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MEMORY DEVI CES HAVI NG REDUCED | NTERFERENCE BETWEEN FLOATI NG GATES AND
METHODS OF FABRI CATI NG SUCH DEVICES Field O The Invention
100011Enbodi ments of the présent 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 100021This section is intended to introduce the
reader to various aspects of art that may be related to various
aspects of the present invention, which are described and/or clai ned
bel ow. This discussion is believed to bej hel pful in providing the
reader with background information to facilitate a better

under standi ng of the various aspects of the present invention.
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one or nore menory devi cFABRIGATING SUHE BEﬁﬂﬁ Srl ty for the
system Systemmenory is generally provided in the formof one or

mor e i nt ggLaleerid ifvhiiosNi ps or devices and gener ally | ncl udes both

random access nenory (RAM and read-only nenory ste RAM i s
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access nmenory. |In contrast, system is generally small and

i ncl udes adﬂneludloatmgsat?ﬁermry for storing initialization routines and
i dentification information. Electrically-erasable read only nenory
(EEPROVM) is one conmonly enpl oyed type of read only nmenory, wherein

an el ect rhaatipt h | d to program and/or erase data in the
nmemory. [0002] This section is intended to introduce the reader to various aspects of art that

may be related to various aspects of the present invention, which are described and/or
claimed below. This discussion is believed to be helpful in providing the reader with
background information to facilitate a better understanding of the various aspects of the
present invention. Accordingly, it should be understood that these statements are to be

read in this light, and not as admissions of prior art.

|0G03] Processor-based systems, such as 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, systermn 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



1000410ne type of non-volatile menory that is of particular use is a
flash nenory. A flash nenory is a type of EEPROM that can be erased
and reprogramred in blocks. Flash nenory is often enployed in
personal conputer systens in order to store the Basic |nput Qutput
System (BI OS) program such that it can be easily update. Flash nenory
is also enployed in wireless electronic devices because it enabl es
the manufacturer to 2 support new communi cation protocols as they
becone standardi zed and to provide the ability to renotely upgrade

t he device for enhanced features. [00051A typical flash nmenory
includes a nmenory array having a | arge nunber of nenory cells
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menory c
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
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3 addition, the word-select lines connected to the control gates of
unsel ected nmenory cells of each string are driven to operate the
unsel ected nenory cells of each string as pass transistors, so that
they pass current in a nmanner that is unrestricted by their stored
data values. Current then flows fromthe source line to the colum
bit line though each NAND string via the correspondi ng sel ect gates,
restricted only by the selected nenory cells of each string. This

pl aces the current-encoded data val ues of the row of sel ected nenory
cells on the colum bit lines. [0008] W th today's ever-decreasing
device geonetries, the extrene density of the nmenory devi ces may
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[0008] . With today’s ever-decreasing device geometries, the extreme density of the
memory devices may introduce a number of inter-component interactions which may be
undesirable. For instance, interference between adjacent memory cells is of growing
concern as the size of the memory cells decrease. For floating gate memory cells in

particular, interference between adjacent floating gates is generally undesirable.

[0009] Embodiments of the present invention may be directed to one or more of the

problems set forth above.

BRIEF DESCRIPTION OF DRAWINGS |

(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;



having a nenory that includes nenory devices fabricated in accordance
wi th enbodi nents of the present invention; [0012]FIG 2 illustrates a
bl ock di agram of an exenplary menory deV|ce havi ng a nenory array
fabricated in accordance wth enmbodinents of the present invention;

4 [0014)FIGS. 4 and 5 illustrate cross-sectional views of

conventional floating gate nenory devices; [0015]FIG 6 is a flow
chart illustrating an exenplary technique for fabricating floating
gate nenory devices in accordance with enbodi nents of the present

i nvention; 100161FIGS. 7-11 are crossysectional views illustrating
the fabrication of floating gate nenory cells correlating to the flow

chart of[obidp O6FIGS 4GEF illasese wiobhseetibexl vieastod codiventienad flosin gate

i nvention; and
memory devices;

foo15] FIG. 6 is a flow chart illustrating an exemplary technique for fabricating

floating gate memory devices in accordance with embodiments of the present invention;

[0016] FIGS. 7-11 are cross-sectional views illustrating the fabrication of floating
gate memory cells correlating to the flow chart of FIG. 6, in accordance with

embodiments of the present invention; and
[0017] FIG. 12 is a flow chart illustrating an alternative method of fabricating floating

gate memory cells in accordance with further embodiments of the present invention.

DISCLOSURE OF INVENTION

[0018] One or more specific embodiments of the present invention will be described

below. In an effort to provide a concise description of these embodiments, not all features
of an actual implementation are described in the specification. It should be appreciated
that in the development of any such actual implementation, as in any engineering or
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



100171FIG 12 is a flow chart illustrating an alternative nethod of
fabricating floating gate nenory cells in accordance with further
enbodi nents of the present invention. DI SCLOSURE OF | NVENTI ON

[ 0018) One or nore specific enbodi nents of the present invention wll
be described below. In an effort to provide a concise description of
t hese enbodi ments, not all features of an actual inplenmentation are
described in the specification. It should be appreciated that in the
devel opnment of any such actual inplenentation, as in any engi neering
or design project, nunerous inplenentation-specific decisions nust be
made to achi eve the devel opers’' specific goals, such as conpliance
wi t h sysifepsteml fanaidnaaed tegeistsds dhe syistetre 0. clourther. dhaqprocesogri IZrmasy vary
from one_j npl enent
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circuit, etc. In a typical processor-based. devjc a,processor. 12,
such as WHehPOPFBEEs J0F PorBrTIPBPIA ey P inelide ﬁj’c 365116?9%1 g e
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may conprise a plurality of processors that share system control
[ 0020] The system 10 typically includes a power supply 14. For

i nst anceyppki] t N&/arious other devices may be coupled to the processor 12 depending on the
functions that the system 10 performs. For instance, a user interface 16 may be coupled to
the processor 12. The user interface 16 may include buttons, switches, a keyboard, a light
pen, a mouse, and/or a voice recognition system, for instance. A display 18 may also be
coupled to the processor 12. The display 18 may include an LCD display, a CRT, LEDs,

and/or an audio display, for example.

[0022) Furthermore, an RF sub-system/baseband processor 20 may also be couple to
the processor 12. The RF sub-system/baseband processor 20 may include an antenna that
is coupled to an RF receiver and to an RF transmitter (not shown). A communications
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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system 10 is a portable system the power supply 14 nay

advant ageousl y i nclude permanent batteries, replaceable batteries,
and/ or rechargeabl e batteries. The power supply 14 may al so i ncl ude
an AC adapter, so the system 10 nay be plugged into a wall outlet,
for instance. The power supply 14 may al so i nclude a DC adapter such
that the system 10 nay be plugged into a vehicle cigarette |ighter,
for instance. [0021] Vari ous ot her devices may be coupled to the
processor 12 depending on the functions that the system 10 performns.
For instance, a user interface 16 mayg¢be coupled to the processor 12.
The user interface 16 may include buttons, swi tches, a keyboard, a

| i ght peXé may sisaiejudandhoplatilenerneryr28e aghias raad-ayy memory ROM)st ance.
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i nvention. 00241Fig. 2 is a block diagramillustrating a flash nenory

device 30 that may be
[0025] To access the memory array 32, a row decoder block 34 and a column decoder

block 36 are provided and are configured to receive and translate address information
from the processor 12 via the address bus 38 to access a particular memory cell in the
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



i ncluded as a portion of the systemnenory 26 of Fig. 1. As will be
“described further below with respect to Fig. 3, the flash nenory
device 30 nmay be a NAND flash nenory device. The flash nenory device
30 generally includes a nenory array 32. The nenory array 32
generally includes many rows and col ums of conductive traces
arranged in a grid pattern to forma nunber of nenory cells. The rows
or "row lines" that nake up the nenory array 32 are generally
referred to as "wordlines.” The columms or "colum |ines" are
generally referred to as "bit lines" or "digit lines." The size of
the nenory array 32 (i.e., the nunber of nmenory cells) will var
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NAND string 56 through a respective drain select gate 58, Similarly, the source select
line GS(8) 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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each intersection of a word line W. and a local bit line BL The
floating gate transistors 54 serve as non-volatile nenory cells for
storage of data in the NAND nenory array 52, as previously described.
As will be appreciated, each floating gate transistor includes a
source, a drain, a floating gate, and a control gate. The control
gate of each floating gate transistor 54 is coupled to a respective
word line W.. The floating gate transistors 54 are connected in
series, source to drain, to forma NAND string 56 formed between gate
select lines. Specifically, the NAND strings 56 are fornmed between
the drain select line GS(D) and the source select line GS(S). The
drai n selr@fistdrisadn GRésphctive NAND @fing 56, €Hie paAdil2ash sourg: Sefect prto Gz a
respective drain sel ect ate (§$ ?I mlarly, the source select line
GS(S) i seUBlRdte "'t%’“{é’&é ®¥ng 56 through a respective source
sel ect gate 60. The drain sel ect gates 58 and the source sel ect gates
60 may each conprise a field-effect transistor (FET), for IP st ance.
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| e Got B esmgnsrropns risSyael o 80 g Sb e s B Dfln il o
sel ect gaiterfd@dnceberwerg adjaeemtﬂoaﬁug gwq:sa(tﬁl?ct}mcemtmfmrfce’t’ entG-bet ween

adj acent floating gates G.interf eren FG FG capachtance")
may negafPRPEVGPCAITERL"EA V%’b@ ot {51PP§ ’f’ﬂggﬁf&%&ﬁ@%?’?o%ﬂf‘%gg %Hel'he
PG PG i nFerFehaedaeide sTamhyonvatibhdl fivhtifg mamiongcetis kobrieflyalebgibied and
briefly scribed and ill afed, wi.th respect to FIGS. 4 and 5,

bel ow. 138@51 P’ﬂﬁhﬁﬁsPﬁFﬁtB#ﬁ§gt%mﬂ gbe W-a cross-sectional view of a
portion of a conventional floating gate nenory array, such as a NAND
menory arra is illustrated d ener al | esi gnat ed .b ef erence
nuner al 3\“';ISt r uE%WéiG‘ESY “a é’?s%ls‘?ﬂ’é‘?g éeég?ﬁa‘bﬂ%ﬁm(\; f’é‘w’?f’f"e? ek
f1oating aaakisy datemendhOdrtayd dihGd @ NARBGHc3b9 Agay 18 iWBrsted mibpdibrally a
floating gate nenory array. The structu_rﬁg ]SZ conprises a.supstrate

66, whi cHeHERptaskbYSEleresh numsral 82 anfspeure ‘r‘%’iﬁeﬁé‘ GRBeEEIGA BEY

each of e AbARIAG t%fsﬁt&f @mmat:%ﬁerﬁéi&éﬂa@vair@ Nige &VINBS Aflbdtig g\ﬂc
shall ow trenches "are forned in the substrate 66 and filled.with

di el ect r imempry arpa| Thestipigtuse 62 FomRisge a sykstratedQy whirbmavcbe silifon iF s 68

separ at ed, fyp h%' Pcwlaé ﬁaﬁhoﬁ 8tbaLi Oidh bBtte)flAkhgl Batk @8hARErs BAA-AE W | |
be appr eC| at ed th lars 68 extend into
along a word lme L 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 (STT) oxide regions 70. As will be appreciated, the pillars 68 extend into



9 the page along the bit line BLs of the array. Doped regions (not
visibl-e in the illustrated view) are fornmed in the upper portions of
the pillars 68 to provide the source and drain of each of the
floating gate transistors 64A-64C. 100331Each floating gate

transi stors 64A-64C generally includes a gate oxide 72, such as
silicon dioxide (Si02). Each floating gate transi stor 64A-64C al so
includes an isolated floating gate 74. The floating gate 74 may
conprise polysilicon, for exanple. As previously discussed, each
floating gate transi stor 64A-64C further also includes a control
gate, which may be formed of a single conductive |ayer, such as

pol ysi | ithepagesiongthe bitdieaSlalof yhei drtays Doged e gops (adfteisihic in vhe ilusiiatedo.
Because of he conf.i. ratlon f._th r a

Float ng gl S8 AR L HMopEnBiGn RIEHIRA 8o S hllowf@id Reip of e
a comuoreachnf thelflogtngegatétramdstolslédatddi.ed in FIG 4. The floating
gates 74 and control gate 76 are electrically isolated from one
another by an inter-gate dielectric |ayer 78. The inter-gate

di el ect F[D033]ayEEa6PﬁﬂoﬁQ§Fgraie&ﬁnSsﬂ>25 A -SHB g endrally Rushidpd £gatéloxiv e, t he

inter-gate, die|.ect I S..typbigcally a material havjn

i el ot rioEh oA iopis CHEh EarodleaOre Brtbomacs a4 alsa Bifies an o
\émrrla: | bgl .ﬂﬁﬁgmﬁ% gHtd Mrzhf“ﬁ“ggﬂgﬁm w:ﬁsﬁs@lp&lymlld% o HRhpld. Nes
i ncr eas&f*HEY 15ﬁ‘lsé?‘g é?é‘rﬁ‘?tmﬁéﬁ‘te W?gf‘gtﬂbngTé@%pﬂt%of‘%‘fl%‘i{F@é‘ egyo!l

occur t hgaed) GhidvBay e fodmed 61 a Sihiglel cobidickiaé REfed) Yudhf poRRAebH,0ihidis
VWhile this spall anmount of FG-G interference may be tolerable, the

FG FG i rcapply dinstrated Pbsa@fﬁreprreﬂww#%aﬁ%meﬁeéﬁféaw@way@r anggoperation

repr esenifle M¥ayl Ef‘ch(‘c;’fl@ﬁ&ﬂ&d?irng%&e tHRYislR 4425848 @A EE:ﬂEieQworEf 8 WIS may
especially true of a hi ielectric materi al .g wherei n k>

10). As Shprea wraﬁp?femogg@a 764 3pdlluippiediip AHE b “él@f ng paigs &4 gather al | y
det er m neghBYedid1 6 Lﬁlehéemaﬁy AL 95 dhPAiRrhés by amﬁt@ésgwe amec&ld Bydrhe

capaC|t|ve area et, is the ermtt|V|t of free space 1S
di el ect r1& 'ng{ea—ggte@uequﬁ@: grgng)acpompnse §i0O; or SiNy, for example, However

the inter-gate dielectric is typically a material having a higher dielectric constant (k) than

those of 8§10, or SiNy, for example, as wili be discussed further below.

[0034] As previously described, the small pitch between adjacent floating gates 74
may result in increased FG-FG interference. For instance, FG-FG interference may occur
through the STI oxide, as illustrated by the capacitor 80. While this small amount of FG-
FG interference may be tolerable, the FG-FG interference through the inter-gate dielectric
layer 78, represented by the capacitor 82, may be less tolerable. This is especially true of
a high-k dielectric material (e.g., wherein k> 10). As will be appreciated, the capacitances

80 and 82 are generally determined by the following equation:

[0035] C=keA
t

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

k is the dielectric constant of the materal



10t is the thickness of the material. [00361As wi |l be appreciated,
hi gh-k materials are often enpl oyed to reduce tunneling current and
out diffusion fromthe floating gate 74 and the control gate 76.
However, the high-k material also has the di sadvant ageous effect of

i ncreasi ng the FG FG capacitance 82 through the inter-gate dielectric
| ayer 78. Thus, the FO FO capacitance 82 is increased as materials
havi ng hi gher dielectric constants are enployed as the inter-gate
dielectric layer 78. Enbodi nents of the present invention nmay reduce
the FG FG capacitance 82 through the wnter-gate dielectric |ayer 78,
by elimnating the capacitive path between the floating gates 74

t hrough t he i nt er -tgathe thiickhess bf the mhagreal. 78, as will be descri bed
further below with respect to FIGS. 6-12. [0037] Referring nowto FIG
5, a structure 84 is illustrated. The structure 84 is identical to
the strugoBéle 6AsofillfbeGppreriatedchigh-Kihatbrislbereiafieaempityed th edeat ri c

| ayer 78 d| s between .the floatin at 4|n Tl OX ide 7
o e e AP P s S b B8 s w12 PR BEeRtT s
\tqu ansi ?1 t Howbvbhy- tﬁéﬁightlhﬂaﬁﬂihl 430 l@% tﬂ@dngmvahegme Eﬁg&t@ﬁﬁﬁw&bﬁﬂ@ tliehﬁm

en the inter-g ciric 78 .is di p en.the
f1oat | ng""’@’é‘i‘@é‘c‘?gé &e?l@iﬂﬁw ter-pis; elapips Y ?éj Jﬂaﬁs ﬂﬁ?éf ?@ capgeitance 82
bet ween fshgerédsedhd Mstedalk ‘ﬁﬁv:ﬁé hlgﬁér &Vhiebtn'la QordatEsre @hfplbyell ASthe inter-pate
conventi onal structure 84 of C% may be even nor euc'fsqucgﬁ‘tfl ble to

t

the di sadif&ririadasnds-Fempedingatig %B’&SE’QE‘“"EJ@%%V & -gate

di el ectridpaditnes 87 hrSughah@mtd- n%&cmm&nea@ams ,Iby@liRAkdling ehe\RPhcitive
adj acent f|oating gates 74. Enbodi nents.  of the_present invention nmay

reduce tPath petween thi Sloating gates Bbthroneh thintargatedigl Fcfgaia@ew&eriwli be

| ayer 784esbiibedl fufthétdel@with espefas FiGy.&-pat h between the floating
gates 74 through the inter-gate dielectric |ayer 78, as will be

described further below with respect to FIGS. 6- 12. 100381FI G 6, an

exenpl ar poBFPCe & flhing hdw IS FRE. @agﬁum&fem@mn@m@@ TROtnRfurt B8is
present Invention is | [Tustrated. 7-11 illustrate cross

sect i onaldenticalte the stguasee 62 of FIF- 4 ef‘?%thah@e drieegaie fistoptrierlayey 78 dips
fabri cat ﬁ’zﬁvb% M€ Bk GkesWalil tw@rﬁas&&mwegmﬂg O ftaiirodds&eR st Nal Y,

FIG 6 described in conjunction w t he cross-sectional
views il fabscmmg@dlqahnfgm.tranmmr 64A-64COohe STTRexide 70 mpyiheiavergiehedisych

FIG 7 i ﬁlap\gﬂénutﬂg Ht&'}ga\m &iglcan% 788s dgpgs%hﬁ cﬂési Biwt Y RE ﬂ%&t@ng gates 74,
creating a more direct path of interference between the floating gates 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.



is disposed or grown on a substrate 108, as indicated in block 88 of
FIG 6. The-substrate 108 may conprise silicon or gallium arsenide,
for exanple. The gate oxide |ayer 110 nay conprise silicon dioxide
(Si02), for exanple. After disposing the gate oxide |layer 110, a
floating gate material 112 is disposed, as indicated in block 90. The
floating gate layer 112 may conprise a polysilicon material, for
exanple. The floating gate layer 112 will be used to formthe
floating gates of individual transistors, as will be described
further below After deposition of thg floating gate |ayer 112, a
dielectric layer, such as a silicon nitride (SiN2) layer 114 is
disposed as indicated in block 92. As will be described further

bel ow, il nitrid 14 is sacl.i ial | ayer d
during fl %Picat ]&8 ‘%ﬁ?’ Itgﬁg‘{ r e'ﬁr?%’ﬂfngté HYih %‘ncg @F‘@?ﬁe iox it S%ﬁ){&
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ow to

t hi ckness i.n the range _ of. 400-700 angstrons OlReferring n
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3 wi tn 1B B amTeddnine syl MG s b ST b fibuce ireh ey s ion of
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removed from the top of the silicon nitride layer 114, as indicated in block 98. The



nitride layer 114, the inter-gate dielectric layer 120 nay be
deposited, as indicated in block 102. As used herein, the "inter-gate

dielectric layer" refers to the dielectric layer that wll exist
between the floating gate and the control gate of the floating gate
transistor. FIG 9 illustrates this structure after renoval of the

silicon nitride layer 114 and after 13 deposition of the inter-gate
dielectric layer 120. As previously described, after the silicon
nitride etch and HF treatnments, a shallow trench remai ns between each
of the STl oxide regions 116, such thgt the inter-gate dielectric

| ayer 120 may be di sposed on top of the floating gate |layer 112 and
bet ween ;ﬁarﬁﬁ&itidmn@fh bd hea a-ﬁmi@adirﬁk&?ﬁ:ﬁ@il(plﬁaﬁﬂzﬁipgi@SMﬂ)lmﬁeBﬁﬁﬁj in .
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dielectric layer 120, is disposed at a thickness greater than

appr oxi n@ghel]y 4A%eRPEsdiAi8n of the 6R1dedd BreRRINIY RRIG rSgiondEL 65 theisARBn
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FIG. 9 illustrates this structure after removal of the silicon nitride layer 114 and after
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dielectric layer 120 is planarized such that it is even with the top
surface of the STI- oxide regions 116, and thus electrically isol ated
fromadjacent inter-gate dielectric regions, as indicated in block
104 of FIG 6. Thus, as best illustrated in FIG 10, after

pl anari zation of the inter-gate dielectric layer 120 (bl ock 104 of
FIG 6), individually isolated inter-gate dielectric regions
120A-120C remain. As will he appreciated, by creating electrically

i solated inter-gate oxide regions 120A-120C for each transi stor,

rat her than enpl oying a continuous dislectric |ayer over each of the
floating gates 112, the capacitive path through the inter-gate
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directly ont gate layer, as indicated in block 134.
Af ter delp gt 1 on]ebefépg’ﬁedﬁ?%t er-gate dielectric layer, the inter-gate

dielectric layer, the floating gate |ayer, the gate oxide | ayer and

the undefoXs'd SHBBLINS BN GlSthilcInd BT kod RIhORSuind Bale Ml 712

in bl ock ormati on o regi ons a ter epo
t he i nt etrediistrattidab being iverticaljyealigned Witb tieatdges obiha flodtinggaty lagertid 2 in

the o11 B3t eabhe R Ao B R Rl e RS B

138. NexS8TI éride &grometl 6. eAnmrqhhg]yamlcmmintemHodmmh ¢he siddvadledf €1 oxi de

Gate 15 BER0ET redien e oHie KPR 10k 0 £ 6 BE ARG Ry o8
simlar interidat cpaeaﬂssmr)dmegwbhdtmn the tmelgﬂyldglﬂoamrkpgd?d lager 162and 12,

may al so_be | poyed. .The reset exe r 0CesS i S to the
prgcess B‘&%E’(’E&F et A PHAPE LR LP qﬂpx@ts é&' i’i‘% ttmfﬂléilfm’alﬁfrg wifl be §Gmé

deposi t i ot of iR STItRIdeg84i6n Al €bacéd €achay e t(’ekhbﬁ&khﬂl&ﬁ)l e&ﬂdudﬁyf ore

the ST1 regiagns are etcheqd (block 136 y c r.ns,
deposi t edefBis isqlated Hiterraate, éeﬁfi"élf"e%!?’?sl lzq‘gﬂggbé’ihké\ 13}9|f Bﬁ‘ flpgtinggate
| ayer | s¢aeRes hedksanbddtartRelgrpiv.i con [ayer. After deposition of the
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di sposed such that it is in direct contact with the isol ated

pol ysilicon regions. “The polysilicon regions are electrically
conductive and formvertical extension of the control gate | ayer,

ext endi ng downward toward respective underlying floating gate
regions. f 0049] Wil e enbodi nents of the invention may be susceptible
to various nodifications and alternative forrns, specific enbodi nents
have been shown by way of exanple in the drawi ngs and have been
described in detail herein. However, it should be understood that the
invention is not intended to be limtgd to the particular forns

di scl osed. Rather, enbodi nents of the invention are to cover al

nodi fi cgbodts, Aqm'rawajwlytcﬁscuand mhﬁMeMé diebcﬂmllh)'rengzo\irrtahi n the

spirit and scope.,of these e n
appende oL FUTRRR I rompEsARAETS! e ih g E hangp R poyeed Hefch,
conpr.i Siatthigh-k” d:eleatrialmmaialtgynaiu;t feﬁnstoahaeﬁalahiﬁﬂg&dwlwr& cpinsnhﬁﬂ ity
of rows and col ums ura of, trapsistors

S ommr | o coatey artar e 0 T G Suffontt Bk el rinh SR on bE e HRbBYRY o
r eg: on eraﬂlthaugeacgmddiemlra;gaw 108 hrd:;ﬂ.lde]?@lktﬁfb nomigdigidno W0 Gagds, Yb,0;,

i sol ati on oxi de regi on_subs t y . fi rst_trench nd..
whor oi 1 POl Qo Lot G HRD G o0 ST P 10 21O
second tHE£SGHO,,dr mztr{,@z, GoRibidiidnathetddF. €As gat oudlyeleedibel Cerh ¥ g a
di sposed between the floating %b‘ﬂte and t he control gate, wherein the

i nt er - gdtigh- bﬂa‘%fqmetepa%ﬁi"qeg %F%‘F?‘%EI“WPH“‘E%“W&‘WS‘&W& second

| sol at i QRr@xh&lRe! &h With th@ MBS &Hithe MERGakfdidibérit I MefRatig: gate
dielectric layer is disposed between the floating gate and the first

or secorfErnsisEr heingNedsthite regi ons; and

[0045] To complete the formation of the floating gate transistors, the inter-gate
dielectric layer 120 is planarized such that it is even with the top surface of the STI oxide
regions 116, and thus electrically isolated from adjacent inter-gate dielectric regions, as
indicated in block 104 of FIG. 6. Thus, as best illustrated in FIG. 10, after planarization
of the inter-gate dielectric layer 120 (block 104 of FIG. 6), individually isolated inter-gate
dielectric regions 120A-120C remain. As will be appreciated, by creating electrically
isolated inter-gate oxide regions 120A-120C for each transistor, rather than employing a
continuous dielectric layer over each of the floating gates 112, the capacitive path through
the inter-gate dielectric layer is eliminated, thereby advantageously reducing the FG-FG
interference, previously described with reference to FIGS. 4 and 5. The thickness of each
inter-gate dielectric region 120A-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
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wherein the respective inter-gate dielectric |ayer of each of the
plurality of transistors is isolated fromthe inter-gate dielectric

| ayer of each of the other of the plurality of transistors. 2. The
floating gate nmenory array, as set forth in claiml, wherein the
inter-gate dielectric |layer of each of the plurality of transistors
conprises a high-k dielectric. 3. The floating gate nmenory array, as
set forth in claiml, wherein the inter-gate dielectric |ayer of each
of the plurality of transistors conprises one of Al 203, Gd203, Yb203,
DY203, Nb205, Y203, La203, Zr02, H 0235 Ti 02, Ta205, SrTi C3,

Ba. Sri _xTi @, ZrxSii_x0y, 1-1f.Si1 x0y, or A "Zr1,02, or conbinations
t her eof 124A-IHE i lelkatrically patatednfieorn the adjacant dexiwesaong the tbit ling Bll. ahlso 1,

wherein .the inte edlelectrlclaer f.ea f
transi st’@?siraheg ilaes paergtﬂlmve faegPa da%pfigﬁmr‘rjgtrée:%}ogs 12td"t‘13rrﬁéd’fn%é bitiaf}
respect i M@ okl subitheee 1 0%)at mill) bg apperecifted by thooé skilled mlthe attity of
transistors. 18 5. The floating gate nenory array, as set forth in

claim1l1, wherein the inter-gate dielectric |layer of each of the
pl ural i tjgof) t r RBfSAORGN RASIGR 1R eaPARMaveprobels h2@fcﬁ'&‘h?ﬁ'fcat1h§ﬂoamg gate

respective width the floatin ate of ,each of the ur al

transi sttEﬂ“§'5‘°T96ha"W$e'S?IPﬁQﬂ‘?tﬁ'gg”g%@‘él%F?"ﬁ?’ F‘h@cwé‘@r‘%@’“‘#‘%‘%ﬁ?’l n

cl ai m 1,en\Meairkddis 60B peisertifventiontis Nhisgate BNHe bhﬁefsqrmwkacgﬁ&m of
each of the plurality of transistors conprises.a i con. éycr

f1 oat i ngliFap&itRdeiaygt 'amavﬂplage% gpsteash the gate idg W@%sﬂtﬁ

floati n%raaﬁsggs@amwe Ab5iRdte, GO PRIVIGIRE desdiNE) mmeua@d irfocksB.30And
met hod of fabricatin afloatlng gate. nmenpr arra rTPrlsm
B

f or ni ng B2PAFECold- déathwbw dpopiipg a stlicgn pityidey W’)P“&PP the élpgfg RHese
subst r at)gyer WRGh&}ibusiy @ scribed, the inter-gate dielectric layer is deposited directly onto the

floating gate layer, as indicated in block 134. After deposition of the inter-gate dielectric
layer, the inter-gate dielectric layer, the floating gate layer, the gate oxide layer and the
underlying substrate are etched to form STI regions, as indicated in block 136. The
formation of the STI regions after deposition of the inter-gate dielectric layer will create
isolated inter-gate dielectric regions on top of each pillar defined by the trench. Next, the
STI oxide is disposed in the STI regions, as indicated in block 138. Next, the structure is
planarized to form the isolated STI oxide regions, as indicated in block 140. After

planarization, the control gate is deposited, as indicated in block 142.

[0048] Another process, similar to the processes described with regard to the FIGs. 6
and 12, may also be employed. 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). Afier 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



- =

pillars are defined by trenches on at |east two sides of the pillar,
wherei n each of the trenches is substantially filled wth a
respective isotation oxide region; formng a floating gate |ayer on
the gate oxide layer; formng an inter-gate dielectric |layer on the
floating gate layer; isolating the inter-gate dielectric |ayer on the
floating gate layer to create a plurality of isolated inter-gate
dielectric regions on the floating gate |ayer and overlying each of
the respective plurality of pillars, such that each of the inter-gate
dielectric regions of the plurality ofginter-gate dielectric regions
is isolated fromeach of the other inter-gate dielectric regions of

t he pl urdisposyd aichithut déris g-emmcdi:caitmwnhdhﬁ sglatdpolypilicos rﬁgamcﬁém

wherei n eac Iur | it i,S late inter

Fegt ons TDiEnHGuFtF B toodRd s sk ] bt RfbkisEmant
none of gdaelaiapdatmiing diveriwagd tevad edspedtive andatimBodting Gawpegions.
between the floating gate and the isol ati on oxi de regi ons; and
formng a control gate layer on the plurality of isolated inter-gate
di el ect rjpg49)egi Wslednitdihé&nd af the thvieitor Magbe gat:q:tmeedoa@ﬁbhs: | ayer to
formthe |nher gate dielectrjc regions. Qéﬁ nethod, as se
forth i rmedibparons agdhglienative (ommsngpee ’P‘r‘ﬂjs F‘b SRR Y

i sol at i NGainpfe ihliRPdraWengd %@hﬁ@m&n a@scﬁb@cameeam{ewia,l HoWweér, ftlsRahd BQ
gates on each of the plurality aof |lars,. such that each of the

f1oati ngurglatswdahattﬂwnmwaw ’E"BF ‘B‘F“‘F‘?ddatbF lignitsd @ thejparticular forag £ ¢ om

each of §fgosel hRﬁth@lf' ehtbBd il PR il HiFbMfonCire toh-.%v&l 41 Abdifiatinsf | 0ating
gates by the trenches. 10. The ngethod, as set forth in-claimo,

wher ei n” eguivalepise end altegpasives falling withip he wpiritend seans of @‘Eﬁsée’é}b@‘ﬂ'@@f‘ﬁsi 38
regi ons Acint@hyRi Bloving appaaka ¥Ripe of the plurality of floating
gates. 11. The nethod, as set forth in claim10, wherein the formng
of the plurality of floati ng gates and the formng of the plurality
of inter-gate dielectric regions occur in the sanme processing step.
12. A method of fabricating a floating gate nenory array conpri sing:



di sposing a gate oxide |ayer on a substrate; disposing a floating
gate layer on the gate oxide layer; disposing a sacrificial l[ayer on
the floating gate |layer; etching a plurality of substantially
paral l el trenches through each of the sacrificial layer, the floating
gate layer, the gate oxide |ayer and the substrate; filling each of
the plurality of trenches with an isol ation oxide; renoving the
sacrificial layer to forma cavities having sidewalls fornmed by the
i sol ati on oxide, wherein the floating gate |ayer is exposed through
the cavities; disposing an inter-gate dielectric |layer into each of
the cavities; creating a respecti veCLASME ed i nter-gate dielectric
region in each of the cavities by isolating regions of the inter-gate
dielectric layer such that each isolated inter-gate dielectric region
I s di sqret e Af flodtingash niney atrsPtah@ignt er-gate dielectric region;
and depositing a, control gate on _each of the isolated inter-gate
diel ectric A®Hraiy of traggistors arranged in a plurality of rows and columns, wherein cach of the
plurality of transistors comprises:

a floating gate disposed between a first isolation oxide region and a second
isolation oxide region, wherein the first isolation oxide region
substantially fills a first trench, and wherein the second isolation oxide
region substantially fills a second trench;

a control gate; and

an inter-gate dielectric layer disposed between the floating gate and the control
gate, wherein the inter-gate dielectric layer is planarized with the first and
second isolation oxide regions, and wherein none of the inter-gate
dielectric layer is disposed between the floating gate and the first or
second isolation oxide regions; and

wherein the respective inter-gate dielectric layer of each of the plurality of transistors is

isolated from the inter-gate dielectric layer of each of the other of the plurality of transistors.

2. 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 a high-k dielectric.

3. The floating gate memory array, as set forth in claim 1, wherein the inter-gate dielectric
layer of each of the plirrality of transistors comprises one of Al;03, Gdy03, Yb,0s, Dy,0s3,
szOs, Y203, L3203, ZI‘Oz, HfOz, Ti02, T3205, SI‘TiO3, BaxSrl.xTiO3, ZI‘xSil_xOy, foSil.xOy, or

Al 71,05, 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.



13. The method, as set forth in claim212, wherein disposing the
sacrificial |ayer conprises disposing a silicon nitride |ayer. 14.
The nmethod, as set forth in claim 12, wherein disposing the
sacrificial |ayer conprises disposing the sacrificial |layer at a

t hi ckness of greater than or equal to 400 angstronms. 15. The met hod,
as set forth in claim12, wherein disposing the sacrificial |ayer
conpri ses disposing the sacrificial |ager at a thickness in the range
of approxi mately 400-700 angstrons. 16. The nethod, as set forth in
claim 12, wherein renoving the sacrificial |ayer conprises etching
the sacrificial layer with sulfuric acid conmbi ned with hydrogen

' H2SOA+ H202 7. The et forth |
Per o - 1 P N RS T om AR, APt SRS bo ok p it st il Cietectric
sacr i f ifjenbf dadly 6f the plutaltty OF @dsiir ﬁas(dilapeaﬁwedwﬁiq{ sreh@nthail ei3patgive Redth

sacrificial |layer to formthe cavities; and
the floating gate of each of the plurality of transistors.

6. The floating gate memory array, as set forth in claim 1, wherein each of the floating gate

and the control gate of each of the plurality of transistors comprises a polysilicon.

7. The floating gate memory airay, as set forth in claim I, wherein the floating gate memory

array comprises a NAND memory array.

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

forming a gate oxide layer on each of a plurality of pillars in a substrate, wherein the
pillars are defined by trenches on at least two sides of the pillar, wherein each of
the trenches is substantially filled with a respective isolation oxide region;

forming a floating gate layer on the gate oxide layer;

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

isolating the inter-gate dielectric layer on the floating gate layer to create a plurality of
isolated inter-gate dielectric regions on the floating gate layer and overlying each
of the respective plurality of pillars, such that each of the inter-gate dielectric
regions of the plurality of inter-gate dielectric regions is isolated from each of the
other inter-gate dielectric regions of the plurality of inter-gate dielectric regions
by the trenches, wherein each of the plurality of isolated inter-gate dielectric
regions is planarized with the isolation oxide regions, and wherein none of the
isolated inter-gate diclectric regions is disposed between the floating gate and the
isolation oxide regions; and

forming a control gate layer on the plurality of isolated inter-gate dielectric regions after

isolating the inter-gate dielectric layer to form the inter-gate dielectric regions.



exposing the cavities to a hydrofluoric (HF) acid solution. 18. The
met hod, as set forth in claim 12, wherein creating the respective
inter-gate dielectric region in each of the cavities conprises

pl anarizing the inter-gate dielectric layer. 19. The nethod, as set
forth in claim 18, wherein planarizing the inter-gate dielectric

| ayer conprises planarizing by a chem cal nechanical planarization
(CWP) process. 20. The method, as seti9forth in claim12, farther
conprising planarizing the isolation oxide after filling each of the
plurality of trenches with an isolation oxide to create isolation
oxi de Pegi odbe mstiodr @ sebfosliiinglaim 8, whereinfprmiing thedlpating gat¢ lyen eemprises
caviti i ' I r | eyl ' .
ot hod ARG RE Bt f PRl By bERLAhE DRcOB i of i picidtin Ot
di sposipiltprs soedt thatescldef thaflestingrpates sithetplabléty of floating 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.

11.  The method, as set forth in claim 10, wherein the forming of the plurality of floating
gates and the forming of the plurality of inter-gate dielectric regions occur in the same

processing step.

12. 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 a sacrificial layer on the floating gate layer;

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

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

removing the sacrificial layer to form a cavities having sidewalls formed by the isolation
oxide, wherein the floating gate layer is exposed through the cavities;

disposing an inter-gate dielectric layer into each of the cavities;

creating a respective isolated inter-gate dielectric region in each of the cavities by
isolating regions of the inter-gate dielectric layer such that each isolated inter-gate
dielectric region is discrete from each other isolated inter-gate dielectric region;
and

depositing a control gate on each of the isolated inter-gate dielectric regions.
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di sposing a floating gate |layer on the gate oxide |ayer; disposing an
inter-gate dielectric layer on the floating gate | ayer; after

di sposing the inter-gate dielectric layer, etching a plurality of
substantially parallel trenches through each of the inter-gate
dielectric layer, the floating gate |ayer, the gate oxide | ayer and
the substrate to forma plurality of isolated inter-gate dielectric
regions; filling each of the pluralityoof trenches with an isol ation
oxi de; and depositing a control gate on each of the isolated
inter-gate dielectric regions after filling each of the plurality of
trenchdd: wi (The aietiodonsser BIHOR FBEm 14ekastin dsaoRinpfhosprsifioi lapeepmprises
inter- .l L i Qns is planarized with the isol ation oxide
of eac%ﬂ?§%%%ﬁ%ﬁ£@£#ﬁ¥ﬁggﬁgthod, as set forth in claim?2l, wherein
etching conprises etching each of the inter-gate dielectric |ayer and

the flqQatin ate layer [n,a sjngl rocessi ng step. . . The et hod,
s set Wor ¢ 1P Aiegiod: 1 24 Forgn E1RER | CoMt S RGO aba Ricr il Ler Somprse
i sol at igpoaxg e sadriffial ldyel ANOhRRERs Of glelier bt bRddubbtoAbo bh@RGhRS Wi th

an isolation oxide to create isolation oxide regions, separated by
isolated regions of the floating gate |ayer.

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.

16.  The method, as set forth in claim 12, wherein removing the sacrificial layer comprises
etching the sacrificial layer with sulfuric acid combined with hydrogen peroxide (H2SO4+
Ha0,).

17.  The method, as set forth in claim 12, wherein removing the sacrificial layer comprises:
exposing the sacrificial layer to a hydrofluoric (HF) acid solution;
etching the sacrificial layer to form the cavities; and

exposing the cavities to a hydrofluoric (HF) acid solution.

18.  The method, as set forth in claim 12, wherein creating the respective inter-gate dielectric

region in each of the cavities comprises planarizing the inter-gate dielectric layer.

19.  The method, as set forth in claim 18, wherein planarizing the inter-gate dielectric 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.
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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;

after disposing the inter-gate dielectric layer, etching a plurality of substantially parallel
trenches through each of the inter-gate diclectric layer, the floating gate layer, the
gate oxide layer and the substrate to form a plurality of isolated inter-gate
dielectric regions;

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

depositing a control gate on each of the isolated inter-gate dielectric regions after filling
each of the plurality of trenches with an isolation oxide, wherein each of the
isolated inter-gate dielectric regions is planarized with the isolation oxide of each

trench.

22.  The method, as set forth in claim 21, wherein etching comprises etching each of the inter-

gate dielectric layer and the floating 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.



