - devi a hannel
ength THAL ey be SUSCORY! bl 6 To Short- Channel effeste (SOH . K S5 %t he
con enté onrail rsSen‘itondIlrjlte:ItnoE nmenory %evis e may ei(geri e?c% i(gterfelbelrrllc(,;ler

bet Ween T1'0a i'Mg gates of édj acent" |¥em)ry cet 1s°9Fur thér 't He’ convénti onal
sem con“du,ptﬁr msm)riéegevi ce may experience 20 | eakage of charge carriers

stored i ARGy Seel | TdUE 1 o MBIy CCEMC RS SEETHNd Yart Gt i BRY. P
In view of the foregoing, it may be understood that there may be

si gni fifcant i grtobl end andl shortednm hgslasebei @d whthsesatent i Ohalbulk
techni ques for providing a sem conductor nenory 25 device. WO

2012/ 1 7OAQIRCIY44S2082604089 1 1BRIEF DESCRIIRHICN i0FR)THE DRAW &G8iple, a

semiconductor memory device may be fabricated as a three-
10 dimensional (3-D) device (e.g., a multiple gate device, a Fin-
FET device, and a vertical pillar device).

In one conventional technique, the memory cell of the
semiconductor memory device may be manufactured with many
problems. For example, the conventional semiconductor memory

15 device may have a channel length that may be susceptible to
short-channel effects (SCE) . Also, the conventional
semiconductor memory device may experience interference
between floating gates of adjacent memory cells. Further, the
conventional semiconductor memory device may experience

20 leakage of charge carriers stored in the memory cell due to
memory cell noises and variations.

In view of the foregoing, it may be understood that there
may be significant problems and shortcomings associated with
conventional techniques for providing a semiconductor memory

25 device.



In order to facilitate a fuller understanding of the present disclosure,
reference is now nmade to the acconpanying drawi ngs, in which |like elenents
are referwocet/md40b | i ke 5 nunerals. These draw ngs shoelCa/usea12loeoseonst r ued
as limting the present disclosure, but are intended to be illustrative
only. Figure 1 shows a bl ock diagram of a sem conductor nmenory device
i ncluding a nmenory celBRIEE HESCRERT ION (QF JHE SRMENES circuitry, and
menory cell selection and control circuitry in accordance with an

enbodi nent ofn t hederesent thecl dsatre. a fullbkirguned@rshemsiagt apf vitéw of at
| east a portion of the nenory cell array shown in Figure 1 in accordance

with an.emodi nentcobsthe, presentndbsclsosiyie. mddfi gyr end sheWspanying
cross-sectional views of at |east a portion of the nmenory cell array as

shown idl £l guse, 250 AREARIance. Wb erbadient cof o LhSIPresant 1 ke

di scl osure. Fi gure ows a schematic view o east a portion of

the mempry, col) arpay hawing. a plurality of. memory,gells,i 0,29 ageqrdance
with an enbodient ~of °thé presgnt I'sclosure. I gure 5 shows vgltage
potential levels of various nethods for perfornmng a wite eratign and a
read opétat P6RS6ATa HetorP el Fetsidvin FREERGEred 2-29j Frli SOr@EdE with
an enbodi nent of the present disclosure. 25Figure 6 shows a top view of at
| east &'ploftion of the nenmory cell array as shown in Figure 1 in accordance

with an
Figure 1 shows a block diagram of a semiconductor memory

device including a memory cell array, data write and sense

10 circuitry, and memory cell selection and control circuitry in
accordance with an embodiment of the present disclosure.

Figure 2 shows a top view of at least a portion of the
memory cell array shown in Figure 1 in accordance with an
embodiment of the present disclosure.

15 Figure 3 shows cross-sectional views of at least a
portion of the memory cell array as shown in Figure 2 in
accordance with an embodiment of the present disclosure.

Figure 4 shows a schematic view of at least a portion of
the memory cell array having a plurality of memory cells in

20 accordance with an embodiment of the present disclosure.

Figure 5 shows voltage ©potential 1levels of wvarious
methods for performing a write operation and a read operation
on a memory cell as shown in Figures 2-4 in accordance with an
embodiment of the present disclosure.

25 Figure 6 shows a top view of at least a portion of the

memory cell array as shown in Figure 1 in accordance with an



WD 2012/ 170409PCT/ US2012/ 040891 al t er nate enbodi nent of the present
di scl osure. Figure 7 shows cross-sectional views of at |east a
portion oVothe/rretwery cell array as shown in Figure 6 i RCRaSeridamser with an
enbodi ment of the present disclosure. 5 Figure 8 shows a schematic diagram
of at least a portion of the nmenory cell array having a plurality of nenory
cel |l s ial axoomdame i iteran @f tBrnateeenbodiimentowfre he present di scl osure.
Figure 9 shows voltage potential |evels of various 10 nethods for
perform ng awrite operdtdwin antsas-ead eperiat varewen afrermry leeldt as shown
in Figures 6-8 in accordance with an enbodi nent of the present disclosure.
DETAI LED, BESGRI BE Q\hgn@@ MENTS 1oRefer tisngshOwii GW erlgut-Berge iis shown
a block diagram of a seniconductor nmenmory. device 10 conprising a nenory
cell ar Ak sense r t %Eﬁ{ ., cell
sel ectl%n an%t:coe?\tavsr aﬁﬂ\glrﬁgew try 38 mcpfactccfc% aﬁ/necsgeGnv&tacalan enbodi ment of the
present di scl.osure. Menory. el | array, 20 20 y_gconprise_a rality.
of rrermry cc‘%%% 212 eacﬁov&s)uﬁl ed %to R et ram ? Lel g% |§n aﬁ% fcontr ol
circuitry 38 via a word_]ine If% 28, and to he data wite Lnl sense
ci rcui tcf% %W%I“%r%i?e]r]rn%r{&) BlRAE RIUGAFEEY] PReTEERFY3SCE My b
apgreciated that the bit Iineaé 30 and. the source line (EN) 25 32 are
desi gnatGonelael teldh st PRguisstsBenieen awre Sigtal 10+ neshand ekepniay be
used in

disclosure.

Figure 9 shows voltage potential 1levels of wvarious
10 methods for performing a write operation and a read operation
on a memory cell as shown in Figures 6-8 in accordance with an

embodiment of the present disclosure.

DETAILED DESCRIPTION OF EMBODIMENTS

15 Referring tce Figure 1, there is shown a bkicck diagram of
semiconductor memoery device 10 comprising a memory Cell

array 20, data write and sense circuitry 260, and mewmory ocell

salecticon and control circultry 38 in accordance with an
embodiment of the present disclosure. The memcry cell array
20 20 may comprise a plurality of memory cells 12 each coupled o

the memcry <21l zelection and control circuitry 38 via a word

line (WL 28, and to the data write and senge cilrouitry 36 via

bit line (CN} 30 and & source line (ENy 22. It may be
appreciated that the bit line (TN} 30 and the source line (EN)
25 32 are degsignations used to distinguish Letwean two signal

Lines and they may be used interchanceably.



WO 2012/ 170409PCT/ US2012/ 040891 The data wite and sense circuitry.
36 may read data fromand nmay wite data to selected nenory cells 12. In a.
parti cul awoentrad4eent, the data wite and sense circuit PgTAB20mp4089C| ude a
plurality of data. sense anplifjer circuits. 5 Each data sense anpljfier
circuit may receive at |east one bit line (CN) 30 and a current or voltage
ref erence silgmal daForwexanphbey eackedatiacsense ahplidyerceilr daict mayrbe a
cross-coupl ed type sense anplifHer to sense a data state stored. in a
menory «xel | »k2: The tdat a=awei t ecande$ensedci nenbtry 361 nay 10. i ncliude zat

| east one multiplexer that mav couple to a data sense anpl Ther circuit to
at | eastzone. bids | EA8.6EN.180, lta-pardi.cular renbedi ;e t e AUl tipl exer
maya plurality of bit lines (CN) 30 to a data sense anplifier circuit.
15Each dat a ;sense.ampl ivi_}-\?{a cireuits may.enploy.voltage and/ or..curfient
sensing. circuitry and/of techniques.In a particular enbodi ment, each data
sense ampl| fier, cirouit, may; employ, gurrent, sensing cireuitry andior. .

t echni ques. For

iline (CN} 30 and a current or voliltage reference gignal. Fox
exampele, each data sense amplifier clreult may be a oross-
coupled tvpe sense amplifier to sense a data state stored in a

memncry cell 12, The data write and sense circultry 36 may

e}

10 include at least one multiplexer that may couple to a data

sense amplifier clrcult to at least one bit line (CN) 30, In

u

particuiar embodiment, the wmultiplexer may oougple &
plurality of bhit lines ({(CN} 30 to a data sense amplilifier

clrouit.

4
3
@)

15 Ezch data sence amplifier circult may employ itage
and/or current gsensing cocircuitry and/or techniquas. in a
particular ewbodiment, each data sense amplifier clrcult may
employ  current sensing c<lrcultry and/cr technigues. For
examele, & current sense amplifier may compare current from a

20 gelected memory cell 12 to a reference current {(e.g., the
current of cne or more reference celils). From that comparison,
it may be determined whether the selected memory cell 12

stores a logic high (e.g., binary data state}) or a logio

TN - N P Y S R ] my e - o IP T S HEE G N 2y A N Ty
low {=2.g., binary “0” data state). It may be appreciated by

T v

o]

25 one having ordinary skill in the art that various types or

forms of the data write and sensse cirvcuiltry 26 {including one



exanple, a current sense anplif;er may conpare cufrent froma 20 selected
menory cell 12 to a reference current (e.g., the current of one O nore

r ef er encewoebi2i70406r om t hat conparison, it may be det e- eocmat2eaoidser tne
sel ected nmenory cell 12 stores a logic high (e.g., binary "1' data state)
or a. logic IDw (e.g., binary "0" data state). It mEty be appreciated by
25 one dravngrer diary skidillfigtche astnyhate Mardeous tt ypesrort f orens iofs t he
data wite and sense circuitry 36 (including. one WO

2012/ 170409PCH/ 4482012/ 040891 zoriamar etsensesanpiq fiers, nusbng wvelitage or
curren' L sensing techniques, to sense a data state stored in a nenory

C,,, 11.pd2)ndeydbe, aiployed:. 4.0 4.0ad data.stof edd mdde yenory. cells 12.
The nenory cell selection and control circuitry 38 may 5 sel ect and/ or
enabl e one o, ore . predetermned. .menory, Ceti.$ 12,10 fiacifii.tat esyeading
data t herefrom by appl'ying control si 'g'naT's" on one or nore word I'ines (W)
28. .The nemory cel |l selection and control circuitry 38 may generate . such
cont'r ol “si'gnal & Fr'om Addr ess” S ghal 50 Fof “exanpi B Fow sddr éss 10 “si'gnal s.
Moreover, the menory cell selectjon and control circuitry 38 may include a
word |ire detoder™aiid /61 drider® For eXHRHE™ t e nEhbry ¢8| St on
and control circuitry 38 may include one or nore different )

cont - cot ¥&et et Poi Onet echnigues ¥ordand idiascuitry E£Her eof))e t 688K 8ctc=dnd. / or
enabl e one 15 or nore predeterm ned nenory cells 12. Notably, all such

cont r ol dssetactionatechminques, @andcitticui £y mblyereofs et herhnowrknovn or

| ater devel oped, are intended to fall wthin the scope of the present

di scl ostirgralsh arpant i eubaeczenboedigaents,, t hesemconduct or rpRNDEYI26:<devi ce
10 may inplenent a two step wite operation whereby all the nmenory cells 12
inig rowof: menmoryyeell 212 may. be. Wittt enstio a:predetermned data.stiate by
first executing a 'clear' or alogic low (e.g.., binary "0" data state)

wite operation, wherehy all,of.the jempry:cellg dedn Lhe Lowof Jemory

cells

For exampls, the memory coe2il selecticon and control circultry

I Y i

33 may  include one  or more different contrei/selection

technigues {and circuityy thereof) to select aznd/or enable one

15 oY more pradetarmined memory celis 12, Notakly, all such

control/selection tachniques, and clreuitry thereof, whather

noew known or later developed, are intended to fall within the
scope 0f the present disclosure.,

In a particular embodiment the semiconductor memory

ks ¥ i

20 device 10 may implemant a ftwoe step write operation whereby all

the memory cellis 12 in a row of memory ceils 17 may be written

to a predetermined data state by first executing a “clsar”™ or

loglo low ({e.g., Dbinary Y07 data state) write opsaration,

(]

wheraby all of the memory celis 12 in the row of memory cells

ANaw s 3~ e i K
4] data statal).

25 12 are written to loglc low (e.g., Dbinary

Thereafter, selectad memoryv ¢ells 12 in the row of memory



2512 are witten to logic low (e.g., binary '0" data state Thereafter,
selected nenory cells 12 in. the row of nmenory WO

2012/ 1704090RC/ 1060012/ 040891 cells 12 may be sel ecti vel pCrtistaie04dso1 t he
predeterm ned data. state (e.g., a logic high (1)nary '1" data state)). The
sem conductoz nenory device 10 may al so i npl enent a one step wite operat

i . on wherkby!selegt ed menoricalddly 2 riowroftd heporyedebksml2emylabe
se.lect.ivel 1 witten to either a. logic hiah (e.a., binary data state) or
a | ogi csil ome (e(eg.g,. [bi paryd 0¥ data statey-w thiout dhitkst stapkementi mg.-a
‘clear” ope..:atan The sem conductor nenory device 10 may enploy any of the

i1 Tustradd NQ WiidiNg, nprepar ati Qe hal ding, anebr ashhi LO-andf orkeadichg
t echni ques descri bed herein. The nenory cells 12 may conprise N-type,
P-type .and/or hoth. types;af . bk ansi-st qrpsM Gt ouitry-that i s; peripheral- to

the menory cell array 20 (for exanpl e, sense arrpilflers or conparators, row
and_col um address_ dg,coders as well as line 15 drivers (not. |IIL!strat ed

her ei n)) rVmsfy‘ al'so | ncl/ude P-E5 ype andr E)TrmNﬁtyp'é' “transistors. Regar dPéss of

whet her P—type or Ype tran|stors are e oned in menory cells 12 in the
menory ‘teflt " dfréy - 20“ s@if¥able vortage®pote tl“aWSJ(féPjexanlp?"e {fosi-tive or
negative voltage potentials) for reading fromthe 20 nenory cells 12 vm |1
be describedy f uPt hetster 8i-AteRefriering t 61 FFurérd eveheriéd s2 showsad "t op
view of at |least a portion of the nmenory cell array 20 shown in Figure 1
operation, The semiconductor memory device 10 may employ any

of the illustrative writing, preparation, holding, refresh,
10 and/or reading techniques described herein.

The memory cells 12 may comprise N-type, P-type and/or
both types of transistors. Circuitry that is peripheral to
the memory cell array 20 (for example, sense amplifiers or
comparators, row and column address decoders, as well as line

15 drivers (not illustrated herein)) may also include P-type
and/or N-type transistors. Regardless of whether P-type or N-
type transistors are employed in memory cells 12 in the memory
cell array 20, suitable voltage potentials (for example,
positive or negative voltage potentials) for reading from the

20 memory cells 12 will be described further herein.

Referring to Figure 2, there is shown a top view of at
least a portion of the memory cell array 20 shown in Figure 1
in accordance with an embodiment of the present disclosure.
As illustrated in the top view, the memory cell array 20 may

25 include a plurality of memory cellis 12 arrvanged in a matrix of

rows and columns including a plurality of word lines 28 (WL),



in accordance with an enbodi nent of the present disclosure. As illustrated
inthe top view, the nenory cell array 20 may 25 include a plurality of
menory cewbD=0m217e409anged in a matri x of rows and col um®cCiruskadionn
plurality of word lines 28 (W), WD 2012/170409PCT/ US2012/ 040891 a
plurallof bit lines30, and/or a source line plate (EN) Tif. Each bit 1lile
(CN) 30: npyuextend A &ifi ristocori € at f6n altongra i tstrpdanenof ttiheenenory
cell array 20. The source line plate (EN) 32 nay extend in the first 5

ori ent atdign and a seeohd loftentatd onicaliongla segondxpéane of tshe fenary
cell array 20. Each word line (W) 28 may extend in the second orientation

al ong aoﬁihir{@atpi'@fnea%n%hﬁ ey $edde abraynd0.mchhte-f i 811 phangy the
second plane, and the third plane of the nenory cell array 20 may be

arranged,dn 0, differant planes pangllel, tg.each,other. i, rpcTheplrality
of wor é|nes W) 28 mayFHbe formed of 'a/ pgqa%i %e material (te.eg., A’

conbi nation ,of, a netal, materi al and.agilicon teri al a(gnat@ rrat%rial,
Qrien atl?n and, a seqond orien atl?n along % eécg ?ne 0
and/for a conbi nation of "a polycide material and a“nmetal nmatertal. 'Ina

particul ar 15 enbodi ment, the word Lines (W) 28 may capacitively couple a
vol t age-Tfot BREP &Y / Eﬁﬁeﬁtﬂ?gur?coe of EERR ﬁ‘él‘?ﬁlr V108 | x’@e)l eggi BAYarid tE81t r ol

circuitry 38 to the nenory cells 12. The word line (W) 28 may be fornmed of
a pluralityheapecencEaehi¢ayeriol ehengorad Hihed (WERN28 Gfaythe FEMPEY of
different materials
cell array 20. The first plane, the second plane, and the
third plane of the memory cell array 20 may be arranged in
10 different planes parallel to each other.
The plurality of word lines (WL) 28 may be formed of a
polycide material (e.g., a combination of a metal material and
a silicon material), a metal material, and/or a combination of
a polycide material and a metal material. In a particular
15 embodiment, the word lines (WL) 28 may capacitively couple a
voltage potential/current source of the memory cell selection
and control circuitry 38 to the memory cells 12. The word
line (WL) 28 may be formed of a plurality layers. Each layer
of the word line (WL) 28 may be formed of different materials
20 having various thicknesses. In a particular embodiment, the
first layer (f) of the word line (WL) 28 may be formed of a
silicon material having a thickness of approximately 10 nm.
The second layer (g) of the word line (WL) 28 may be formed of
a metal material having a thickness of approximately 10 nm.

25 In a particular embodiment, the first word line (WL1) 28 may

implement a write logic low (e.g., Dbinary “0” data state)



20 havi ng various thicknesses. In a particular enbodi nent, the first |ayer
(f) of the word line (W) 28 may be formed of a silicon material having a
t hi cknesswof2oeppomgi mately 10 nm The second | ayer (g) @CTiuseonxonasol i ne
(W) 28 may be forned of a netal material having a thickness of
approximately 10 nm 25 In a particular enbodinment, the first word |ine
(WL1) 28eavwgytiarpl enerthea nemeey | ogile 11dw (ehgle bhearsed@td davadstlatne) WO
2012/ 170409PCT/ US2012/ 040891 operation on the nmenory cell 12, while the
second worad) | PAe meW. 2)m@2Bemamyt | aplwaneri aogM ¢t @ibbgi ¢ Ky gh Hengry bilrtary
"1" data state) operation. In a particular enbodinent, the first word line

(W1) ?cﬁa@ldsﬁgﬁeﬁeégega\ﬂ@bﬁﬂ I ne (aV\%.;ZérgﬁclﬁTPé/r b@m@oél@ﬁéﬁﬁ' apaet firem each
ot her at approxinmately 25 nm he plurality of Word flnes (W) 28 may

be an ¢laciricall yw%%?acjé %ﬁ!ﬂytﬁgu@e%r}cp foPhurabLty, aGeles 12

vi a a tunneling insulating Iayer The tunneling |nsu at| ng ayer 202

may .C rlsea rality of |nslat| or 10 dielectr | ayers. In a
part5| cutar® &gar%a%t heacf unne e|rnga| nsul a leaqeel é% may conprise a

t her mal oxi d | ayer 202(a nitride |ayer 202 b an_oxi de er 202(c),

a charge trﬁ}ﬁ ngprlnPFiaFéEg/l aydr 2@%{%) (%énﬁS f ﬁcon <Ri t Mde) %X%nd/a@r a

bl ocki ng oxide | ayer 202(e). The plurality of 15 insulating or dielectric

| ayer s ®fetthel ¢ | |C@@a+<:ﬁ§u|va>tl|3/ngcq>a19é¢d2020 may BOWPRIsEYofolarieswsy
thickness. In a particular enbodi nent, the thermal oxide |ayer 202(a) nmay
have a a<ilcknk3svod appuoxietanel y'LnJS.LELartrmnq heeyet rz¢e. | afee 202(l) imgy have
a thickness of approximately 2 nm the oxide |layer 20 202(c) may have a

t hi ckneisss0fa taippy oxd vt et ¥2 2ndy nsvmphesehar geutrrappiyng fniihsiude thayeor202( d)
(e.g., silicon nitride) may have a thickness of approximately 5 nm and/or

th@ob| Qekd na-1oxi del 4 gyes . 202¢e)y nByrhave & t Bheskaessnef appr exinpRtiehyy 5 nm
25The nenory cell 12 may be configured to maxim ze scailng of nmenory cells

12 t d
R T e

202(a), a nitride layer 202(b), an oxide layer 202(c), a
charge trapping nitride layer 202(d) (e.g., silicon nitride),
and/or a Dblocking oxide layer 202(e). The plurality of

15 insulating or dielectric layers of the tunneling insulating
layer 202 may comprise of wvarious thickness. In a particular
embodiment, the thermal oxide layer 202(a) may have a
thickness of approximately 1.5 nm, the nitride layer 202 (b)
may have a thickness of approximately 2 nm, the oxide layer

20 202 (c) may have a thickness of approximately 2.5 nm, the
charge trapping nitride layer 202(d) (e.g., silicon nitride)
may have a thickness of approximately 5 nm, and/or the
blocking oxide layer 202 (e) may have a thickness of
approximately 5 nm.

25 The memory cell 12 may be configured to maximize scaling

of memory cells 12 in the semiconductor memory device 10. In



a particul ar enbodi nent, the menory cell 12 may be configured to have a
wdth (i) (e.g., along the direction of the bit line (CN) 30) of

appr oxi mewel2g1241004em The width (i) of the menory cell 1PCrays261e/okisaited by
floating gate to floating gate 5 interference and inversion |ayer
interference. The spacing (K) between contiguous row of nenory cells 12
(e.g., aloagtiteldrrecbpdnmentt heéhwomenicme qall) PB)mamybbe capprigxineat el y F
nm wherein F may be the m ni num space possi ble. The nenory cell 12 nmay be
confi gwedtdwe haviei@t dih (¢)g(e. gleonal ehg theet@idhr ect icap ofi tt he nwor d
line (W) 28) of approximately F nm wherein F may be the m ni nrum space
possi bl gxn) 30) RefeppirBdihatELgune 3m.t herne: ayeishow) CHOS$hsealun®

views of at least a portion of the nmenory cell array 20 as shown in Figure
2 in accordance w th i.nment, of -1 15 pr nt . di sgl osur Ei.gure 3
illust rcgét)leg g%r%%%-s%;t ?gﬁgf&e\?{se%vyofﬂat lé?gaét gg%%or%?o?lﬂof t rg; ngr?%%y cel |

array 20.along.line 44 and, & orgssyseetional view of at Iegst g porton of
t he " nenory ce artray 20 éfong i'ne "BYB" The nenory cells of e ﬁénory

cell array 20 may be inplenmented in_a vertical 20 nfigurati ogn havi ng

var i ous(I%ed?%W%e.ngo?O%gg%@és, The HenBFYCEE F@ié%i? éSnﬁri'sé‘?QngoGrh@e
region 320, a body region 322, and a drain region 324. The source region
320, tHE syl QregeontiBR2vorRdl bRet hBLUr aPh Feyi 66 3PRTREyMBESAYSPosEd in a
sequential contiguous relationship, and may extend vertically 25 froma

pl ane defémredh by @aP- bsubiser atie 1180 sSHeersouweelvkegi onTB20memotrlye aggror y
cell 12 may be coupled to the source ine WD 2012/ 170409PCT/ US2012/ 040891
(EN) 322 Theybasty regifanu322 nay hevan £l ectdtihcaldy f(eqat.i,ngabetly regi on of
the nenory cell 12 configured to accunul ate/store charges, and nay be

spaged @patdt faomandcapasi-bi vielne coupl eddyo the a_i@ﬁifo%iimla)tequ Wor Gy i nes
(W) 28 5 via the tunneling insulating |ayer 202. The drain regi on 324 of

the ne S8l e 12 .. be, cal tothe bit li (CN) 30. The source
regionqg%% of t%e ﬁgﬁ%ry ceﬁ#ﬂkggﬁayzie cgtﬁTe to a corresponding source
line (EN) 3240 a particylar, enbodi nent, the source, region 320 may e
views of at least a portion of the memory cell array 20 as
shown 1in Figure 2 in accordance with an embodiment of the
15 present disclosure. Figure 3 illustrates a cross-sectional
view of at least a portion of the memory cell array 20 along
line A-A and a cross-sectional view of at least a portion of
the memory cell array 20 along line B-B. The memory cells 12
of the memory cell array 20 may be implemented in a vertical
20 configuration having various regions. For example, the memory
cell 12 may comprise a source region 320, a body region 322,
and a drain region 324. The source region 320, the body
region 322, and/or the drain region 324 may be disposed in a
sequential contiguous relationship, and may extend vertically

25 from a plane defined by a P- substrate 130. The source region

320 of the memory cell 12 may be coupled to the source line

10



10 a sem conductor material (e.g., silicon) conprising donor inpurities.
For exanple, the source region 320 may be forned of a silicon materi al
doped wi tWophspph®pous or arsenic inpurities. In a partiPCuitseolemnipsdi ment ,
the source region 320 may be fornmed of a silicon material doped with
phosphorous or 15 arsenic having a concentration of approxinmtely 1020

at ons/ ctN)or3abov&heThedyourege aregith 1820 hayasorpeicseiaaplat € loaiimy
continuous planar region configured above the P- substrate 130. The source
regi on 320, mayredison conpf i sectae pl wrealdrtyy ofceariot r usi ongondrined con t he
continuous planar region of the 20 plate. The plurality of protrusions of

the sowceiet Qy 320-draynbe ekl ented inha 66l WRhd eghbheRr anddRr sad ow
direction of the nmenory cell array 20. The plurality of protrusions of the

source éaﬁ%&t i%?eolﬁa&ﬁﬁight% b@%% %y&%%igg”géﬁf G6kh éﬁ-néé‘ @wﬂf‘r bigcul ar

enbodi nment , e source Tine (EN) onfigured as the plate

having contjnuous planar region,of the_saour reghon 320. In _a.partjicul ar

orbal et . Ehe. Bl EoM o ST L0509 IO/ 040R9 L i Re \FRRY 35 iy e
formed of an N+ doped silicon |ayer.ln another enbaodinent, the source |line
(BN 32y baairRecF o - o mltl i HaSa |1 diord embodiarerty, e sour ce

line (EN) 32 may be fornmed of a polycide material (e.g., a conbination of a
5 netal mat efhial s@vdcg sirtEPéon ngg@ri%@f).th%en@@@#é’e FEhAE (BN) B niyg
coupl e a predeterm ned voltage potential to the nenory cells 12 of the
menory celpledrayw 26 Forrmanpld,nd hesouwree lihee (EN) 332wy bércowpl ed
to a plurality of nmenory cells 12 (e.g., a columm or a row of nenory cel
array MPrticular embodiment, the source region 320 may be formed of
10 a semiconductor material (e.g., silicon) comprising donor
impurities. For example, the source region 320 may be formed
of a silicon material doped with phosphorous or arsenic
impurities. In a particular embodiment, the source region 320
may be formed of a silicon material doped with phosphorous or
15 arsenic having a concentration of approximately 10°° atoms/cm’
or above. The source region 320 may comprise a plate having
continuous planar region configured above the P- substrate
130. The source region 320 may also comprise a plurality of
protrusions formed on the continuous planar region of the
20 plate. The plurality of protrusions of the source region 320
may be oriented in a column direction and/or a row direction
of the memory cell array 20. The plurality of protrusions of
the source region 320 may form the base of the memory cell 12.
In a particular embodiment, the source line (EN) 32 may

25 be configured as the plate having continuous planar region of

the source region 320. In a particular embodiment, the source

11



10The body region 322 of the nenory cell 12 nmay be capacitively coupled to
a corresponding word lines (W) 28 via the tunneling insulating |ayer 202.
In a partwouberi7eswbodi nent, the body region 322 nay be Pormsdoiafo4wso1

sem conductor material (e.g., silicon) conprising acceptor 15
impurities. The body region 322 may be forned of a silicon material doped
with bokiore i (PNIri BResalvn ke plartnedll af enbdidi memed tdhiel body tegeon 322 may
be formed of a silicon material with acceptor inpurities having a
concentaradtitodr odmdfdbnat onstlearBs buir @ pat hé cyukly epbadiynent fotrhedbody ar egi on
20 322 may conprise a first floating gate region 14a and a second floating

gate regiam Idbcedher first Hiwati 883t Rche8] 0Rnd4aoandet henseqend flzoating
gate region 14b may accurnul ate/ store charge carriers in order to represent

oo ® LR (Bt L0065\ PR R AR VLG SR e anly 2
%gi?fggﬁ%h éﬁ%ﬁ%ﬁb%%?%ﬁ%g 1%%&%0%%95%&6%%%1ggy bfhevg%urce line (EN)
32 may couple a predetermined voltage potential to the memory
cells 12 of the memory cell array 20. For example, the source
Line (BN} 32 may be coupled to a plurality of memory cells 12
(e.g., a column or a row of memory cell array 20).
10 The body region 322 of the memory cell 12 may be
capacitively coupled to a corresponding word lines (WL) 28 wvia

the tunneling insulating layer 202. In a particular

embodiment, the body region 322 may be formed of a

semiconductor material (e.g., silicon) comprising acceptor
15 impurities. The body region 322 may be formed of a silicon
material doped with boron impurities. In a particular

embodiment, the body region 322 may be formed of a silicon
material with acceptor impurities having a concentration of
10" atoms/cm’. In a particular embodiment, the body region
20 322 may comprise a first floating gate region 14a and a second
floating gate region 14b. The first floating gate region 1l4a
and the second floating gate region 14b may accumulate/store
charge carriers in order to represent a data state (e.g., a
logic low (e.g., binary “0” data state) and/or a logic high
25 (e.g., Dbinary “1” data state)). The first floating gate

region 1l4a and the second floating gate region 14b may be

12



spaced apart and capacitively coupled to the plurality of word |lines (W)
28. The word lines (W) 28 nay be capacitively coupled the body
regi on 3220 20tee17owwpd |ines (W) 28 nay be oriented in aPbTrusanidionaset i on of
the nenory cell array 20 and coupled to a plurality of nmenory cells 12. The
word lines (W) 28 may be arranged on the sides of the nenory cells 12
(e.g., sy aells di2d| ogptedt ove &y rowudiedéctpohhef plheademur pfeceldrdar r ay
20). For exanple, the word lines (W) 28 may be arranged on 10 at |east two
si de parinens(wf) the. nenory cells 12. The first word line (W1) 28 nay be
arranged on a first side portion of the nmenory cells 12 and the second word

line (W2) Z8,dmyobe arirangedyon assegondpsi deyeritdian10f tbgomeavryncel | s
12. The first side portion and the second side portion nay be opposite 15

si de pq&&.fn§e§4oﬁhg2ﬂ?nnﬁ¥gc%%Eﬁ 1265 (WL{TQ%Bq&?%n?éegk?gﬂ§@§095|%hg

menory ce 12 may be coupled to a correspondi ng I ne

part] cular STRed TER o £ ey dr 3L r.o0i on 3240 Uhe, Temr v el 2 ey, be
forited of " a“sém conductor ~hat &1 al (e’g., si dori conpri5|ﬁb onor

inmpurities. For ex |l e, the drain region 324 may be fornmed of a silicon
naterié?“&ﬁ&ﬁow?ﬁngﬁ8§6HoF8§§%N1%ﬁseﬂP% ARG itES iWP%.%%rW?@uﬁ%

enbodi ment, the drain region 324 may be forned of a silicon material doped
W t h prospHsrstsobr Hrsefiigchaviingtac c a1ty at¢ bhs ofl Zappe o mafeMpry020
atons/cnB 25 or above. The bit line (CN) 30 may be coupled to the drain
regi on cai0 2012/ 130408RCDHNUS2042% 040898t324 off tiies neemoyycekll112rrElye bit
line (CN) 30 may be fornmed of a netal material. In another enbodinent, the
bit I'ineo)CN)F30 reynmpecf,orired whra pohyei daLyatoer indy (lee garrangetbionat i on
of a netal material and a silicon material). In other
10 at least two side portions of the memory cells 12. The first
word line (WL1) 28 may be arranged on a first side portion of
the memory cells 12 and the second word line (WL2) 28 may be
arranged on a second side portion of the memory cells 12. The
first side portion and the second side portion may be opposite
15 side portions of the memory cells 12.
The drain region 324 of the memory cell 12 may be coupled
to a corresponding bit line (CN) 30. In a particular
embodiment, the drain region 324 of the memory cell 12 may be
formed of a semiconductor material (e.g., silicon) comprising
20 donor impurities. For example, the drain region 324 may be
formed of a silicon material doped with phosphorous or arsenic
impurities. In a particular embodiment, the drain region 324
may be formed of a silicon material doped with phosphorous or
arsenic having a concentration of approximately 10%° atoms/cm®

25 or above.

The bit line (CN) 30 may be coupled to the drain region

13



5 enbodi nents, the bit line (CN) 30 nmay be formed of an N+ doped silicon

| ayer. For exanple, the bit line (CM 3. may be coupled to a plurality of
menory cewbD=0m2170dbbe bit line (CN) 30 may be confi gur edpPabaseoi2iogosdr ai n
region 324. The bit line (CM 30 may be connected to a plurality of 10
menory cells 12 (e.g., a colum of nenory cells 12) via a plurality of bit
i ne cotbcts 326. m¢nrrexadpl el 2 eachhdi biki héneorthet 3826ayapecdorespond to
a menory cell 12 along a colum direction of the nenory cell array 20. Each
bit |inef contacil 326temyabe fonmedooheca smbabihayer aheabpal ysinkl qam)l5

| ayer in order to couple a voltage potential fromthe bit line (CN 30 to

the draim fegi eB 324efq the pepenyceekl rkdeher exampl g, at hemdihaliing

contact 326 nay be formed of tungsten, titanium titaniumnitride,

polysildg€on, o4 Gompipati;on t hepeof . %%%9%% {%&ﬁf@%ﬁ)a?t 326, may agve a

hei ght extending 20 fromthe bit |ine e drain region 324 of

thesmenpry Seldn A2 cne oid M parLipular, eubedi pent, L e By substiate 130
may “be Tade Of ‘a Seniconductor material - (€7g. Y siPiton) “Cofpri'si Ng-accept or
impurities and may form a base of the nenory cell 25 array 20. For exanpl e,

y . J L o
the P- Sub<t%at Y86 -may & nBEE™Bf a seii cOnduct bFE materi aF“cdip¥i Sing
boron inpurities.Iln a WO 2012/ 170409PCT/ US2012/ 040891 parti cul ar
enbodi MR lehet P-asubstrat 6v130 Feyope fede ofl%i | i Ebn BoRAPAiLEENd Bor on
inmpurities having a concentration of approximately 1015 atons/cnB. In
al t er nat( wea et diarenit sy red pllurad itthe afrdin sudgstorat®854 130 may formt he base
of the nmenory 5 cell array 20 or a single P- substrate 130 may formthe
base of the mTeyory:-celhearmay 200 Ahgobet henPecsubsttate p30ramytbe orade in
the formof a P-well substrate. - Referring to Figure 4, there is shown
a sohenmdneryi ew10k ato | gasty.a portlbannef dhepamppry c€llsannay ¢20shaving a
plurality of bit line contacts 326. For example, each bit
line contact 326 may correspond to a memory cell 12 along a
column direction of the memory cell array 20. FEach bit line
contact 326 may be formed of a metal layer or a polysilicon
15 layer in order to couple a voltage potential from the bit line
(CN) 30 to the drain region 324 of the memory cell 12. For
example, the bit line contact 326 may be formed of tungsten,
titanium, titanium nitride, polysilicon or a combination
thereof. The bit line contact 326 may have a height extending
20 from the bit 1line (CN) 30 to the drain region 324 of the
memory cell 12.
In a particular embodiment, the P- substrate 130 may be
made of a semiconductor material (e.g., silicon) comprising
acceptor impurities and may form a base of the memory cell

25 array 20. For example, the P- substrate 130 may be made of a

semiconductor material comprising boron impurities. In a

14



10 plurality of nmenory cells 12 in accordance wth an enbodi nent of the
present disclosure. The nenory cells 12 nmay be coupled to a correspondi ng
pl ural i t ywof2omar7osobi nes (W.) 28, a corresponding bit |i meT(USh)128@89and/ or a
correspondi ng source line (EN) 32. The plurality of word lines (W) 28 may
15 conprise a first word line (W.<O>) and a second word line (W<1>)

capaci tramel ycweloupl edbpdimhetnentry fel |sWistiate hé SVunmey i bg | nsde atdifng

| ayer 202. Each of the nmenory cells 12 may conprise a first floating gate
regi on dda @nd a@csecodning| batrbng igete irtdgisomdAincoapkbedctateachoat her. The
first 20 floating gate region 14a and the second floating gate region 14b

may be fifferemtdegi 005° oftbhe/bady regon1322nak ithe ampBIYnEets, 12 In a
particul ar enbodi ment, the first floating gate region 14a may be

capaci ti el y f@ypépdploswﬁtfé{éé 190 dnk e EHELAD> D oubaothe gl g

|nsulat|ng ayer 25 202 e second floating gate region

capacitiyv yco to the second wordllne 1>) vi the un ellngV\D
SN D! 1 A DoLe TR 2 A CBeL T ati g rhy Breogp T ey Fok E v g

witten to or read froma sel ected nenory cel 12 by in |table
controloéiblﬂ%l gepgry §§|1§ctaéif%r%| Otinélewe) 28 & s%‘iigg’f%ﬂt%i tngpi HEY(CN)

30, and/or a 5 selected source line (EN) 32. For exanple, a data state
(e.g., e IHie Yowie. Im tiha PPl datwpsizr’e)- and/or a logic high (e.g.,
binary "1" data state)) may be witten to the first floating gate region
14a and t he Betondi fd oat i hgoget ed r eghene 14b. sfhensanecdatatstatveeer of
different data state 10 may be sinultaneously witten to the first floating
gate regi onekéda and pdec seconrd f kaat i mgngay e deadi oark4l. The isanenhdgatza
state or different data state may be sequentially witten to the first

floati %m&@éﬁlt{%%f_mméﬂ@r@@etl@% second {loatdNg-LalerhedhormbAbi g0, a
data state may be sinultaneously or 15 sequentl ally read fromthe first

floating gale £ealan. l4a,andsihe. Sef»ﬂ@dméh%p 9,98 2f%9'(ycg) 1@%“%&% o

a particular di nrent, one or rmre respect I ne

coupl e to one or_nore (gata se nP |f| ers g data ng e gréd sense
circuit Bort 2P exampt e, P 1ﬁ]éa Jr‘ hor @ coWPFgl ighsl s bé& applfi ed to
one or m)re sel ected nmenory cells 12 VI a Céjel ected plurali ty of word |ines

(W) 280 SEE e bPtt1 thee( NV 300 antoroa 3eFeeredPsodrbe ISone SCEN)

32. A voltage and/or a current may be generated by the first floating gate
regi on higze and™or ©BRe The plurality of word 1lines (WL) 28 may

15 comprise a first word 1line (WL<0>) and a second word line
(WL<1>) capacitively coupled to the memory cell 12 wvia the
tunneling insulating layer 202. Each of the memory cells 12
may comprise a first floating gate region 14a and a second
floating gate region 14b coupled to each other. The first

20 floating gate region 14a and the second floating gate region
14b may be different regions of the body region 322 of the
memory cell 12. In a particular embodiment, the first
floating gate region 1l4a may be capacitively coupled to the
first word line (WL1<0>) wvia the tunneling insulating layer

25 202. The second floating gate region 14b may be capacitively

coupled to the second word line (WL1<1>) wvia the tunneling

15



25 second floating gate region 14b of the one or nore selected nenory cells
12 and outputted to the data wite and sense WO

2012/ 170490RC/ 1060012/ 040891 circuitry 36 via a correspondiusgoiiogoshi ne (CN)
30. Also, a data state may be witten to the first floating gate region 1l4a
and/ or the second floating gate region 14b of the one or nore sel ected
menory cedlatdiihdyl appt ydHY. one or nore control 5 signals via one or nore
corresponding plurality of word lines (W) 28, one or nore correspondi ng
bit lines (ANtaB0magndicoorwoneten mar eoeordeaspondong asosk Tectéde mckN)ry32.
One or nore control signals applied via the corresponding first word |ine

(W.<O)c28 may copt bebithedf issicddpat ipgrgate §eghons 143 of 1Q1the enory
cell 12 in order to wite a desired data state to the nenory cell 12. One

or nor tr Si S plLe i Lre di seeggnd i ne
(WL<1>$W%§Pné3E§on?@%1 5%2 sécgﬁ%h%ﬁ%%fi%gtga?gggegggﬁ lig'of¥? é%%e%%ry

cel 12 in orQﬁr to wite.a de&hbed3gata %;ate to tqe menor celgt%%é I n

the 15 %%%%FX% at "8 (&t a st e 18 r&4d from and SFPwrit t én 101 hé menory

cell 12 via the bjt |in gf»b 30, the bit I|ine (CN%éBO may be gg led to
t he dat(aes%'rrseaanlp?‘ﬂ?eﬁof {heddat 2 METe afd sk EFFEGD L g %I‘P%iq e the
source line (EN) 32 may be separage[y controlled via a vol tage/current
sour ce ¥&e , ha9p0o (polt-agererarent 1drideér® dfathb) dABH WS t 6T ARECBetSe
circuitry 36. In a particular enbodi nent, the data sense anplifier of the
dat a wilie dndssenSkeoatirmcui grye36ramtort hé 4vol aage/ttwr rentosdurfdeadfinthe
data wite and sense circuitry 36 nay be configured on opposite sides of
the nmenpite ceddianrayb20. TheRefety idigd st Qur er Sdifherentsdshaws tualt age
pot enti al
10 may be simultaneously written to the first floating gate
region 1l4a and the second floating gate region 14b. The same
data state or different data state may be sequentially written
to the first floating gate region 14a and the second floating
gate region 14b. Also, a data state may be simultaneously or
15 sequentially read from the first floating gate region 14a and
the second floating gate region 14b.

In a particular embodiment, one or more respective bit
line (CN) 30 may be coupled to one or more data sense
amplifiers of the data write and sense circuitry 36. For

20 example, one or more control signals may be applied to one or
more selected memory cells 12 via a selected plurality of word
lines (WL) 28, a selected bit line (CN) 30, and/or a selected
source line (EN) 32. A voltage and/or a current may be
generated by the first floating gate region 1l4a and/or the

25 second floating gate region 14b of the one or more selected

memory cells 12 and outputted to the data write and sense

16



| evel s of various nethods for performng a wite operation and WO

2012/ 170409PCT/ US2012/ 040891 a read operation on a nenory cell 12 as shown
i n Fi gur e’02et2/17m0accor dance with an enbodi ment of the pceasat2diesel osure.
The wite operation may include a wite logic low (e.g., binary \\Of data
state) operation and a wite logic high (e.g., 5 binary "1" data state)
oper at iorkcuitay pabt ivdal e epbodspendinghéivariiows EVhodd .of pésborm ng a
wite logic low (e.g., binary "0" data state) operation may conprise an
erase fawwwar dtaode ntaynned | ngiweehe tapetiad i @i rand/ Qo2 ey agethotrchdloa wite
operation. In another enbodi ment, the various nethods of 10 performng a

wite logi caRhghr (€ng. siondr yrl'da't dat agstat erqg@pear auion fmyn SORREI $8 a
program forward node tunneling wite operation and/ or a program

hot - el eclron; W ile. QPELALEONce11s 12THE, ?&g?%ﬁyfﬁ ward 890'{%8%”%%'&&%1"‘“ te

. 1
operation may performa wite EOQIC | ow nary "0" data state) 15
operati on by depleting charge carriers (e,qg., electrons) stored i,n_the
moBry CAPTYuS Pt PRY Pla ersoe Por ol K UG T hG RF1 CEtapdrdtion,
t he P- fubstg te 130 may be coupled to an electrical ground (e.g., %ﬁ?. The
pl ural i tYFof 2bBi t OPFnés (ENS 36°MaGSBRM detdupited v alvdl t dge %‘&dé i al
source 20 and/or current source and may be electrical open or electrically
fl oati rMylA ABgECIFe GO ESPOPotENt AP ARy lB&cappiYled3te t HE'S0DF cEOTEYi on
320. The negative voltage potential applied to the source region 320 may
forwar ddntasol signals applied via the corresponding first word line
(WL<0>) 28 may control the first floating gate region 14a of
10 the memory cell 12 in order to write a desired data state to
the memory cell 12. One or more control signals applied via
the corresponding second word line (WL<1>) 28 may control the
second floating gate region 14b of the memory cell 12 in order
to write a desired data state to the memory cell 12. In the
15 event that a data state 1s read from and/or written to the
memory cell 12 wvia the bit line (CN) 30, the bit line (CN) 30
may be coupled to the data sense amplifier of the data write
and sense circuitry 36 while the source line (EN) 32 may be
separately controlled via a voltage/current source (e.g., a
20 voltage/current driver) of the data write and sense circuitry
36. In a particular embodiment, the data sense amplifier of
the data write and sense circuitry 36 and the voltage/current
source of the data write and sense circuitry 36 may be
configured on opposite sides of the memory cell array 20.

25 Referring to Figure 5, there is shown voltage potential

levels of various methods for performing a write operation and

17



the junction between the source region 320 and the P- 25 substrate 130.1n a
particul ar enbodi nent, the negative voltage potential applied to the source
regi on 3290real2/tie409 WO 2012/ 170409PCT/ US2012/ 040891 1. OYCTAiSeukansepusly to
or after forward biasing the junction between the source region 320 and the
P- substrate 130, a negative voltage potential may be applied to the

pl ural ia yrefdwoprdrbimnes W)z 28niery. cethat 2meys behaoapacint Fyehyeeodplied to
5 the floating gate regions 14a and 14b of the body region 322). The

negat i vim vakttageapotentital appldrébdimdrite prurtald tyrofembr dilsicnesual) 28
may tunnel electrons that may have accumul ated/stored in the charge

trappi nghd egﬁr@&éogﬁéka\é&@nt hea§ormadid: i asedyi-unet | pAgbet viegh the gsqurce
region 320 and 10 the P- substrate 130. By driving out the el ectrons that
may haye; accumy ated/ st or ed. | %?Mb Ognlir 3PRLOGCT eghon 2036d) 3 ! 001 ¢
low (e.g., binary "0" dafa stafe) may be witten to the menory cell” ' 12. The
erase hot-hole.wite operation m erforma wite 15 logic_lLow.(e.q.

b1 nary V0 dag a6t 3155 SporaL1 SREN Letamil Bt & EroreHiRGr OV harsE
carriers (e.g., holes) in order to conpensate for th

carrief%h?eVgF}OEFed? IHYS t Rat %ggkn%céudﬁ¥hi%d SCFed h tire Imenory
cell 12. During the erase hot-hole operation, the P- substrate 130 20 and
t he solteeteg bn 3202 nayabe) cobpledl®d BAYeFeBPKiEal 2§r 6UAGS( eogWaroV) .
Thus, the junction between the P-substrate 130 and the source region 320
may remuade | nunevkersedwbiasedperaneakl yrfdtomrah béased hetghplaebove ta
reverse bias voltage and bel ow a forward bias threshold voltage potential).
25 A paspdiarei o) t agenpodesithet rmpdoEnappl,i edhkto vheidual mawgdn 324 via
the bit line (CN) 30.1n a particular WO 2012/ 170409PCT/ US2012/ 040891

10 performing a write logic high (e.g., binary “1” data state)

mgj orjty charge

operation may comprise a program forward node tunneling write
operation and/or a program hot-electron write operation.

The erase forward node tunneling write operation may

perform a write logic low (e.g., binary “0” data state)

15 operation by depleting charge carriers (e.g., electrons)

stored in the memory cell 12. During the erase forward node

tunneling write operation, the P- substrate 130 may be coupled

to an electrical ground (e.g., 0V). The plurality of bit

lines (CN) 30 may be decoupled from a voltage potential source

20 and/or current source and may be electrical open or

electrically floating. A negative voltage potential may be

applied to the source region 320. The negative voltage

potential applied to the source region 320 may forward bias

the Jjunction between the source region 320 and the P-

25 substrate 130. In a particular embodiment, the negative

voltage potential applied to the source region 320 may be -
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enbodi nent, the positive voltage potential applied to the drain region 324
may be 5.0V. Al so, a negative voltage potential nay be applied to the

pl ural i t ywof2omar7osobi nes (W.) 28 (e.g., that are capacitipcgluscieopisetd to t he
body region 322 5 via the tunneling insulating |ayer 202). In a particular
enbodi nent, the negative voltage potential applied to the plurality of word
lines (MQV 28 $engltandats mytbeocapateri vekkyacduplieding tthe bodytriegi on
322 via the tunneling insulating |ayer 202) may be -11.0V. 10The positive
vol t agergoieit | ahecappbiedce t aciendrak® reegi onhd24p-andubbernegati¥®, vel t age
potential applied to the plurality of word lines (W) 28 nmay create a

band- t ardand tannsl + 8ge (gatentnduced ydral iy 2@@@9%5 G EL" b1ef-heet ybetrween
the drain region 324 and the body region 3 Due to the 15 band-to-band

tunnel ing.{ opl 634 mgiwgf 28r ain o eakage. "H%%Dtﬁ;g ehpgct  pLIOT ELY-shar 98

carriers (e.g ol es) may be injected I n t he c arge tr ppln ayer

202 d t gat | t t | i ed I I ty d
Ilnes)(ta% a? Ie%/f%f V(r)m %9%%%22“ o(f1 %ﬁ)ﬁolﬂ%t g%kgh%r p(%;e;g?lolers %«3 \é\m

hol es) 20 may be accurrul ated/ stored in the charge trappin i on 202(d) of
t he nenqﬂ?e;/ E@Iglatife The! E?%%Ietp&trﬁnﬁé@lanﬁﬁﬁﬁl%‘fi rﬁchoFB?yEg ‘Sar Citer s

(e.g., holes) that may be accunul ated/stored in the charge trapping region
202(d) wesd outrieber (Whe afbunbapf FEJOPItycéRargenear thers (eyg. have

el ectrons) that may be 25 accunul ated/stored in the charge trapping region
202( d) .adhenpradet & mmed anounthof chiemgei tyratrarge caoricer s2(2(q@) , vhel es)
WO 2012/ 170409PCT/ US2012/ 040891 accunul ated/ stored in the charge trappl ng
regi on 202( Y ofathebiesody joaklid2 may weepr esentsdéhdde arkggos Bow @Eadg. ,
binary "0" data state) may be stored in the nenory cell 12. The program

fonyar d-ode- tHUB@‘thQe\MlBtOe opgey aki-90iABY oxtherHorm a-whhe kagkchiygh
(e.g., binary AN 1 data state) operation by injecting najorlty char ge

carri eng, \wtgc&mugggg&y Lal2y Dy nathe pepgamoruasdunode (ynnel i ng

wite operati on, strate couple EC'[I‘IC61|
ground (elggich%> n&athe dr?'2r§egbqnci%xi sgagg) may be written to

the memory cell 12.
The erase hot-hole write operation may perform a write
15 logic low (e.qg., binary Y07 data state) operation by
accumulate/store minority charge carriers (e.g., holes) in
order to compensate for the majority charge carriers (e.g.,
electrons) that may have accumulated/stored in the memory cell
12. During the erase hot-hole operation, the P- substrate 130
20 and the source region 320 may be coupled to an electrical
ground (e.g., 0V). Thus, the Jjunction between the P-
substrate 130 and the source region 320 may remain in reversed
biased or weakly forward biased (e.g., above a reverse bias
voltage and below a forward bias threshold voltage potential).
25 A positive voltage potential may be applied to the drain

region 324 wvia the bit 1line (CN) 30. In a particular
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10 coupled to an electrical ground (e.g., OV). The source region 320 of
the nmenory cell 12 may be decoupled froma voltage potential source/current
sour ce amsorealz/tietsoel ectrically floating (e.g., open). APpoAiSénzm40801 t age
potential may be applied to the plurality of word lines (W) 28 (e.g., that
may 15 be capacitively coupled the body region 322 of the nenory cell 12
vi a t henturhigldmy | idw atiosg thiayer v202pgel npatpart & tul @vp enpdditrentthet he
positive voltage potential applied to the plurality of word lines (W) 28
may be dfa V. rEre gposBbtdvemy gl tiage jparent i ahlappl i £d rtaydthergl wodltatgye 20 of
word lines (W) 28 may switch the nenory transistor (e.g., conprising
sour ce g &g 0N 320n5 pody regiiorB2% and/ enudnaiifyr egi 0o 324) i hesanwiON'
state. The positive voltage potential applied to the plurality of word
lines (ML) may. S 1 ned L OL I Iriers
(o0, 25 STeHTone) o B T h ot o1 bt o The Body Fo6i bR 425 6f “The rermor y
celL 12 when.the_neno transistar. (e.g., co L sing .
2015/ 170H09PET SI013) A0B01 e SOt VG ohl 350, t hE Bbaf P52,
and/or the drain region 324) is turned to an "ON' state. The predeterm ned
amount FFRE ' by g&CHarVEr sVPet§Ie eﬂ'-’%E?%h%i P bee urirfel &4 nt o
and accunul ated/stored in the charge trapping 5 region 202(d) to represent
that a RBgielHixgh Cé. g.wousi natyneq" d#fa st e) (BsIstor déddth tHeymemsry
cell 12. For an unsel ected nenory cell 12, the voltage potenti al
appl i edcdamrdihel piluy atotyled wor dhei mesiy Wogi281 n@¥2 beigotpked unmedn ng
el ectrical ground (e.g., OV). A positive voltage 10 potential may be
appl i edidultdel ity didygegiamn 324 wa tte. it line (CN) 30. In a particular
enbodi ment, the positive voltage potential applied to the drain region 324
nmay gbe 3-0V-T_Héleags@4mﬁyvérmtsat9€g & t@ntiGANPragyinG 4 he sounee regiien 320,
the body region 322, and the drain region 324) nmay be turned 15 to an " OFF"
state. naj okbLy ar C i o] | t_,of jorkty charge
carri ergg lre?%.?bgl 3%?r ot%l% %@éggé? nj(fggg:éggi rﬁogc%g lo riegél%n}é%Zg%gf t he
menory cell 12. Thys, th r.ogr am for node tunnel wite operation may
ot ba HGHIET e G HeEinadi od ‘emory GO THSOSBTHe GRGCER pand
hot-el ectron wite ogerati on may performa

tunneling (gate-induced "drain leakage “GIDL”) effect between

the drain region 324 and the body region 322. Due to the
15 band-to-band tunneling (gate-induced drain leakage “GIDL")
effect, minority charge carriers (e.g., holes) may be injected
into the charge trapping layer 202 (d) by the negative voltage
potential applied to the plurality of word lines (WL) 28. A
predetermined amount of minority charge carriers (e.g., holes)
20 may be accumulated/stored in the charge trapping region 202 (d)
of the memory cell 12. The predetermined amount of minority
charge carriers (e.g., holes) that may be accumulated/stored
in the charge trapping region 202 (d) may outnumber the amount
of majority charge carriers (e.g., electrons) that may be
25 accumulated/stored in the charge trapping region 202 (d). The

predetermine amount of minority charge carriers (e.g., holes)

20



wite logic high (e.g., binary AN 1 || data state) operation by

accunul ati ng/ storingmajoritychargecarriers(e.g., electrons) in the nenory
cel | 12. Dupi2o/t7h®9pr ogram hot - el ectron wite operati oRCTiUsSR0IRPO4@sabSt r at e
130 may be coupled 25 to an electrical ground (e.g., OV) and the source
region 320 may be coupled to an electrical ground (e.g., OV). The WO

2012/ 1 70409RCH WYS20112/ 1040891  fFhactdhenr deetwesrp irhe Pegsabstpate) ©30 téued t he
source region 320 may be reversed biased or weakly forward biased (e.qg.,
above angmevey seebilad 2vahdagecandsbaekowratf os wapdibi dsow hreshol d bdelatrgge
potential). A positive voltage potential 5 may be applied to the drain

region 824 yi@n thesddt ddperd ANoB 1h @ndakdhery) afe embodi nent, the .
positive voltage potential applied to the drain region 324 via the bit |ine

(CN) 30 may 5 posit. val.t;ag pal be i t e
first 10 mof@ﬁTiﬁgggﬁéT<8€$£%%ﬁ%hgphgaitﬁgﬁfg%ggit?ggﬁy(g%€%+%%9?09} e

first floatin ate_region 1l4a aqf. the body region_322.. A negativ al.t age
poténtﬁgF%%ﬁ§9b%'agﬁﬁ?%d ?%g%%quégbn&qwgrd Igﬁgaf%11<ﬁ>) E?hgﬁaéﬁv be
capacitiveuy coupled to the second floating gate regﬁpn 14b of the body
regi on B2 ETHYE 18 posiHiSH V! t &8 Poteht (A2 5| i%6d 6 The 108 n H&gi on
324 and the word line (W.1<0>) 28 nmay create a band-to-band tunneling
(gat e- itRIyced @failn 1eakageir A PLTtheefPreIr ot WOeatle @P@E n t@gicsri 324 and
t he body region 322. A predeterm ned anmount of mmjority charge carrier
(e.g., wtieot ropsyataynbe thanékedsulmttor a2 t hel cherygebd r appicigd egd omn
202(d). The positive voltage potential applied to the first word |ine
(W.1<0=1d&®ical hatotmy hie.gapadiv)i vely ehdgpbedinho tdig dd r324 f heat ibeg gat e
region 14a of the body region 322) may accumul ate/store the majority charge
canpi erso Ll  t & £etL08S) r1 Pzt hgr&hangeet §apPhY. The source region
320 of the memory cell 12 may be decoupled from a voltage
potential source/current source and may be electrically
floating (e.g., open). A positive voltage potential may be
applied to the plurality of word lines (WL) 28 (e.g., that may
15 be capacitively coupled the body region 322 of the memory cell
12 via the tunneling insulating layer 202). In a particular
embodiment, the positive wvoltage potential applied to the
plurality of word lines (WL) 28 may be 16.0V.
The positive voltage potential applied to the plurality
20 of word lines (WL) 28 may switch the memory transistor (e.g.,
comprising source region 320, body region 322, and/or drain
region 324) to an “ON” state. The positive voltage potential
applied to the plurality of word lines (WL) 28 may cause a
predetermined amount of majority <charge carriers (e.qg.,

25 electrons) to be injected into the body region 322 of the

memory cell 12 when the memory transistor (e.g., comprising
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25 region 202(d) of the first floating gate region 14a. The negative voltage
potential applied to the second word |ine WD 2012/ 170409PCT/ US2012/ 040891
(WL1<1>) 280ma2/r7epel majority charge carriers(e.g., el eecrarsgjiziomsect ed
into the first floating gate region 14a of the body regi on 322. The

predet erm ned anmount of mmjority charge carriers (e.g., electrons) stored

i n the fhe ssoftoat rrgibngat?d ,r egionbddn obotibe body reglorr 32Renmaiyrain
represent that a logic high (e.g., binary "1" data state) is stored in the
menory wejidorl2324) is Attneaddoper abhon'axey beaperforned tacddead ravicdatda
state (e.g., alogic low (e.g., binary "0" data state) and/or a 10 logic

hi gh (eigbunti Bar yna{bridat acahaye) Jostrared i Net e, Mt 1eeld) 12ay D ng a
read operation, the P- substrate 130 nay be coupled to an electrical ground

(e.g., %\/Q)r?@l%t hersource %‘é%%lé%gd%?éo%dcoﬂp' efol o-an &l egctzfél:p%ﬁ'nggr ound

(e.qg., A positive voltage potential nmay be applied to th in-15

erbodi ron 1 HE B8 T T e ol TAG8 porBht fal *SbBl 68"t 0 t e dPara Fogi'on 324
may be 1.0V. A positive voltage potential may be applied to the first word
line (\ﬁ_ai%ﬁtai%)tﬁa? W%& tap t@@%@@ycﬁ;ﬂé&to the first
For an unselected memory cell 12, the voltage potential
applied to the plurality of word lines (WL) 28 may be coupled
to an electrical ground (e.g., 0V). A positive voltage

10 potential may be applied to the drain region 324 wvia the bit
line (CN) 30. In a particular embodiment, the positive
voltage potential applied to the drain region 324 may be 3.0V.
The memory transistor (e.g., comprising the source region 320,
the body region 322, and the drain region 324) may be turned

15 to an “OFF” state. No majority charge carriers or a small
amount of majority charge carriers (e.g., electrons) may be
injected into the body region 322 of the memory cell 12.
Thus, the program forward node tunnel write operation may not
be performed on the unselected memory cell 12.

20 The program hot-electron write operation may perform a
write logic high (e.g., binary “1” data state) operation by
accumulating/storing majority charge carriers (e.qg.,
electrons) in the memory cell 12. During the program hot-
electron write operation, the P- substrate 130 may be coupled

25 to an electrical ground (e.g., 0V) and the source region 320

may be coupled to an electrical ground (e.g., 0V). The
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20 floating gate region 14a of the body region 322 via the tunneling

i nsul ating |layer 202. A negative voltage potential may be applied to the
second wowoO 20izm040W.1<1>) 28 that nay be capacitively ceaplusdoo4i8he second
floating gate region 14b of the body region 322 via the tunneling
insulating layer 202. 25 In a particul ar enbodi nent, the positive voltage
pot ent i Alncpiptn edetwethe tha sb- wendsitivag e VIAX02nd28 Hehas owage bereWon

2012/ 170409PCT/ US2012/ 040891 capacitively coupled to the first floating

gat e regi®nmida bmy rbec3s6d. b inandt ber weadody nentrwatrble negedd veevel.t,age
potential applied to the second word line (W1<1>) 28 that may be

capaci tip@ly couptegetoct hgi secopdithgati pgagabe1bagi an k4bwa ramy the s 3. OV.
Under such biasing,the nenory transistor(e.g., conprising the source region

320, the, hody, e iveplitrégé andlor; the dras&np%%qitq%eB%algga%?gott%mq%ﬁ0 an

"ON' state via the t floating gate region 14a and t n region 324.

The_10 menory transi stor be turned to an." OFF" st.ate via.the s nd
f1oRti i fhor® FRBLORILAD Al (RE"dr aj ROt e 0F 2374° THE nBl br 4 ccharde

carriers (e.g., electrons) may flow fromthe first floating gate _regi on 14b
to the dtain ribiof 32&“%%éﬂP#H% ﬁ%ﬁﬁﬁ%hW?%ﬁGisF%? (89§?Flg8anP§F % he

source region 320, 15 the body region 322, and/or the drain region 324) is
t ur ned RO-AH-TON" aBPated 15 atpar tddilrar regbodi ettt , Vikerkhg | ook c Liow
(e.g., binary "0" data state) is stored in the nenory cell 12, a
pr edet etGh )netD ampurite df. A0l t age potential and/or current may be detected at
the drain region 324. |In another enbodi nent,
A positive voltage potential may be applied to the first
10 word line (WL1<0>) 28 that may be capacitively coupled to the
first floating gate region 14a of the body region 322. A
negative voltage potential may be applied to the second word
line (WL1<1>) 28 that may be capacitively coupled to the
second floating gate region 14b of the body region 322. The
15 ©positive voltage potential applied to the drain region 324 and
the word line (WL1<0>) 28 may create a band-to-band tunneling
(gate-induced drain leakage “GIDL”) effect between the drain
region 324 and the body region 322. A predetermined amount of
majority charge carrier (e.g., electrons) may be tunneled into
20 the charge trapping region 202(d). The positive wvoltage
potential applied to the first word line (WL1<0>) (e.g., that
may be capacitively coupled to the first floating gate region
l4a of the body region 322) may accumulate/store the majority
charge carriers (e.g., electrons) 1in the charge trapping

25 region 202(d) of the first floating gate region 14a. The

negative voltage potential applied to the second word line
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20 when a logic high (e.g., binary "1" data state) is stored in the nmenory
cell 12, no voltage potential and/or current may be detected at the drain
regi on 32%0 2012/17040Ref erring to Figure 6, there i s shownPaTiuspo12ioges9nf at

| east a portion of the nmenory cell array 20 as shown in Figure 25 1 in
accordance wth an alternate enbodi nent of the present disclosure.As
i|lustréilelkixn t hedt omawi ewefl L, pajmerity, cycha@e carriers (e.g.,

2012/ 170409PCT/ US2012/ 040891 array 20 my include a plura | I.ty of menory
cell s K earrmngad imjectmirixtof thowsiand cobatmhsgi pekudiragianpldpaloifty of
word lines 28 (W), a Plurality of bit lines (CN) 30, and/or a so ree line
stripe (fN) p33y BEachi bt sbbne (ON: 30 oyt exhenes S aidbuatf | 68t nRHicentat i on
along a first plane of the nenory cell array 20. The source line strip (EN)
32 may i : o] rie | o] econ I f ry
ol | ATy 30, T e b1 Th T 28y TP ena T T Re "aesand ‘or i antat] on
along a_third plane.of th no cel]l array .10 The first plane, the
S i ane =BhA T Ra= 1} dChr el S: 1HE Hondry TEM WSy S0 meg-be
arranged in different planes paral]e] to each other.. The plurality of
word [iTRE-QW928 Hay? be Poried of ta poityei d62hEt erisal SEETEY, Jg“ the
conbination of a netal material and 15 a silicon nmaterial), a netal

mat er i @lenend/ & lla Tombi nation of a polycide naterial and a netal naterial
In a particular enbodinment, the word lines (W) 28 may capacitively couple
a vol tage pot entedl jopwreentonsguwr e ebef ddve arermdt ytecelrkaslelactiaoa andteont r ol
circuitry 38 to the nenory cells 12. The word 20 line (W) 28 nmay be forned
of a pluwalityal ayessec Eaeh layetr, ofbitaeyword”| idwecd Wk a28) neyndeof oaned of
different materials having various thicknesses. In a particular enbodi nent,
theof i rsdgdavergl e o 1 heinprd #ineagVh) s28eapy beotehmed @hedrshidrgon

mat eri al having a thickness of approximately 1 nm 25 The second | ayer (Q)

?Liiﬂﬁéggfgfiéﬁgr%¥¥%% 2?3P§%8ﬁ%$8£§€9o9f anaebal cmptecial hayi ng ape
coupled to an electrical ground (e.g., 0V) and the source
region 320 may be coupled to an electrical ground (e.g., 0V).
A positive voltage potential may be applied to the drain

15 region 324 of the memory cell 12 via the bit line (CN) 30. 1In
a particular embodiment, the ©positive voltage ©potential
applied to the drain region 324 may be 1.0V. A positive
voltage potential may be applied to the first word 1line
(WL1<0>) 28 that may be capacitively coupled to the first

20 floating gate region 14a of the body region 322 via the
tunneling insulating layer 202. A negative voltage potential
may be applied to the second word line (WL1<1>) 28 that may be
capacitively coupled to the second floating gate region 14b of
the body region 322 wvia the tunneling insulating layer 202.

25 In a particular embodiment, the positive voltage potential

applied to the first word 1line (WL1<0>) 28 that may be
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WO 2012/ 170409PCT/ US2012/ 040891 In a particul ar enbodi nent, the word |ine
(W) 28 may be arranged between two contiguous nenory cells 12 and

capaci ti webyoraupioed to the two conti guous nenory cel | sPC2/USEar/oe08anpl e,
the word line (W) 28 may inplenent an operation 5 sinultaneously to the
two contiguous nenory cells 12. The plurality of word lines (W) 28
may be @aratictvd cal dyuebpacici viebyfcoapl édotbingpbakal regioh ddaomaycel | s
12 via a tunneling insulating |ayer 202. The tunneling insulating | ayer 202
may comnpsi se. @vpl urallint y sofothrsul admmgd Drerdt0, di ehect nhegakayer svolnage
particul ar enbodi nent, the tunneling insulating |ayer 202 nmay conprise a

t her malp od e d ayasp 202{ ) endi tebdedl ayen 2026b)wrariexi de haver nd92(c),
a charge trapping nitride layer 202(d) (e.g., silicon nitride), and/or a

bl ocki oa%%g; { ay&Lq202( Jhe,plyLaki f 15 Lnsyl gt dielhegtric
c 1 1ed NEo PLHEALLEY QT £13, L ASY! 8LLRY QF ;1 alel1 ¢
Iayersl}%f t he tunne%ﬁgng |L§%u ating #ayer %0% may co rlase of \E/;arl ous
t hi gkness. Ien a ticular enbodi nent, the thermal oxide | ayer 202(a) my
havé a thi ck?mess' of " approximately 1.5 nm the nitride |layer 202(b) may have
a thickness of approximtely 2 nm tpfgloxi de | ayer 20 202é§c% may have a
t hi ckness of? oxiPHatel Y2281t HE'ChaP Gt Vappi M fitride |(&y&r r202(d)
(e.g., silicon nitride) may have a thi ckness of approximately 5 nm and/or
t he bl ctkitigh oxitetrayepupo2( Ep9hay KaWe ahchilkkiesseaionppgrexi macedloy 5 nm
25The nenory cell 12 may be configured to nmaxim ze scaling of nenory cells
12 in tttes sénacondagtion Pedor ynadevbeetdOnetintoWdn “ON” state via the
2012/ 170409PCT/ US2012/ 040891
first floating gate region 1l4a and the drain region 324. The
10 memory transistor may be turned to an “OFF” state wvia the
second floating gate region 14b and the drain region 324. The
majority charge carriers (e.g., electrons) may flow from the
first floating gate region 14b to the drain region 324 when
the memory transistor (e.g., comprising the source region 320,
15 the body region 322, and/or the drain region 324) is turned to
an “ON” state. In a particular embodiment, when a logic low
(e.g., binary “0” data state) is stored in the memory cell 12,
a predetermined amount of voltage potential and/or current may
be detected at the drain region 324. In another embodiment,
20 when a logic high (e.g., binary “1” data state) is stored in
the memory cell 12, no voltage potential and/or current may be
detected at the drain region 324.
Referring to Figure 6, there is shown a top view of at
least a portion of the memory cell array 20 as shown in Figure

25 1 in accordance with an alternate embodiment of the present

disclosure. As illustrated in the top view, the wmemory call
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a particul ar enbodi nent, the menory cell 12 may be configured to have a
wdth (i) (e.g., along the direction of the bit line (CN) 30) of

appr oxi mewel2g1241004em The width (i) of the menory cell 1PCrays261e/okisaited by
floating gate to floating gate 5 interference and inversion |ayer
interference. The spacing (K) between contiguous row of nenory cells 12
(e.g., @along thevdir ectiionlcofa theuwetdili nd (AR)C128)cemys béZapproxiosately F
nm wherein F may be the m ni num space possi ble. The nenory cell 12 nmay be
confi guireda t@ahave afl epgkh aid dElguns alongndhey 18 dineelionp off tdaedword
line (W) 28) of approximately F, wherein F may be the m ni num space

possi bleiqus 28 (wiReferring.to Hguee 7:thenesare; showsocrossyisect izonal
views of at |least a portion of the nenory cell array 20 as shown in Figure
6 in accardance yith an embodi mept ofg the 15 presentcdi sehogure. figure 7
illustrates a cross-sectional view of at |least a portion of the nenory cel
array 20 alo line A-A_and a craoss-sect.ional view o | east _a portion of
e wenth v hPT® hr Pao 26 R 6hg S ERE BB T REHT v bel s 15767 Ot P8 Menory
cell array 20 _may be_inmplenented in a vertical 20 configuration having

vari ouS ety oS-~ For PéxaPPrECet e rendryiRel 1572 ﬁﬁyIEEgpP?§§n§ stur e
region 720, a body region 722, and a drain region 724. The source region
720, tHREBOHY) PEGEBRAT22DN ahdiBF EBheSWAD Peginén T24 they HRNATSp in a
sequential contiguous relationship, and may extend vertically 25 froma

pl ane defiawed2by a Paclubstrdatleirk30.(WThe 2$ounce regeon 720 ohet keavedbdry
cell 12 may be coupled to the source ine WD 2012/ 170409PCT/ US2012/ 040891
(EN) 32 rilhecdodyn regoog 222himy hel ame ebecthiecaldmpo i oadéi ngabedy regi on of
the nenory cell 12 configured to accunul ate/store charges, and nay be
spaged @part; fsomandecapaei kevehy ¢aupled 401 thes ptNiahi pyagt werdpld nes
(W) 28 5 via the tunneling insulating |ayer 202. The drain region 724 of
the ne | coupl te th i yne: - sour ce
regionqg%%mgf fﬁ%ahg%%55§be?$ f%ﬂﬁa%ebegéggg % t%égh%gﬁgggggﬁd'%égggurce
Lgpﬁegggré%&eﬂrkéiéggﬁié%gég.enbodinent, the source region 720 may be

The plurality of word lines (WL) 28 may be formed of a

polycide material (e.g., a combination of a metal material and

15 a silicon material), a metal material, and/or a combination of
a polycide material and a metal material. In a particular
embodiment, the word lines (WL) 28 may capacitively couple a
voltage potential/current source of the memory cell selection

and control circuitry 38 to the memory cells 12. The word

20 line (WL) 28 may be formed of a plurality layers. Each layer
of the word line (WL) 28 may be formed of different materials
having wvarious thicknesses. In a particular embodiment, the
first layer (f) of the word line (WL) 28 may be formed of a
silicon material having a thickness of approximately 1 nm.

25 The second layer (g) of the word line (WL) 28 may be formed of

a metal material having a thickness of approximately 10 nm.

26



10 a sem conductor material (e.g., silicon) conprising donor inpurities.
For exanple, the source region 720 may be forned of a silicon materi al
doped wi tWophspph®pous or arsenic inpurities. In a partiPCuitseolemnipsdi ment ,
the source region 720 may be fornmed of a silicon material doped with
phosphorous or 15 arsenic having a concentration of approxinmtely 1020
atons/ cnB or mbovecuThe sowrgeinegionth20 waydconpré seWa)st £Bp nagi b
havi ng an el ongated conti nuous pl anar regi on configured above the P-

subst r aterdi3fkd Thecelergat edwoontd ol @l @namenegiyvon oélihe saur ceandegi on
720 may forma colum or a row of the 20 nenory cell array 20. The source

regi on 204y A 5P eenplise @& ptHealddy 86nPIohblsi armdar nedl on tihe
el ongat e contrnuous pl anar region. The pIuraIrty of protrusions of the

sour ce jiegi op. 20, eyyDe gthented Ty oo L‘:ﬁ%‘% RESLRONCANd O AW,

direction o e nenDry ce array altty of 25 pr trusi ons of
t he_source r.egi on 720 fornrthe ba of menor ceII WO
2015/1ﬁ&ﬁﬁﬁi§b%ﬁﬁ%ﬁ ﬂﬁﬁ&ggi Oqtl%PO%ﬁtW%@ %%odrnent t he source
line (EN) 32 nmay be coupled to the el ongated contrnuo planar regi on of
t he source ﬁ@gronpigéaﬁﬁta patti ctiPar erBdditnent” %heggouf%¥YIr e (BN) 32

may be fornmed of an N+ doped silicon layer.In 5 another enbodi nent, the
source $i9RE( EN) 1 B2 wapalss tloeded epualadt dlo nat epilaralihyotder memory
enbodi ments, the source line (EN 32 may be forned of a polycide material
(e.g., @ehbmblhavi@naotuan@éﬂa@|hnauﬂaﬂimguﬂ&yeml2@bn néther italnne 1Tng
source line (EN) 32 may couple a predeterm ned voltage potential to the
menory ikwedd snd 21 ©fet heo remdy yceebliaer ayp20rafor yexanmphe1the ngource
line (7,N -2 may be coupled to a plurality of nenory cells 12 (e.g., a

cohgm pfeacdom Of 1apapsy cell argay:2001iar embodhBeROdythegiemnéd2 of the
menory cell 12 nmay be capacitively coupled to a corresponding word |ines
(W) Zgjﬂﬁﬁjmang layer 202 may comprise a thermal oxide layer
202(a), a nitride layer 202(b), an oxide layer 202(c), a
charge trapping nitride layer 202(d) (e.g., silicon nitride),
and/or a Dblocking oxide layer 202(e). The plurality of
15 insulating or dielectric layers of the tunneling insulating
layer 202 may comprise of wvarious thickness. In a particular
embodiment, the thermal oxide layer 202(a) may have a
thickness of approximately 1.5 nm, the nitride layer 202 (b)
may have a thickness of approximately 2 nm, the oxide layer
20 202 (c) may have a thickness of approximately 2.5 nm, the
charge trapping nitride layer 202(d) (e.g., silicon nitride)
may have a thickness of approximately 5 nm, and/or the
blocking oxide layer 202 (e) may have a thickness of
approximately 5 nm.

25 The memory cell 12 may be configured to maximize scaling

of memory cells 12 in the semiconductor memory device 10. In
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15 the tunneling insulating | ayer 202. The tunneling insulating | ayer 202
may be fornmed between contiguous nenory cells 12 surrounding the

corr esporipregi2zwgo9l i ne (W) 28 configured between t he ®OmUSQUQMSISHENDI Y
cells 12. In a particular enbodi nent, the body region 722 may be fornmed of
a 20sem conductor material (e.g., silicon) conprising acceptor

i mpur i td esaThechbdy eeghbdnmZ22, mapebadomedwofl al 3i higohenmoerfiigiu reécped
with boron inmpurities.In a particular enbodi nent, the body region 722 nmay
be forned dva sividom hl eréaly. W thoagceptodirapuibhi es hawi bhgtaline
concentration of 25 approximately 1015 atons/cnB.1n a particul ar

enbodi ment), he @PdM%%QQkQﬂazgz may eenprise asfarst () ogki RYcgatreYi ONn
14a WO 2012/ 170409PCT/ US2012/ 040891 and a second floating gate region

ijg- Igicélilr st of | 9abi ng 93L& i:egi 0, 148 and; the ;second,flpatdng gatg egi on

5 interference and inversion layer interference. The spacing
(K) between contiguous row of memory cells 12 (e.g., along the
direction of the word line (WL) 28) may be approximately F nm,
wherein F may be the minimum space possible. The memory cell
12 may be configured to have a length (Jj) (e.g., along the

10 direction of the word 1line (WL) 28) of approximately F,
wherein F may be the minimum space possible nm.

Referring to Figure 7, there are shown cross-sectional
views of at least a portion of the memory cell array 20 as
shown 1in Figure 6 in accordance with an embodiment of the

15 present disclosure. Figure 7 illustrates a cross-sectional
view of at least a portion of the memory cell array 20 along
line A-A and a cross-sectional view of at least a portion of
the memory cell array 20 along line B-B. The memory cells 12
of the memory cell array 20 may be implemented in a vertical

20 configuration having various regions. For example, the memory
cell 12 may comprise a source region 720, a body region 722,
and a drain region 724. The source region 720, the body
region 722, and/or the drain region 724 may be disposed in a
sequential contiguous relationship, and may extend vertically

25 from a plane defined by a P- substrate 130. The source region

720 of the memory cell 12 may be coupled to the source line
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accunul ate/ store charge carriers in order to represent a data state (e.g.,
alogic low (e.g., binary "0" data state) and/or 5a logic high (e.g.,

bi nary " IWocdat2z7s40at €) ) . The word lines (W) 28 negThiS2@a0as0ti vel y
coupl ed the body region 722. The word lines (W) 28 may be oriented in a
row direction of the nenory cell array 20 and coupled to a plurality of
menory G8¥) s322. The wodd lhegesn W2 2& yalye benlelartanged lon fillvetsindes of
the nenory cells 12 (e.g., nmenory cells 12 |ocated on a row direction of

t he memsdy celdeairaray 20Y) . Rare examplee;y t heeadar d 1li2nes PV 28 arpy he
arranged on a side portion of the nenory cells 12. For exanple, the word

l'i ne (%c&&l@web@;&@epa@mré@sy conpl eght opa fddgsded | @abirRy Ado@at@dr egi on
1l4a of the body region 722 of the first nenory cell 12 and capacitively

coupl e%ﬁ%&&%@&w%%g? QA en & e%il%aﬁ?vv\i;ofzh@&ad)ﬁfn%@ Oy 22 ,9f the

second ry the word Iine 8 may be arranged between
the_first nor celk.lz and the.second ne cell 12. 20The drain._region
72451 {1 Flmory Bt {192 Hay BE RBuaraa t 64 cor TALpahal o BRE 1 nE (O
30. In a particular enbodi nent, the drain region 724 of_ the nenory cell 12
may be $%or RN érff Condudiof MrateriRted 59, tRsit i com P ot gl%g donor
inmpurities. For exanple, the drain region 724 may be 25 formed of a silicon
mat eri al dop&tE wWisth isifos pREE6Ts o0f0arslenitérd nperrtivescelh al partadcullsr
enbodi ment, the drain region 724 WD 2012/ 170409PCT/ US2012/ 040891 may be
f or med ofualsi | itoon araterdad spdopbichaM tdoyphesphamaus @N)ar séni ¢ hdwi ng a
concentration of approximtely 1020 atons/cnB8 or above.
particular embodiment, the source region 720 may be formed of
10 a semiconductor material (e.g., silicon) comprising donor
impurities. For example, the source region 720 may be formed
of a silicon material doped with phosphorous or arsenic
impurities. In a particular embodiment, the source region 720
may be formed of a silicon material doped with phosphorous or
15 arsenic having a concentration of approximately 10°° atoms/cm’
or above. The source region 720 may comprise a strip region
having an elongated continuous planar region configured above
the P- substrate 130. The elongated continuous planar region
of the source region 720 may form a column or a row of the
20 memory cell array 20. The source region 720 may also comprise
a plurality of protrusions formed on the elongated continuous
planar region. The plurality of protrusions of the source
region 720 may be oriented in a column direction and/or a row
direction of the memory cell array 20. The plurality of

25 protrusions of the source region 720 may form the base of the

memory cell 12.
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The bit line (CN) 30 may be coupled to the drain region 5 724 of the menory
cell 12. The bit line (CN) 30 may be fornmed of a nmetal material. In another
enbodi merwg 20tee17biop | ine (CN) 30 may be forned of a pol pcras20mioersval

(e.g., a conbination of a metal material and a silicon material). In other
enbodi nents, the bit line (CN) 30 nmay be fornmed of an N+ doped 10 silicon

| ayer. For ekanpl partheubiatr |dmiedANt30 wey beucoepllediat o(EVNpl GRalmay of
menory cells 12. The bit line (CN) 30 may be configured above the drain
regi on d4coupled The bhé. clionegaelN) Sthirayudes conneeted-dg an pbar ahiet y of
menory cells 12 (e.g., a colum of nenory cells 12) via a 15 plurality of
bit |ing o ackyidd6.700r expiphe, peaehcbidr | i coricast, 726 MYburce
correspond to a nenory cell 12 along a columm direction of the nenory cel
array 20pEaphypi bol e sant actnd2 0o FRYpbeLS Aigpmth of; & gt al L ayer o a

polysilicon layer in order to couple vol t age potenti a e bit line

20 (CN)_ 30 to the drain region 724 of the y.cell 12. Eor _exanpl e, the
b1 ¢ °1 1 M act A e be For TRAT G FUNGeTaN rLBRYRE CRFRRENt £ de,
polysilicon or a conmpination thereof. The bit |jne contacié726 may have a

I
hei ght &&EhdiHgFrodm t he? bP ERFT ne™PeR§ S0 E0 FRE dPHFASr égi6n (ﬁyﬁ t he
25 nmenory cell 12. In a particul ar enbodi nent, the P- substrate 130 may be
WO 20127ay7 020 9PaTes5201 22 080892 1 gadeaberaasenfednduét 6PMRANELLAN 4. §. ,
silicon) conprising acceptor inpurities and may form a base of the nenory
cel | armeyeROnateriekaaptiea tshe iRonsulsstarated )1.30 Hmy beunmde lohea (EN)
sem conductor material conprising boron inpurities. In a 5 particular
enbodi mENtma$ heoPplsubstoraice tEIthinay be Iede: ofoséht CON €ONPhieS mRghogr on
inmpurities having a concentration of approximately 1015 atons/cnB. In

al gr natd ves enbogli mefd smedo Py UEAL Lt Y 0f P2 oSubstratesnd3@, myf efomihe base
of the nmenory cell array 20 or a single P- substrate 130 may formthe base
line {EN} 22 may be coupled to a plurality of memory cells 12
(e.g., a column or a row of memory cell array 20).
The body region 722 of the memory cell 12 may be
capacitively coupled to a corresponding word lines (WL) 28 wvia
15 the tunneling insulating layer 202. The tunneling insulating
layer 202 may be formed between contiguous memory cells 12
surrounding the corresponding word line (WL) 28 configured

between the contiguous memory cells 12. In a particular

embodiment, the body region 722 may be formed of a

20 semiconductor material (e.g., silicon) comprising acceptor
impurities. The body region 722 may be formed of a silicon
material doped with boron impurities. In a particular

embodiment, the body region 722 may be formed of a silicon
material with acceptor impurities having a concentration of
25 approximately 10 atoms/cm’. In a particular embodiment, the

body region 722 may comprise a first floating gate region 1l4a
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10 of the nmenory cell array 20. Also, the P- substrate 130 may be nade in
the formof a P-well substrate. Referring to Figure 8, there is shown
a schematwo 2di2zaigoem of at | east a portion of the nenoryPc@lUS2@20808920
having a plurality of menory cells 12 in accordance with an alternate 15
enbodi nrent of the present disclosure. The nmenory cells 12 nmay be coupled to
a correspbndi meaword Filpet{w) R8.e aregreerspdidi ng Thiet finet (ENpaddngand/ or
a correspondi ng source line (EN) 32. The word line (W) 28 may be

capaci tadared yregquphed 40 angl uhal idercafd nehosyicgl batd2 nda drheltunmelyi ng 20
insulating layer 202. In a particular enbodinent, the word Iine (W1) 28

my be Lfapagltd ety cauptedr§o therseeandf lpatdng: gatepregbon i4bieh the
first nmenory cell 12a. Also, the word line (W1) rmay be capacitively

coupl e he first_f - 1.n te regian ot h o r I
12b. 2%[%?%& rr%x'%‘e’ Wi ltl?gtl%lctgogf ot ?%]lr#aﬂel%cé%%%e%g&ggel B fgﬁjby

appLyin ui tahle control signals to, a selected, WO
20137 1 d‘gb%ﬁ%ﬁbl%&vsgﬁl%m%% 11 ne® ()5 '78:°%d sel ected bit line (CN)

30, and/or a selected source line (EN) 32, For exanple, a data state (e.g.,
a logic | ow (& g"°r8i nar\Fs 04"kt 5(85t %) PEndIBE F 410G Y h?%ﬂp%%c.ig.t,%ebi nary
"1" data state)) ma%/ be witten to 5 the first floating gate region 14a and
t he secoitly fTeat9hg’/ gat e FEGI ORTTAB.1THfe JHne datBestateCsicdiffer@nt dat a
state may be sinultaneously witten to two conti guous nenory cells 12. In a
particut@ar émbediment oft hehgamendatya s¢ht eaoradi f3erentl datuplstcat eomay be
simul taneously witten to the 10 second floating gate region 14b of the
first nmemorylicell od2heandyt he lflisr si2 f | oahéngogdt € iregi omwil4b2 ©f mbke beecond
menory cell 12b. The sane data state or different data state may be

seqgentd atd YoM | bhenHo 60RLEJURUStABMUMN G | Sel2s D a(pagl| Culedlory
enbodi nent, the sane data state or different data 15 state may be

frg?rgrentééﬂHé’ gﬁi %ggt%i} the a?ejfci‘?&}'ddﬂ%ft'&[iﬂ 9at .eck{eegrh&lﬂor}ébﬁgfllt he L st
y cell 12a and the first oating gate regi on 1l4a of” the second nenory
coll 12, N 50y 2 9048 sLal e MRy By 2l L npous! e or seauen bal v, 1 god
side portion of the memory cells 12. For example, the word
line (WL) 28 may be capacitively coupled to a first floating

15 gate region 1l4a of the body region 722 of the first memory
cell 12 and capacitively coupled to a second floating gate
region 14b of the body region 722 of the second memory cell
12. Thus, the word line (WL) 28 may be arranged between the
first memory cell 12 and the second memory cell 12.

20 The drain region 724 of the memory cell 12 may be coupled
to a corresponding bit line (CN) 30. In a particular
embodiment, the drain region 724 of the memory cell 12 may be
formed of a semiconductor material (e.g., silicon) comprising
donor impurities. For example, the drain region 724 may be

25 formed of a silicon material doped with phosphorous or arsenic

impurities. In a particular embodiment, the drain region 724
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20r egi on 14b. In a particul ar enbodi nent, one or nore respective bit
line (CN) 30 may be coupled to one or nore data sense anplifiers of the
data witwoant/wewnse circuitry 36. For exanple, one or mRoTASc@nosb1 signal s
may be applied to one or 25 nore selected nenory cells 12 via a sel ected
word line (W) 28, a selected bit Iine (CN) 30, and/or a sel ected source
line WRR0IL/ 170w09PCT/ BS2012/408SHEEN) L 32oed ot Agerposehbiralisard/ or a
current may be generated by the first floating gate region 14a and/or the
second £1oatinghgat egr egicomchdh roft itdhe @heapprooieasel ected nemmny/ @el |s 12
and outputted to the data wite and sense 5 circuitry 36 via a
correspondivg,; it line (CN) 30. Also, a data state may be witten to the
first floating gate region 14a and/or the second floating gate region 14b

of ihe one ofndmge: seh et adwemr voel be 12,04 APRLY! pg.oBe.0n, i sgont ro

signals via one or nore correspondi I nes one 10 nor e

corces it lines ( 30, and/or. one canrespo di sour ce
Ilné (E§§P§%9 %% mem%n¥egi%%t£%l s?éna sgappfllggEE a%a co&f%sp%%&ing wor d

line (W) control the_second floatjn ate re ion.14h of the first
menory ¢eld Ii%gejgrfﬂa‘f%lﬂrstbﬂl BQPFﬁﬁrgﬁF%ogég%ﬁ 11‘1 SofPithells $ind
menory cell 12b in order to wite a desired data state to the nenory cel

12. One’brmapr eecdmimsid stgnal ®oapphided WAt tirel cbf respondicrgPseedAdwor d
line (W2) 28 may control the second floating gate region 14b of the second
menory el la 12letand theefriipdt Bhdat 8ngs ght eom egihoredidal of t hdrt hiotdhenenory

embodiments, the bit line (CN) 30 may be formed of an N+ doped
10 silicon layer. For example, the bit 1line ({CN} 30 may be
coupled to a plurality of memory cells 12. The bit line (CN)
30 may be configured above the drain region 724.
The kit line {CN} 20 may be connected to a plurality of
memory cells 12 (e.g., a column of memory cells 12) wvia a
15 plurality of bit line contacts 726. For example, each bit
line contact 726 may correspond to a memory cell 12 along a
column direction of the memory cell array 20. FEach bit line
contact 726 may be formed of a metal layer or a polysilicon
layer in order to couple a voltage potential from the bit line
20 (CN) 30 to the drain region 724 of the memory cell 12. For
example, the bit line contact 726 may be formed of tungsten,
titanium, titanium nitride, polysilicon or a combination
thereof. The bit line contact 726 may have a height extending
from the bit line (CN) 30 to the drain region 724 of the
25 memory cell 12.

In a particular embodiment, the P- substrate 130 may be
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20 cell 12c in order to wite a desired data state to the nenory cells 12.
In the event that a data state is read fromand/or witten to the nenory
cell 12 wva2ote#7biop |ine (CN) 30, the bit Iine (CN) 30 may/useoicowsbed to
the data sense anplifier of the data wite and sense circuitry 36 while the
source line 25(EN) 32 may be separately controlled via a voltage/current
sour ce nfadg. ofa yobeagebodpcent driver)abf (Ehg.datal Widee) amdnpWdsing

2012/ 170409PCT/ US2012/ 040891 sense circuitry 36.1n a particul ar enbodi nent,
t he datacssnser anpputietcef drie tdaya frint eaandhssenseé aihrecuhémyr 36 cand t he
vol tage/ current source of the data wite and sense circuitry 36 may be

conf i gui.eeh P EPPoshiecshdes <0f thke premimseald B0 a¥a@Obe made Beferring
to Figure 9, there is shown voltage potential |evels of various nethods for

per f or m ng: I p t an r pe LAN celd, 12 as
shown irgn&%%ur\r@lsé%lg ?r%lacaécrg%rldagggpvrmgt% %ngn %%ggi rrgn @%)?g?ﬁéeypr esﬂennt%l

di s¢l osure.. 10 The it.e operation may include a i-te logic low, (e.q.,

bi na%lry pabr'tlacaolaarst S%fdé%rggfi otnheangaa %nlf ter %egi \(@%ﬁi gIﬁa%etbge. ,m%ciiénaro% "1

data state) operation., Ig gﬁgarti,cul ar. enbodi nent, the various nethods of
I

per f or i g™ & wr F BT bgic 8. gIPBildaSy? "oV dit a? sEatEF opeFaPion tnmay

conprise an erase forward . . .
approximately 10 atoms/cm’. In alternative embodiments, a
plurality of P- substrates 130 may form the base of the memory
cell array 20 or a single P- substrate 130 may form the base

10 of the memory cell array 20. Also, the P- substrate 130 may
be made in the form of a P-well substrate.
Referring to Figure 8, there is shown a schematic diagram
of at least a portion of the memory cell array 20 having a
plurality of memory cells 12 in accordance with an alternate
15 embodiment of the present disclosure. The memory cells 12 may
be coupled to a corresponding word line (WL) 283, a
corresponding bit line (CN) 30, and/or a corresponding source
line (EN) 32. The word 1line (WL) 28 may be capacitively
coupled to a plurality of memory cells 12 via the tunneling
20 insulating layer 202. In a particular embodiment, the word
line (WL1l) 28 may be capacitively coupled to the second
floating gate region 14b of the first memory cell 12a. Also,
the word line (WL1) may be capacitively coupled to the first
floating gate region 1l4a of the second memory cell 12b.

25 Data may be written to or read from a selected memory

cell 12 Dby applying suitable control signals to a selected
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15 node tunneling wite operation and/or an erase hot-hole wite operation.
I n anot her enbodi nent, the various nethods of performng a wite | ogic high
(e.g., biwearyi2iitsodat a state) operation nay conprise a pcogsanfemssar d node
tunneling wite operation and/or a program hot-electron wite operation.

20 The erase forward node tunneling wite operation may performa wite

| ogi ¢ lvowrdq elgne biary 20" datselstete) opérationa byCNepBéti mndhar ge
carriers (e.g., electrons) stored in the nenory cell 12. During the erase

f or war Gsgiogecddinpelirng Wt i he ofEN)at izen, theP- esubstirat ea 130ty sheteoupl ed
25to0 an electrical ground (e.g., OV). The plurality of bit lines (CN 30 may

be decoupled fromayvel tage potenti alisourceg”Wata state) and/or a
2012/ 170409PCT/ US2012/ 040891 and/or current source and may be el ectri cal

open orlcggllecctﬂgg! Ly f oatk%]ﬂgafby negatiye voltage pohgglt %=1 ‘??%apgnam%l i ed

to the source region 720. The negative vol tage potent!l app fo the

source r.egion_720 forward _bias 5 the.junction_between the _source region
720%and (he TPrEibst Lot 6 B00TR & BLHT ol er Ehbodt Remrc RHe Reghing
vol tage potential applied to the source region 72

PR5 { erbPorvidid 47

. be - 1.0V.
Si nul t &fEdust 59t of *&f t erf ta?si%‘ba?%eofu%&g%ﬁe%t fesh tvé Sour ce
region 720 and the P- substrate 130, a 10 negative voltage potential may be
appl i ed"a¥d Phe spyr&lrinep vst vword tigiest e WEp o2 & it iguothaherayybeells
capacitively coupled to the floating gate regions 14a and 14b of the body
regi on 722). The aegadiwvecwidt agelpatientrital appl | edmeo ddoea plafradia t p rof
word lines (W) 28 may tunnel electrons that nay have
different data state may be simultaneously written to the
10 second floating gate region 14b of the first memory cell 12b
and the first floating gate region 14b of the second memory
cell 12b. The same data state or different data state may be
sequentially written to contiguous memory cells 12, In a
particular embodiment, the same data state or different data
15 state may be sequentially written to the second floating gate
region 14b of the first memory cell 12a and the first floating
gate region l4a of the second memory cell 12b. Also, a data
state may be simultaneously or sequentially read from the
first floating gate region 14a and the second floating gate
20 region 14b.

In a particular embodiment, one or more respective bit
line (CN) 30 may be coupled to one or more data sense
amplifiers of the data write and sense circuitry 36. For
example, one or more control signals may be applied to one or

25 more selected memory cells 12 wvia a selected word line (WL)

28, a selected bit line (CN) 30, and/or a selected source line
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15 accunul ated/ stored the charge trapping region 202(d) via the forward
bi ased junction between the source region 720 and the P- substrate 130. By
driving owO20teé17@doect rons that may have accunul at ed/ st oPed/usro2logosehar ge
trapping region 202(d) , alogic low (e.g., binary "0" data state) may be
witten to the 20 nenory cell 12. The erase hot-hole wite operation
may per fB¥)m a33w it e A ogicllame (@a.enthianar ypritd)'omdataa stuatr@ntopereat | de by
accurul ate/store mnority charge carriers (e.g., holes) in order to
conpensgire=fared heynejlos i tty rehar ffeocarid epstee. gegi @b eldectzons)rt hake may
have accunul ated/stored in the menory cell 12. During the erase hot-hole
oper at iQhodderPoasubst Iate 130y1 WD 2Q32/5k7 0409PETEUSA0125 040821 cand ot he
source region 720 may be coupled to an electrical ground (e.g., OV). Thus,
the ju i b n e _P-su 3 n h rce:regi 7
renainqﬁﬁhgg@eﬁggggbiggeéngf ggg ?%E?%raﬁfdgg%agéd egg}?gaﬁ%gé égpg%grse
bias 5 voltage and_bel.ow a forward bias threshold v ge potential). A
Pt VRO T a0 ROt SHeI &1 ah  BECaRpITad Lot By S F eghon 3301 & the
bit line (CN) 30. In a particular enbodi ment, the positive voltage.
pot ent {4t AppFRed 6% He® dPatntRBgitdh 722 hay She B VEL1A s82t8 ﬁ%@éﬂ“ve
voltage 10 potential may be applied to the plurality of word lines (W) 28
(e.g., tmtaadéorapaei tsiopsng ¢ ddng o9t ke BeayORegi‘dn TR2ERE achRe OT
tunneling insulating layer 202). In a particul ar enbodi nent, the negative
vol t agenqot esetlattappherdryoctheésplldr &y taprofy wor dohé nes (WEE 28n(teog. ,
that nmay be 15 capacitively coupled to the body region 722 via the
t unnel igiggridisall @t 4 ngnéayer md02) cmyrdapontidV.word lirdde pwsht e weldt age
potential applied to the drain region 724 and the negative voltage
potentigl aAppLki ed he el abity1ehewor@dn)i nes, (Mhh /28 Mk chealpra
band-to-band 20 tunneling (gate-induced drain | eakage "G DL") effect
bet wee | h regqgi 4 th dy-regi o 2. to t
band-t(r)b- %ﬁe t%{n&r}erﬁeng&(ﬁﬁg%%e- ?ggﬁcegEg?ai %El'eake;%rgg"(ﬁlgi%o%freagtn,trr%lnori ty
charge carriers (e.g.,, holes) may be injected into the c trappin
Sz]cﬁit%J)S b)?gppigeﬁieg‘éjt% Vé V%%/{%%%poﬁglng word flne h(%'ﬁ‘? ﬁg I%ayg

regi on
control the second floating gate region 14b of the first
memory cell 12a and the first floating gate region 14a of the
15 second memory cell 12b in order to write a desired data state
to the memory cell 12. One or more control signals applied
via the corresponding second word line (WL2) 28 may control
the second floating gate region 14b of the second memory cell
12b and the first floating gate region 14a of the third memory
20 cell 12c in order to write a desired data state to the memory
cells 12. In the event that a data state is read from and/or
written to the memory cell 12 wvia the bit line (CN) 30, the
bit line (CN) 30 may be coupled to the data sense amplifier of
the data write and sense circuitry 36 while the source line
25 (EN) 32 may be separately controlled wvia a voltage/current

source (e.g., a voltage/current driver) of the data write and
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25 potential applied to the plurality of word lines (W) 28. A
predeterm ned amount of mnority charge carriers (e.g., holes) WO

2012/ 170M90RCID/106@912/ 040891 nay be accunul at ed/ st or ed iPaTIUSROICINAISgE
trappi ng region 202(d) of the nenory cell 12. The predeterm ned anount of
mnority charge carriers (e.g., holes) that nmay be accunul ated/stored in

t he chages4 r appicng tregi o0 202(d) amypcutinunizer eheodamant, 5 ©Wie majadei ty
charge carriers (e.g., electrons) that may be accunul ated/stored in the
char ge darappi agpt egion 202(he .ddie predet ennll neerarunt rofii it NoBbt ynchar ge
carriers (e.g., holes) accunulated/stored in the charge trapping region

202(d) afe t heo MBI Yo€LHdnid2 SBYrE€Pr&senththabadal 0gire tbOWane. g.cericnary
10 "0" data state) may be stored in the nenory cell 12. The program

forwar d. node; it Lt £, 0PELALLAN AR i awei be Legi ¢ H.gh
(e.g.,qﬁinarfgggp§%at%¥2%%t§ op ?a%?o% bépgﬁ%eg%rﬁgdggj%ri%ygc gr&ey
carriers(e. g.,. el rons) into the nenory cell 12.During the program 15
foréar %g%giﬁr%%gﬁ?hg wite operation, the P- substrate 130 nay be

selected electrical , , .
Referring to Figure 9, there 1is shown voltage potential

levels of various methods for performing a write operation and
a read operation on a memory cell 12 as shown in Figures 6-8
in accordance with an embodiment of the present disclosure.

10 The write operation may include a write logic low (e.g.,
binary “0” data state) operation and a write logic high (e.g.,
binary “1” data state) operation. In a particular embodiment,
the wvarious methods of performing a write logic low (e.g.,
binary “0” data state) operation may comprise an erase forward

15 node tunneling write operation and/or an erase hot-hole write
operation. In another embodiment, the various methods of
performing a write logic high (e.g., binary “1” data state)
operation may comprise a program forward node tunneling write
operation and/or a program hot-electron write operation.

20 The erase forward node tunneling write operation may
perform a write logic 1low (e.g., Dbinary “0” data state)
operation by depleting charge carriers (e.g., electrons)
stored in the memory cell 12. During the erase forward node
tunneling write operation, the P- substrate 130 may be coupled

25 to an electrical ground (e.g., 0V). The plurality of bit

lines (CN) 30 may be decoupled from a voltage potential source
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el ectrical ground (e.g., OV), the source region (Src<l>) 720 may be coupl ed
to an ground (e.g., OV), and the selected drain region (CNl) 724 may be
coupl ed twoani2el7embri cal ground (e.g., OV). 20 The unselPE€TIUSAVI2OWSEE I egi on
(Src<n>) 720 of the nmenory cell 12 may be decoupl ed froma voltage
potential source/current source and may be electrically floating (e.g.,
open) . APosi ti vervehtages pot@nt i ahdmaynshe appl i ed acd rtilve lsel ept¢ed wor d
line (WO 28 (e.g., that nay be capacitively coupled the body 25 region
722 of dhectmeimaylcelflod2iviga t he tnayliveg vosubati py deayeral20R)y | bea
particul ar enbodi nent, the positive voltage WO

2012/ 170400RCT 152012040891 cpot eBbiah apphied tnd hrcselateed ol ne
(WO 28 nay be 16.0V. The positive voltage potential applied to the

sel ect gghword; 11 ng (WO, 28 may.tuph.the MBIDLY HHANSISE Ok £8a0d. pias

5 the Jjunction between the source region 720 and the P-
substrate 130. In a particular embodiment, the negative
voltage potential applied to the source region 720 may be -
1.0V. Simultaneously to or after forward biasing the junction
between the source region 720 and the P- substrate 130, a

10 negative voltage potential may be applied to the plurality of
word lines (WL) 28 (e.g., that may be capacitively coupled to
the floating gate regions 14a and 14b of the body region 722).
The negative voltage potential applied to the plurality of
word lines (WL) 28 may tunnel electrons that may have

15 accumulated/stored the charge trapping region 202(d) wvia the
forward biased junction between the source region 720 and the
P- substrate 130. By driving out the electrons that may have
accumulated/stored in the charge trapping region 202(d) , a
logic low (e.g., binary “0” data state) may be written to the

20 memory cell 12.

The erase hot-hole write operation may perform a write
logic low (e.qg., binary Y07 data state) operation by
accumulate/store minority charge carriers (e.g., holes) in
order to compensate for the majority charge carriers (e.g.,

25 electrons) that may have accumulated/stored in the memory cell

12. During the erase hot-hole operation, the P- substrate 130
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5 conprising the source region 720, the body region 722, and/or the drain
region 724) to an "ON' state. The positive voltage potential applied to the
sel ect ed wonrdi2i70®9( W.O) 28 may cause a predeterm ned amomS2@b/onspority
charge carriers (e.g., electrons) to be injected into the body region 722
of the 10 nenory cell 12 when the nenory transistor (e.g., conprising the
sour ce arEedi 6he720utte bedy onegioh 722, bad/orunlel dtai ren egilentz24pli s
turned to an "ON' state. The predeterm ned anmount of majority charge

carri ergrqend. , (€lect rommg) . my beutunnehed jnhotand/ obeacewnul ahed/ $t-or ed
in the charge trapping 15 region 202(d) to represent that a | ogic high

(e.g., DigAyatd"1datan st ehe) sbsretoredibn the mEYOL¥mEEh! 112 reversedFor an
unsel ect ed menory cell 12, the voltage potential applied to the plurality

of word,] EYL), 281 f{/anygY&P&!p‘,b%%ste‘& ap. &l ect %ES@% 9f OHDG: (€ T4 (V) - A

p05|t|ve VO tage 20 potent| be applied to rain region 724 via

t he b|t |ne I n_a_par ular e od| , 05|t|ve voltage
potentlé? al % %%e %rggﬁw?géi%ﬁa via ng ﬁﬁgg %ctg Bt ﬁe ( CNn)

30 may be 3.0V. The ngnnry transi stor gmag. conprising the ource r.egi on
720, tH*e BOdy 25 S egPona922, Pahd? btt h alR rggp&he?lzﬁona@l Ydried to
an "OFF" state. No mpjority charge carriers or a small anount of WO
2012/ 17101HJWCT/7@§201’2J804G®91 Rajcor Ligechar§e cdfriersiedy. paditéctirlons) nay
be injected into the body region 722 of the menory cell 12. Thus, the
pr ogr amnfloravareh thode teunpels iwiiviee spektageoncoeynnod 1 beapelr fort meh ornhehe
unsel ected nenory cell 12. 5The program hot-electron wite operation may
per f or mmsa W i rediegi c 7hughmée. doe H.mary "1Aldafa st atejatoper aticQn by
accunul ating/ storingmgjoritychargecarriers(e.g., electrons) in the menory
cehb 1, gt hgapredr apdoted to the plurality of word lines (WL)
28 (e.g., that are capacitively coupled to the body region 722
via the tunneling insulating layer 202). In a particular
embodiment, the negative voltage potential applied to the
plurality of word lines (WL) 28 (e.g., that may be
15 capacitively coupled to the body region 722 wvia the tunneling
insulating layer 202) may be -11.0V.

The positive voltage potential applied to the drain
region 724 and the negative voltage potential applied to the
plurality of word 1lines (WL) 28 may create a band-to-band

20 tunneling (gate-induced drain leakage ™“GIDL”) effect between
the drain region 724 and the body region 722. Due to the
band-to-band tunneling (gate-induced drain leakage “GIDL")
effect, minority charge carriers (e.g., holes) may be injected
into the charge trapping region 202 (d) by the negative voltage

25 potential applied to the plurality of word lines (WL) 28. A

predetermined amount of minority charge carriers (e.g., holes)
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el ectron wite operation, the P- substrate 130 nay be coupled 10 to an
electrical ground (e.g., OV) and the selected source region (Src<l>) 720
may be cowpl2ett/t7et0an el ectrical ground (e.g., OV). The jponaiScan/oespineen t he
P- substrate 130 and the source region 720 may be reversed biased or weakly
forward biased (e.g., above a reverse bias voltage and below a forward 15
bi as t hrashot davoltabet pof enviadl) in Atheschiveevbireagenpotregtical 2hey e
applied to the drain region 724 via the bit line (CN1) 30. In a particular
enbodi nent the heeposiyt iced lval 2 age Thet entddd tcapplriced dmotdhe dfaiminceditgn 724
via the bit line (CN1) 30 may be 5.0V. 20A positive voltage potential may

be appldiegdr-4o therfbrst maord | imelddY <Onht28dhabe My Rewaapac fsiivelan
coupled to the first floatlng gate regi on 14a of the body region 722. A

negat | vy vohiage, patentiabiiey he applied )0 ahe sepaptoner okl D<)

28 that may be cap CItIV to t oating gate region
14b of t e bo% é/g z22 (‘:I'he :EOSI ti e vol tag goten(t?5 %@ Qppl i ed L0 t he
dral n regl on 73 ndfor fRe CWO 2012/ 1'/904909PC? 0820127 3" wo dYI e
(W.<C>) 28 cr a band-to-band tunpelin gate-ind rain | eakage
VG DL G PR e et Aheltr Bk TagF o ?Eﬂpﬁgﬂgtﬁ%%%y%gdﬁgn 7250
predeterm ned ampunt of mejority charge carrier (e.g., electrons) nay be

t unnel &r s IIB theaBPal geOf r ppiaig Wedtor PO2¢AYr19he F6sPti vélO\l@ISt age
potential applied to the first word line (W<0O>) 28 (e.g., that nay be
capaci tdamimyu lcougl etk d1ed hien f it chhoaei hgagategr egigdmnlaamﬁ)t e by
region 722) may cause an accumnul ati on/storage of nmajority charge

carri ermsdrgs gy , cé0lellectmaonsyephetbatcharge 4rappiing regi 08.202( tynefrit he
first floating gate region 14a. The negative voltage potential applied to

thepsecand yword d4ine (Wl de 28 dmyg repelndraiaid ty &dwar ge carriers (e.g.,
el ectrons) injected into the second

The program forward node tunneling write operation may
perform a write logic high (e.g., binary Y“1” data state)
operation by injecting majority charge carriers (e.qg.,
electrons) into the memory cell 12. During the program
15 forward node tunneling write operation, the P- substrate 130
may be coupled to an electrical ground (e.g., 0V), the
selected source region (Src<l>) 720 may be coupled to an
electrical ground (e.g., 0V), and the selected drain region
(CN1) 724 may be coupled to an electrical ground (e.g., 0V).
20 The unselected source region (Src<n>) 720 of the memory cell
12 may be decoupled from a voltage potential source/current
source and may be electrically floating (e.g., open). A
positive voltage potential may be applied to the selected word
line (WLO) 28 (e.g., that may be capacitively coupled the body

25 region 722 of the memory cell 12 via the tunneling insulating

layer 202). In a particular embodiment, the positive voltage
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floating gate region 14b of the body region 722. The 15 predeterm ned anount
of majority charge carriers(e.g., electrons) stored in the first floating
gat e regiwo 200a70f09t he body regi on 722 may represent thaCcTaskagiogoshi gh
(e.g., binary "1" data state) is stored in the nenory cell 12. A read
operation may be perforned to read a data state 20 (e.g., a logic | ow
(e.g., witrraryiad D" adat acdt dtce)tlandbodcatbdgiveo il ghife. gWLODI ridt ymag" beat a
state)) stored in the nmenory cell 12. During a read operation, the P-
substrat®. B0 nay be coupled to an electrical ground (e.g., OV) and the

sel ected source region (Src<1>) 720 may be coupled to an electrical 25

ground (e.g.thdVpoAiRpesikt ivel vald agetpatenti alpdByede tappthed ska dhedr ai n
region 724 of the nenory cell 12 via the WD 2012/ 170409PCT/ US2012/ 040891

bit Ii .30, | artgc di t, osi. tjve a tenti al
appli e%%ﬂ\l)hlé% r airew%rOZgi %%1 %%r rrgtglt}%e iﬂ%gv m‘%ﬂgﬁ% tst;%/a{ens\?lo%/t?!artgeg(%dlt%gﬁti al
may _be applied to the first word.lin W.0<O>), 28 that .y capaci tively
couBl ed T Te 1S r SeE S PR Ekel R gate oy oA e {Ra Boty 2 eqron 752 vi &
the tunneling jnsulating_layer 202. A negative voltage potential may be
appl i edt0 the'SetodRd*hord*i he @L< 28-1Hat mayebECEapadtt Wl Eoupl ed
to the second floating gate region 14b of the body region 722 via the
tunneHHﬁf@Rﬁﬁﬂ%ﬂ@P@ﬂi%§e¢o20@@ selected word line (WLO) 28 may cause

a predetermined amount of majority charge carriers (e.g.,
electrons) to be injected into the body region 722 of the

10 memory cell 12 when the memory transistor (e.g., comprising
the source region 720, the body region 722, and/or the drain
region 724) 1is turned to an “ON” state. The predetermined
amount of majority charge carriers (e.g., electrons) may be
tunneled into and/or accumulated/stored in the charge trapping

15 region 202 (d) to represent that a logic high (e.g., binary “1”
data state) is stored in the memory cell 12.

For an unselected memory cell 12, the voltage potential
applied to the plurality of word lines (WL) 28 may be coupled
to an electrical ground (e.g., 0V). A positive voltage

20 potential may be applied to the drain region 724 via the bit
line (CNn) 30. In a particular embodiment, the positive
voltage potential applied to the drain region 724 wvia the
unselected bit 1line (CNn) 30 may be 3.0V. The memory
transistor (e.g., comprising the source region 720, the body

25 region 722, and/or the drain region 724) may be turned to an

“OFF” state. No majority charge carriers or a small amount of
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10 In a particular enbodi nent, the positive voltage potential applied to
the first word line (W.<O>) 28 that may be capacitively coupled to the
first flosDizop/gedoe regi on 14a may be 3.0V. |In anot her ecibaseomeou(sot he
negati ve voltage potential applied to the second word line (W<1>) 28 that
may 15 be capacitively coupled to the second floating gate region 14b may
be -3.0MijdUnder sbelrdei asingiehe nehoyy, t edrsitstoos(e. gay compringiengeche
source region 720, the body region 722, and/or the drain region 724 may be
turned troc@ntheNbostvat eeylant he22mf i ts¢ hlcoatriyngegat e 1begi onhdda amd/ or
the drain region 724. The nenory transistor (e.g., conprising the source

regi on p?@c%rénhe Dodya F @i 0Pad 22y uangl or ytheedr aparpegban £24) mRYy bect urned
to an "OFF" state via the second floating gate region 14b and the drain

region J@rﬁ%ﬂﬁe%rﬁ”ﬂﬁé’ sharge-caf rﬂ&ﬁéﬁ%%d&ﬂ-lz el ectrons) may flow from

the first oating gate region 14a to t rain region 724 when the nenory

trag3|stor (fhé} brogram hot-electron write operation may perform a

write logic high (e.g., binary “1” data state) operation by
accumulating/storing majority charge carriers (e.qg.,
electrons) in the memory cell 12. During the program hot-
electron write operation, the P- substrate 130 may be coupled

10 to an electrical ground (e.g., 0V) and the selected source
region (Src<l>) 720 may be coupled to an electrical ground
(e.g., 0V). The junction between the P- substrate 130 and the
source region 720 may be reversed biased or weakly forward
biased (e.g., above a reverse bias voltage and below a forward

15 bias threshold wvoltage potential). A positive voltage
potential may be applied to the drain region 724 wvia the bit
line (CN1) 30. In a particular embodiment, the positive
voltage potential applied to the drain region 724 wvia the bit
line (CN1) 30 may be 5.0V.

20 A positive voltage potential may be applied to the first
word line (WL<0>) 28 that may be capacitively coupled to the
first floating gate region 14a of the body region 722. A
negative voltage potential may be applied to the second word
line (WL<1>) 28 that may be capacitively coupled to the second

25 floating gate region 14b of the body region 722. The positive

voltage potentials applied to the drain region 724 and/or the
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WO 2012/ 170409PCT/ US2012/ 040891 conprising the source region 720, the body
region 722, and/or the drain region 724) is turned to an "ON' state. In a
parti cul avoentadi4eent, when a logic low (e.g., binary "@CTABL@20¥@PE) i S
stored in the menory cell 12, a predeterm ned anmount 5 of voltage potenti al
and/or current may be detected at the drain region 724. In another

enbodi mertd vhere a (MagiO&)hi gh (Bay. ,cheamaey & 1'vadat-da sttatre) itsinsiedried i n
the nenory cell 12, no voltage potential and/or current nmay be detected at
t he draidntregiroiud2d. d10Ah tlhiakaeei NtGIbLshoulfdebe notwddrhathpr aviadinng a
sem conductor nenory device in accordance with the present disclosure as

descri bed; ahove, mynd ViR VBoliPerpg068ssbng oh bRpuktdakdanand shengener ation
of output data to some extent. This input data processing and out put data

gener at pf\, .y, be,d5, ol reaf ed. i g, hat dvar eonry spliwace  Fqt gxanplie

speci fic el’'ectroni c conmponents may be enployed in a sem conductor nenory
device gr simlar or related circuitr r., i nmpl eﬂjganti ng. .t he functi_ons
assgci aq%ed Wi th P 0\1/:ir6'1ipﬁgmaOI séﬁlgcl:(%ldu%:lgégd?rénory aeevipcoé%litnlvaeccgro(}é—’r?gee W th
t he present disclosure as descri bed. 20 above. Alternatively, one or nore

pr oces St 'CHpet-at PREI-R%ccor daficet Wi h PRSEr uctFond ey i npf &ndfit Stne

functions associated with providing a sem conductor nenDrY device in

accor dafee: wnel tife presehtlds syl 6ouPdcds desEénEbdd Hfovel 03 F18UCKHEES t he
case, it is within the scope of the present 25 disclosure that such

i nst ructéepins mayl dse sbdér edtiod oreody noegimon-t 78631 t onyy pr oessor readabl e
storage nedia (e.g., a WO 2012/170409PCT/ US2012/ 040891 nmagnetic di sk or

ot her si@nagel aedhtoigd rapsm trhefbt 0 pne cob rier e PAOcesSsors (¢.a.gne or
nore signals enbodied in one or nore carrier waves.

10 electrons) in the charge trapping region 202(d) of the first
floating gate region 1l4a. The negative voltage potential
applied to the second word line (WL<1>) 28 may repel majority
charge carriers (e.g., electrons) injected into the second
floating gate region 14b of the body region 722. The

15 predetermined amount of majority charge carriers (e.qg.,
electrons) stored in the first floating gate region 14a of the
body region 722 may represent that a logic high (e.g., binary

“17” data state) is stored in the memory cell 12.

A read operation may be performed to read a data state

20 (e.g., a logic low (e.g., binary “0” data state) and/or a
logic high (e.g., binary “1” data state)) stored in the memory
cell 12. During a read operation, the P- substrate 130 may be

coupled to an electrical ground (e.g., 0V) and the selected
source region (Src<l>) 720 may be coupled to an electrical
25 ground (e.g., 0V). A positive voltage potential may be

applied to the drain region 724 of the memory cell 12 wvia the
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The present disclosure is not to be [imted in scope by 5 the specific
enbodi nents descri bed herein. Indeed, other various enbodi nents of and
nodi fi catwonsi12igo4ohe present di sclosure, in addition toPChaserdsssri bed
herein, will be apparent to those of ordinary skill in the art fromthe
foregoi ng description and acconpanyi ng draw ngs. Thus, such 10 ot her
enbodi nent sland nwd)f i &t i onNs az epemtendédrt critaddiniitthi nthae posopge vef t he
present disclosure. Further, although the present disclosure has been
descri bedl tereipotdnt el comp exéd of o athéeastinnecpavhi cakamaiynpkenentat i on
in at |east one particular environment for at |east one particular 15

purposey phosei e PpdLAgeYpskihkibn the a/d Mwdlidecogntge thatti 4%rd
usefulness is not limted thereto and that the present disclosure nay be

benef i ci gld v il @OENS @0 i 1 apy, nyEber ot ; enyii onEBNES ot Lany,nyiher of
purposegﬁ Acgordiﬁgfy, t%e EIa?%E set For%h bngMISH%UFQ bg coﬁstrue in 20
view of _.the full breadth and spirit of the present disclo e .as descri bed
her &1 n. T2 V> 301 270405 PET/ Us20 12/ (%0891 CLAPKE | 150 ACSem £ondiict or Memor y
devi ce conprij si ng; .a plurality of nmenory cells arranged in an array
of rows" %kHQMﬁ%§u%%Ehn%eﬁﬁyﬁrc§%@'COﬂ%r?%gﬁb?v%avP#Fgﬂgréﬁﬁ@ﬁt& pl ed
to a source line; a second region coupled to a bit |line; and

may be applied to the second word line (WL<1>) 28 that may be

capacitively coupled to the second floating gate region 14b of
the body region 722 wvia the tunneling insulating layer 202.

10 In a particular embodiment, the positive voltage potential
applied to the first word 1line (WL<0>) 28 that may be
capacitively coupled to the first floating gate region l4a may
be 3.0V. In another embodiment, the negative voltage
potential applied to the second word line (WL<1>) 28 that may

15 be capacitively coupled to the second floating gate region 14b
may be -3.0V.

Under such biasing, the memory transistor (e.qg.,
comprising the source region 720, the body region 722, and/or
the drain region 724 may be turned to an “ON” state via the

20 first floating gate region 14a and/or the drain region 724.
The memory transistor (e.g., comprising the source region 720,
the Dbody region 722, and/or the drain region 724) may be
turned to an “OFF” state via the second floating gate region
14b and the drain region 724. The majority charge carriers

25 (e.g., electrons) may flow from the first floating gate region

1l4a to the drain region 724 when the memory transistor (e.g.,
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a body region capacitively coupled to at |east one word line via a
tunneling insulating |ayer and di sposed between the first region and the
second r ey0an12/1r04092. The sem conductor nenory devi ce a®co$2g/os@oc! ai m 1
wherein the first region and the second region are doped with donor
inmpurities. 15 3. The sem conductor nenory device according to claim1,

wher ei rcaner oidyg relge oaoiiscdoped inint Y 2dccefdtorbeodpuregies. 722, 4ndfle

sem conductor nenory device according to claim1, wherein the tunneling

i nsul atilng lbayen coapioses/a)pl usal tiyn@d afo | asul &adNNg saratdi.el eclin i &

| ayers. 5. The sem conductor nenory device according to claim4, wherein

the pl ywahitonofr i dssd @thdge orwih €l gclebec! ayRr secanpr bsaaat, heastyene of a
thermal oxide layer, a nitride 25 | ayer, an oxide l[ayer, a charge trapping

i So e Ayl oty il e Sl

plugal ity of \Lnsul ating, or, o gleotii c | VSIS S.50MRLT 82 (Qh YA 1S che

drain region 724. In another embodiment, when a logic high
(e.g., binary “1” data state) is stored in the memory cell 12,
no voltage potential and/or current may be detected at the
drain region 724.

10 At this point it should be noted that providing a
semiconductor memory device 1in accordance with the present
disclosure as described above may involve the processing of
input data and the generation of output data to some extent.
This input data processing and output data generation may be

15 implemented in hardware or software. For example, specific
electronic components may be employed in a semiconductor
memory device or similar or related circuitry for implementing
the functions associated with providing a semiconductor memory
device in accordance with the present disclosure as described

20 above. Alternatively, one or more processors operating in
accordance with instructions may implement the functions
associated with providing a semiconductor memory device in
accordance with the present disclosure as described above. If
such is the case, it 1is within the scope of the present

25 disclosure that such instructions may be stored on one or more

non-transitory processor readable storage media (e.g., a

44



7. The sem conductor nenory device according to claim1, wherein the at

| east one word |ine conprises a plurality of |ayers. 8. The

sem conduwwoanizmeowpy devi ce according to claim7, whereipoTtuseolplowrsal ity of
| ayers of the word |ine conprise a first silicon |ayer having a thickness
of approximately one tenth of a thickness of a second netal |ayer. 9.
The semapruct odiskenory odéeirc e taceoredinmgl twn)cl abm Lyanbei eftadt he fonest
region, the second region, and the body region are disposed in a sequenti al
cont i guotsméed abironshiprandiexberd oremtdeal 4 ygid in amipbaned defii ned by a P-
substrate. 10. The sem conductor nenory device according to claiml1,

wher ei npdhe body; £egipnconprises a first floating gate region and a second
floating gate region. 25 11. The sem conductor nenory device according to

claim10, Wy 20 Zé&%%oa%lﬁgé%%?/i%%‘l& ppegel qiﬂetef@i]fﬁ E}:Bg&i gate
region is capacitively coupled to a first word l'ine of the at [east one
word line and the .second fl.oating gate regi.on is capacitively, coupled to a
second ek d e or t REVRE TBasE oHa abr Hor nat T 0 i Bl cofietor
menory device according to claiml1l, wherein the at |least one word line is
capaci tY¥et 3P ol Hecdnd® bodg fegigri f1cations to  the present

disclosure, 1in addition to those described herein, will Dbe
apparent to those of ordinary skill in the art from the
foregoing description and accompanying drawings. Thus, such
10 other embodiments and modifications are intended to fall
within the scope of the present disclosure. Further, although
the present disclosure has been described herein in the
context of at least one particular implementation in at least
one particular environment for at least one particular
15 purpose, those of ordinary skill in the art will recognize
that its wusefulness 1is not 1limited thereto and that the
present disclosure may be beneficially implemented in any
number of environments for any number of purposes.
Accordingly, the claims set forth below should be construed in
20 view of the full breadth and spirit of the present disclosure

as described herein.
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10 13. The sem conductor nenory device according to claim 12, wherein the
at least one word line is capacitively coupled to a first floating gate
regi on ofwohel2noopdr egi on and a second fl oating gate regCorused2oms9second
body region. 15 14. The sem conductor nenory device according to claiml,
wherein the first region conprises a continuous planar region. 15. The
sem conduct or nenory device according to claim 14, wherein the first region
further conprises a plurality of 20cpAmMsusi ons formed on the continuous

pl anar region. 16. The sem conductor nenory device according to claiml,
wherei m t he A idsti dQgho COMUNSEs &y etongated £ag i nuous planar region

25 WD 2012/ 170409PCT/ US2012/ 040891 17. The sem conductor nenory device
according 1o, b 8/ 4Py, her fbRoLYe honoaled oot inyos pLanar Jkegipy f or M
a colum or aq¢0m10% the arrayO T f%%n orﬂﬁla5|ng agsgnlcgn uct or
menory de iC rising the ste plying a plurality of
voltage ﬁ%fés% t%?%i[)?ﬁoﬁ¥tégi% Tt rlSle‘%s arranged in an array of
ro and colunns ereln the pIurallt of voltage potentials to

t he>10 pIuralltyé%f %&9% %&ﬁﬁﬁ & sofrce Lines applying a first

vol tage potential to a flrst regi on of each of the plurality of nenory
cells: a second region coupled to a bit line; and

a body region capacitively coupled to at least one
word line via a tunneling insulating layer and disposed

between the first region and the second region.

10
2. The semiconductor memory device according to c¢laim 1,
wherein the first region and the second region are doped with
donor impurities.

15 3. The semiconductor memory device according to c¢laim 1,

wherein the body region is doped with acceptor impurities.

4, The semiconductor memory device according to c¢laim 1,
wherein the tunneling insulating layer comprises a plurality

20 of insulating or dielectric layers.

5. The semiconductor memory device according to c¢laim 4,
wherein the plurality of insulating or dielectric layers
comprise at least one of a thermal oxide layer, a nitride

25 layer, an oxide layer, a charge trapping nitride layer, and a
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appl ying a second voltage potential to a second region of each of the
plurality of nmenory cells; and 15applying a third voltage potential to a
body regiwo 20f2/iBe0h of the plurality of menory cells vi &Catusk@assosone
respective word line of the array that is capacitively coupled to the body
region via a tunneling insulating layer. 20 19. The nethod according to
claim18, further conprising coupling a P- substrate to an el ectrical
ground.blockRihg Tdei dethogemaccording to claim19, wherein the first voltage
potential is applied to the first region to performa 25 wite logic |ow
operation. WD 2012/ 170409PCT/ US2012/ 040891 21. The method according to
claim 20, wherein the third voltage potential applied to the body region is

a negatdve wold age.polentical,  onkhRel MRPIILY Chanae car thers {jpme he 5

body region in order to performthe wite Togic |ow operation.  22. fhe

nethodvﬂﬁgqgglnqj&g claim mh%{eLn secaqond voltag%ﬁggkg@kg%j %ppgled to

1
t he secon rébion an&%ﬂﬁ?%iﬁ%d(%olfﬁﬁ%l5%Jéﬁ¥i§F applied to the o&f
region are to performa wite 10l ogic | ow operation. 23. The nethod
acc rdi?@PQ?ﬁ%ékﬁ L L Qite gt i%ird voltage potential applied to the
body region is a negative voltage potential that tunnels mnority charge
carriers into

7. The semiconductor memory device according to c¢laim 1,
wherein the at least one word line comprises a plurality of
layers.

10
8. The semiconductor memory device according to c¢laim 7,
wherein the plurality of layers of the word line comprise a
first silicon layer having a thickness of approximately one
tenth of a thickness of a second metal layer.

15
9. The semiconductor memory device according to c¢laim 1,
wherein the first region, the second region, and the body
region are disposed in a sequential contiguous relationship
and extend vertically from a plane defined by a P- substrate.

20
10. The semiconductor memory device according to claim 1,
wherein the body region comprises a first floating gate region

and a second floating gate region.

25 11. The semiconductor memory device according to claim 10,
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15 the body region in order to performthe wite logic | ow operation. 24.
The met hod according to claim 19, wherein the second voltage potenti al

appl i ed twothe/wemond regi on and the third 20 voltage pecentsca@ak/oasplied to
the body region are positive voltage potentials in order to performa wite
| ogi ¢ hi gh operation. 25. The nethod according to claim 24, wherein
the positive 25 voltage potentials applied to the second region and the
body Wb 170409PCTE USROAR1 040891cr eguhnncheatepaa ihand-1to0-doand ed
tunneling effect to tunnel majority charge carriers to the body region in

order 1, perfanat heowt i tenkodic thghaeperatdonond Z6rdThe et hed aceor di ng
to claim 19, wherein the second voltage potential applied to the second

regi on e i I p ithal 5 appli 1 b o] reto
perfor n?é;tdov\r;@t egﬁmoagtﬁcn [ tg%%%perggtsiq%%. 1% 2%%5%%%9%%§%d0§%%%r [ ngnCO?o%cI aim

26, V\/nereionmimvj] orrét?/i charLg kg:ara[ti rs are in rt&dl into the body region to

j.ec
perfor M he wite Iogrllec Hi g eopera ion. 98 “fhe met'hod accor di ng to claim
19, wherein the second 15 voltage potential applied to the second region
and°the third vol tage potential applied to the body region are positive

vol t age fotentials in order to performa read operation. 20 .
12. The semiconductor memory device according to c¢laim 1,

wherein the at least one word line is capacitively coupled a

second body region.

10 13. The semiconductor memory device according to claim 12,
wherein the at least one word line is capacitively coupled to
a first floating gate region of the body region and a second

floating gate region of the second body region.

15 14. The semiconductor memory device according to claim 1,

wherein the first region comprises a continuous planar region.

15. The semiconductor memory device according to claim 14,
wherein the first region further comprises a plurality of

20 protrusions formed on the continuous planar region.

16. The semiconductor memory device according to claim 1,
wherein the first region comprises an elongated continuous
planar region.

25
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17. The semiconductor memory device according to claim 15,
wherein the elongated continuous planar region forms a column

or a row of the array.

18. A method for biasing a semiconductor memory device
comprising the steps of:
applying a plurality of voltage potentials to a plurality

of memory cells arranged in an array of rows and columns,
wherein applying the plurality of wvoltage potentials to the
plurality of memory cells comprises:

applying a first voltage potential to a first region
of each of the plurality of memory cells;

applying a second voltage potential to a second
region of each of the plurality of memory cells; and

applying a third voltage potential to a body region
of each of the plurality of memory cells wvia at least one
respective word line of the array that is capacitively coupled

to the body region via a tunneling insulating layer.

19. The method according to c¢laim 18, further comprising

coupling a P- substrate to an electrical ground.

20. The method according to c¢laim 19, wherein the first
voltage potential is applied to the first region to perform a

write logic low operation.
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21. The method according to c¢laim 20, wherein the third
voltage potential applied to the body region 1is a negative
voltage potential to repel majority charge carriers from the

body region in order to perform the write logic low operation.

22. The method according to claim 19, wherein second voltage
potential applied to the second region and the third voltage
potential applied to the body region are to perform a write

logic low operation.

23. The method according to c¢laim 22, wherein the third
voltage potential applied to the body region 1is a negative
voltage potential that tunnels minority charge carriers into
the body region in order to perform the write logic low

operation.

24. The method according to c¢laim 19, wherein the second
voltage potential applied to the second region and the third
voltage potential applied to the body region are positive
voltage potentials in order to perform a write logic high

operation.

25. The method according to c¢laim 24, wherein the positive

voltage potentials applied to the second region and the body
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region creates a Dband-to-band tunneling effect to tunnel
majority charge <carriers to the body region in order to

perform the write logic high operation.

26. The method according to c¢laim 19, wherein the second
voltage potential applied to the second region and the third
voltage potential applied to the body region are to perform a

write logic high operation.

27. The method according to claim 26, wherein majority charge
carriers are injected into the body region to perform the

write logic high operation.

28. The method according to c¢laim 19, wherein the second
voltage potential applied to the second region and the third
voltage potential applied to the body region are positive

voltage potentials in order to perform a read operation.
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