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in particular to floating gate transistor structures used in non-volatile
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structurg K ﬁi‘cT ing gate 18 fromthe channel region 16, and
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devi ce lfemory is that it offers in-circuit progr: ammabihty A ﬂash memory device may thus be
15 }eprogz'ammed under software contro] while the device resides on a circuit board within an
electronic device.
Figure 1 is a flash memory cell 10 according to the prior art. The flash
memory cell 10 has a metal oxide semiconductor (MOS) structure that includes a substrate
12, a pair of source/drain regions 14, a floating gate 18 overlying a MOS channel region 16,
20 and a control gate 20 overlying the floating gate 18. An oxide structure 22 separates the
floating gate 18 from the channel region 16, and also separates the floating gate 18 from the
control gate 20. For the device shown, the substrate 12 is doped with P-type impurities, and
the source/drain regions 14 are doped with N-type impurities.
The memory cell 10 may be programmed by applying a sufficiently positive
25 gate voltage Veg and a positive drain voltage Vi to the device 10, while maintaining the
source voltage Vg at a zero, or ground potential. As charge i1s moved to the floating gate 18
from the source/drain region 14, the device 10 attains a logic state “0”. Alternately, if little
or no charge is present at the floating gate 18, a logic state corresponding to 17 is stored on
the device 10.
30 To read the state of the device 10, a positive voltage Veg of predetermined

magnitude is applied to the control gate 18, while Vp is maintained positive. If the voltage
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addition, extremely high electric field strengths are generated during erase cycles that cause
holes having relatively low momentam to become trapped in the oxide layer separating the
20  floating gate 18 and the substrate 12. As the cefl 10 is subjected to repeated program/erase
cycles, the trapped holes accumulate in the oxide layer and thus cause the electric fields
applied during a read cycle to be degraded.
The qualitative effects of degradation of the flash memory cell 10 are shown
in Figures 2-4. Figure 2 compares the performance of a non-cycled flash memory cell 10
25 with the performance of the cell 10 after it has been subjected to a substantial number of
erase and programming cycles. As shown in Figure 2, the source/drain current Ips for the
cycled cell 10 is significantly lower that that obtained from a non-cycled cell 10 for a
comparable fixed control gate voltage Vcg. As a consequence, the determination of a logic
state during a read cycle is adversely affected due to the Jowered source/drain current in the

30 cycled cell 10. This effect is further shown to Figure 3, where the source/drain current Ipg

of the cell 10 is observed to steadily decrease as the number of cycles accumulates on the
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to the foregoing endurance limt problemis a flas menory cell having a
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Pavan, eintabcell Entitled "Fl ash Menories-An Overview', | EEE Proceedi ngs,

vol. 85, No. 8, 1248-1271, . 1997 i nce the rogranm and erase
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region. 20 Although the foregoing flash menory cell arrangenment achieves

soneld ncreok 2ty oveilyingehelflpaiite @ateiand also disectiyarveriang e chaanehiegien Phtper
under | yi pg toqsd)Qaf e P Care XAk "b@'l P Ypavan, er al, entitled “Flash Memories-An
Overview”, IEEE Proceedings, vol. 85, No. 8, pp. 1248-1271, 1997. Since the
programming and erase functions occur in the portion of the channel region adjacent. to the
source, damage to the gate oxide is limited to only a portion of the channel region.
20 Although the foregoing flash memory cell arrangement achieves some increase in the
endurance limit, the damage to the oxide layer underlying the floating gaie eventually
becomes excessive, so that it is no longer possible to read the logic state stored in the cell.
Another prior art flash memory cell includes a source region that is
surrounded by an N- region to further protect the source junction of the cell from the large
25 electric field strengths that arise when the cell is erased. One significant drawback present
in this confignration is that the source and drain regions may not be interchanged to extend
the endurance of the ceil. Further, the asymmetrical arrangement adds to the overall
fabrication costs of the flash memory device.
Accordingly, there is a need in the art for a flash memory device having an

30 enhanced endurance limit.
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structure, form ng a gate structure between the first structure and the
second JneMeTY ¢ells inglyges positioning a first columnar structure on a substrate, positioning a

second colomnar structure on the substrate that is spaced apart from the first columnar
structure, forming a gate structure between the first structure and the second structure; and
interposing a floating gate structure between the first structure and the gate structure and
20 between the second structure and the gate structure, the floating gate structure being

positioned closer to selected one of the first structure and the second structure.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a cross sectional view of a flash memory cell according to the
25 prior art.
Figure 2 is a graph that qualitatively compares the drain/source current
performance for a cycled and a non-cycled flash memory cell.
Figure 3 is graph that qualitatively illustrates the degradation of the
drain/source current performance as the number of cycles is increased for a flash memory

30 cell.
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voltage threshold w ndow of a flash nenory cell "as the nunber of cycles is
i ncr easedmbédingentof Beiigveatitn.ock di agram of a conputer system 100 according to
an esnbodi ment of .heeib{]vsegtli)]gcﬁ% 5 Fi gure 6 isr adeblcockccdi agr am ofth a nmenory
devi ¢e accordi ng t'¢¥Ghot et ©'E Slﬁgrﬁglnf) Sfm?lﬂ%ypré%gn% ?"H{P i BRIk gure 7
is a parbmbbddimehendeipgesdhtagrentiomf a nenory cell array according to an

enbodi nent of the invention. Figure 8 is a partial isonetric view of a
portion of a menorfjBWe[|is 3paipl schematic.dpsaam 1 @ dNEmPTE AHb B HEECTBIE the

i nvent i ofy efh@kith&nt 95 ihs isveRBdL i @l cross sectional view of a nenory array
according to an enbodi ment of the invention. Figure 10 is a partial plan

view of a nenory diguy Sascopatinlgisowetn vieriebdi preven of atrhemdrncelhtairen. 15

i gue | ool dnABRELbBlnEROIeIREHLGN2l View that illustrates a step in a
met hod or mng a nenory array according to another enbodi ment of the
i nventi on. Figure 9 is a partial cross sectional view of a memory array according to an
embodiment of the invention.
Figure 10 is a partial plan view of a memory array according to an
embodiment of the invention.
15 Figure 11 is a partial cross sectional view that illustrates a step in a method

for forming a memory array according to another embodiment of the invention.
Figure 12 is a partial cross sectional view that illustrates a step in a method
for forming a memory array according to another embodiment of the invention.
Figure 13 is a partial cross sectional view that illustrates a step in a method
20 for forming a memory array according to another embodiment of the invention.
Figure 14 is a partial cross sectional view that illustrates a step in a method
for forming 2 memory array according to another embodiment of the invention.
Figure 15 is a partial plan view that illustrates a step in a method for forming
a memory array according to another embodiment of the invention.
25 Figure 16 is a partial cross sectional view that illustrates a step in a method
for forming a memory array according to another embodiment of the invention.
Figure 17 is a partial cross sectional view that illustrates a step in a method

for forming a memory array according to another embodiment of the invention.
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Mbr eover t he description that follows, is }Jnderstood t hat. t he
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understood that specific or relative dinensions related to the enbodi nent s,
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100 i nclvlig&ss gon%u%%ge Shsmctlo:rligzsufcl?ras S{reg:u%ng sp%mﬁc software to perform specific
calculations or tasks. The processor 102 includes a processor bus 104 that normally
includes an address bus, a control bus, and a data bus. The processor bus 104 is coupled to
a memory controller 106, which is, in tum, coupled to a number of other components. The
20 processor 102 is also typically coupled through the processor bus 104 to a cache memory
107, which is usvaliy a static random access memory ("SRAM") device.
The memory controller 106 is coupled to system memory in the form of a
synchronous random access memory (“SDRAM”) device 108 through an address bus 110
and a control bus 1712. An external data bus 113 of the SDRAM device 108 is coupled to
25 the data bus of the processor 102, either directly or through the memory controller 106.
The memory controller 106 is also coupled to one or more input devices 114,
such as a keyboard or a mouse, to allow an operator to interface with the computer sysiem
100. Typically, the computer system 100 also includes one or more output devices 116
coupled to the processor 102 through the memory controller 106, such output devices

30 typically being a printer or a video terminal. One or more data storage devices 118 are also

typically coupled to the processor 102 through the memory controller 106 to store data or
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nenotly cHnibe giemory deygeiof Figpms| Gl -« Memonydgvices pgsonding e prpsent emBpdiwedtsy ead onl y
menory (;fggfgbgg 1Sethd 20mERE 0ri108 t& JllPRiREgEram that is 5 executed by

t he proceésof 102¥Et %%meréuﬁ?§¥he ggocéggbr 16%gnay execute the processor
102 eit her direct|Kigdre dmis hebl@kO8iaRaM o memd@0dayicef 2AhnatdesdilBDRANN devi ce

108 aft t | has b hadowed by. t ferring it f th
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pref er abli§s shdwanmViEip@t 3. eTREfRimyry eNdeCEDOAGEIRE Nfteinryt it Ma@SB0tthdtnvent i on,
such as the enbodi nents of the invention shown 10 in the nenory. device of

Fi gules gclides msmory, calby cemBrsdctl Hraye: 8utpridshe ;‘Ff’“sésrﬁ‘?foﬂ?‘ﬁ‘é’*ﬁt%g withytal so be
used in BOABHERANTR Y &ler BiEH BBb&OOrte Qherir QEviEUDSS A1 QN Reludes an x-gate decoder

230 that provides a plurality of gate lines XG1, XG2...XGN for addressing the cells in the
memory cell array 210. A y-source/drain decoder 240 provides a plurality of source/drain
lines YD1, YD2...YDN for accessing the first source/drain regions of the floating gate FET
20 transistor cells in the array 210. An x-source/drain decoder 250 similarly provides a
plurality of data lines XS1, XS2...XSN for accessing second source/drain regions of the
cells in the memory array 210. The x-source/drain decoder 250 may also include sense
amplifiers and input/output (I/O) devices for reading, writing or erasing data from the
memory cell array 210. 'The memeory device 200 further includes address buffers 220 that
25 receive address signals AO...AN from the address bus 140 (as shown in Figure 5). The
address buffers 220 are coupled to the x-gate decoder 230, the y-source/drain decoder 240
and the x-source/drain decoder 250 to control the reading, writing and erasing operations on

the memory cells in the memory cell array 210.
Figure 7 is a partial schematic diagram illustrating an embodiment of the
30 memory cell array 210, as shown in Figure 6. The memory cell array 210 includes a

pluratity of adjacent and interconnected memory cells 300 of suobstantially similar



Figure 6 is a block diagramof a nenory device 200 :according to an é%&ﬂ'?quﬁ)
enbodi ne resent invention, which nay conprise n
of the ngﬁn%r?{/os}o%éd)shovm in Figure 5. The nenory devi cep‘gszﬁﬂﬁjﬂ €s a
menory cell array 210 that 15 includes nmenory cells conprised of floating
gate FET transistor devices as will be described in greater detail bel ow
The nmenory device 200 al so includes a&h x-gate decoder 230 that provides a
plurality of gate lines XGl, X&...XGN for addressing the cells in the
menory cﬁnhgaﬁﬁ@ymalesztené\uya ﬁ@%&%{,&i bR JRGOGERe 248 NORIFIESe1PagplAl al i Ty of
source/drain lines YD, YDN for accessing the first source/drain
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first direction along a row of the array froma cell 300AA to a cell
300AN. Tdescribed.ayt is wngeratpod howaes. that e @@reso%p mch@ew@mbsta@nd mlesoD NA t hat

further ﬁﬁ%dﬁt’%g@lﬁ%m ﬂaF' ﬁ&é QP i@ (ﬁ%?é}lp% inoffifd fech@e MemOry

cells 30 |nc es ‘apalr o ect transistors
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320. Each of the columnar structores 328 includes a first source/drain region 322 comprised

of a material having an N+ conductivity that extends along the substrate 320 in the x-

direction. The structures 328A and 328B further include a second source/drain region 326

20 also having an N+ conductivity that is positioned adjacent to the first source/drain region

322, A separation layer 324 of material doped to have a conductivity of P- is interposed
between the first source/drain region 322 and the second source/drain region 328.

Still referring to Figure 8, the columnar structures 328A and 328B are spaced

apart to permit the gate line XG1 to be positioned between the structures 328A and 328B.

25 A floating gate 330 is interposed between the structure 328A and the gate line XGl, and

between the structure 328B and the gate line XG1. The floating gate 330 further extends

below the gate line XG1 so that the floating gate 330 is also interposed between the gate line

XGI1 and the underlying substrate 320 to form a single control gate 330 between the

structures 328A and 328B. The floating gate 330 is electrically isolated from the gate line

30 XG1 by a first dielectric layer 340 that is interposed between the gate line XGJ] and the

floating gate 330. The floating gate 330 is further electrically isolated from the first



detail below. Figure 8 is a partial isonetric vi ewillustrating|5a[] Eon of

.the nmenor array 210 of Figure 7. For clarity of illustration, only
menory ce‘%ops%%[w&kgand 300AB of the array 210 are show? CTARF04P2{ 938

foll owi ng description, only nenory cell 300AA will be described. It is
under st ood, however, that the array 210 includes a substantial nunber of
cells having a substantially simlar 8tructure, so that the array 210
extends in a first direction (the "x" direction, as shown in Figure 8), and
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328A and 3285 further include a second source/drain region 326 20 al so
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conductivity of Is interpo et ween Irst source/drain region 322
and t he saospshdigurottindefahe secogd dirled2i. 358tthitlis adihe@nt iondje saobd guwoar8, t he

col umar uct ur 328A and.. 328B are space rt to pern.t the gate |line
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gat e 330diefeciridt BOPASLEE g@ﬁm@a allfA8eri® té W sHcond3dfRtROd28Mewkifd € thibiee XA, and
between the structure 328B and the gate line XG. The floating gate 330

furtWer BtigmgEthejseqopddicfstrigatse i ppsdticoes adigeanh it the fest Sirepsure ﬁag@atTée 330 is
al so int t e j : . ! rate 320
to form gggﬁ%%qtgb}?gw&e %atpg%gg#%%é%t“ﬁae m}s?@h}é{ag esgg%glggé ;EE%%ZBB. The

f | oat i ng2thdwing 3a0abreadreprbedse,ab will abo batedribedomgtdater dethiébtlpwe TBO fiKGl by a
first dielectric |ayer 340 that .i,s i.nter ed hetween the gate.line XA and
the 11 ofElGe ek et seentip Boni HRESDSomitE PoRPr? siBet vl
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structure 328A and the second structure 328B by a second dielectric |ayer

350 1nt efistseiss massialtaray d¥wderssht i ng gate 330 and the structures 328A and
328B. The f1oati nr@al-Eond3Qubcd/ardit LG 3808 ok NGkt Qﬁ%&r’t:%@rkzhheaﬁd' st

structure 328A and the second structure 328B so that
second source/drain region 326B of the second structure 328B are interconnected by a data

line YD1 that is comprised of a metallic or other interconnection line that is substantially
electrically isolated from the wnderlying topology of the amray 210. Accordingly, it is
20 understood that the array 210 as shown in Figure 8 may be overlaid by a layer of a dielectric
material (not shown) that includes contact penetrations that are etched in the dielectric
material in order to permit the data line YDI to be connected to the first structure 328A and

the second structure 328B.
Figure 9 is a partial cross sectional view of the memory array 210 that is
25 viewed from the section line 9-9 of Figure 8, and thus viewed generally paralle] to the
x-direction shown in Figure 8. As noted above, the floating gate 330 is separated from the
first structure 328A and the second structure 328B by dissimilar thicknesses of the second
dielectric layer 350, Accordingly, the first structure 328A is spaced apart from the floating
gate 330 by a first distance d,, and the second structure 328B is spaced apart from the
30  floating gate 330 by a second distance d, where the first distance d, is less than the second

distance d;. In a particular embodiment, the second distance d, is approximately about two



floating gate 330 is positioned closer to the first-structure 328ARNEE to
the secomdDatosmodsgs e 5 328B, as will be shown in great epctigistdokobp@bpw.
Accordingly, a portion of the second dielectric 350 that is substantially
adjacent to the first structure 328A is thinner than a corresponding
portion of the second dielectric 350 hat is adjacent to the second
structure 328B. One skilled in the a t wll recognize, however, that the

t hi nner portion of the second dielectric 350 may be positioned adjacent to
t he secofites theuhitluwas 2B Bfirswidistagcaadt hhcdnemeﬂmquirmﬂariemhodifnehh ¢hesfbuating
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described in greater detail below The first dielectric layer 340 and the

second dﬂettcemidlstenoleaiyefapibﬁﬁmm;flybboméﬁﬁr| sed of silicon dioxide that is
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326B of the second structure 328B are _interconnected by a data |ine YD
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array 210. Accordingly, 1t 1s 20 understood at the array 210 as Shown in
Fi gure 82 ingjc $ge cwesspendinglly acsingly data bit meydicsidegttagecushyistored iimbn greaof shown)

t hat..i ncl udes ¢ nt netrations hat re et 2di el ect
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structur mo&aﬂéldamdwaytdﬂﬁmsﬁﬁﬁmdm&tohmbw&nm&m nlr'dngﬂy aTe%rsJ s a partial cross
sectional view of the rrermr%_aarra 210.that i s ewed from,the section
line 9-9 of Fi gur P8 forsgping EPVefish v th pihgr %Pﬁ?geélov?rdhi AEor &L dj rect i on

shown i NE& diiBle SandARitRESELRRPUE 1o Fiareld, 9td N pBRinging 3t brscSRRAIAS €d from
the first strglgt t?re 528A al’(l: %et%e%grr?d struglt%ure 328B by S0I| ssimlar

t hi cknes&eeddrmed en Jedusidtrueting|3@8A that is spgesd apB0frondierofiating kate 33hey 4 r st
trugt t
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di stance secon ruc romt
f | oat i nglagatvall 33¢: dfy anses effect dh shcasppesinlg secudiestactuhe’ A8Brib4st idpssitaned d, i s

oo LNaaLle coone, Chatance. o ul b RRILPHLAL, SEbed Tenl Lhe second
PCTI US2004/ 021078 Figures 11-16 are partial cross sectional views that illustrate steps in a
method for forming a memory array according to another embodiment of the invention.
20  Referring first to Figure 11, a substrate 320 formed from silicon and doped to a P-
conductivity is used as a starting material. A first source/drain region 322 is formed on the
substrate 320. Thé region 322 may be formed on the substrate 320 by ion implantation or
other similar processes in order to attain the desired N+ conductivity. Alternately, an
epitaxial layer of N+ silicon may be grown on a surface of the substrate 320. A separation
25 layer 324 may then be formed on the first source/drain region 322 by an epitaxial growth of
P- silicon to a desired thickness. A second source/drain layer 326 may be formed on the
separation layer 324 by another epitaxial growth of N+ silicon. A pad layer 400 comprised
of silicon oxide may be formed on an exposed surface of the second source/drain layer 326,
which may be overlayed by a pad layer 420, comprised of silicon nitride.
30 Turning now to Figure §2, a plurality of first trenches 440 and a plurality of

second trenches 460 are formed in the structure shown in Figure 11. The first trenches 440

i



10 tines the thickness.of the first distance dl. I'n another par icuI ar

. enbodi meq,k 2{,({55*0 %J gati ng gate 330 has a height d3 of aEErom nat CdW§ut
0.1 gm a a ¥4eed apart fromthe first and second TW@?Q?F@%” 8A and
328B by a first distance d, of approximately about 33 A and a second

di stance d2 of approximtely about 66 A. 5 Figure 10 is a partial plan view
of the nmenory array 210 shown in Figurie 9. |In particular, the cell 300AA
has a pitch that extends in the y-direction of approxi rrately about 2F, and
a pitch th Cti ere Fis
char act erlcg{h ?req'%rs'?hc?%& sgrgct?"?e% ﬂ?? f‘lm%% %%ﬂ'ﬂe H iR 1%1 mﬁ'ﬁon RSt ur e

si ze. ACﬁlqj’rd)tmﬁie}y pe@eﬂcmg.lae ot &feey-faﬁéd’tibﬁpﬁﬂdhﬁ&gflirmeﬁsﬁjsfilghﬁ]ydﬂh&]abyt may be
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enbodi nent provides still other advantages over the prior art. For exanple,
and Vi t hmagbefemed bagaltermmg)aerglws@ @yfagr ofche pmoglmsﬁmvngn Himireetlawigh iunct i ons
are perf t str ctur 28A t ced a ar fromthe

1 oatt ng aHd 3t &b SoyR LM KRR A" Sp bRgRPBF HasPa L ruERR ¢ Tayer
350, chap@tiohy ammldemmmmetnmmrlomw&of nhaﬁﬁslt nwadhks hm/aunmla )Se@nm nor
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to attain the desired ductivity.

other simlar processes in or on
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Referring now to Figure 14, a polysilicon layer 520 is formed on the structore

20  of Figure 13, which extends downwardly into each of the voids 500 of Figure 13. The
polysilicon layer 520 may be deposited on the structure by various well-known methods.

An oxide layer 530 is then formed on the polysilicon [ayer 520 by exposing the polysilicon
layer 520 to an oxidation process. A polysilicon or metal layer 540 may then be formed
over the oxide layer 530 by various well-known polysilicon or metal deposition methods.

25 Figure 15 is a partial plan view that illustrates the formation of a plurality of
substantially parallel grooves 520 that extend in the y-direction. The grooves 520 are
formed by selectively etching the structure shown in Figure 14, so that the polysilicon or
metallic interconnections 530 extend across the grooves 520. The interconnections 530
form the gate lines XG1, XG2...XGN as described in detail in connection with

30  Figures 8-10. The polysilicon layer 520, the oxide layer 530 and the polysilicon or metal

layer 540 may then be removed from the upper surfaces 540, as shown in greater detail in



30 Turning now to Figure 12, a plurality of first trenches 440 a”‘ijﬁ%[:t 7006
pl ural it wohoosmesyaend trenches 460 are fornmed in the strpetrakeosaeipts | N
Figure 11. The first trenches 440 1 5 D E C 2006 WD 2005/ 006440

PCT/ US2004/ 021078 11 and the second trenches 460 are fornmed in the
structure of Figure 11 in a directi 03 that is approxi mately perpendi cul ar
to the y-direction and are further s Bst ant i ally nmutually parallel. The
first trenches 440 and the second trenches 460 project dowwardly into the
struct urEBigbe ithe The dapetsr 520p SBAyad RPOmay be inost bdsivenclieadcal4:clmitat he second
trenches 460, 5 may be formed by patterning an exposed surface of the

st ruct ur BRRGIP™ n Fi gure 11 with a layer of photoresist (not shown in
Figure 12) to for muafingts Figha 17,64 shrdack NEkiRXRAFEI50SHaT B QlepBited icans t hat
coincide with the intended |ocations of the first trenches 440 and the
second $wiapeh¥kang pattermadaisinglaghpiresishtobioan) wrigen py pialysop dayestededd sur f ace

porti.ons J t , | nmet hod
nowd | e PRESHBFof iRURS s ufl S5AHR Gloih [ SR8 o fle 196 350 ShE il 721 100
and t he saoenithib regivnk 8%6. 46 hetahlagersiTDS4 thent deplosited fon [theewirfaset dxidsi lkyee 650 di oxi de
480 t hat is?{cgr?ivva in the firs tfrgnches 440 ﬁnd secq d trianﬁhes 460 t hrough
an oxi dafForeRds deuawardly inta sach of dhe prpirpgigns: 390 dp elecitiqal.couplegng fRgond e c ond

t r enchessohfi/diin Mgk 308) ﬁonki'ﬂﬁ"éﬁb a&h maelsyDTheDpnat ehNales@bed in aaedl ilbet ween
the first trenches 440 and the second trenches 460 (as shown in Figure 12)
i s renoveangrfion 5ithdigwaesd-hot her etch stop |ayer of photoresist (not shown)
and ;penovi ng the qgg;:.‘gr' I Ol Pl o] f 01 ds 500,
as s1 own in Figure ) h% 6%?%&3% p](t)r'Eviﬂgn g%p ?e%%%gpﬁf%#’n;ﬁgg%hl ic?;@%@rllmgi oxi de
mat er i al emisodimemedf the oxerdmbilame been desvebedvbérkink foovpurpodesposiliusoatigor ocesses
to form¢the sec dielectric layer 350. Referring naow to, Fi gur 4, a

ol yoi 11 VT Fpaiicangs inkss b o SHihpHROGHPRE TS TeoBe o P 45 i, ch

ext ends lommoRr Foy exdiple, @864in ManirBesheinds ROEIxt bf ohd emBadimdmens twol ysilicon
| ayer 520 may be deposited on the structure by various well-known nethods.
An” oxi deiMVefiep me3 e iincornerried iptorriber smbprigepts|ay Siell Avroriinghs thsinvepijonex posi ng

t he ;pol ysi] liay : O0X | i Vil led r met al

| ayer 545 ok ed B e SERP dB0 BB LB RhRRE SRl g BB R I kmoun
pol ysi | idomsor netal deposition nethods. 25 Figure 15 is a partial plan view
that illustrates the formation of a plurality of



substantially parallel grooves 520 that extend in the y-direction. The
grooves 520 are forned by selectively etching the structure shomp5ygtﬁmﬂure
14, so that the polysilicon or netallic interconnections 530 extend across
t he grooves 520. The interconnections 530 formthe gate |ines XGI,
X@&2...XGN as described in detail in connection with 30 Figures 8-10. The
polysilicon |ayer 520, the oxide |ayerl3530 and the polysilicon or netal

| ayer 540 may then be renpved fromthe tipper surfaces 540, as shown in
greater detail in 1 5 DEC 1006 WD 2005/006440 PCT/ US2004/021078 12 Figure
16. The |l ayers 520, 530 and 540 may be renoved using chem cal - nechani cal

pl anari zation. Turning to Figure 17CLAIMS face oxide |ayer 550 may be
deposited on a surface 550 and patterned using a photoresist (not shown) to
forman etch-stop layer to form 5 a plurality of protrusions 590 that
extend through the bkurf ateomputeresykayetohmiigd t he second source/drain
regions 326. A netal |ayer 57Q is'tgﬁﬂJde osited on the surface oxide |ayer
550 that extends dORAWARIPSESTIRE Bk Jof14 he protrusions 590 to

el ectrically coupl e:tihg: SREABHorySRNIEROMFIRI B hePrédessod 2fe nfedldid BOvithe data
lines YDI, YD2...YDN described i'n detail in connection with Figures 8-10.
10 From t Welufiggetormay havipg menmssy spihy ewangeddn trthws and| colwanghfos stasing «
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1 5 DEC 2006 13 CLAIMS 1. A conputer system conprising: a centra
pr ocessi nirughires, tfeppatingngpte being positioned closer to a selected one of the first and

second columnar structures.

2. The computer system of claim [, wherein the memory device
further comprises a gate line positioned within the floating gate structure and electrically
isolated from the floating gate structure, and wherein one first source/drain region and
one second source/drain region are electrically coupled between the first and second

columnar structures.

3. The computer system of claim 2, wherein the first and the second

source/drain regions comprise a semiconductor material having a first conductivity.

4, The computer system of claim 3, further comprising a separation
layer of a semiconductor material interposed between the first and second source/drain

regions, the layer having a second conductivity.

5. The computer system of claim 3, wherein the first and the second

source/drain regions comprise silicon and the first conductivity is an N+ conductivity.



at | east one nenory device coupled to the processor, the nenory device

i ncluding an array having nenory cells arranged in rows and colugﬂi E@Qmﬁ
storing a desired logic state, each cell including a first colu p
structure having two first source/drain regions and a spaced apart second
col umar structure having two second source/drain regions with a floating
gate structure interposed between thelftirst columar structure and the
second columar structure and spaced apart fromthe first and second
structures, the floating gate being positioned closer to a sel ected one of
the first and second columar structures. 2. The conputer system of claim
|, wherein the nendry déihecedmifutart $ystemcofrplaimet whaeinetht i saparptagi tayened
within the f|oatin at.e structur nd el egtricall isolated fromthe

f1 oating ‘g"é’kpe“sg FHE ngdrn g?heasﬁﬁo%cgpg?cﬁvb%és aﬁl;'rcgfl&é%'ﬁi{%‘e/ drain region and one
second source/drain region are electrically coupled between the first and

second columar structures. 3. The corrpﬁtiar_ systemof claim?2, wherein the
first and the second soUlFCEIRAUE SYEHI 8 §ad,‘8n%r1"’1§"ée‘§ thenimeBARLEEdse mat eri al

having a fiith&t confRECH G¥dddyr c&hpleﬁh@ SEHTPRHRE First Yoo bR BhdRfin FdBdiNiid sk her

conprising a separation layer of a sem conductor material 1 nterposed

bet ween t$purce/drain regieh arddbmgate bug.ce/ drain  regi ons, the layer having a
second conductivity. 5. The conputer systemof claim3, wherein the first
and the second source/drain regions conprise silicon and the first
conductivity is an 8 camduiripater \systdm SofELm2 00 furthdéd cOmpridigy aprigdiesy syst em
of claim4, wherein the separation |ayer conprises silicon and the second
conduct i vl?%fgﬁrF%“Piedle thedf909e$-vi ty. 7. The conmputer systemof claim 2,
wherein the nmenory device further conprises a decoder coupled to each of
the first source/drain region, the second source/drain region and the gate
line. 8. The conput®er syldeecionplutes|sastem7of dlaimt hefurenpemptisieg am adduissess

Dormet s R £6h fud B8 ABKROES thad couts (ROCPH 'S The ™ RSB Bivtec, T 11t her

10.  The computer system of claim 9, further comprising a system

controller coupled to the address bus, the data bus and the control bus.

11.  The computer system of claim 10, further comprising at least one
of a keyboard, a mouse, a display device and a modem coupled to the input/output

module.

12.  The computer system of claim 9, further comprising an external

secondary mass storage device.

13. A semiconductor memory device, comprising:

an array having memory cells for storing a desired logic state, each cell
further comprising first and second adjacent field effect transistors (FETs) having
respective source/drain regions and a common floating gate structure that is spaced apart
from the source/drain regions of the first FET by a first distance, and spaced apart from
the source/drain regions of the second FET by a second distance, wherein the first

distance is less than the second distance and where the first and second FETs are each



bus, a data bus and a control bus that couples the CPUto the at |east one
menory device. 10. The conputer systemof claim9, further conprisin
system controller coupled to the address bus, the data bus and t hied Qgﬁngqnﬁ)l
bus. It. The conputer systemof claim10, further conprising at |east one

of a keyboard, a nouse, a display device and a nodem coupled to the

i nput/output nodule. 12. The conputerlssystemof claim9, further conprising
an external secondary nass storage device. 13. A sem conductor nenory
device, conprising: an array having nenory cells for storing a desired |logic
state, each cell further conprising first and second adjacent field effect
transi st ofosmed-pIr 8 subsiratermateria pf adirsheondetivite txheaind haeesasmes/diaid ragiovsnmon
floating 8 . i r fromthe source/drain regions
of the fi@gﬁiwgggg&%‘%}g?&fcﬁ%f%ﬁ%&ﬁ&lgﬁgﬁ%%ggéd apart from the
source/drain regions of the second FET by a second di stance, wherein the
first distance is | ess fhan é’g@ second di stance and where the first and

second FETs are eac- 1 o PEECOBHEOr FEMOR; YeotP P st rate material of a
first conductivity dnyReyandidkayensQUuias/ ek Abing £ALORA lofibataidletcl gmed of
material of a second conductivity t%&e. 14. A sem conductor nenory device,
conpri si nithein campragingfirstngndrseiong adiacest fighd sffenti trpsigtosedFEED hagic state,
R el ot greb el RN GRATRR 1SR dlrelondth SEAAD G AUALER! bl €' bhcEl LEGE

transi stor S) having - respective sourcefdrain regions and a conmmon

fl oati ng fyahehssounaidraie refats ofsthe piag &dE Tapas first fdistance,ead Spaged epsht flom r egi ons

of the first FET by a first_.distance, spaced art from,. the

sour ce/ d _r{QF rFOP@Ej/l_dB%% regions, gf g@cﬁ%ﬂ“‘ﬁ@?ﬂ@?’ & §e§8‘641§P56‘i"§?’aWB%VF'“V\W§_r@Fh t he
first digb@messilds liemsStht Radont EstsRe ARG viler! MBTRstad sebRideF R Teark ich@f and
second FETs are each fornmed on a substrate material of a first conductivity

type and feaved enasulstrdicanateria gif @rfyst qonductiyitie tpgrand diavs seuaeesdrpiaregipnsa second
conducti vjty. : ke f gt ive source/drain regions
further C%Erlrtparr% gogﬁgd W@éﬁhggﬁﬁﬁggﬁgrﬁﬁmpg‘gf%ﬁg’and a spaced apart second
drai n regi on confi guieegln eacheofelad esprative source/drain regions further comprise a first

source/drain region and a spaced apart second drain region configured in a columnar
structure extending upwardly from an underlying substrate, and further wherein a
separation layer is interposed between the first source/drain region and the second drain

region.

15. A semiconductor memory device, comprising:

an array having memory cells for storing a desired logic state, each cell
further comprising first and second adjacent field effect transistors (FETs) having
respective source/drain regions and a common floating gate structure that is spaced apart
from the source/drain regions of the first FET by a first distance, and spaced apart from
the source/drain regions of the second FET by a second distance, wherein the first
distance is less than the second distance;

wherein each of the respective source/drain regions further comprise a first
source/drain region and a spaced apart second drain region configured in a columnar
structure extending upwardly from an underlying substrate, and further wherein a
separation layer is interposed between the first source/drain region and the second drain

region; and



structure extending upwardly from an underlying substrate, and further
wherein a separation layer is interposed between the first source/drain
region and the second drain region. 15. A seniconductor menoryd&¥(qeih
conprising: an array having nmenory cells for storing a desired logic state,
each cell further conprising first and second adjacent field effect

transi stors (FET5) having respectivelsource/drain regions and a common
floating gate structure that is spaced apart fromthe source/drain regions
of the first FET by a first distance, and spaced apart from the
source/drain regions of the second FET by a second di stance, wherein the
first distance is wheseintthefirstheouseetdsaid wigionaanslethevsecorsl dradmatgiof atche
respectiv r.al i urt her rise a.f.jrst, ~squrcel/ drain

Fear on andEESLSanbob SRl ndfhe GRTEL LSRN, B O BB G

st r uct ur ethe xéparedion ¢ayepisanipyisdd «fia samicondietdrynagria bvshg aPe corminckivityt t her
wherein a separation layer is interposed between the first source/drain
region and the second drain region; and J 5 DEC 7006 16 wherein the first
source/drain regi ongand tHaesHAcARMcHF Fhdndr§ I Qe be clGRMS] $Beref] R

sem conductor material having an N+ conductivity, and further wherein the
separ at i otpmageflogting eatestrbete is fompréediob poltitii¢asr naterial having a P-
conductivity. 16. The sem conductor nenory device of claim 13, wherein the
common floating gate structure is conprised of polysilicon. 17. The

sen conduct or nenorly. devileesaticaldattor Isemovhedaide bhelaimetdnevhdichi alrce | s
appr oxi mat el bout two tinmes the first di t{ancg,. 18. The sem conduct or
menory deﬁ?ic?:%’ ‘gfta'@leé? PRPIXIMglehy oHt tt“f?é“?‘?srtg? shilisialifee i s approxi mately
about 30 A 19. A sem conductor nenory device, conprising: an array having
menory cells for storingﬁg desired logic state, each cell further
conprising first and.secdwdeasjondenter mempry devicetf olaimnks, stheredn (HREMSY) havi ng

respecti Vcﬁst?r?c‘érig%p%)ﬂjngte'ifﬁjoﬂp% gpd a comon floating gate structure that is
spaced apar

19. A semiconductor memory device, comprising:

an array having memory cells for storing a desired logic state, each cell
further comprising first and second adjacent ficld effect transistors (FETs) having
respective source/drain regions and a common floating gate structure that is spaced apart
from the source/drain regions of the first FET by a first distance, and spaced apart from
the source/drain regions of the second FET by a second distance, wherein the first
distance is less than the second distance;

wherein the array further comprises a drain line extending in a first
direction and coupling the second source/drain regions of the first and second FETs, and
further wherein the first source/drain region of the first and second FETs extend in a

second direction that is perpendicular to the first direction.

20.  The semiconductor memory device of claim 19, wherein the array

further comprises a gate line that extends in the second direction.

21.  The semiconductor memory device of claim 20, further comprising

a decoder coupled to each of the drain line, the first source/drain region and the gate line.



fromthe source/drain regions of the first FET by a first distance, and
spaced apart from the source/drain regions of the second FET by]@[ﬁ%@@ﬂﬂ

di stance, wherein the first distance is |ess than the second distance;
wherein the array further conprises a drain |line extending in a first
direction and coupling the second source/drain regions of the first and
second FETs, and further wherein thelfirst source/drain region of the first
and second FETs extend in a second direction that is perpendicular to the
first direction. 20. The sem conductor nenory device of claim19, wherein
the array further conprises a gate line that extends in the second
direction. 21. The Zem domiibedref fempny adewimeey ckvict dianin20a [flurakityeef

conpri sin er._cou to each of. the drain line, the first
sour ce/dr%.‘%@‘%“?%‘é“%%ﬁ'ﬁ%‘éggs%he"ﬁﬂi°HE‘P“T“%- DEC 2006 17 22. A method of

form ng a nmenory deeksiciening\d figt dolphmubddtivciur®bn d sibetrfo macial e lgxen®voy cel | s,
each cell conpri sing: EositLoning a first columar structure on a substrate
havi ng atSOMEESLHaiR fgglons domed/igitai n regi ons formed in it ; positioning a _
second col umnar. St agitidfife Arsctiit SRR AoORE he Bk RRS thaviiy SQU ce/ drain

regions formed in it, wherein the second columar structure IS spaced apart
from t he tworurcgtsiraimegionst forroediimeit, Whereinrthe secgad eolomnacstorcairp ét spaesd t he

first str re ang t second _structure; and interposing a floating gate
structureﬁ%égﬁgéﬁegﬁgaﬁwngrgpwﬁg%ure and the gate structure and between

the second struct urfernfing 4 hategatngctiit r beddethe thet Kiest f dt@turdGdndathe sesérduct ure
bei ng positioned closer to selected one of the first structure and the
second sTMGMfuARY 23. A nethod of forming a nenory device having a

plurality of int eriﬁ@%aﬁgg%m@g%e GRlchfe b&AELh B8 lHrst SRIRLShE Fic ARSI i oni ng

a first columar structurée on a Substrate; positioning a second col umar
st ruct ur estpturdrend (osreent the tsherndi gruspae @dd the gate structure, the floating gate

structure being positioned closer to selected one of the first structure and the second

structure.

23, A method of forming a memory device having a plurality of
interconnected memory cells, each cell comprising:

positioning a first columnar structure on a substrate;

positioning a second columnar structure on the substrate that is spaced
apart from the first columnar structure;

forming a gate structure between the first structure and the second
structure; and

interposing a floating gate structure between the first structure and the gate
structure and between the second structure and the gate structure, the floating gate
structure being positioned closer to selected one of the first structure and the second
structure;

wherein positioning a first and second columnar structures on the substrate
further comprises positioning the first and second columnar structures on a silicon

substrate that is doped to have a first conductivity.



apart fromthe first columar structure; formng a gate structure between
the first structure and the second structure; and interposing a floating
gate structure between the first structure and the gate structurk) &bt 2006
bet ween the second structure and the gate structure, the floating gate
structure being positioned closer to selected one of the first structure and
the second structure; wherein positidding a first and second col umar
structures on the substrate further conprises positioning the first and
second columar structures on a silicon substrate that is doped to have a
first conductivity. 15 DEC 2006 18 24. The nethod of claim 23, wherein
positioning the firkk ankheseebediof dainupharhestin positiprisg the firssand ssopndsubst r at e

t hat i d i . LVILY: i dopj th trate t
a1 5 S80GSR L S oUMELL b JBELYIRERPHP iRt oL o

first andinsledesbpingaheisabatrats ta sk urfesndictivitg. substrate further conpri ses:
formng a first source/drain region having a first conductivity on the
substrate; formng a second source/drain region proximate to the first

source/drain regign, theSRERH of Lk S2dkAkRId PAIiIGShiNAY I 16t ddaesekbiSt
conductivity; and |nterp05|ng a separation |ayer between the first
sour ce/ dreglmpas girerutgn an thesubswicohthesampeisesi ai n regi on. 26. The met hod of

claim 2.5’ . wher ei n ffglrnq“‘lgga %.I‘Jti JOEFCG)%?EHII; C[‘?églli .eHann raeq{ré)cnc %\l{étp\gt aﬁ'_iﬂ{eSt
conductivity conprises formng a sourcel/drain r§g|on having an
conduct i vsubytrat®7. A nethod of form ng nenory device having a plurality of

i nt er connect ed nenqr%wcells, each ce|l, co riskﬂg: posLtioning % first
col umar struct ur e "8HY"& SSECIHA LEIUHA ST HEY @eéﬂt‘?ﬁ€#§ﬁ%§iﬂﬁﬁb that is
spaced pafelioh! BBsdORd Sdurs&d/dBRl reEBR havihd e it RondRBYiB); AndpOSi ti ONing a

interposing a separation layer between the first source/drain region and the

second source/drain region.

26,  The method of claim 25, wherein forming a first source/drain
region having a first conductivity comprises forming a source/drain region having an N+

conductivity.

27. A method of forming memory device having a plurality of
interconnected memory cells, each cell comprising:

positioning a first columnar structure and a second columnar structure on
the substrate that is spaced part from the first columnar structure, wherein positioning a
first and second columnar structures on the substrate further comprises,

forming a first source/drain region having a first conductivity on the
substrate,

forming a second source/drain region proximate to the first source/drain
region, the second source/drain region having the first conductivity, and

interposing a separation layer between the first source/drain region and the
second source/drain region;

forming a gate structure between the first structure and the second

structure; and



first and second col ummar structures on the substrate further conprises
formng a first source/drain region having a first conductivity on
substrate, forming a second source/drain region proximate to the15m£§ﬂm5
source/drain region, the second source/drain region having the first
conductivity, and interposing a separation | ayer between the first
source/drain region and the second sqarce/drain region; formng a gate
structure between the first structure and the second structure; and 1 5 DEC
2006 19 interposing a floating gate structure between the first structure
and the gate structure and between the second structure and the gate
structure, t he fl oaiutien@siggtaéloaéng gade strte:ttbebﬂg'epothietf“ rsirsafdctuﬂecmérchexgatesel ected
one of th rst ctur cond truct rein for ng a
second souPielaf pelEsofe SRS SrERFe AR & St c0F idhine &

conpr i sesstfuofufé BEing peIibE&] ElosdrNo rs@@bt@ﬂ dna\Wfnge dnstNtrue@RAbRd thel §e}tondab0V€ t he
first source/drain region. 28. The nethod of claim 25, wherein interposing a
separatloﬂ“P%W%r between the first source/drain region and the second
sourcefdrain regi OR,OUPI foffite § QeMIsrl KSR REIHCHR MG 1bI &b firs
source/drain region and the sgco source/dral n regi aving a second
conduct i viougce/dpOn rdghen panprisgs dfrmingmia so28s/dratneregion HavingiangN-a cordpetivibet ween
the first rGel n,.region and the second source/drain region having a
second conc?u%H1e §§°m38ﬁ5W?%§?nfornlng a layer that is doped to a P-
conductivity between the first source/draln regi on and the second
source/drain region. 30. The npethod of claim 22, wherein interposing a
floating gate str ¢St ur dhsensibedh of ﬁ@lmlzrsst‘"hﬁel"h(‘:'ttﬂpéﬂ%ﬂ Sepaalien Byet ruct ure
and bet V\’et?di‘wééﬁeﬂéeﬁﬁf‘@oué&/w% H’égﬁo@qu LR s ﬁc’i‘:‘hﬁ Subddfirdlh el‘eélldr‘lt&) rfSQTPr i ses
positioning an insulating layer ‘between the floating gaté structure and the
first andfogemgrrdayas|bgtwezn tied ficst saureegdrain region and the second source/drain region

having a second conductivity.

29. The method of claim 28, wherein forming a layer between the first
source/drain region and the second source/drain region having a second conductivity
comprises forming a layer that is doped to a P- conductivity between the first

source/drain region and the second source/drain region.

30. The method of claim 22, wherein interposing a floating gate
structure between the first structure and the gate structure and between the second
structure and the gate structure further comprises positioning an insulating layer between

the floating gate structure and the first and second columnar structures.

31.  The method of claim 30, wherein positioning an insulating layer
between the floating gate structure and the first and second columnar structures
comprises forming a first insulating layer between the first structure and the floating gate
structure having a first thickness and forming a second insulating layer between the
second structure and the floating gate structure having a second thickness, the first

thickness being less than the second thickness.



31. The nethod of claim 30, wherein positioning an insulating | ayer between
the floating gate structure and the first and second col umar ﬁfL@ﬁtﬁﬁf
conprises formng a first insulating |ayer between the first st'r and
the floating gate structure having a first thickness and formng a second
insul ating | ayer between the second structure and the floating gate
structure having a second thickness, he first thickness being | ess than

t he second thickness. 1 5 DEC 2006 20 32. The nethod of claim25, further
conprising coupling the second source/drain region of the first col ummar
structure and the second source/drain region of the second col umar
structure with a dr&gi n |Theanethod of claim 25, further comprising coupling the second

source/drain region of the first columnar structure and the second source/drain region of

the second columnar structure with a drain line.





