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Rel ated Application 5 This application is related to U. S. Application Seri al
No. 10/ 769WPP80YMBYBr ney Docket No. 400.261US01) fil ed JBATASH005(00482904,
entitled "VERTI CAL DEVI CE 4F2 EEPROM MEMORY, " which is conmonly assigned.
Technical Field of the Invention The present invention relates generally to

integrated circuits and i QgReFdal.CtmHomt oM MBmEHEBEREcEsnvention relates to
EEPROM nenory devi ces. Background of the Invention Menory devices are

typically provided as internal storage areas in the conputer. The term
menory identifies data storage that conmes in the formof integrated circuit

chips. There are several differenReladdcspsiicafibgory used in nodem

el ectronics, one conmon type is 15 RAM ( rang_ omaccess nenory). RAMis

char aét eri st i cal I'This applitation isselated tard].B. Apphination Serial No ipit6d:1 16r{(dttomeyent .
RAM refers, t,0 a | ry; LS, ..Y.Ou,, ' ata into
Ramt and.  D20CHEE AR BRTURRD AT SRiediy 40 3pak eautied s VRRIICAR SEVTR 47" Ry

whi ch per gEPROMMEROR Y2 wisiel istdhfinodYp adsi lis volatile, which nmeans that
it requires a steady flow of electricity To maintain its contents. As soon

as the power is turned off, 20 whatever data was in RAMis |ost. Conputers

al nost al ways contain a snall el Haventiohds i nstructions for
starting up the conmputer. Unli ke RAM ROM cannot be witten to. An EEPROM

(el ectrical ly er dBwresept yentioreiclates geaaralliiity integraied rircuitssandpie pariculay e
gsing it to an electrical charge.

non-val atile ROM_f.hat .can d by e
EEP co%‘%é‘w&nf‘gﬂ Qeéﬂtﬁm&?gﬁﬁgéﬁﬁﬁcﬁéﬁ%ﬁgwﬁr | s having electrically
i sol ated gates (floating gates). Data is stored in the nenory cells in the
form of charge on the floating Batiefondd G tB€ Iiventib@nNsported to or renoved
fromthe floating gates by specialized programm ng and erase operations,
respectively. YetMameth@dvidesRee §picARY piliddd dsenteRIPErdgs afeak ipfhe coRipatey. A
Fl ash menory is a 30 type_ of E%BRG\/?Phat is typically _ger ased and
r epr ogr aniiterm mytmeryddeniifics datagtoragrethpt eamestin dhe formeof imtegrptsideancuitichips.
TEnory  CORRLE 3 sederit ditfefertt rt§pae¥ of Vn\'{?elrr?o?y IIJQE(H ilrjldn?gdc%n lel%crzlggnigslf rcT)Ree {:onq}cnon type is
15 RAM (random-access memory). RAM is characteristically found in use as main memory in a
computer environment. RAM refers to read and write memory; that is, you can both write
data into RAM and read data from RAM. This is in contrast to read-only memory (ROM),
which permits you only to read data. Most RAM is volatile, which means that it requires a
steady flow of electricity to maintain its contents. As soon as the power is turned off,

20 whatever data was in RAM is lost.

Computers almost always contain a small amount of ROM that holds instructions
for starting up the computer. Unlike RAM, ROM cannot be written to. An EEPROM
(electrically erasable programmable read-only memory) is a special type non-volatite ROM
that can be erased by exposing it to an electrical charge. EEPROM comprise a large number

25  of memory cells having electrically isolated gates (floating gates). Data is stored in the
memory cells in the form of charge on the floating gates. Charge is transported to or
removed from the floating gates by specialized programming and erase operations,

respectively.

Yet another type of non-volatile memory is a Flash memory. A Flash memory is a
30 type of EEPROM that is typically erased and reprogrammed in blocks instead of one byte at a
time. A typical Flash memory comprises a memory array, which includes a large number of

memory cells. Each of the memory cells includes a floating gate ficld-effect transistor



menory cells. Each of the menory cells includes a floating gate field-effect
transi stor“}epz 3782 PCT/ US2005/ 004815 2 capabl e of | arge.
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mul tipl e deenorpicells innheaate klotk argteyssed il 4 yinglowpbiation15 each). Figure 1
illustrates a cross-sectional view of a typical prior art NROM nenory cell
with 1@ channel | eQgd Rcent:t FI3H mbsofORAMIFIAE r&id chif ARkHRY (NRDANL00 formed

on top of an oxide-nitride-oxide (ONO" |layer. This layer is conprised of an
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that is on the substrate. Two source/drain regions 109 and 111 are at

ei t her ensdomé NR{MgaemoryGells Firealss storecranldfipki data bigs imreach 041 éppicdllyltvar bits
conni%t ed#)%l a channel area 110 between the two 25 source/drain regions 109
and 1. >function of each source/drain region 109 or 111 (i.e., whether
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oxide-nitride-oxide (ONO) layer. This layer is comprised of an oxide layer 101 on top of a

nitride 103 layer upon which the charge is stored for the various states of the cell. In one
20 embodiment, the cell has trapping areas 105 and 106 for storing two bits of data on the nitride
layer 103. The nitride layer 103 is deposited on another oxide 1ayer 104 that 1s on the

substrate.

Two source/drain regions 109 and 111 are at either end of the gate 100. The
source/drain regions 109 and 111 are connected by a channel area 110 between the two
25 source/drain regions 109 and 111. The function of each source/drain region 109 or 111 (i.e.,
whether source or drain) depends upon which bit trapping area 105 or 106 is being read or
written. For example, in a read operation, if the carrier is input at the left side source/drain
region 111 and output from the right side region 109, the left side is the source 111 and the
right side is the drain 109 and the data bit charge is stored on the nitride 103 at the source end
30 111 for bit trapping area 106.

As integrated circuit processing techniques improve, manufacturers try to reduce

the feature sizes of the devices produced and thus increase the density of the IC circuits and



right side is the drain 109 and the data bit charge is stored on the nitride
103 at the source end 30 111 for bit trapping area 106. As integrated
circuit pr¥@288¥48§782echni ques i nprove, manufacturers try PEI/P8QE/B0431%e
feature sizes of the devices produced &nd thus increase the density of the
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operational characteristics. Figure 2 illustrates a typical prior art
pl anar NRSRKOM dieviges nparticagarpasctha nhaine] kengthlis tddaced, s rhisgoumisiae id Gypi@dlynm | n
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menory cell arrays'is the issue of overerased nenory cells. menory
cel | 10s si0lunmuda iy casenthe aharnel len$iBGEEd shark thasthe trappingiatdas 208 and 206 ofjthiee

separated froma ch | .. source, and drain py an insulator, In 15
addi ti on, g dpta sl hNREIM dRuie avestan: o himoves P Mayrapsegain wgite agdread 5O o
MOSFET transistor, current flows when the NROM nenory cell/transistor is

sel ected or acti Vafwther prablege in flegsingdzateoand NBOM apsprany celhgusaysas thecissnetdfe
anount of _current flow in the transi st,pr, . dependi ng., on it i rection
of oper at ?%%ere%egirmw%qe %WH’&W@Y 5;?19’@1‘5{:8‘(‘:‘5#\?& 535‘%1’[55 tgiar%l%ﬁﬁr ower i ng

its threghRisor FithEcodtbP&dté SpafitedPREmaL dHafinel! Sbubded SRANTINSY M irRGR&INIn an
NROM nenory cell, 20 charge is transported to or'fromthe electrically

i nsullat edadditigrpiempetidaein thef insidetoNiRG isolated drapping layer. Aedn aMIOBFERdrageisios,
T ow cur reitien Hops vaRR REnRDI mnosy P LRBRat e et o sor ey pharge pabegh.
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_ threshold in the direction of operation. In programming or erasing an NROM memory cell,
20  charge is transported to or from the electrically insulated trapping layer of the NROM
transistor. If too much charge is removed from the trapping layer of the NROM
transistor/memory cell it will flow current in this direction of operation even when it 1s not
selected. NROM transistors in this overerased state can affect current flow on shared bitlines

and/or memory strings and thus potentially corrupt data read from other memory cells these

25  common bitlines and/or memory strings.

For the reasons stated above, and for other reasons stated below which will
become apparent to those skilled in the art upon reading and understanding the present
specification, there is a need in the art for a method and architecture for producing a more
closely spaced and, thus, higher density NROM memory array without trapping area overlap

30  and with improved overerasure handling properties.



For the reasons stated above, and for other reasons stated bel ow which w |
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For one em§ ment, the invention provides a memory device comprising a NOR

architecture NROM memory array formed on a substrate having a plurality of pillars and
assbciated intervening trenches. A plurality of memory cell structures, each memory cell

20 * structure comprising, an NROM memory cell is formed vertically on a first sidewall of a
trench. A select gate is formed on a second sidewall of the trench. The select gate is coupled

to the NROM memory cell by a first source/drain region formed at the bottom of the trench.

For another embodiment, the invention provides an NROM memory cell structure
comprising a substrate, having two raised areas, defining a trench therebetween. An NROM
25  memory cell is formed vertically on a first sidewall of the trench, and a select gate memory
cell is formed vertically on a second sidewall of the trench. The NROM memory cell is |

coupled to the select gate by source/drain regions at the bottom of the trench.

For yet another embodiment, the invention provides a method of forming an
NROM memory cell structure comprising forming two raised areas on a substrate, the raised
30  areas defining an associated intervening trench. The method further includes forming an

NROM memory cell on a first sidewall of the trench, forming a select gate on a second



25 menory cell is formed vertically on a first sidewall of the trench, and a
sel ect gate nenory cell is fornmed vertically on a second sidewall of the
trench. TH¥ORPEN8¥MIory cell is coupled to the sel ect gaP€r/b$20080048€3 dr ai n
regions at the bottomof the trench. Fd& yet another enbodi nent, the

I nvention provides a nmethod of formng an NROM nenory cell structure
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defining an associated intervening trench. The nethod further includes
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sel ect gate on a second WO 2005/ 083782 PCT/ US2005/ 004815 5 sidewall of the
trench, and f or mBoyafurthen embodimeng theipventien proviteb o tNANDofchilgetuss NBOM: ed
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For another embodiment, the ipvention provides a method of forming a NAND

architecture memory cell string comprising forming one or more raised areas on a substréte,
20  the raised areas defining associated intervening trenches. The method further includes

forming a plurality of NROM memory cells on the sidewalls of the one or more raised areas,

forming one or more source/drain regions on the top of the one or more raised areas and at

the bottom of the one or more associated intervening trenches, and forming a first vertical

select gate coupled to a first NROM memory cell of the string and a second vertical select
25 ' gate coupled to a last NROM memory cell of the string.

Other embodiments are also described and claimed.

Brief Description of the Drawings
Figure 1 shows a cross-sectional view of a typical prior art NROM cell.

Figure 2 shows a cross-sectional view of a typical prior art NROM cell with a
30  channel less than 100 nm.

Figures 3A and 3B detail erase operations in NROM memory cells.



the bottom of the one or nore associated intervening trenches, and formng a
first vertical select gate coupled to a first NROM nenory cell of the
string and a second vertical select 25 gate coupled to a | ast NROM nenory

. cell of the string. Qther enbodi nents are al so descri bed and cl ai med. Brief
Description of the Drawings Figure 1 s%ows a cross-sectional view of a
typical prior art NROMcell. Figure 2 shows a cross-sectional view of a

typical prior art.NROV cell, with a | | ess than 0 nm Figures 3A
and 36 det st or HEVGHAIC O6HY BRI R e ry o8 of G oB b 4C ot ar |
a planar NAND NREMupRNHN-¥CAetad)s Hinat NORNROM afeinory hirStéfke gﬁor&@.det ail a
pl anar NOR NROM nenory arrr%%aaf the prior art. Figures 6A-6C detail

vertical NOR NROKISWY 6§ variga CRPRINR AVamempryastay apd callssirbodi nent s of

the prese%co# M&ﬂbi&l?&nbf&i%%t?%fﬂf@tpﬁesle?‘ hithd vertical NAND NROM menory

array and cells in accordance w embodi merts of the present invention.

Fi gures 8A- 8C defFgiulesfY AlDI demilofertcal/ NANIE NR ONANI2neore birb e eddicetls MNROM  menor y
array havi ng NROM | m)gge/qicel | s ﬁ‘fgd sel ect ﬁat es in accordance with

enbodi menf¥ @F““t%‘@rﬁg?@ ments OEHEPBENtERYIFEN9 details a bl ock di agram of an
el ectronic syst emduesaC8CARDCIToMAN 0P FRAGLABIARDCcHifRBRI RROM | nventi on.
Detail ed Description of the Invention In the follow ng detail ed description
of the pr efemoreatrayopnegBHON] membryregHeand slechgats in ectondanse wathpanyi ng

dr awi ngs thﬁt .fortm f'ﬂt Qart h[ereo{. and in which is shown by way of

i 11 ust rat PEROUBEEP PTEC Prspl e 8% hodi ment's i n which the inventions may be
practiced. Thes@igmdodetaR4 Blodk BiafRELsH da@lbctrbnis Widtéf i McoflRhed With 0 enabl e
those skilled in the art to practice the invention, and it is to be

under st oo@mpofimens REthe PraseRtiipantion.nay be utilized and that |ogical,

mechani cal and el ectri cal CB&E&&FD&%M @O%mgﬁngﬁ%%ut departing from the
spirit and scope of the presen . waf er and substrate
used previously amtheifollévwiagdefallehdescripteaaf ithetpreforred embodimanty, lefesence is

sem conductQr structure. Both ,are tq be understood as including
si i con- oﬁlag%m f FeeomBeRs)ing %WH@SM%@ 3 paELherent. and in which is showr'by way

of illustration specific preferred embodiments in which the inventions may be practiced.

These embodiments are described in sufficient detail to enable those skilled in the art to
practice the invention, and it is to be understood that other embodiments may be utilized
and that logical, mechanical and electrical changes may be made without departing from
the spirit and scope of the present invention. The terms wafer and substrate used
previously and in the following description include any base semiconductor structure. Both
are to be understood as including silicon-on-sapphire (SOS) technology, silicon-on-
insulator (SOI) technology, thin film transistor (TFT) technology, doped and undoped
semiconductors, epitaxial layers of silicon supported by a base semiconductor, as well as
other semiconductor structures well known to one skilled in the art. Furthermore, when
reference is made to a wafer or substrate in the following description, previous process
steps may have been utilized to form regions/junctions in the base semiconductor structure.
The following detailed description is, therefore, not to be taken in a limiting sense, and the
scope of the present invention is defined only by the claims and equivalents thereof.
NROM EEPROM memory devices and arrays, in accordance with embodiments of the
present invention, facilitate the utilization of vertical NROM memory cells and select gates

in NOR or NAND high density memory architectures. Memory embodiments of the



i nsulator (SO ) technology, thin filmtransistor (TFT) technol ogy, doped and
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are reduced, a minimum size is reached that is dictated by the operational characteristics of

20  the NROM memory cell devices that make up the memory array. As a result, the maximum
density of an array of memory cells is limited even if the process technology can attain even
smaller features and/or channel lengths. In particular, this is an issue in higher capacity
memory types where small changes in the memory cell footprint (e.g., memory cell channel
widths) and the cell density in the array can have a large effect on the overall array size and

25  the resulting storage capacity.

As stated above, programming an NROM memory cell involves the insertion and
storage of charge on the memory cell’s trapping layer. However, as also stated above,
because of their unique device characteristics, NROM memory cells can also store multiple
data bits in each cell, storing a data bit in the trapping layer of the device near each

30  source/drain region for two bits in a typical NROM memory cell transistor. In this, an
NROM memory cell transistor is read and programmed in both a forwards and backwards
direction of current flow in the source/drain regions (interchanging their source/drain

function) to allow access to programming, reading, and erasing the two stored data bits. The
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amount  of 4n4 decreases with the removal of stored charge. Reading NROM memory cells in EEPROM

20  memory arrays is then accomplished by accessing a memory cell with selected read voltage
levels on the control gate and data/bit line coupled to the source/drain region biased as the
source. The stored data is then typically sensed from the amount of current the NROM
memory cell flows through the coupled bit/data line coupled to the source/drain region biased

as the drain.

25 In programming NROM memory cells in EEPROM memory arrays, electrons are
typically transferred to the trapping layer of the memory cell by one of Fowler-Nordheim
tunneling (FN-Tunneling) or channel hot electron injection (HEI). Other forms of
programming NROM memory cells, such as, substrate enhanced hot electron injection
(SEHE), are also known and utilized, but may not be appropriate for multi-bit operation.

30  FN-Tunneling is typically accomplished by applying a positive control gate voltage on the
NROM memory cell with respect to its channel to tunnel inject electrons to the trapping
layer. Channel hot electron injection (HEI) is typically accomplished by applying a positive

voltage on the control gate and the source/drain region biased as the drain of the NROM
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the threshold voltage of the NROM memory cell transistor is altered so that it operates as a
depletion mode device, requiring a negative control gate-channel voltage to be applied to shut
20  off current flow in the selected bias direction. In this state, the NROM memory cell transistor
will flow a current even when it has not been selected by the memory, unless a negative
voltage is applied to the control gate with respect to the source. This “overerased” state and
the resulting current flow in the selected bias direction when the overerased NROM memory
cell is unselected can interfere with attempts to read the values of other NROM memory cells

25 that share the common bit lines with it, corrupting the read data.

Complicating the issue of overerasure in NROM memory cells is that not all
NROM memory cells erase (remove charge from their trapping layers or trapping areas) at
the same rate of speed. Typically, one or more “fast erasing™ memory cells will erase more
quickly than the others of the group of cells selected for erasure. To minimize the possibility
30  of inadvertently overerasing this group of fast erasing NROM memory cells most NROM
EEPROM and Flash memory devices/arrays typically utilize the complex and time
consuming iterative erase voltage pulse-memory cell verify process noted above to erase its

NROM memory cells.
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maintaining the size of the memory cell channel to allow for appropriate device operation. In

addition, by increasing the available surface area for transistors and incorporating select
20  gates, which are also constructed in a vertical manner, embodiments of the present invention
mitigate issues with overerasure and disturb, allowing for greater reliability and faster

programming and erasure.

As previously stated, the two common types of EEPROM and Flash memory

array architectures are the “NAND” and “NOR?” architectures, so called for the similarity

25  each basic memory cell configuration has to the corresponding logic gate design. In the NOR
array architecture, the NROM memory cells of the memory array are arranged in a matrix
similar to RAM or ROM. The gates of each NROM memory cell of the array matrix are
coupled by rows to word select lines (word lines) and their source/drain regions are coupled
to column bit lines. The NOR architecture NROM memory array is accessed by a row

30  decoder activating a row of NROM memory cells by selecting the word line coupled to their
gates. The row of selected memory cells then place their stored data values on the column bit
lines by flowing a differing current from the coupled source line to the coupled column bit

lines depending on their programmed states. A column page of bit lines is selected and



An additional issue that can affect the nmenory cells of an EEPROM or Fl ash
menory array is "disturb.” Disturb typically happens when the el evated
vol t ages u@é&”?s()o&"?@é program or erase an NROM nenory cel | PEBYR9AS/0WBI5r ase
bl ock "disturb" the programed values 8t ored in other trapping areas of

ot her NROM nenory cells corrupting themand causing errors when they are
| at er r eagnsefhanskindividnaddatawargs aeselaete fromuthe sersedidaty words Framethe eoliman wor d

| i nes, bi gjsgﬂ@&m%gm%%%a%go&éy%gé?% the ménory cells that are being

progra or erase ing their NROM nenory cells vertically
and isolating th ' sel ect qate enbodi.ment s resent jinvention
al low for incr gagggw ﬁ%ﬁ%?&fgﬁ?&‘é&? a@&ﬁﬂa‘l%%‘rf&ewyaﬁffd"#ﬁ& &9@8%?‘?“15?‘23; i on

of  pr oCeSgiatik )R {af @2 lge§ of edh NROAP iletior$ Sell wmb%mamﬁpﬁu bW§ 1 z& of

the menory cell channel” to allow for appropriate devi eration. In
addi t$ on, winy lines.r Hawevey cable menwiry atll & otidirently apledfton sbuma dines tnd s celothn

I ncor por at.i el ect 20 gates, i.ch are also constructed in a vertjc
manner , ;%ﬂ*gﬁ-ﬁﬁﬁ@’é‘?em oﬂf‘éé‘éhrﬂf the AFEy AT Arranged;t ri1g§tep§gs,\mﬁl1:pﬂy§8,
overeras | | I | d.abi ] f.

progr amnwn% 3g’n dg(?rgtsegétg ’Wt%gé gl\rén(a\/ﬂ?%%rglcflﬂii?eat%g %Fﬂ-lg r?g@?év\‘iyl ‘%%‘r‘%%ﬂ“t‘@%ée‘?%f

EEPROM arsbufdeas draie ietweenar ccayman shirtelineiands eolami fbit [TidANRis dlocks"'aNORND
architectures, so called for .the sim!|l arLé‘%/qisZS each basi c nmenor

|1
conf i gur ATy RIGhecEs torhave ghighes girmary ol 1ty shan aemipgrable NQ&@%&M array
hi t t | di
o £ 10,°C (W helddft HNZRBIANY oo abSesSbard 8 SPBERII R Btbafbdiy 2 LRNOCE 1 2
tri d d | ect i d Li d
Thei? sour cel dr aAAN Bio R RDPLARTE Bl inrchmes] PhEEv SrdiRtr
ar chi t ect449adBAMTRIRNKON nibind:§ ANCSERRARY (B 81 SR RROURHIACL et i ng

row of NROM nerfory cells by seletting the word I1ne coupled to their gates.

The row ofateselraddiiomehowprd bhéssovhied tpthagates lnfithe wiseleetd aanzory a¢lisesf eanh t he
colum bit . lines by. flowng a differing,current fromthe coupl ed. source

o ne o g e Shadringh g b el ipstledds GaR colt Shisth SHPGRTREANY ot cs.

A colgm pag . iRt ay ok ' t 815
11 sgﬁsed, aﬁggianlg lE/elx Bgﬁﬁ)é% %§@V\%r sﬁgﬁaﬂgﬁﬁgg@g%%%zt gﬁD g‘é%@ﬁgggnggﬁmds
from t he mast cnrent pegmaanct tharmsumicstaiced byitheir stbredndatvaluesA Qi then dlpws

archit ect#&g tl%eI So%rcaerl{naer]tg %153 (i:o gmg E)Etaﬁlnect)lgroyg?wwcmb& %?clnlxosfy icgil gf the series
coupled string, restricted only by the memory cells of each string that are selected to be read.
This places the current encoded stored data values of the row of selected memory cells on the
20 column bit lines. A column page of bit lines is selected and sensed, and then individual data
words are selected from the sensed data words from the column page. and communicated

from the memory.

Figures 4A, 4B, and 4C show a simplified planar NROM memory array of a
EEPROM or Flash memory device of the prior art. Figure 4A details a top view of a planar
25  NOR architecture NROM memory array 400, a side view of the planar NROM memory array
400 is detailed in Figure 4B. In Figures 4A, 4B, and 4C, NROM memory cells 402 are
coupled together in a NOR architecture memory array having bit lines 412 and word lines
406. The bit/source lines 412 are formed locally from N+ doped regions deposited in the
substrate 408. Each NROM memory ceil 402 has a gate-insulator stack formed between the
30 N+ doped regions of a bit line 412, utilizing the N+ doped regions as a drain and source
respectively. The gate-insulator stack is made of an insulator on top of a substrate 408, a
trapping layer formed on the insulator, an intergate insulator formed over the trapping layer,

and a control gate 406 (typically formed integral to the word line 406, also known as a
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20 Embodiments of the present invention utilize vertical NROM memory cells and

vertical gate structures. Methods of forming vertical memory cells are Idetailed in United
States Patent Application No. 10/177,208, titled “Vertical NROM having a storage density of
1 bit per 1F?, filed June 21, 2002, and United States Patent No. 5,936,274, titled “High
density flash memory”, issued August 10, 1999, which are commonly assigned. Methods of
25 forming vertical split control gates are detailed United States Patent No. 6,150,687, titled
“Memory cell having a vertical transistor with buried source/drain and dual gates”, issued
November 21, 2000, and United States Patent No. 6,072,209, titled “Four F2 folded bit line
DRAM cell structure having buried bit and word lines”, issued June 6, 2000, which are also

commonly assigned.

30 Figures 6A-6C detail vertical NROM memory cells and select gates for a NOR
architecture NROM memory array in accordance with embodiments of the present invention.
Figure 6A details a side view of a simplified vertical NOR architecture memory cell structure

604, a side view of a vertical NOR memory array 600 is detailed in Figure 6B. Figure 6C
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6A- 6C dett30is fermedda paNROing @ mapking aatariah that isdryased geardbe substraie GOR and
anisotropically etching the trenches 630. The gate-insulator stack of the NROM memory cell

20 602 is formed in one embodiment by successive layering of each of the materials of the gate

insulator stack over the trench 630, followed by a mask and directional etch of the deposit of
each layer to leave only the material deposited on the sidewall of the trench 630. In another
embodiment, differing layers of the gate-insulator stack are formed and then masked and

directionally etched in a single step.

25 The vertical select gate 610 has a gate-insulator stack made of an insulator 642
formed on the opposite sidewall of the trench 630 with a control gate 644 formed over the
insulator 642. The gate-insulator stack of the select gate 610 is formed by successive
layering of each of the materials of the gate insulator stack over the trench 630, as with the
vertical NROM memory cell 602, but skips the depositing of the insulator 620 and trapping

30  layer 622 layers. In one embodiment of the present invention the insulator 620 and the
trapping layer 622 of the NROM memory cell 602 are formed and then the intergate insulator
624/control gate 606 of the NROM memory cell 602 and the insulator 642/control gate 644

of the select gate 610 are formed consecutively.
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a single step. 25 The vertical select gate at e-1 nsul at or stack
made of aaltenmsing padernGNRONMeseivetigae, stleet gavpdDROM, NRi@MBidlecd patehetc.) swrhcthatt30

with a contyol e 644 fornmed over the
each p:illagr.3 %58 has either select gates 61(5 or NROM memory cells formed on its sidewalls.

20 N+ doped regions 626 are formed at the top of the pillars 628 and at the bottom of
the trenches 630 to form the source and drain regions. The N+ regions at the bottom of the
trenches 630 couple the memory cell 602 and select gate 610 of each vertical NOR
architecture memory cell structure 604 to‘gethcr. The N+ regions at the tops of the pillars 628
couple the drain of the select gate 610 and the source of the NROM memory cell 602 of each

25  vertical NOR architecture memory cell structure 604 to the bit lines 612 respectively. Itis
again noted that the N+ source/drain regions 626 may be formed before or after the formation

of the NROM memory cell 602 and select gate 610 gate-insulator stacks.

1t is also noted that isolation regions, typically formed of an oxide insulator, can
be used between adjacent rows of vertical NOR architecture memory cell structures 604 to
30  isolate each row from its neighbors. These isolation regions can be extended into the
substrate 608 to allow the formation of P-wells, where each P-well contains a single row of

vertical NOR architecture memory cell structures 604 that can be biased in isolation from the
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by the minimum feature size. Due to the vertical form of the vertical NOR architecture

20 NROM memory array 600 and vertical NOR architecture memory cell structures 604 of
embodiments of the present invention, a NOR architecture NROM memory array can be
produced that contain a vertical NROM memory éell 602 that does not suffer from charge
separation issues and a coupled select gate 610 in the space that would be utilized by a single

conventional planar NROM memory cell.

25 The addition of a select gate 610 coupled between the bit line 612 and a
source/drain of each NROM memory cell 602 allows for the NROM memory cell 602 to be
isolated from the bit lines 612 and thus has advantages in both programming and erasing the
NROM memory cells 602 of the vertical NOR architecture NROM memory array 600. In
erasing, the coupled select gate 610 allows for avoidance of overerasure issues with NROM

30  memory cells 602 by isolating each memory cell 602 behind a select gate 610 so that, even if
an NROM memory cell 602 is overerased into depletion mode, it will not corrupt the reading
of other memory cells 602 on its coupled bit lines 612 by flowing current. As the possibility

of corruption of data reads due to overerasure is mitigated, this allows for the NOR
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si ze. Due cal ormo e vertl ca rchitecture
simplified vertical NAND architecture NROM memory array 700 and Figure 7D details an

equivalent circuit schematic of one embodiment of the present invention. Again, as can be
20  seen from Figures 7A and 7C, in a vertical NAND architecture memory string 704, two
vertically formed transistors occupy the area that each planar transistor would occupy (an
area of 4F squared when viewed from above, each transistor having an area of 2F squared).
Where “F” is the minimum resolvable photolithographic dimension in the particular process
technology. Since each transistor can store a single bit of data the data storage density is one
25  bit for each 2F squared unit area. Thus, for example, if F=0.1 micron then the storage density

is 0.5 Giga bit per square centimeter.

In Figure 7A, a series of v‘ertically formed NROM memeory cells 702 are coupled
together in a series NROM NAND string 704 (typically of 8, 16, 32, or more cells). In the
vertical NAND NROM memory array string 704 of Figures 7A-7D, a series of substrate

30" pillars 728 are formed in a substrate 708 with trenches 730 located between them. The
vertical NROM memory celis 702 are then formed on the sidewalls of the pillars 728 within
the trenches 730. Each vertical NROM memory cell 702 is formed on the sidewalls of the
substrate pillars 728 (for two NROM memory cells 702 per trench 730) and has a gate-
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Fi gure 7B0detipisIndtedith@qhé Na setitceirdia Wedions 726 may be formed before or after the
formation of the NROM memory cells/gate-insulator stack 702.

Select gates 710, that are coupled to gate select lines, are formed at either end of

20  the NAND NROM memory string 704 and selectively couple opposite ends of the NAND
NROM memory string 704 to a bit line contacts 712. The vertical select gates 710 have a
gate-insulator stack made of an insulator 742 formed on a sidewall with a control gate 744
formed over the insulator 742. The gate-insulator stack of the select gates 710 are formed by
successive iayering of each of the materials of the gate insulator stack over the pillars 728 and

25  trenches 730, as with the vertical NROM memory cell 702, but skips the depositing of the
insulator 720 and trapping layer 722 layers. The N+ regions 726 also couple the first and last
memory cell 702 of the vertical NAND architecture NROM string 704 to the select gates 710
and additionally coupie the vertical NAND architecture NROM string 704 to the bit lines
712.

30 As stated above, Figure 7B details an equivalent circuit schematic of the vertical
NAND architecture NROM memory array 700, showing the vertical NROM memory cells

702, select gates 710, bit line 712 connections, and substrate connection 734, in accordance
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As stated above, Figure 7D details an equivalent circuit schematic of the vertical
20  NAND architecture NROM memory array of Figure 7C, showing NROM memory cells 702

and adjacent sting 704 connection.

In the vertical NAND architecture NROM memory array 700 of Figures 7A-7D,
the channel length of each NROM memory cell 702 and select gate 710 in a vertical NAND
architecture memory string 704 is determined by the depth of the pillars 728 and trenches 730

25  and not by the minimum feature size. Due to the vertical form of the NAND architecture
NROM memory array 700 and NAND architecture memory strings 704 of embodiments of
the present invention, a vertical NAND architecture NROM mc!amory array string 704 and
select gates 710 can be produced that typically has twice the density for a given string
horizontal run length than a corresponding planar NAND architecture NROM memory array

30  string.

The addition of select gates 710 coupled between the bit lines 712 and the NROM
memory cells 702 of the vertical NAND architecture memory string 704 allows for the
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onnect i Giusk3thd by TG GBI LARH O G {82 BET W§39|H§ﬁd;§&§:%§ate§§l%fsg

enbodi nents of the present iInvention. As can be seen, 't schémati c provides
t he sane allegufioy tedntlated ecasite afont loamoné NR Mnuandiyaels 7¢2 albewiniléSure of
architect,ur_e(m ry stri Ln _Fi %glre 7C. a_.section of vertical. NAND

ar chi t ectiffigi SQLY (C§; %% iglivighal erissd NADR aprhiteerare pement strings

I nvepd i onysS f I ' Nﬁb\}g?é:f’ i
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NROM nmenory array 700 are coupl ed through vertical select gates 710 to a
common biatayi/Q8 bythosglect gates 75@5 polating dhomemopy eadlsidd of they yeatiead NAID, pi | | ar

728. architecture memory strings 704 from the bit lines 712, This allows for longer and higher

voltage programming pulses to be used without an increased issue with of disturb problems.

20 Figures 8 A-8C detail three dimensional views of vertical NROM cells 802 and
vertical select gates 810 of a vertical NAND NROM memory array 800 in accordance with
embodiments of the present invention at several mid-fabrication stages. It is noted thata
formation process that is similar to the NAND process may be utilized for formation of a
vertical NOR NROM memory array 600 with the exception of placement and number of the

25 select gates 810 and bit line and source line contacts. As stated above, in creating the vertical
NAND NROM memory array 800, a series of substrate pillars 828 are formed in a substrate
808 with trenches 830 located between them. The vertical NROM memory cells 802 and
select gates 810 are then formed on the sidewalls of the pillars 828 within the trenches 830.
Between successive rows of substrate pillars 828, isolation regions 832 have been formed on

30  the faces of the pillars 828 that are not utilized to form NROM memory cells 802 or select
gates 810 to isolate each row of vertical NAND NROM memory strings 804 from the

neighboring rows. These isolation regions 832 are typically formed of an oxide insulator.



It is also noted that isolation regions, typically formed of an oxide
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704 connection. In the vertical NAND architecture NROM nenory array 700 of
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and seleg¢t gates 710 can roduced ¢ typically, has twice the density
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coupl ed_bor SRR o BictMone 336, it he Al AL BIE s FEOEGhichHES 710
vertical BKBE gresiil0aed torte forne, yresformnsd) théQhsuddtbo820, tay trdppén 10y B3/ HGB 782

PCT/ US2005/ 004815 19 NROM nmenory cells 702 of the vertical NAND .
ar chi t ect theinfasgase ipsulaiqr $g4.tpusuceespive deperiting masking, yddiigetiondl gicking ofe bi t

i nes;5712 s advantages in both progranm ng and erasing the
vert?lc?al %%ﬁ%ﬁ@bture menory string 704. In erasing, the coupled

sel ect gates 710 all.ows for avqi-d e of overerasure issues w th, NROV nenory
cel |5 705 by & 1 SBEIBHRER P ast 228 arc FARBT AT e CBRE L B P g 704
behi nd 0ngyQlesdf BwWIRIFREAND architecture NROM memory strings 804 are filled with an oxide

to form isolation regions 832. In forming the pillars 828, the rows of NAND architecture

NROM memory strings 804 are masked and directionally etched. This masking and etching
20 process also divides the NROM layer into individual trapping layers 822.

In Figure 8C, the control gates/word lines 806 and select gates 810/select lines
840 are formed. In forming the control gates/word lines 806 and select gates 810/select lines
840, successive layers of insulator and polysilicon which will form the control gates/word
lines 806 and select gates 810/select lines 840 1s deposited over the pillars 828, trenches 830,
25  and partially formed gate-insulator stacks of the NROM memory cells 802 of the memory
array 800. A layer of masking material is then formed over the polysilicon layer and
patterned. The excess masking material is removed and the memory array 800 is
anisotropically/directionally etched to remove the undesired portions of the deposited
polysilicon and form the control gates/word lines 806 and select gates 810/select lines 840 on

30  the sidewalls of the pillars 828 and trenches 830.

It is noted that the isolation regions 832 between the vertical NAND architecture
NROM strings 804 can be extended into the substrate 808 to allow the formation of P-wells,
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55 sel ect gates 810 and bit 1ine and source |line Contacts. As 'stated above,
i n creat ibase seeicomsiutiockin erbaineiRON therpuesgntdnvenyioBGds pessibde ansbkshofildshebst r at e

pillars 828 are fornmed. in.a.substrate 80 i th trenches 830 | ocated between
them ThéPHUFRS teébosﬁﬁ%%\eﬁé‘hﬂ?ﬂ@} @Wegﬁ\éﬂthggeég{t IENEeN.810 are then
formed on the sidewal s of the B:l\lﬁl ars 828 within the trenches 830. Between
successi ve rows Bfis Btpd thahthe NROM mengorg celisofiembodiments pbihe peesentinventioaen

f or 0 f . e .hh e t, N f or m NROM
ool oarh e fiEeg s pRlupi8 SolentiBha) Hatkd] HoAhe lRtipllingt 46% Gelel P AND
NROM' menGfighl@bi-iraysinSRger-fopihduiaor) 1hése bdéridlomap Welude) Betcart 86l lahit@ntol egi ons
832 are typically forned of an oxide insulator. WO 2005/ 083782

PCT/ US2003idsauigids-oxide (ANG).xide-nitridesaluminuse exide.myxideenimavonidesyde el |
O e SRR, PRHbBlelyPERr | Fubs! BR0e%R A i AT e

Zx, or La, and a silicon oxide, and composite layers of an oxide-a non-stoichiometric oxide of

20  Si, N, AL, Ti, Ta, Hf, Zr, and La, and an oxide. Additional trapping layer materials for
NROM memory cell embodiments of the present invention, may also include, but are not
limited to, wet oxides not annealed, silicon rich oxides, silicon rich aluminum oxide, silicon
oxycarbide, silicon oxide with silicon carbide nanoparticles, and non-stoichiometric oxides of
Si, N, Al, Ti, Ta, Hf, Zr, and La.

25 ~ As noted above the programming of the NROM memory cells of the vertical
NAND and NOR NROM architecture memory structures, strings, and arrays of embodiments
of the present invention can be accomplished by conventional tunnel injection of electrons by
having a positive gate voltage with respect to the substrate or P-well. In another embodiment
of the present invention, programming is accomplished by channel hot electron injection

30  (HEI). Erasure of the NROM memory cells of embodiments of the present invention can
accomplished by conventional tunneling or negative voltages applied to the control gate
voltages with respect to the substrate or P-well. With the above listed programming and

erasure techniques, the NROM memory cells of embodiments of the present invention can be
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si dewal | $heomemery that arg helpBy an ypderstanding dhe pownt inveptionaot ed t hat t he

I sol ation regions 832 between the vertical NAND architecture NROM strings
804 can be ext enfibeimembry ddvicesinblatiesaread)Boft vertidal DR OManémoryatells and telect

P-vells, g\z{\t(gs %88.5inoc§n%7e%1 o?hcr;ll_énLtJ,St g%’éﬁ?gr?z%(laﬁs are vertical NROM memory cells and the

memory array 930 are arranged in banks of rows and columns. The control gates of each row

20  of memory cells is coupled with a wordline while the drain and source connections of the
memory cells are coupled to bitlines. As is well known in the art, the connection of the cells

to the bitlines depends on whether the array is a NAND architectore or a NOR architecture.

An address buffer circuit 940 is provided to latch address signals provided on
address/data bus 962. Address signals are received and decoded by a row decoder 944 and a
25  column decoder 946 to access the memory array 930. It wili be appreciated by those skilled
in the art, with the benefit of the present description, that the size of address input on the
address/data bus 962 depends on the density and architecture of the memory array 930. That
is, the size of the input address increases with both increased memory ceil counts and
increased bank and block counts. It is noted that other address input manners, such as
30  through a separate address bus, are also known and will be understood by those skilled in the

art with the benefit of the present description.
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cells of the vertic ND an ROM™ar chitecture nory structures,
stritys, uvadersmndmgofahe feabmel ofahd memoty. t Aang@eelsmiitd nndersthnding ofimtdraal
acconpl i shed, by conventional tunnel injection of. electrons by having a
posi t i ve GREEVASGEBEIONS O Megipics precksopmdodhssskilled i theltel | . I n anot her
embodi ment of the present invention, progranmng is acconplished by channel
hot el ectron i nj 8ds alsn n8@d(thitlother Ferwak AND ahd NGHOMChiteotirg NROMsmefnory
enmbodi rre%%ﬂsng%f setgpneenpsr, grsr%?st, allui] I\ﬁ%rrr];[olryoctl]ev(f(fae:g in accordance with embodiments of the

present invention are possible and should be apparent to those skilled in the art with benefit

20  of the present disclosure.

. Conclusion
NROM EEPROM memory devices and arrays have been described that facilitate
the use of vertical NROM memory cells and select gates in NOR or NAND high density
memory architectures. Memory embodiments of the present invention utilize vertical select
25 gates and NROM memory celis to form NOR and NAND NROM architecture memory cell
strings, segments, and arrays. These NROM memory cell architectures allow for improved
high density memory devices or arrays with integral select gates that can take advantage of
the feature sizes semiconductor fabrication processes are generally capable of and yet do not
suffer from charge separation issues in typical multi-bit NROM cells. The memory cell
30  architectures also allow for mitigation of disturb and overerasure issues by placing the
NROM memory cells behind select gates that isolate the memory cells from their associated

bit/data lines and/or source lines.



acconpl i shed by conventional tunneling or negative voltages applied to the
control ga es with respect to the substrate or P; / he
above liste %%%g%g%hing and erasure techniques, the NRCKPﬁEggwghééf%s of
enbodi ments of the present invention can be WD 2005/ 083782 PCT/ US2005/ 004815
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for these operations nay be Ilower, they may only be suitable for single bit
st orage osgnixelents thaseef: 10 Figure 9 illustrates a functional bl ock di agram
of a nmenory device 900 that can incorporate the vertical NAND architecture
NROM nmenory array 700 or vertical NOR architecture NROM nenory cell array
600 of the present invention. The nenory device 900 is coupled to a
processor 910. The processor 910 nmay be a m croprocessor or sone other type
of controlling circuitry. The nenory device 900 and the processor 910 form
part of an 15 el ectronic system 920. The nenory device 900 has been
sinmplified to focus on features of the nenory that are hel pful in
under st andi ng the present invention. The nenory device includes an array of
vertical NROM nenory cells and select gates 930. In one enbodi nent, the
menory cells are vertical NROM nenory cells and the nenory array 930 are
arranged in banks of rows and columms. The control gates of each row 20 of
menory cells is coupled with a wordline while the drain and source
connections of the nmenory cells are coupled to bitlines. As is well known
in the art, the connection of the cells to the bitlines depends on whet her
the array is a NAND architecture or a NOR architecture. An address buffer
circuit 940 is provided to latch address signals provided on address/data
bus 962. Address signals are received and decoded by a row decoder 944 and a
25 col unmm decoder 946 to access the nenory array 930. It will be appreciated
by those skilled in the art, wth the benefit of the present description,
that the size of address input on the



address/data bus 962 depends on the density and architecture of the nenory
array 930. That 1is, the size of the input address increases with both

i ncreased nmenory cell counts and increased bank and bl ock counts. It is
noted that other address input manners, such as 30 through a separate
address bus, are also known and wi |l be understood by those skilled in the
art with the benefit of the present deggription. WO 2005/ 083782

PCT/ US2005/ 004815 23 The nenory device 900 reads data in the nmenory array
930 by sensing voltage or current changes in the nmenory array colums using
sense/ buffer circuitry 950. The sense/buffer circuitry, in one enbodi nent,
i's coupledgkéﬂﬂﬁad and latch a row of data fromthe nenory array 930. Data
i nput and output buffer circuitry 960 is included for bi-directional 5 data
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962 with tlhe pymemssadevoentanrisarg: 910. Wite circuitry 955 is provided to
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provi ded on coﬁw%ﬁeaggﬁg%WiﬁQh@??n?WﬂayIﬁ%m’ﬁflé?eéssghﬁtraﬁi Vi"gfese signal s
are used s f Biilats¥d QPRI AtddARR rARink AEndRIDIY array 930, including data
read, data wite, and erase operations. The control circuitry 970 may be a

state 10 machiapdyrality of mesrerecsll gructioesecash memoary pell fuctoncargriseng, (- Si nce
the vertical NROM ne ells of th r.ese ihvention seacaVDS

conpati bl e process, anﬁg&qp@%woraéﬁlﬁ’c@cgﬂ’bﬁﬁﬁw%‘@nWﬁ 5 ebedded
device with a eMMAIPHOE GESSdewdiNEf ARERAYandevi ce illustrated in Figure 9 has
been sinplified to facilitate a basic 15 understanding of the features of

the menory. A nore détlgetzats, whersinsthe paleat gateds formned omp secend sidewallofzhel
functions of meapoi . {4 i rt, I | so
not ed that other éﬂeﬁ%ﬁ%?elwgkggﬁ%%%g?p@ |{°et§‘?§$g) D{{I%%gﬁ)ﬁ%ﬁ%ir%yég{sfi ngs,

segnent s, arr aysyrcédaimegionfoiead o €& HottomaE eHedteancle W t h enbodi nents of the
present invention are possible and should be apparent to those skilled in
the art with benefit 20 of the present disclosure. Conclusion NROM EEPROM

menory dew ces ﬂ@%ﬂdr?ﬁ?vi@@éfﬁclﬁ ef‘ﬁﬂ-ﬁ&%&ﬂﬁ?siﬁ% facilitate the use of
I'Ts

vertical NROM nenory ce and sel éct gates in or NAND hi gh density
menory ar chi t eatplurelsty osmod linasnivbelemsnatisword lirleas poupddrtd onewembieanntudli | i ze
vertical Sgealte%%r the NROM memory cells of the plurality of memory cell structures;
a plurality of select lines, wherein each select line is coupled to one or more
control gates of the select gates of the plurality of memory cell structures;
at least one first bitline, wherein the at least one first bitline is coupled to one or
more select gate drain regions formed at the top of the plurality of pillars of the plurality
of memory cell structures; and
at least one second bit line, wherein the at least one second bit line is coupled to

one or more second source/drain regions formed at the top of the plurality of pillars of the

plurality of memory cell structures.

3. The memory device of claim 2, wherein the plurality of memory cell structures
are formed into rows and columns such that each trench contains a cell structure and
where the NROM memory cell and select gate of each memory cell structures of ecach
row are arranged in an alternating pattern, such that each pillar of the row has either two

select gates or two NROM memory cells formed on opposing sidewalls.



25 gates and NROM nenory cells to form NOR and NAND NROM archi tecture nmenory
cell strings, segnents, and arrays. These NROM nenory cell architectures
allow for inproved high density nmenory devices or arrays with integral

sel ect gates that can take advantage of the feature sizes sem conductor
fabrication processes are generally capable of and yet do not suffer from
charge separation issues in typical nmuiggi-bit NROMcells. The nenory cell 30
architectures also allow for mtigation of disturb and overerasure issues by
pl acing the NROM nenory cells behind select gates that isolate the nmenory
cells fromtheir associated bit/data |lines and/or source lines. WO

2005/ 083742 PChindE¥ONEnenan1os] structige; ¢rsapyisingpeci fi ¢ embodi ment's have been
illustrated an [ [ P i [ t hose of
ordinary skill gf‘?}’%?ﬁ‘ree %ﬁ&rgﬁ{étq@ﬁ?géélréﬁgéﬁg%e&ﬂgﬁlg%?gH?eugcg"g%‘g Culated to

achi eve the saneNRDN asenorirasil, wehesitbshic INROMGnémorytcbik issfoaned vezti@Mibodi ment
shown. Thi appl i a%i on is intended to cover any adaptations or variations
of the pré?’éﬁﬁ‘die}’(@]iﬁ thsitene Theref ore, it is manifestly intended that this
vention be | b GhkQ%aRiMHerdh hiGict Bl BFd WficaRfYh Y3L&RdelaN 8PT - 25
CLAIMS 1. A nenory device, conprising: a NOR architecture N menory array
formed ontletsmblstrate having a plurality of pillars and associ ated

i ntervening trenches; | urali of no, ell structures, each nenory
col |t ructur e g e NEDI it Hasmise 58 Babt scich e bk SoHEC oM morror y
cell is fosigfd at MRMWott6Jf Yhedfenghf | rst sidewal | of a trench, and a sel ect
gate, wherein the select gate is formed on a second sidewall of the trench
and wherei n t he woed beg, vdgtan the wosd) pheig copledio avRavPIngatpefithe NROMyY a first
source/drain reqi fﬁ@ﬂiat t he ttomof the trench. 2. The menory device
of claim f}e“}‘)ﬁ}l?ﬂg&t{égnp” sinheér:lorfyacgf)ﬁ?uﬁﬁr?’y of word |ines, wherein each word

line is coupl edstlectdine, Wheréiige setwot lind is c@ipleito @fcohtisl ghiRIflERCY g€l | s of
the plurality of nenory cell structures; a plurality of select |Ines,
wher ei n e&EHeNR@M memply Gell stregipieed to one or nore

a first bitline, wherein the first bitline is coupled to a source/drain of the select
gate; and

a second bitline, wherein the second bitline is coupled to a source/drain of the

NROM memory cell.
5. The NROM memory cell structure of claim 4, wherein the raised areas are pillars.
6. The NROM memory cell structure of claim 4, wherein the second bitline is a

source line.

7. An NROM memory array, comprising:
a substrate, comprising a plurality of pillars and associated intervening trenches;
a plurality of memory cell structures, each memory cell structure comprising,
an NROM memory cell, wherein the NROM memory cell is formed
vertically on a first sidewall of a trench, and
a select gate, wherein the select gate is formed on a second sidewall of the
trench and wherein the select gate is coupled to the NROM memory cell by a

source/drain region formed at the bottom of the trench;



control gates of the select gates of the plurality of nenory cel

structures; at least one first bitline, wherein the at | east one first
bitline is coupled to one or nore select gate drain regions forned at the
top of the plurality of pillars of the plurality of nmenory cell structures;
and at | east one second bit line, wherein the at |east one second bit line
is coupled to one or nore second sourge/drain regions forned at the top of
the plurality of pillars of the plurality of nmenory cell structures. 3. The
menory device of claim?2, wherein the plurality of nmenory cell structures
are fornmed into rows and colums such that each trench contains a cel
structure and 2Riealy phwordruyes. yehesiy cachword Hae iscoupled fnene asmasaeantiobnor v

cell stru {ﬁmg i i pattern, such

t hat eachggyﬁr@ﬁgﬁ Wgn erni;)év%ylﬁ%gsq}ef?t% er ﬁ&odf%s%fbergltc élg% egdr%? two NROM nenory
cells fornmed oaphppmgbohelat Hespivhaein2bch selecAlimdNRChhpladmrone e hloresst r uct ur e,
conprising: a substrate, conprising two rai sed areas, defining a trench
therebetmﬁ@ﬁfolgﬁeﬁ\fﬁrcﬁfﬁeé%sm ¢ Pl ephmemery By cell is forned

vertically on ;acfst b firsi SHANR! Wh@Einthatida80GH fird b?tﬁ}lffszﬁogﬁl%ﬁ to YA€ n the

select gate is fornmed vertically on a second si dewa e trench

wher ei n t InerdRENT gasersourca‘draln regionoiophediatitie tohef thelphotlityaf pillays ofche ce/ drai n
regi ons atltqg bftton1of tgg trench; a word line, wherein the word line is
coupl ed t BURIERRE MEMOy-Gell SEHCEeS: 49 nenory cell of the NROM nenory cel |

structure; a sgliest ohd R€ondWifing] Whdrbig tfcedt @5kt dnieRecdnd bRARPIsRPugled @ control -
gate of the select gate of the NROM nenory cell structure; a first bitline,

wher ei n t khee ¢11pere NROM mempry cell ypiree/dram rggispuformediptdhetopfof theplaraliyct  gat e;
and a secqpdhitline r ei he ond bitline is coupled to a
BB Mgl Tl o3RRG

source/ dr menor The NROM nmenory cell structure of
claim4, wherein the raised areas are pillars. 6. The NROM nenory cel

structure of claim4, wherein the second bitline is a . )
8. The NROM memory array of claim 7, wherein the second bitline is a source line.

9. The NROM memory array of claim 7, wherein the plurality of NROM memory
cell structures are formed into rows and columns such that each trench contains an
NROM memory cell structure and where the NROM memory cell and select gate of each
NROM memory cell structure of each row is arranged in an alternating pattern, such that
each pillar of the row has either two select gates or two NROM memory cells formed on

opposing sidewalls.

10.  The NROM memory array of claim 7, wherein the plurality of NROM memory
cell structures are formed into rows and columns and an isolation region 1s formed

between adjacent rows of NROM memory cell structures.

11.  The NROM memory array of claim 10, wherein the isolation region is an oxide

insulator.

12. The NROM memory array of claim 7, wherein the plurality of NROM memory

cell structures are formed into rows and columns and each row of NROM memory cell



source line. 7. An NROM nenory array, conprising: a substrate, conprising a
plurality of pillars and associated intervening trenches; a plurality of
menory cell structures, each nenory cell structure conprising, an NROM
menory cell, wherein the NROM nenory cell is fornmed vertically on a first
sidewall of a trench, and a select gate, wherein the select gate is forned
on a second sidewall of the trench am$ wherein the select gate is coupled
to the NROM nenory cell by a source/drain region formed at the bottom of
the trench; 27 a plurality of word |ines, wherein each word line is coupl ed
to one or nore control gates of the N menpry, cells of the plurality of
memory cePTUcEireyié fQred ong separats P vell E?Pﬁggl%q @S’fonlff"?’i’é“sd,m\/&ﬂ%?@*‘ﬁat@ach sel ect
line is coupled to one or nore control gates of the select gates of the
plurality of nmenory cell structures; at |east one first bitline, wherein the
at | east ohe fAmsemdyytdevinecomsprsingl ed to one or nore select gate
source/drain regions forned the top of the plurali f pillars of the
plurality of n@ﬂf&ﬁ{)arﬁ@?‘ch&? N@rtqfﬂr“éeé@ ﬁlaa%{onf’g‘gg‘faﬁ‘ﬁ@%tggﬁﬂgg Bitline,

wher ein tPl%ra’:litybﬂﬁﬁ&rsQi_i&as%@ﬁ_@t@&iixﬁéﬁéﬂﬂi\g?trér&h@s@up| ed to one or nore NROM
menory cell source/drain regions formed at the top of the plurality of

pi | lars of theapluglisy pf NROM memery cadleitiuciirgsyeachy NEOMgnenre cplRemcissory arr ay
of cIaimZmV\rkilS.rein the second bitline is a source line. 9. The NROM nenory
array of c‘i’a mnig,’ wherein the plurality of NROM nmenory cell structures are

formed into rows angh NROMMEn®UEtell, Rbkretod b NROM Glengsii céll RFomied NROM nmenory
cell structure and where_the NROM nenory cell and sel ect gate of each NROMV
menory cel | st verbeakbyeongy figgidewabl pfiadreash. anded in an alternating pattern,

such that each pil} ?Jlec?%atte,hﬁherraw e\l,evg{ éég@irs f%ﬂﬁ%{]ﬁ)gll Wﬁ(ﬁ%aﬁrof fhao NROM

menory cells formed on pposi ng si menory array of
clai m 7, wher eirenchhaed phhereitt the geledt gaieQbtonuphadrty theddR OMsiemotyurelidbyar e f or med
into rows and columms. and ap is Iaéli N reghg‘n is formed between adjacent
rows of NROV mireAraigreeien forped abthe batiom ¢hthe (89 renory array of clai m 10,
wherein the isgkaiddRir&fgi On is an oxide

a row decoder;

a plurality of word lines, wherein each word line is coupled to one or more controt
gates of the NROM memory cells of the plurality of NROM memory cell structures;

a plurality of select lines, wherein each select line is coupled to one or more
control gates of the select gates of the plurality of NROM memory cell structures;

at least one first bit/data line, wherein the at least one first bit/data line is coupled
to one or more select gate source/drain regions formed at the top of the plurality of pillars
of the plurality of NROM memory cell structures; and

at least one second bit/data line, wherein the at least one bit/data line is coupled to
one or more NROM memory cell source/drain regions formed at the top of the plurality

of pillars of the plurality of NROM memory cell structures.

14. A system, comprising:
a processor coupled to at least one memory device, wherein the at least one
memory device comprises,
a NOR architecture NROM memory array formed on a substrate having a

plurality of pillars and associated intervening trenches, and



insulator. 12. The NROM nenory array of claim7, wherein the plurality of
NROM nmenory cell structures are forned into rows and col ums and each row
of NROM nenory cell 28 structures is formed on a separate P-well isol ation
region formed on the substrate. 13. A nenory device conprising: a NOR
architecture NROM nenory array forned on a substrate having a plurality of
pillars and associated intervening tremches; a plurality of NROM nenory cell
structures, each NROM nenory cell structure conprising, an NROM nenory
cell, wherein the NROM nenory cell is forned vertically on a first sidewall
of a trench, and a select gate, wherein the select gate is formed on a

second si dewal | of % parality SFRIROM memet wilistrpetures el NROM anamoryeglbl ed to t he

NROM nmenory ce arce/drain region formed at the bottom of the
trench; a cont%t%ﬂca%f?%mﬁt; gc’a row decoder; a plurality of word |ines,
wherein each word |ine im NROM edmboy cliewbereimtheNROM timorgadleis of t he NROM

menory cells of the_.plurality of I\EOVI. ry cell structures; a plurality of
sel ect |ines, V\herefoﬁmﬁ‘ilﬁ?{ng%llyé%‘ta r?‘i‘?é‘%_e“g‘ﬁc%ﬂﬂegﬁ"% one or nore control
gates of the select gatessddct ke werdifthelstlct galROMIRARR Y s6&lnt Structures;
at least one first bit/data Irne, wherein the at | east one first bit/data

line is coupled tosidevealloof thotrenchahé pherginthe sabeat gate dy enupled ¢gtbe MR @M ned at
the top of the plurality o illars,, of the plurali.t f N nenpry cell
structures; and at ?‘8’38%/5'Cﬁhﬁsaesﬂiw&/dﬁl?fcé&?zggﬁ et ﬂ%%"é’%@frhol?%éetr%nﬁl east one

bit/data line is coupled to one or nore NROM nenory cell source/drain
regions formed at the top of the plurality of pillars of the plurality of
NROM nmenoid celimethed el fgrmaing an NROMynerpesycell sisiure aogpriaingr ocessor coupl ed

to at |east ong RN, A £ MELELDN B Aled SAN ARG, HBMRLK deVi ce

conprises, a architec nenory array fo n a substrate having
a intervening trench;

forming an NROM memory cell on a first sidewall of the trench;

forming a select gate on a second sidewall of the trench;

forming a source/drain region at the bottom of the associated intervening trench;

forming source/drain regions on the top of the two raised areas;

forming a word line, wherein the word line is coupled to a control gate of the
NROM memory cell of the NROM memory cell structure;

forming a select line, wherein the select line is coupled to a control gate of the
select gate of the NROM memory cell structure;

forming a first bitline, wherein the first bitline is coupled to a source/drain of the
select gate; and

forming a second bitline, wherein the second bitline is coupled to a source/drain

of the NROM memory cell.

16.  The method of claim 15, wherein forming two raised areas on a substrate further

comprises etching a trench in the substrate.

17.  The method of claim 15, wherein forming two raised areas on a substrate further

comprises forming two pillars on a substrate.



plurality of pillars and associated intervening trenches, and 29 a
plurality of NROM nenory cell structures, each NROM nenory cell structure
conprising, an NROM nenory cell, wherein the NROM nenory cell is forned
vertically on a first sidewall of a trench, and a select gate, wherein the
select gate is formed on a second sidewall of the trench and wherein the
select gate is coupled to the NROM mepgory cell by a source/drain region
formed at the bottomof the trench. 15. A nethod of form ng an NROM nmenory
cell structure, conprising: formng two raised areas on a substrate, the

rai sed areas defining an associated _intervening trench; form ng an NROM
nmenory cell$ onThe meihed ok¢lgianh], wherein frsmingdierpillary on apyhgtratefathest gate on a

second si Q&M@Jes gépofsi'&ﬁ LEGAGHY sﬁ&frﬁ%?rgat ia$ O (R SNl g&% §i3(@h the bottom
of the asSoci ated onterveni ng trench; orm ng sourcerdrarn regi ons on the
top of theillamwo rai sed areas; formng a word line, wherein the word line is
coupled to a control gate of the NROM nenory cell of the NROM nenory cell
structure; formng a select line, wherein the select line is coupled to a
control gahe Ofnd Rethod BF St 98 ueheRin FdRidd RPN rGfdd atthd bisitorf & T or mi ng
a first bitline, wherein the first bitline is coupled to a source/drain of
t he sel ethte agacmieddndrfepingitregclaamsidiounidg bourtd/drsin reglensomthe lvap efabotved bitl i ne
is coupl ed.tg a saqurce/ drain fof.the NR/E\/I.mem)rX Cﬁ“lsﬁlt- 1£ The ma%hod of
cl ai m 15, T3FEAEH REFTRPTISHD FH Ui Pa o Figions of e PR PEtE SWP FSted conpri ses
et chi ng aafehLiarht ki HoRBmSIfIed AsddRatedlifitervdhthg RinbR th e oFlbaiome the. Wherein
formng two raised areas on a substrate further conprises formng two
pi | | ars oferaatemel thaNROMmem@y cathendastenbghtoindsifigr the¥rmagjenoéthe f or m ng t wo
pillars o @Iﬂ%e%%gtcalf&g%epegg atgorrpri ses depositing additional substrate
on e’su e Yo torn

mat eri al tra rmthe two

20.  The method of claim 15, wherein the substrate is P-doped.

21.  The method of claim 15, wherein forming an NROM memory cell on a first
sidewall of the trench and forming a select gate on a second sidewall of the trench further
comprises forming an NROM transistor gate-insulator stack on a surface of the first
sidewall and forming a select gate transistor gate-insulator stack on a surface of the

second sidewall.

22, The method of claim 21, wherein forming an NROM transistor gate-insulator
stack on a surface of the first sidewall and forming a select gate transistor gate-insulator
stack on a surface of the second sidewall further comprises forming a tunnel insulator on
the surface of the first sidewall, forming a trapping layer on the tunnel insulator, forming
a first insulator as an intergate insulator over the trapping layer, and forming a first
control gate over the first insulator, and on the surface of the second sidewall forming a

second insulator and forming a second control gate over the second insulator.

23, The method of claim 21, wherein forming an NROM transistor gate-insulator
stack on a surface of the first sidewall further comprises forming an NROM transistor

gate-insulator stack of one of oxide-nitride-oxide (ONO), oxide-nitride-aluminum oxide,



pillars. 19. The nethod of claim 15, wherein formng a source/drain region
at the bottomof the associated intervening trench and form ng source/drain
regions on the top of the two raised areas further conprises formng
source/drain regions on the top of the two raised areas and at the bottom
of the associated intervening trench in one of before the formation of the
NROM nenory cell and sel ect gate and &fiter the formati on of the NROM nenory
cell and select gate. 20. The nethod of claim 15, wherein the substrate is
P-doped. 21. The nmet hod of claim 15, wherein formng an NROM nenory cell on

a first sidewall of the trench and formng a select gate on a_second
si dewal | 8ride-RMMIRYR OKideiXidsepride:s fi%@”%@ﬁfﬂ*ﬁf& SEMIGRIAYEE QL A ¢ or

gat e-i nsub,alor A3 6RRK ofi, AaSHE ACE 19f add i $dids bomposite WRlels ARH okRETE NG @

sel ect gate transistor gate-insulator stack on a surface of the second

si dewal | . n@@stoithmmettiheddod! %] Wi M, T1, TanHérZi mdfloy, adign eridRONpositansi st or
gate-i nsuhator stalﬁk on & s%quf afe of1 éhe first, si devvagl and {orn‘i ng a

sel ect gat®er LAl PEIAGAMG QX|dg gt dnghled, apd ag, oXide, £ouppsite lavess ok 4le second

si dewal | Gy hersi oA Pich 9RRlef M REIdR, sl ]azéi-b‘bﬁﬁr%xi@@—atsﬂ'i%mﬂ%l{ ace of the
first sidewall, formng a trapping layer on the tunnel insulator, formng a

first insalumiodm gxidarendmnexigiet andicemppsitedayasyelrandxederappeonpeidgrerh and
formng a_first ,.control te qver the first insulator, and on the surface
of the seé%lﬁ%'%%r@é%ﬂog%lr%?ﬁs’nagn é’gogledgbnd i nsul ator and form ng a second
control gate over the second insulator. 23. The nethod of claim 21, wherein
formng an NROM transi stor gate-insulator stack on a surface of the first

si dewal | #£fir t hdhe sthod jof glaim d¢.vhsgein forrmpgsna tunnednsiater onghe Burfaseof e or st ack
of one of i.ches b ol de- oxi Lde-nit gl ﬁ.]]ﬁ-%' i 1

oxi de- al un@%ﬁ%@;g@h@)ﬁ(gggﬂaﬂ@g gg@é?q @égﬂﬁgl%%gétggfe- 0 %gg{ g%é%pgtgg?sfe | ayers
of an oxiao@tegate xisdatayfovdi the ﬁ_appihg layéfy andofiormhiag adirst cantrabgatkegvectheposi t e

| ayers of _an.oxj de- - non- st.oi chi onet ri, c, ,oXi of Si, N,A, Ti, Ta, Ef,
7t “and LA il 5% b ot ol b8 seqong SHEv e Tumhinga 1#60 igpiadidde. not
anneal ed, fafin2HsR¥hdEont@P RO Sdrehd RYSHSinQlatBfurtBd GeiRissd fisCRAnfnb@h OXi de,
and an oxi de, conposite layers of an oxide-a silicon rich alum num oxide,
and an oxitehacl iandatenerpds ispidade af dredliretfsidenall andiéorming 4 frappinglryetendihe h - si | i con
car bi de NN ﬁ%%dlz%ln? %ena}&%i%é‘ th%xﬁrgteahd second insulators over the trapping layer and

on the surface of the second sidewall, and forming the first and second control gates over

the first and second insulators, wherein each layer is deposited over the two raised areas

and trench, masked, and directionally etched.

25. A method of forming a floating gate memory array, comprising:

forming a plurality of pillars and associated intervening trenches on a substrate by
depositing a layer of masking material, patterning the masking material, and
anisotropically etching the substrate;

forming a plurality of NROM memory cell structures, each NROM memory cell
structure having a trapping layer and a coupled select gate, where each NROM memory
cell structure is formed by,

depositing a layer of tunnel insulator material over two pillars and an

intervening trench;



24. The nethod of claim 22, wherein formng a tunnel insulator on the
surface of the first sidewall, formng a trapping |ayer on the tunnel
insulator, formng a first insulator as an intergate insulator over the
trapping layer, and formng a first control gate over the first insulator,
and on the surface of the second sidewall form ng a second insulator and
formng a second control gate over thegasecond insulator further conprises
first formng a tunnel insulator on the surface of the first sidewall and
formng a trapping layer on the tunnel insulator, then formng the first

and second insul ators over the trappjng.layer and . on the surface of the
second si dewal |, aHBaWﬁ“H@nﬁﬂgoﬂlgﬁgftegwg%l?éfﬁro"féﬁ‘ﬁlei Beulglor mateggler ¢ he

first and secoRfoisUrAbCihsulathhSI & NR GRCReha% el iof adBRAM MR PRI the two
rai sed areas and trench, masked, and directi'onally etched. 25. A method of

form ng a fl oatrénel; gate nenory array, conprising: forming a plurality of
pillars and associ ated .j.nt efveni trenches on a supstrate b depositing a
| ayer of masking na‘iegf’?lh?gj akgfg%ﬂ{%pnlagthygr RAERARYSHEESYP aﬁl,ar%/aﬁlg

ani sot ropi cal | ytepbemitighteenthe substrate; forming a plurality of NROMV menory

cell structures, each NROM menory cell structure having a trapping |ayer
and a coupl ed sel echaskngsandgrisponrieally cighing the layesof tepping dayeumeigrial tbs f or ned

by, deposi ti ngfoﬁnlae%géingl;lrzg;sf:gpﬁgleti.uﬁﬁ:ﬂn%lgor p¥h%rqr§'si&%¥v%ﬂ.oﬂﬁ% inE1+-ar5 and an

i nterveni ng trench; and ani sotropicallTy etching the T'ayer of
tunnel insul ator nedepviitihg & taybosfipage ihsutaiel matesalloatiahe 6fo pillaiNRel nenory cel |
on a first sidewall of the trench; depositing a |ayer of trapping |ayer
material over PHEVEREEIClars and intervening trench; masking and

ani sotropi cal ly etchi : i i aform a
P y tcfﬂagmlgt M alnﬁ}ﬁﬁ{)ﬁlgﬁ%ﬁertcgl%@[tﬁ% Id @Mﬁ*gaf@ﬂgf\}\g m%t?nal 1§

trappi ng | ayer on e tunnel 1ns t I rst si the trench;
depositing a | foymm foft gt iesulateubrathe trapping ayed onothe first kidewwbampl 4 §eaorsl and

e e e e RS S B O B SR L of sete
the first sidewal | @pdsifing8%RBFof gate material over the two pillars and intervening
trench;
masking and anisotropically etching the layer of gate material to form a
first and second control gates on the first and second gate insulators on the first
and second sidewalls of the trench; and
diffusing a dopant material into the bottom of the trench and the tops of
the two pillars to form source/drain regions of the select gate and the NROM
memory cell;
forming a plurality of word lines, wherein each word line is coupled to one or
more control gates of the NROM memory cells of the plurality of NROM memory cell
structures;
forming a plurality of select lines, wherein each select line is coupled to one or
more contro! gates of the select gates of the plurality of NROM memory cell structures;
forming at least one first bitline, wherein the at least one first bitline is coupled to
one or more select gate source/drain regions formed at the top of the plurality of pillars of
the plurality of NROM memory cell structures; and
forming at least one second bitline, wherein the at least one second bitline is

coupled to one or more NROM memory cell source/drain regions formed at the top of the



gate insulator of a select gate on a second sidewall of the trench;
depositing a layer of gate material over the two pillars and intervening
trench; masking and anisotropically etching the |ayer of gate material to
forma first and second control gates on the first and second gate
insulators on the first and second sidewalls of the trench; and diffusing a
dopant material into the bottom of th&3trench and the tops of the two
pillars to formsource/drain regions of the select gate and the NROM nenory
cell; forning a plurality of word lines, wherein each word line is coupled

t t | | f th | it f
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each select line is coupled to one or nore controI gates of the sel ect
gates of the pl uralrt% of NROM nenory cell structures; formng at |east one
first bit2§ne, Thihaedpaof faimas, If“@ﬂmcméﬂmlg’st bitline is coupled to one or

nore sel ect gah%ns%Hé§§%§h§#5§$§§%&&£ﬁ$orc =y %Q%FBwasan&he plurality of

pillars of the p r nenor ceI T A UFEE *Ehd form ng at

| east one SeCOftdmhigtdnllﬁtﬂatldMTegleh Bcttvhaa &ljadefr®ivs ONNRERM @itshddy tell ne i s
coupled to one or nore y ce|ll source/drain regions fornmed at the
top of thé# resptrmegprltlygermgﬁr rnarlgtor)hetrrﬁel VFER PV of NROM nenory cel |
structures. 26. The nethod of claim 25, further conprising: formng the
plurality of NROM nenory cell structures into rows; and formng an

I sol at i on27.egi Amdkedmetenrmidy ac BIROMonsnary akROvbmprivng: ceII structures by

depositing an pxide | su en adj ace ro hod of form ng
an NROM rrem)ry% q%rﬁlﬁ’? c?rs?ﬂcf‘#ée f‘ﬁ’t‘ﬁ’lgrt’teﬁ}zlﬁf oﬂralst1

associategujntervenrng trenches on a substrate; and formng a pIuraIrty of
NROM nmenory cell structures, each NROM nenory cell structure is formed by,
forning an NROWmingoy plurelityl of YR @V hemerysieH simdtiren feach NROM remory cell

structure is formed by,
forming an NROM memory cell on a first sidewall of a trench;
forming a select gate on a second sidewall of the trench; and
forming a source/drain region at the bottom of the trench;
forming at least one first bit/data line, wherein the at least one first bit/data line is
coupled to one or more select gate source/drain regions formed at the top of the plurality
of pillars of the plurality of NROM memory cell structures; and
forming at least one second bit/data line, wherein the at least one second bit/data
line is coupled to one or more NROM memory cell source/drain regions formed at the top

of the plurality of pillars of the plurality of NROM memory cell structures.

28.  The method of claim 27, wherein the substrate is P-doped.

29.  The method of claim 27, further comprising:
forming the plurality of NROM memory cell structures into rows; and
forming a P-well isolation region under each row of NROM memory cell

structures.

30.  The method of claim 27, further comprising:



formng a select gate on a second sidewall of the trench; and formng a
source/drain region at the bottomof the trench; formng at | east one first
bit/data |ine, wherein the at least one first bit/data line is coupled to
one or nore select gate source/drain regions forned at the top of the
plurality of pillars of the plurality of NROM nenory cell structures; and
formng at | east one second bit/data Isgne, wherein the at | east one second
bit/data line is coupled to one or nore NROM nenory cell source/drain
regions formed at the top of the plurality of pillars of the plurality of
NROM nenory cgl structur ? The nethod of claim 27, wherein the
substrate is POHBYHE CPE@ ity ReMpemeny cell strustores it Fa¥ieAnd onpr i si ng:
form ng the pl t and formng
a P-well isol aftiilf—lg%rrl1 %}e{éﬂaﬁmﬁ%ée&g%%&ncﬁt}vc RIM%N}SJ egle‘rm%glstructur es.

30. The ngtuetmesof claim 27, further conprising: 34 formng the plurality of
NROM nenory cel | structures into rows; and formng an isolation region

bet ween adj acent rows of NROM nenory cell structures. 31. The nethod of
cl ai m 30, 31Aherntetnétﬁédrbmaﬁn3o %Im%tﬂ R,ﬁnfng%%m% WE56n BLlin@GEitjacehOWs Of
vertical NOR architecture nor structures further conprises

form ng aW“iSsiélvelttlp’drN@E@FCtﬁlﬁe@flreaN'R@ wemprysgll atregtureg furtheheompisbod of ¢l ai m
30, furth jty of word lines across the

|
i sol at i onFrnelﬁlg I%OZ%ttr/@éngl%g} nngmtldeolln?)@ 96f 'NROM nenory cel | structures,

wherein each word I|ne IS coupl ed to a control gate of a single NROM menory
cell of each row o cell structures. 33. The nethod of claim
30, furthd co%lnsth%ofqlemﬁ(hémﬁmppwmﬁm& of select lines across the

| sol ation regi f&ﬁg gta ll@qu%?@fmﬁ aQMs AL i wr@%@r{ B’et&r?én! dietc%}&“ ures,

wherein each se Ine rs cou to a con I'ngl e select
gate of easds of NRQM¥I mmﬂyme]memucmeé twhsteiruedch mesd litelis coydedretadtrof cl ai m 27,
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33.  The method of claim 30, further comprising:
forming a plurality of select lines across the isolation region between adjacent
rows of NROM memory cell structures, wherein each select line is coupled to a control

gate of a single select gate of each row of NROM memory cell structures.

34,  The method of claim 27, wherein forming an NROM memory cell on a first
sidewall of the trench and forming a select gate on a second sidewall of the trench further
comprises forming an NROM transistor gate-insulator stack on a surface of the first
sidewall and forming a select gate transistor gate-insulator stack on a surface of the

second sidewall.

3s. The method of claim 34, wherein forming an NROM transistor gate-insulator
stack on a surface of the first sidewall further comprises forming an NROM transistor
gate-insulator stack of one of oxide-nitride-oxide (ONO), oxide-nitride-aluminum oxide,
oxide-aluminum oxide-oxide, oxide-silicon oxycarbide-oxide, composite layers of an
oxide—an oxide of Ti, Ta, Hf, Zr, or La, and an oxide, composite layers of an oxide—a

non-stoichiometric oxide of Si, N, Al, Ti, Ta, Hf, Zr, and La, and an oxide, composite



conprises formng an NROM transi stor gate-insulator stack on a surface of
the first sidewall and form ng a select gate transi stor gate-insulator
stack on a surface of the second sidewall. 35. The nethod of claim 34,
wherein formng an NROM transi stor gate-insulator stack on a surface of the
first sidewall further conprises formng an NROM transistor gate-insul ator
stack of one of oxide-nitride-oxide (@O, oxide-nitride-alum num oxide,

oxi de- al um num oxi de- oxi de, oxi de-silicon oxycarbi de-oxi de, conposite |ayers
of an oxide-an oxide of Ti, Ta, H, Zr, or La, and an oxi de, conposite

| ayers of, an oxi de- non- st.Qi chi onetric poxide of Si, N A, Ti, Ta, H, Zr,
andl Lo, _lAUETS Rl BT SiFp e Botsaneaed anCansiden comppise JGEIOTAR] de ot
anneal ed, o3l 2518 86 0:GMTRAS bl BxilANBMPosie 18rs dPsh kiR —Sd difichtidhi ch oxi de,
and an oxi de, conposite layers of an oxide-a silicon rich alum num oxide,
and an oxdluminuanekids apdban exide, apd cempisita lnyersiof en axideHacdivooikile wilht h  si | i con
car bi de n&ﬁoﬁartﬁi&éneaﬁo ang_an c%(Iil dﬁd 36. The nethod of claim 34, wherein
form ng an TS PRYTOF gg?e-l?lsu7'ator stack on a surface of the first
sidewal | and formng a select gate transistor gate-insulator stack on a
surface of the_second sidewal|l further conprises formng a_tunnel insulator
on the sift-fackhegnethofbofrqlaigy 34 whergn forming apiNRPOM transisier Aefeiirsplatoron t he
tunnel in ' iy ' at or. .at: ] ator over
the. tr app it oy e SPyRPeF b ol pldBihith A o0 SR RAE OB,

i nsul at or stackrgh aosnrfadeeofahe feromd sflewdiefusthaanthpsibadomhihg b oumehigswatosecond

i nsul at or _and for;n' ng, asgge?co d.control gate over the s _corid |r}sul,ator. 37.
The met holt® §¥iace &f Hiedst et rpwes trgPasdarshen the fumebingslaigh tloming ur f ace of
the firsjpgatdoWRilol as {omiBrfife RshInRPRIRIthd BppIngyel, Rad fRNRE o HRFUI at or,

formng a first insulator as an intergate I nsulator over The trapping
| ayer, anebntrol gategyea thfei first ingdator, ehd gathe sofae of He se¢dndssidewal domting 2 and on

the surface of. t se d sidewal I, forming a second insulator and formng a
second conerd) mlfie” P ue SSERe coRFU a8 S B Ntked BRRBF se 1 1 o1

formng a tunnel insulator on the surface of the first sidewall and form ng
a trappi n%layer on the tunnel insulator, then formng the first and second

i nsul at or &7-oveFhamethed afflring’q, pereimipamingrs tupnel insplpioe en dre ufecesefdlamd

second i nigt S5 ORI Pkl 1P eI RRELSNRI foBORES MYt ORe Skl
and di r ecin mreagdiy/ingiletbedvdr thectbappinpdalyer aind farmting p fiest veerd hete MREIhand sel ect
gate gat ef-'lrst insulator, and on the surface of the second sidewall forming a second insulator and
forming a second control gate over the second insulator further comprises first forming a
tunnel insulator on the surface of the first sidewall and forming a trapping layer on the
tunne! insulator, then forming the first and second insulators over the trapping layer and
on the surface of the second sidewall, and forming the first and second control gates over
the first and second insulators, wherein each layer is deposited over the trench, masked,

and directionally etched in combined layers to produce the NROM and select gate gate-

insulator stacks.
38. The method of claim 27, wherein the at least one second bitline is a source line.
39.  The method of claim 27, wherein forming a plurality of NROM memory cell

structures further comprises forming a plurality of NROM memory cell structures,

wherein the plurality of NROM memory cell structures are formed into rows and where



i nsul ator stacks. 38. The nmethod of claim 27, wherein the at |east one
second bitline is a source line. 39. The nethod of claim 27, wherein
forming a plurality of NROM nenory cell structures further conprises
formng a plurality of NROM nenory cell structures, wherein the plurality
of NROM nenory cell structures are fornmed into rows and where 36 the NROM
menory cell and sel ect gate of each NR&M nenory cell structure of each row
is formed in an alternating pattern, such that each pillar of the row has
either two select gates or two NROM nenory cells formed on its sidewalls.
40. A netho formn n EEP devi ce,..conprising; formng a
plurali tyttﬂ?)gm%}Mlné%orK%aﬁ %@%@5@%&%@%&@%@3%&&5&&{3 Sk?gbst rate;
form ng aropd v fthiel ¥n 8 alNREMMnEREARE, such that &dh Pilfak bBihe $6W B¥RdithePfwaeach trench;
formng a plurality of _select gates on a second sidewal| of each trench;

f or m ng oﬁ?&cbsatmréwgalB:QM/m%mwlégfoangd emnits sidewadls: of the plurality of
pillars and at the bottom of the associated intervening trenches; formng a
plurality of word |ines, wherein each word line is coupled to one or nore
control géltes Amethve NRGHAINE aNROM HEPROM ideenapy devddd, tompiisifgROM nmenory cel |

structures; formng a,plurality of select lines,. wherein each select lineis
coupl ed to on OHngﬁ'd%l'g"aﬁ%’rﬂf Pﬂ%rsgaﬂié‘ésoﬁﬁmeldﬁ’éte’é"émégt“e g8n SF&ISHéte'pI urality

of NROM nenory; { Te VL i . f i.1.}.i ne, wherein
the at | east ofr?gﬁlfn ?raé{lﬁﬂgli;wfﬁ??hé I@%rﬂ?orpgamt%'l agﬁl? S&?&ﬁ%lréeffeég @%I{Ch’gat e

sour ce/ drai n riegniogs plarhydfatleetizgetcs opa sécondeidpivalt of datly trefchpi | | ars of the
o ural 0, of NS IEIDeYpcel LuhiAELILEs ot LOrPhan Syl pshanzysecond
NROM menogithCetlonSOURE 8dsBEiated ift@gbmnstréhaed at the top of the plurality of
piilars of hefogLilflll,;gazltl plllgrzlit?/fof Iblv%gi\qirrlr;,n\?i{ug/rei%%laclzh \if):dlifrfclfg S(;Sﬁpled to one or
more control gates of the NROM memory cells of the plurality of NROM memory cell
structures;
forming a plurality of select lines, wherein each select line is coupled to one or
more control gates of the select gates of the plurality of NROM memory cell structures;
forming at least one first bitline, wherein the at least one first bitline is coupled to
one or more select gate source/drain regions formed at the top of the plurality of pillars of
the plurality of NROM memory cell structures; and
forming at least one second bitline, wherein the at least one second bitline is

coupled to one or more NROM memory cell source/drain regions formed at the top of the

plurality of pillars of the plurality of NROM memory cell structures.



