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I nvention 10001 Enbodi nents of the present invention
relate generally to nenory devices and nore
specifically to floating gate nenory devi ces having
reduced interference between adjacent floating gates.
Description of The Related Art 100021 This section is
intended to introduce the reader to various aspects of
art that nay be related to various aspects of the
present invention, which are described and/or clained
bel ow. This discussion is believed to be hel pful
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[0003) Or Ericedsor-bhsedesystmms Bash @s computers, typically include one or more

memory devices to provide storage capability for the system. System memory is generally
provided in the form of one or more integrated circuit chips or devices and generally
includes both random access memory (RAM) and read-only memory (ROM). System
RAM is typically large and volatile and provides the system’s main memory. Static RAM
and Dynamic RAM are commonly employed types of random access memory. In
contrast, system ROM is generally small and includes non-volatile memory for storing
initialization routines and identification information. Electrically-erasable read only
memory (EEPROM) is one commonly employed type of read only memory, wherein an

electrical charge may be used to program and/or erase data in the memory.

[0004] One type of non-volatile memory that is of particular use is a flash memory.
A flash memory is a type of EEPROM that can be erased and reprogrammed in blocks.
Flash memory is often employed in personal computer systems in order to store the Basic
Input Output System (BIOS) program such that it can be easily update. Flash memory is

also employed in wireless electronic devices because it enables the manufacturer to
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field-effect transistors. Each source select gate
cells connected together in series, source to drain, between a pair of select lines, a source
select line and a drain select line. The source select line includes a source select gate at
each intersection between a NAND string and the source select line, and the drain select
line includes a drain select gate at each intersection between a NAND string and the drain
select line. The select gates are typically field-effect transistors. Each source select gate
is connected to a source line, while each drain select gate is connected to a column bit

line.

[0007) The memory array is accessed by a row decoder activating a row of memory

cells by selecting the word-select line connected to a control gate of a memory cell. In



I's connected to a source line, while each drain select
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[0010] Advantages of the invention may become apparent upon reading the following

detailed description and upon reference to the drawings in which:

(0011} FIG. 1 illustrates a block diagram of an exemplary processor-based device
having a memory that includes memory devices fabricated in accordance with

embodiments of the present invention;

[0012] FIG. 2 illustrates a block diagram of an exemplary memory device having a

memory array fabricated in accordance with embodiments of the present invention;

[0013) FIG. 3 is schematic diagram of an exemplary NAND flash memory array

having memory cells fabricated in accordance with embodiments of the present invention;



[00131 FIG 3 is schematic diagramof an exenplary
NAND fl ash nmenory array having nenory cells
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[0014] FIGS. 4 and 5 illustrate cross-sectional views
of conventional floating gate nenory devices; [0015]
FIG 6 is a flowchart illustrating an exenpl ary

technique for fabricating floating gate nmenory
devi ces in accordance with 4en‘oodi ments of the present
i nvent i on [0016] FIGS. 7-11 are cross secti onal
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benefit of thlswﬁg—qﬁm ng now to the
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design project, numerous implementation-specific decisions must be made to achieve the
developers’ specific goals, such as compliance with system-related and business-related
constraints, which may vary from one implementation to another. Moreover, it should be
appreciated that such a development effort might be complex and time consuming, but
would nevertheless be a routine undertaking of design, fabrication, and manufacture for

those of ordinary skill having the benefit of this disclosure.

[0019] Turning now to the drawings, and referring initially to Fig. 1, a block diagram
depicting an exemplary proéessor-based system, generally designated by reference
numeral 10, is illustrated. The system 10 may be any of a variety of types such as a
computer, pager, cellular phone, personal organizer, control circuit, etc. In a typical

processor-based device, a processor 12, such as a microprocessor, controls the processing



processor - based device, a processor 12, such as a

m cr oprocessor, controls the processi ng WO 2007/ 149515
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in the system 10. Further, the processor 12 nay

conprise a plurality of processors that share system

control. [00201 The system 10 typically includes a

power supply 14. For instance, if the system10 is a

portabl e system the power supply 14 may

advant ageously include permanent batteries,

repl aceabl e batteries, and/or rechargeabl e batteries.
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port 22 may also be coupled to the processor 12. The communications port 22 may be

adapted to be coupled to one or more peripheral devices 24 such as a modem, a printer, a
computer, or to a network, such as a local area network, remote area network, intranet, or

the Internet, for instance.

[0023] Because the processor 12 controls the functioning of the system 10 by
implementing software programs, memory is used to enable the processor 12 to be
efficient. Generally, the memory is coupled to the processor 12 to store and facilitate
execution of various programs. For instance, the processor 12 may be coupled to system
memory 26, which may include volatile memory, such as Dynamic Random Access

Memory (DRAM) and/or Static Random Access Memory (SRAM). The system memory
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non-vol atile menory 28, such as read-only nenory

(ROM, EEPROM and/or flash nenory to be used in

conjunction with the volatile nmenory. As described

further below, the system nenory 26 may include one or

nore menory devices, such as flash nenory devices,

that may include a floati ng6 gate nenory array
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memory array 32. A sense amplifier block 40 having a plurality of the sense amplifies is
also provided between the column decoder 36 and the memory array 32 to sense and
amplify individual values stored in the memory cells. Further, a row driver block 42 is

provided between the row decoder block 34 and the memory array 32 to activate a

selected word lines in the memory array according to a given row address.

[0026] During read and write operations, data may be transferred to and from the flash
memory device 30 via the data bus 44. The coordination of the data and address
information may be conducted through a data control circuit block 46. Finally, the flash
memory device 30 may include a control circuit 48 configured to receive control signals

from the processor 12 via the control bus 50. The control circuit 48 is coupled to each of
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of the data and address information nay be conducted
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48 configured to receive control signals fromthe
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line GS(S) is coupled to each NAND string 56 through a respective source select gate 60.
The drain select gates 58 and the source select gates 60 may each comprise a field-effect
transistor (FET), for instance. A column of the memory array 52 includes a NAND string
56 and the source select gate 60 and drain select gate 58 connected thereto. A row of the

floating gate transistors 52 are those transistors commonly coupled to a given word line

WL.

[0029] The source of each source select gate 60 is connected to a common source line

CSL. The drain of each source select gate is coupled to the drain of a floating gate
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thereto. Arowof the floating gate transistors 52

are those transistors commonly coupled to a given word
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gate SEORTbIMES 'tcpﬂllerath@lebﬂ%é/G§H§‘j menory cells (floating

gate transistors 54) may result in interference
betvveen adj acent nenory cells. For instance, during a

r.ead ol eration :
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drain select gate 58. Durin peration, capaciti 2
sourcprsclsﬁtflewe%@)@ed\ﬂé%n Sﬁ‘éf‘dﬁ@rﬁs@ﬁd&ﬂ?@ bigsadste a(“‘#'GgF@}[ 5V,
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cells.is &
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FG-FG interference of Imany conventional floating memory cells is briefly described and

illustrated with respect to FIGS. 4 and 5, below.

[0032] Turning briefly to FIG. 4, a cross-sectional view of a portion of a conventional
floating gate memory array, such as a NAND memory array, is illustrated and generally
designated by reference numeral 62. Structure 62 illustrates a cross-sectional view of
three floating gate transistors 64A-64C, taken along the word line WL of a floating gate
memory array. The structure 62 comprises a substrate 66, which may be silicon, for
example. To provide isolation between each of the floating gate transistors 64A-64C
along a word line WL, shallow trenches are formed in the substrate 66 and filled with
dielectric material, such as an oxide, to create vertical pillars 68 separated by shallow

trench isolation (STI) oxide regions 70. As will be appreciated, the pillars 68 extend into



floating gate nmenory array, such as a NAND nenory
array, is illustrated and generally designated by
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cross-sectional view of three floating gate
transi stors 64A-64C, taken along the word line W. of a
floating gate nenory array. The structure 62
conprises a substrate 66, which may be silicon, for
exanpl e. To provide isolation between each of the
floating gate transistors 64A-64C along a word |ine
W., shallow trenches are forned in the substrate 66
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80 and 82 are generally determined by the following equation:

[0035] C=keA
t

where A is the capacitive area
go is the permittivity of free space

k is the dielectric constant of the material



FG interference may be tolerable, the FGFG
interference through the inter-gate dielectric |ayer
wa3onegsnesent ed by the capacitor 82, may be | PEEUS2007/014431

tolerable. This is especially true of a high-k
dielectric material (e.g., wherein k> 10). As will be
appreci ated, the capacitances 80 and 82 are generally
deternmined by the followi ng equation: 100351 C = k&2A
t where Ais the capacitive area Eo is the
permttivity of free space 5 Is the dielectric
constant of the material WY 2007/149515
PCT/ US e thickness of the
naterli?gg%g%ég%%ig}gwah%esappreC|ated hi gh- k
materials are often enployed to reduce tunnellng
current and out diff S|on fro the | oati
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capactt§nde{%¥t§%§ﬁ etﬂ%l O@ﬂ% a’iggec?ﬁ:vl'a?nt@r : ats,e ﬁ’l'eg;ng-Fg:(l{a Iac(::itance 82
is mcieaseelrasiﬂaterﬁhib hdvmg lhigheoﬂleldcmq)ﬂmsmms draemplayed asthe inter-gate

dieteqit Byers i PRI & s pBromdn B M AT e FREF

capac@afidC82 thrvdughiRé hrdraiatedilectit IE&@'&I& Bg egﬂxﬁﬁﬁmélihé bapatigive
the inter-gate dielectric |ayer

path broweqn HedORURS BRIFS B Fsahgh the higs gaée diclestrs t%er &, ps will be
desanoQ&)%Yﬁhe?%Eﬁ,w Witfl r8ect e FIGS, 672, @ structure 84 is

[ustrated. The structure 84 is identical to the
structure 62 of FIG 4, except that the inter-gate

|0037ﬂ';' e: REfel %ﬂ‘?‘)é 5 F(Yﬁ é; Gps?ruc&?é k‘@%ﬂllh&?at%& Ophd DeL IRk %9 is

1 ons I'n certain processes
|dent1f:£jrto tlﬁeahmcaﬁé iR @f FIGI Q&bee;g thattthe trﬂer@tsdmtecﬁtbﬁlaﬁdkOS dips

he STl oxide 7 oV, t ched 1 hat
betweefdhe pasEgiaies 4 Bithe ST §Xid8 7P SoelpEp JBEgripin RIpgsses or
fabnc*aﬁh %at.n%e gdtk @ahiioGr BAAEHC] 4he STI HalE N niay B KeflbcBEd such
ntérference between the floati ng gates 74. As

that whemthwteraggm diglestried]8 isiiisposefl/it dinsdishveent the éloatineg gaeof4,
creatlﬁé gimoﬁ'e %léctt}?atl? YR Enci etk thE ﬂo&t@né Ezﬁes 74. As will be

appreciated, the conventional structure 84 of FIG. 5 may be even more susceptible to the
disadvantageous FG-FG capacitance 82, because of the inter-gate dielectric layer 78
creates a shorter capacitive path between adjacent floating gates 74. Embodiments of the
present invention may reduce the FG-FG capacitance 82 through the inter-gate dielectric
layer 78, by eliminating the capacitive path between the floating gates 74 through the
inter-gate dielectric layer 78, as will be described further below with respect to FIGS. 6-
12.

[0038] FIG. 6, an exemplary process 86, in accordance with one embodiment of the
present invention is illustrated. FIGS. 7-11 illustrate cross sectional views of a portion of
a floating gate memory array, fabricated in accordance with the exemplary process 86.
Accordingly, FIG. 6 will be described in conjunction with the cross-sectional views

illustrated in FIGS. 7-11.
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Enbodi ments of the present invention may reduce the
FG FG capaci tance 82 through the inter-gate dielectric
| ayer 78, by elimnating the capacitive path between
the floating gates 74 through the inter-gate
dielectric layer 78, as will be described further
bel ow with respect to FIGS. 6- 12. 100381 FIG 6, an
exenpl ary process 86, in adkordance with one
enbodi ment of the present invention is illustrated.
FIGS. 7-11 illustrate cross sectional views of a

[0039Or tR&BrriXg inRially @@ FIGI7 Eﬂicﬁi_]ﬁf&ﬁeﬁm&f Fl&y. 6, ﬁ@bfeu axddeclyer 110
I n accordance wth the exenpl ary process

is dlsmé%cb%grﬁwn w@stretevwﬁ anedtfégeérlp blagkis§ Q,fcfﬁﬁu fctling ubstrate

e t
08 s ST SBABAIB 1 g LB 10

compriRef sthicanndjokide {(Pi)2) >i0t exande. Afiendisposing dei gﬂﬁp oxidg layecl 10, a

foating; gl Rl £h2'5 iSHRER. 4 Fugib el hTBBRE B0 TpO R fin G Buoyer
112 mZ?I *Sdsfr?lrpggea fpg?&elfgu nmmﬂ,l foeesarhpleoTheflogdhg gatelayer 112 will be

ate oxid 110
used 15 Govph PEcHQRtInE E1ee OF S HBURISH DS IOFh oo VBl slescritegTafther
belowd '@ﬂ?&%e?gsxhbﬁ ogﬁ{eeﬂcﬁlﬁhg gaﬂeay)‘férr 1120a dRlecirdcO@ydrNghcBals @ silicon
material 112 is dispose as indicated in blo

ck
nitrideT¢RiNG) loper g ig dtse0$ea*y@sf indicatedrin plock iz | Aewal be desgcglbed further
lico ,
olow PGSR 21, LSRR AR DRI o
will bé m‘hmiradluﬁfoxterthmﬂbmny gate aansigtdls apefatmedr Fbed:aSmrstdisyussed

te n,of .t he f t,in
furthey belSviith e eesee 1) 3 tesilaprqutriedpyed a8 s B ot o
tmckn(es% @J%)nelr ﬁwaragﬁﬂo%mstew AROFREroms. lmcareat eflbodin#hes ke silicon
e described further el the SI|ICOﬂ

mmdmlao'ﬂ bt 1sglgposited at a thigkness i the gange q é?QQr

during fabrication, and wll be renoved before t he

floating gate transistors are forned. For reasons
(00403 s cnefgemg fiaw 1tchEIG tﬂeinmnwmchom afidrEGc 6, aftermdeposidon phthe

gate o3 eI get 1Rt Foatiie S hafdtl | f2 S 808 nRhadtay b G ORTw

X1 nma angs rorrs. certain
trencHRE R At ol mrodgheaeh bf the ralepcsmed ilaherd a;dahe $dkstiage 108 such that

IR ER S L SR URTIENE TR IR I
dielect@in4teial 0chvad ih 5tie, i6 deptsited il @RAY thORerthes, A€ indicated in
block 96, to form STI oxide regions 116. As previously described, the STI oxide regions
116 define vertical pillars 118 formed in the substrate 108 and extending in a direction
into the page along a bit line BL of what will ultimately be the floating gate memory
array. The STI oxide regions 116 also provide isolated regions of the gate oxide layer
110, floating gate layer 112 and silicon nitride layer 114 on top of each of the vertical
pillars 118 formed in the substrate 108. As will also be appreciated, during deposition of
the oxide material which provides the STI oxide regions 116, oxide is generally deposited
over the entire structure, including the silicon nitride layer 114. Accordingly, to complete
the structure illustrated in FIG. 8, the surface of the oxide may be planarized such that it is

removed from the top of the silicon nitride layer 114, as indicated in block 98. The



gate oxide |ayer 110, floating gate material 112 and

silicon nitride layer 114, shallow trenches are
wetohadwsthr ough each of the deposited | ayers aPdI/ubmo07/014431

substrate 108 such that shallow trench isolation

(STlI) regions are fornmed, as indicated in block 94.

Next, a dielectric material, such as an oxide, is

deposited in each of the trenches, as indicated in

bl ock 96, to form STl oxide regions 116. As previously

descri bed, the STl oxide regions 116 define verti cal

pillars 118 formed in the égbstrate 108 and ext endi ng
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renmoved as indicated in block 1.00 of FIG 6.
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be” appr eci at ed er et chant's
silicos aitadd: eteh, dnothsr iwet trgatmdnt Wit mylttbu&rﬁpltégﬂ@dnawhe emplolyed to

removeesaélgd{%?ngg Pgltdg%‘r F%’Wgam%eﬁ% c;])g eS fn ?enr}}rl]és leﬁeaﬁt%{‘ fé?névcﬁl of the
silicoﬁ ﬂitﬁ&é | |1/43 3}7 ¢heSdili¢ciOiitridet et¢idl eWhﬁlh ¢hd HF|soRfrioh tmatmaﬁs are
i nclude, pre an ilicon _n e etch
advanisgus \nSEBRVEE Geram WIESERRE CYAgD e HF sPIEoRmeY fk fich a
portlorl‘yd#tﬂ’é LIck € of HHE)STAGle 8L Oh BccgdRE vafl @hbedTRleasi 0Tghe
the silicon nitride etchant. For instance, the

presenttinventioneonasmthe pilicor sittidelctghing agd 1R spletor-freatprent steps are
perfo#x’?é& EQs B0Erabld doGRiMpdrtibAC£hE B TI Sx{de MY &xtiMing above the

plane of the floating gate layer 112 to create a shallow trench for deposition of the inter-

gate dielectric layer, as described further below.

- [0042] Referring now to FIG. 9 in conjunction with FIG. 6, after removing the silicon
nitride layer 114, the inter-gate dielectric layer 120 may be deposited, as indicated in
block 102. As used herein, the “inter-gate dielectric layer” refers to the dielectric layer
that will exist between the floating gate and the control gate of the floating gate transistor.

FIG. 9 illustrates this structure after removal of the silicon nitride layer 114 and after



remai ning oxide left on the silicon nitride 114 after
the planarization (step 98 of FIG 6). The HF
woe@atsesnt before the silicon nitride etch w | PCEOS200T014431
that the entire surface of the silicon nitride 114 is
exposed to the subsequent silicon nitride etchant.
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FIG. 9 Sh& BIFOR1dtfsh tRdatiBehts 'rr?a'&ﬂ@t%?all'y%té%c sidewalls of the trenches into the
STI oxide regions 116. Accordingly, in certain embodiments, the sidewalls of the
trenches created above the floating gate layer 112, may define trenches (and ultimately an
inter-gate dielectric layer) that is wider than the underlying floating gate layer 112.
Regardless, in accordance with embodiments of the present invention, there will be some
amount of the STI oxide region 116 between each of the trenches that will eventually
define isolated inter-gate dielectric regions (120A-120C of FIG. 10) for each floating gate

transistor, as described further below.



range of 400-700 angstrons. As will be appreciated, a

starting thickness of at [east 400 angstrons for the
waRloraesihi tride layer 114 will result in the PEFUSHA7/014431

trenches being formed between the STl oxide regions

116 after renoval of the silicon nitride and HF

treatnents. That is, enough of the STl oxide regions
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inter-gate dielectric region I20A-120C is in the range of approximately 50 - 500
angstroms. Finally, to complete the floating gate transistors 124A-124C in accordance
with embodiments of the present invention, the control gate layer 122 is deposited, as

illustrated in FIG. 10, and indicated in block 106 of FIG. 6.

[0046] Referring now to FIG. 11, an alternate view of the final structure illustrated in
FIG. 10 is shown. FIG. 11 illustrates the structure of FIG. 10 taken along the bit line BL,
rather than the word line WL. That is, in the view shown in FIG. 11, the word lines WL
extend into the page. As illustrated in FIG. 11, the floating gate 112, the inter-gate
dielectric regions 120A-120C and the control gate 122 for each floating gate transistor



Hf,,Sii_,,0, or Al,,Zrl X2, or conbinations thereof.
As previously described, enploying a high-k

walr@raetsnis c material reduces the gate | eakage MIT/U82007/014431
mai ntai ning transi stor performnce, even wth the
t hi ckness of the inter-gate dielectric in the floating
gate transistor being very thin. [00451 To conpl ete
the formation of the floating gate transistors, the
inter-gate dielectric layer 120 is planarized such
that it is even wth the tog surface of the STI oxide
regions 116, and thus el ect ically isolated from

124A—qgh§ 15 ﬁctliigt ?y *sg%%eél‘ ﬁj%xglt%i Mslhc?enli ﬁgwg? S‘a’l?rfgith? Irbgﬁle g%Le dAlso
lllustrﬁbtﬁlm BIG. lafefre thqdoamgrangairmgmlffm‘nom Fegiomst l@6 -fgahed in the pillars
ielectric_layer f FL
118 of thg sybstiata 18, P% &P‘igé &é’Prﬁ?'g?edéﬁ' tgose(ﬁkélf theattegi ons
120A-120C remain. As will be appreciated, by creating

electrically isolated inter-gate oxide regions )
[0047]1 20 RefedDerow taltlG. tI2azms altgroate propepset 28§ foafa %@wptlog/ flagting gate

transnsg gnggllf)%ggolgtﬁg lu‘iatglt Atg dke‘i‘é’c‘f'ﬁc ?%?cﬁqseﬂlqlth&fdah&ewfdm ?fi‘lltllnér‘g

e cap C|t|ve € Inter-gate
embodin2h&aif1ithe pleagin finventioh, mﬂrhmtmd;d tlh memcmuaax aspedficiay

... reduci the FGFG injerf nce, VL ous

sticon, e B s eLomBlotp el reipad, e Gate AR hythemd JEaDE o fover

are dlsﬁ’&s&i oxgﬁ{e%uéktﬁdt@(‘ds gr@msmy ﬂékcihg&i\-aiaa Qkdit&ed M bloeky B3O
pr oxi mat el 500 angstrons Fi nal

132 ofcaﬁu 18t Rathes tmrb%&nowgmg&tsehqonaﬁm@t BYes Omzamof\ll%‘&@qaﬂng gate
layer, Qﬁ gxq:rvo 1 ﬁ'ec?esWﬂSé?i F}mgf& %g{étcﬁelgétrﬁ: h@ye? 'iseée?ﬁgltécf‘d’l%&l& Ahto the

gate 22 1S osited,
ﬂoatmg gars tayet, @sl mdncalretd;n Hock Hd Afiel cmpeldon iof meoot@r-gm di¢lectric

oo, S e S BET HRAGHEN FAo s BRI e

underB§ubsirateareldtchdd toSbim STF rédionss hsﬁ imiﬁdaleii iafblédkQ 361 OThe
taken along the bit |ine BL, __rather th N t he .wor
formafiph 61 the. S Hsgions after lopRBtioR BhheriBiF Eafs chplestris fayer H"é“ create

1solat¥3fnger-1§la&e§1ei‘é&nceré Bhsoh MPof AEh PALE defifed by HRitFeatRNeRt, the

floarting gate 112, 'the inter-gate
STI oxiide liedisposed i giecHH regions, ps diclieated irlogle £38.oNeyiathe strppture is

pn iy TR LS00 2 QBT AEAE v
planatizanionf the contol gaeisatdtpasited; adindicated inlbbowds 142e bit [ine

BL. Also illustrated in FIG | 1 are the source and
drain diffusion regions 126 forned in the pillars 118

|oo4sq>f t RRomUPslocadsEsitfiRr tithe Wrodesdes dagiitedivitieghd tb iesEIGs. 6
and 12, mll)l' Slgo Ibg ertnt;)leoy%crit The present exemplary process is similar to the process
described with regard to FIG. 12, except that after deposition of the inter-gate dielectric
layer (block 134) and before the STI regions are etched (block 136), a polysilicon layer is
deposited on the inter-gate dielectric layer and a silicon nitride layer is deposited on the
polysilicon layer. After deposition of the polysilicon layer and the silicon nitride layer,
the STI regions may be etched (block 138). After the STI regions are filled with an STI
oxide (block 138) and the surface is planarized (block 140), the silicon nitride layer is
removed. After removal of the silicon nitride layer, isolated regions of the deposited

polysilcon layer remain over the inter-gate dielectric layer. Next, the control gate layer is

deposited (block 142) over the structure. As will be appreciated, the control gate layer is



[0047] Referring nowto FIG 12, an alternate process
128 for fabricating floating gate transistors having
w0 s@rasesds i nter-gate dielectric regions, in aceCr/usIwoz014431
with further enbodinents of the present invention, is
illustrated. In the process 128, a sacrificial
silicon nitride layer is not enployed. |Instead, the
gate oxide layer and floating gate |ayer are di sposed
on the substrate, as previously described, and
i ndicated in blocks 130 and 132 of FIG 12. Rather
than depositing a silicon Aftride Iayer on top of t he

. __float.i ate Vi.O ribed
dispogefiaar i il FhiuaiSylf G R oP BRGAR et et o
polysilibén rdgidintard\glefigically eprfluctidsSandfbraleatical thbhﬁﬁk of fivé.control
After deposition of the inter-gate dielectric |ayer,
gate layep extrndingflavvard teyard; respegljur undelying ﬁnﬁgeabeaff ions.
| ayer, the gate oxide layer and the underlying
substrate are etched to form STl regions, as indicated
[0049] n bWl erd@dirTéngs of thermydntion @iaytbﬂesusqaptubkgﬁomom ter
modi (n:craggl['ls an({3 aﬂ%q?rféz%tltvgeforl{l] pec(?ﬁé gxgﬂbﬁ?’ ?AH ﬂa%elbggxg %l%ow {)¥ way of
exampsié i eehdrpwingaand hﬁvmlﬁ&i:nhiﬁsctrﬂibdtm demail hei‘&mt Hoteeer, B'Ehould be

oXi i di sposed i n the re s i ndi ated in

undergipe fhat s InREIRIOR 5 P e b B Htos o s meBiaeT JoreF

d.sclogéhe Rﬁﬁéﬁ&ﬁ.@oémen%ﬁﬁe iEhAHS aredd coVél amhsdlﬁcan&{soc K
Aftér planarization, the control gate is

equnv@eptesande@tenmwwﬁnﬂerea withinrthe spigik andi scopp of Hese pmbpgispents, as
r rocesses described with

deﬁne?e%;tﬁg??%&lﬁg Eﬁéfedgd%magd 12, may al so be enpl oyed.
The present exenplary process is simlar to the
process described with regard to FIG 12, except that
after deposition of the inter-gate dielectric |ayer
(bl ock 134) and before the STl regions are etched
(bl ock 136), a polysilicon |layer is deposited on the
inter-gate dielectric layer and a silicon nitride
| ayer is deposited on the polysilicon |layer. After
deposition of the polysilicon layer and the silicon
nitride layer, the STI regions may be etched (bl ock
138). After the STl regions are filled wth an STI
oxi de (block 138) and the surface is planarized (bl ock
140), the silicon nitride layer is - renoved. After
removal of the silicon nitride |ayer, isolated regions
of the deposited polysilcon |ayer renmain over the
inter-gate dielectric |ayer. Next, the control gate
| ayer is deposited (block 142) over the structure. As
wi || be appreciated, the control gate |layer is W
2007/ 149515 PCT/ US2007/ 014431 16 ~



di sposed such that it is in direct contact with the
i sol ated polysilicon regions. The polysilicon regions
wae®@7akeseiri cally conductive and form verti cal PCT/US2007/014431
extension of the control gate |layer, extending
downward toward respective underlying floating gate
regions. 100491 Wil e enbodi nents of the invention
may be susceptible to various nodifications and
alternative fornms, specific enbodi nents have been
shown by way of exanple in_the draw ngs and have been
described in detail herein!”’ However, it shoul d be
under stood that the inv ' is not intended to be
limted to the particulgﬂqgﬁﬁ% di scl osed. Rat her,
enbodi nents of the invention are to cover al

modi fications, equivalents, and alternatives falling
wit Peating gatesHEMPEY 2Ry ORRIBINE t hese enbodi nents, as

de bl sty RY tdall6isford ArpiePd ilﬁpgﬁﬂﬂﬁg of kW Bnd Mumns, wherein each
2007/ 149515 PCT/ USZOO%/ 014431 17 CLAIMS 1. A

of the fplwralityred trpasistoneeamprisgsy ay conprising: a plurality of

transi str rranged in a plurality of rows and
colunngfﬂﬁﬁg ggﬁ’each of the plurality of transistors
conpr i aesntral gdtgasndig gate; a control gate; and an

i nter-gate diel ' . di d b .th
ot 8t b e DA Bt BB R B o o e
respective icogh@blgtd;andi €l ectric layer of each of the

plurality of transistors is isolated fromthe
| hereip Hieaesnestive intgrogatedislectsic lageref gach picthg phupligyof

r In C

transi&tOf is Rbliéd frb% RE iﬁt&a#‘a?é dfeftchric %ychereaf:lll B¢He h G he
NBRDT y f Fort

array, as se or aim 1, wherein the

pluralitpb€tragmsters. di el ectric | ayer of each of the plurality

2.

of transistors conprises a high-k dielectric. 3. The
floating gate nmenory array, as set forth in claiml,
WTRE Elobtihg) Bate Michiorg atiy, ddisel Rethrincldimyk whetein slodinadr-gate

. the plurality of transistors conprises one of A1203,
diclectyiploger o PR 8T thepHISIN SEBS S PRORm PSS Mg sl Fts,

3.

Ti @2, Ta205, SrTiG8i Ba,, Sri_,, Ti G3,

The floating gate memory array, as set forth in claim 1, wherein the inter-gate

dielectric layer of each of the plurality of transistors comprises one of Al;O;, Gd;03,
szO}, Dy203, szOs, Y203, La203, Zl‘Oz, Hf()z, Tio;, Ta205, SrTiO;, BaxSrl-xTiO3,
Zr,S1,x0y, H£(Si,.<Oy, or AlyZr,.xO;, or combinations thereof.

4.

The floating gate memory array, as set forth in claim 1, wherein the inter-gate

dielectric layer of each of the plurality of transistors has a respective width approximately

equal to a respective width the floating gate of each of the plurality of transistors.

5.

The floating gate memory array, as set forth in claim 1, wherein the inter-gate

dielectric layer of each of the plurality of transistors has a respective width greater than a

respective width the floating gate of each of the plurality of transistors.



Zr,,Sii_,,0y, HHS 1_XOy, or A ,izrl_,,02, or

conbi nations thereof. 4. The floating gate nenory
w@eeoas49sas set forth in claiml1, wherein the i PCEUSHAT/@14431

dielectric layer of each of the plurality of

transi stors has a respective width approximtely

equal to a respective wwdth the floating gate of each

of the plurality of transistors. 5. The floating gate

menory array, as set forth in claiml, wherein the

inter-gate dielectric layer of each of the plurality

of transistors has a respec‘tsi ve wdth greater than a

h e , g
6. piFa e gileihdnb Sl 08 A rfityR i, f3ertih b of the
floatim{gate)and the/ ddhiréBdate bBedch offitbe plunality 0f trgvdigtorservorprises a
’ qrray as set forth in claim1, wherein each of the
polystiegli i ng gate and the control gate of each of the

plurality of transistors conprises a polysilicon. 7.

The floating gate nenory array, as set forth in claim
7. 1 TheHflgasing gawgdnemeryariay, aates forfemgilgimy . ulereinthe floating;gate
mem QBT EBRGY A d RANT mehdfyLfigyl of fabricating a

oating gate nenory array conprising: formng a gate
oxi de layer on each of a plurality of pillars in a

supst r.at erein h il]ars are defined. b
8. v Reisiior R0scang o A ipl erte TSP S SoMIRE:  or i ng
a foipiaGtdati@e lay¥esn edthidfa Klatatityoxs siHadsdy & substte]iwigrein-

an inter-gate dielectric |layer on the floating gat.
| ayer; theBillars 37§ dFﬁéethEF’-‘%‘Sf enat kepgtdppis qsggél?,era ar;

t ffsnmng%tﬁ&ang@gﬁ 1hyf @ theF&E%ata% 1gyerPl urality of

isolated inter-gate dielectric regions on the floating

gdpeningyaarinteprgate shidedtit fayerar hedfoating gatespyari i ve

pl.unakity of Dpillar h f oral

P b e e B BT et Ol TR e o g

I nt er - gdtealidi &f ieslated dnter-gage @lieedtsc ragidat @dthe floatieg gite layer

ol ur al 147 <5eriRe@peift G grPeBtyg MEry BEpEDagy sysfldhat cach of
t renchage ifdgdi® Hféilé&i@re‘gﬂﬁfstheglﬂhﬁllik)ayﬁﬁlté?fgaw’&electric
plurality of |nter-%?te 9. Th

~of T, ielectric regions. 9. The,
et hod, regions i iselated iram caghuefithg othgh interr gate diekacis fegions of the

floati ayer .G I 86S0ibs leEnkbh&: Bhgat i ng
gate | gg%’%ﬁ%°’tz‘?§gtg8‘°a‘ﬂg'igﬁ‘lr“§| ?%lyk? %#ﬁmeoatni ng gates on
edotminf a control gate layer on the plurality of inter-gate dielectric regions.

9. The method, as set forth in claim 8, wherein forming the floating gate layer
comprises isolating the floating gate layer to create a plurality of floating gates on each of
the plurality of pillars, such that each of the floating gates of the plurality of ﬂoatipg gates
is isolated from each of the other of the floating gates of the plurality of floating gates by

the trenches.

10. The method, as set forth in claim 9, wherein a respective one of the plurality of

inter-gate dielectric regions is formed on a respective one of the plurality of floating gates.



the plurality of pillars, such that each of the
floating gates of the plurality of floating gates is

w0 soaswesds f rom each of the other of the fl oati PQOI/ysL0e%014431
of the plurality of floating gates by the trenches.
10. The nmethod, as set forth in claim9, wherein a
respective one of the plurality of inter-gate
dielectric regions is forned on a respective one of
the plurality of floating gates. WD 2007/ 149515
PCT/ US2007/ 014431 19 11. The nethod, as set forth in
claim 10, wherein the formsﬁg of the plurality of

R 8 808 ] B 30t WPyl o

floatinf @ERS%MidNBe fdrfiing dLthe pluralityad intbr-fab dicledtiio gegions occur in the
floating gate nenory array conprising: disposing a

same pracesSHg P | ayer on a substrate; disposing a floating
gate layer on the gate oxide layer; disposing a
sacrificial layer on the floating gate |ayer; etching
12.  aApnethadl iof fabsicating 8 floatinggaty mearqay RERY CPBAURBE: t hr ough
e ., the floating gate
5l sthg hakis Mo b SH o sl BHEs, 12 (LDStrate: 111 ng
easbosjﬁg hlﬂbaﬁhg;gab ilayer of tltergm:buaﬂe Wyt an i sol ation
oxi de;. rermvitn 1t he sac*; BI ci al er to forma
Pt fing S RTHTAIR R SRR OB GBS Ehe | ool at on
Oéicﬂﬁ'bg aRafadifof §ildsfahaal dy’ Palli iR ntesahrough R¥EHOSEMe sacrificial
hrough the cavities; disposing an inter-gate
d| el eclayes thafleatinggase layet ther eaihexidg faver é%‘? thesubstratey a
rﬁﬁm;%abx%fmat,ﬂ 3R 6r tiRhEChTth Gn iR dlagach of the
cavi Isolati'ng regions of the Inter-gate
dremh@dng the slaanyﬁcnal laper td épmsatcawgesahmng sndbwgléa formad by the

each of ir i ons.

ot hod isouioa, b, iR e ied R oSy gubfen e

t he saeavitiegi al | ayer conprises disposing a silicon

nltrldelayer 14. The nethod, as set forth in claim
1dispyiag an inter-gae dislestihlayerinlq §achiod the cayities: conpri ses

diRRAsE Qgesﬁ)ganﬁﬁﬁfér-fglaﬁ:' déletRY %gl@ﬁ ifedchi SFHRESVIRs by isolating
greater than our equal to 40
regions of the inter-gate dxe]ectrlc layer; and

depositing a control gate on each of the inter-gate dielectric regions.

13. The method, as set forth in claim 12, wherein disposing the sacrificial layer

comprises disposing a silicon nitride layer.

14. The method, as set forth in claim 12, wherein disposing the sacrificial layer
comprises disposing the sacrificial layer at a thickness of greater than our equal to 400

angstroms.

15. The method, as set forth in claim 12, wherein disposing the sacrificial layer
comprises disposing the sacrificial layer at a thickness in the range of approximately 400-

700 angstroms.



angstrons. 15. The nethod, as set forth in claim12,

wherei n di sposing the sacrificial |ayer conprises
waoele@posisngy t he sacrificial layer at a thi cknesBCT/HS100®014431

range of approxi mately 400- 700 angstronms. WO

2007/ 149515 PCT/ US2007/ 014431 20 16. The nethod, as

set forth in claim12, wherein renoving the

sacrificial layer conprises etching the sacrificial

| ayer with sulfuric acid conbined with hydrogen

peroxi de (H2SO4+ H202) 17. _-The nethod, as set forth in

claim 12, wherein renoving“the sacrificial |ayer

c ri Ses; .ex C :
16 JEB SR o SRRl bfin A2 herefl Rl e bfrfciallayer
compfisesretdhing ke sheryfivialtlaydravith uifricacid ¢amshineddithotyydsigen
the_cayiti to a hydrofluoric (HF) .acid solution. 18.
Pm“*Tgéthéhﬁagihk set forth in claim12, wherein creating
the respective inter-gate dielectric region in each
of the cavities conprises planarizing the interiqate
17.  diTékeeeathod; as setyferth in glainTH @, whengrempyingcthe sagrificiljayer
&%ln118, wherein planarizing the inter-gate
Ielectric layer conprises planarizing by a chem ca
megpexing thle spérifivaalilayxtritoa hy Gidnopc (dE¥ acid 26lutidhe
met hod, .as set .forth ip claim 12 further conprising
p|eh°E‘H}& the ﬁ@“”c%l}?éa' Tt 15 fost thff“(’:fé'ésalf #d "F1 T ng each of
t RRpo¥ing Bleichyities td 4 Bydrbfifioné (HIFpdtid salb@dri.on oxi de to
create isolation oxide regions, before renoving the
sacrificial layer to forma cavities having sidewalls
18. | aiIBAethYa, 0 Getl BRh 3 tRAIM Q%! AReretnlereAtinBthh e&kplétive inter-gate
fabricating a floating gate nmenory array conprising.
dieleathiis pgiimig cachyaf the savities cemeprisasiplanasigingt the inter-gate é@quFrgc
er 8 floating gate |ayer on the gate oxide | ayer;
‘di sposing an inter-gate dielectric layer on the
floating gate layer; etching a plurality of

substanti al | rall el .trenches.throu eac f the,. .
19. ﬁ[{h@rmcaa? as%etpf%rtg in cJaim 1%, wp\erem planar zlgng &eQnt%r-ggte%lelectnc

complg

lay

layer comprises planarizing by a chemical mechanical planarization (CMP) process.

20. The method, as set forth in claim 12, further comprising planarizing the isolation
oxide after filling each of the plurality of trenches with an isolation oxide to create
isolation oxide regions, before removing the sacrificial layer to form a cavities having

sidewalls formed by the isolation oxide.

21. A method of fabricating a floating gate memory array comprising:

disposing a gate oxide layer on a substrate;

disposing a floating gate layer on the gate oxide layer;

disposing an inter-gate dielectric layer on the floating gate layer;

etching a plurality of substantially parallel trenches through each of the inter-gate
dielectric layer, the floating gate layer, the gate oxide layer and the
substrate;

filling each of the plurality of trenches with an isolation oxide; and

depositing a control gate on each of the inter-gate dielectric regions.



dielectric layer, the floating gate |ayer, the gate
oxi de layer and the substrate; filling each of the
w@bawahdsty of trenches with an isolation oxi dePCEHDNS2007/014431
depositing a control gate on each of the inter-gate
di el ectric regions. WO 2007/ 149515 PCT/ US2007/ 014431
21 22. The method, as set forth in claim?2l, wherein
et ching conprises etching each of the inter-gate
dielectric layer and the floating gate |layer in a
singl e processing step. 23, The nmethod, as set forth
in claim?2l, further conpr?%ing pl anari zi ng t he
isolation oxide after filling each of the plurality
of trenches with an isolation oxide to create
22. | Tht aletkivd, axsddortie i €18i5n 2 b oplarainetcHiyg canpaseadtahingg each of

of the floatin a I r. . : .
the inter-gate dielectnac lay%r gm} t?le ﬂao)a/lgng gate layer in a single processing step.

23. The method, as set forth in claim 21, further comprising planarizing the isolation
oxide after filling each of the plurality of trenches with an isolation oxide to create

isolation oxide regions, separated by isolated regions of the floating gate layer.



