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5 TECHNI CAL FI ELD This invention relates to nenory arrays
and to nethods of fabricating nenory arrays. 10 BACKGROUND ART
Menory is one type of integrated circuitry, and is used in conputer
systens for storing data. Such is typigally fabricated in one or nore

arrays of individual nenory cells. The nenory cells m ght be
vol atile, sem-volatile, or non-volatile. Non-volatile nenory cells
can store data for 15extended per RETIONe  and in many i nstances

i ncl udi ng when the conputer is turned off. Volatile menory dissipates

and therefore MEMG)RG’SARRNESWND%EWGBS”OFtFQIBRR‘EWTINYIErmE ORY
I nstances including nmultiple tines ggmé@pgn exa

atile

sem conductor nenory is dynam c ran

10

15

20

25

30

35

TECHNICAL FIELD
This invention relates to memory arrays and to methods of fabricating

memory arrays.

BACKGROUND ART
Memory is one type of integrated circuitry, and is used in computer

systems for storing data. Such is typically fabricated in one or more arrays
of individual memory cells. The memory cells might be volatile, semi-
volatile, or non-volatile. Non-volatile memory cells can store data for
extended periods of time, and in many instances including when the
computer is turned off. Volatile memory dissipates and therefore requires to
be refreshed/rewritten, and in many instances including mi:ltiple times per
second.

One example volatile semiconductor memory is dynamic random
access memory (DRAM), with an exemplary prior art DRAM cell being shown
in Fig. 1. Fig. 1 depicts an individual/single DRAM cell 10 comprising a field
effect access transistor 12 and a storage capacitor 14, Field effect
transistor 12 includes a pair of source/drain regions 15, 16, and a gate 17.
Source/drain region 16 is depicted as connecting with storage capacitor 14,
while source/drain region 15 electrically connects with a bit line 18. Gate 17
is typically in the form of an elongated word line forming gates of several
field effect transistors formed in a "row". Bit line 18 typically connects with a
plurality of source/drain regions 15 of field effect transistors formed in a
"column” which is generally typically orthogonal to a gate/word line row. In
many instances, pairs of immediately adjacent field effect transistors might
share a common source/drain region 15 to which a bit line electrically
connects.

Dual transistor DRAM cells’ utilizing capacitors "have also been
proposed, for example those disciosed in U.S. Patent No. 6,818,937.

While the invention was motivated in addressing the above identified

issues, it is in no way so limited. The invention is only limited by the



20 access nenory (DRAM, with an exenplary prior art DRAM cell being
shown in Fig. 1. Fig. 1 depicts an individual/single DRAM cell 10
conprising a field effect access transistor 12 and a storage

capacitor 14. Field effect transistor 12 includes a pair of
source/drain regions 15, 16, and a gate 17. Source/drain region 16 is
depicted as connecting with storage capacitor 14, 25 while
source/drain region 15 electrically connects with a bit line 18. Gate
17 is typically in the formof an elongated word |line form ng gates

of several field effect transistors forned in a "row'. Bit line 18
typically connects with a plurality of source/drain regions 15 of
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pairs of imediately adjacent field effect transistors mght share a
conmon solfFXEYAEAtSH region 15 to which a bit line electrically
connects. Dual transistor DRAM cells utilizing capacitors

have also f se disclosed in U S. Patent
No. 6, 818, ?: R OF TRETRARILES notivated in addressing the
above identi fi dttefesred@mbodimants piihe dnvisaljornsere|deggrined belmvewith (aienenemtoj the
only i m y&ehwivg d@mpanfifg aRRAYY. N9 clainms as literally worded,
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the igyentdg éﬁﬁaﬂ&jﬂ@ﬁ&%%%&&bmﬁsraen.%en&rg ddiIfirf 2tEWande with
acconpanying drawmngs. Flg. 1 1s a schematic of a prior art DRAM

cel | . various agnegts pfithe INVRRERTammat i ¢ perspective cutaway vi ew of
a substrate 10 Higagnerd sanemptictdfaa saafienadividueonpemsngedl insmoydance
cell in accqrdance w,t L] . aspects of the invention.

Fig. 3is We{ﬂbgﬂear?ftelc(t: °Ef‘@"*s‘?#’3\°2’fi ndi vi dual nenory cell in

accordance wit IfFign 4aspen «wfpandedi diagrerynatic top plan view of a substrate

15 fragment comprising memeory cells such as that depicted in Fig. 2.
Fig. 5 is a diagrammatic sectional view taken through line 5-5

in Fig. 4. .
Fig. 6 is a diagrammatic sectional view taken through line 6-6
in Fig. 4.
20 Fig. 7 is a further expanded diagrammatic top plan view of a substrate

fragment in accordance with aspects of the invention.

DETAILED DESCRIPTION OF THE FREFERRED EMBODIMENTS
Aspects of the invention encompass memory arrays and methods of

25 fabricating memory arrays. Memory array constructions might be fabricated
by any method, and not necessarily limited by the methods of fabricating a
memory array as disclosed herein. Likewise, methods ot fabricating a
memory array are not necessarily limited by the memory array constructions
as disclosed hersin.

30 Exémplary aspects of memory array constructions are initially
described with reference to Fig. 2. In various implementations, memory
arrays fabricated in accordance with the invention c'orhprise a plurality of
memory cells formed on a semiconductor substrate. In the context of this
document, the term "semiconductor substrate” or "semiconductive substrate"

35 is defined to mean any construction comprising semiconductive material,



Fig. 4 is an expanded di agranmatic top plan view of a substrate 15
fragnment conprising nenory cells such as that depicted in Fig. 2.

Fig. 5is a diagranmatic sectional view . taken through line 5-5 in
Fig. 4. . Fig. 6 is a diagrammatic sectional view taken
through line 6-6 in Fig. 4. 20Fig. 7 is a further expanded

di agrammatic top plan view of a substrate fragnment in accordance with
aspects of the invention. DETAILED DESCBI PTI ON OF THE PREFERRED
EMBODI MENTS Aspects of the invention enconpass nenory arrays and

met hods of 25 fabricating nmenory arrays. Menory array constructions

m ght be fabricated by any nethod, and not necessarily |limted by the
met hods ofNEBMGBabhgnat HEmtRd 1 r aylkasemicenduativedhaiaiials Reqh sas 2

met hods ofsefnﬁbbhaa&mm waf@NQe}har rapne’ &rNdl AeeRG5hES | yodnprrstrﬁﬁ her

t he nenory nstr t|o di scl.ose
aspect s ofm%? ?( a ?eaon eSS ru%l ?%nnésucat’rvéa ?”naq ,-,21 F%yi E@Ef %P?hor in
ref erence atsgemtgleszcomnrwmg otheeri mptenmal-atlirente rmeswhsirate ayéers to any

fabricat e@ubaowrgﬁ%@rw t.hcwaeng Nt @R FRFRET $6, athkl lgre%.bbxde&we
menory cel|s formed on a sem conductor substrate. In the context of

this docur‘r‘EHF" ater desftibed @boYsn dhEeBP Ay HYEfef ed S8f"'¢§@ﬁ'i‘%§9n‘i&t&'€ﬂr\?ées
substrat e'indbde Belki BechitondBADr asVbstss ) diet iecanguapbubd Mgonocrystalline

sem Condu%mc%%_na}\gﬁ'éggs, of 'the invention might also, of course, be utilized in
semiconductor-on-insuiator substrates and any other substrate (whether
10  existing or yet-to-be developed) within or upon which an operable memory

array could be fabricated.

The memory array will comprise a plurality of memory cells, with an
exemplary individual memory cell in accordance with various
implementations of the invention being indicated generally with reference

15 numeral 20 in Fig. 2. Not all memory cells of a memory array necessarily
have identical construction, but may and typically include a plurality. of
substantially identically constructed individual memory cells. Regardless
and by way of example only, Fig. 2 depicts a semiconductor substrate 22
comprising semiconductive material 23. Semiconductive material 23 might

20 comprise bulk semiconducter material, for example bulk monocrystalline
silicon which has been suitably background doped with a conductivity-
enhancing impurity either glebally or relative to smaller isolated regions
and/or wells. Other semiconductor materials and substrates are, of course,
contemplated. By way of example only, exemplary background doping of

25 semiconductive material 23 is of p-type of a suitable dose/concentration
such that channel regions of n-type field effect transistors can be formed
upon gate activation.

Individual memary cell 20 includes a first field effect transistor 24 and
a second field effect transistor 26. Each comprises a gate, a channel

30 region, and a pair of source/drain regions. For example, first field effect
transistor 24 is depicted_as comprising a gate 28, and second field effect
transistor 28 is depicted as comprising a gaté 30. in the depicted and but
one exemplary preferred embodiment, gates 28 and 30 are received within
openings 29 and 31, respectively, formed within semiconductive material 23

35 of semiconductor substrate 22. In one implementation, openings 29 and 31



3 including, but not limted to, bulk sem conductive materials such
as a sem conductive wafer (either alone or in assenblies conprising
other materials thereon), and sem conductive material |ayers (either
al one or in assenblies conprising other materials). The term
"substrate"” refers to any 5 supporting structure, including, but not
limted to, the sem conductive substrates descri bed above. Exenplary
preferred sem conductor substrates include bul k sem conduct or
substrates, for exanple bul k nonocrystalline silicon. Aspects of the
i nvention mght also, of course be utilized in
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than g e%lt'ermedlate gates 28 and 30, and is shared by first and second
transistors 24 and 26. In the depicted exemplary embodiment, source/drain
region 36 of first field effect transistor 24 and source/drain region 40 of
second field effect transistor 26 constitute the same source/drain region and
which is shared by such first and second field effect transistors. In one
30 implementation, and as shown, other source/drain region 34 of pair 34/36 is
received laterally outward of gate 28, and other source/drain region 38 of
pair 38/40 is received lateraily outward of gate 30. In the depicted
exemplary preferred embodiment, shared source/drain region 36/40 is
received both laterally intermediate gates 28 and 30, and elevationally
35 outward thereof. Further in the depicted‘ preferred embodiment, each of



5 to 500 Angstrons. An exenplary depth for the depicted trench
openings 29 and 31 from an outernost surface of sem conductive
material 23 is from 100 Angstrons to 500 Angstrons. Exenpl ary
preferred conductive materials for gates 28 and 30 are conductively
doped sem conductive materials and/or netal. In the context of this
docunent, "netal" defines any 10 of an elenmental netal, an alloy or
m xture of elenental netals, or conductibve netal conpounds. By way of
exanpl e only, one preferred conductive material for gates 28 and 30
is titaniumnitride. A gate dielectric 32 is depicted as
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exanpl e only, plevatethsRUGESIA @IS a conductive data line 60 electrically
connecting with each of the other source/drain regions 34, 38 of
source/drain region pair 34/36 and source/drain region pair 38/40. In one

25 exemplary preferred embodiment, conductive data line 60 is received
elevationally outward of gates 28 and 30. Fig. 2 also schematically depicts
a charée storage device 62 eleétrically connecting with shared source/drain
region 36/40. In the depicted exemplary preferred embediment, charge
storage device 62 comprises a capacitor.

30 Fig. 2 schematically depicts conductive data "line 60 and charge
storage device 62 electrically connecting with their respective source/drain
regions, and such might occur in any manner or in any implementation. In
one preferred aspéct, charge storage device 62 is received elevationally
outward of gates 28 and 30, and in one preferred aspect conductive data

35 line 60 is received elevationally outward of gates 28 and 30. Further in one



First field effect transistor 24 conprises a channel region 42 and
second field effect transistor 26 conprises a channel region 44. In
conbi nation, and it but one preferred enbodi nent, such form a general
W shape in the depicted cross section. Each channel region 42, 44
conprises 10 a switchable current path 46 in at |east one substrate
cross-section which extends between shared source/drain region 36/40
and the respective other source/drain region 34 or 38. Preferably as
shown, each current path 46 conprises interconnected first and second
substantially vertical segnents 48 and 50. In the depicted exenpl ary
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hardwired together. A conductive dafa line is hardwired to two of the

source/drain regions, and a charge storage device is hardwired to at least

one of the source/drain regions other than the two. For. example, and by

25 way of example only, Fig. 2 diagrammatically depicts an exemplary preferred

construction of an individual memory cell of such a memory array, and Fig. 3
schematically depicts such an exemplary individual memory cell.

in one preferred implementation of such aspect, one of the

source/drain regions is received laterally between the gates. In one

30 preferred implementation, one of the source/drain regions is shared by the

first and second field effect transistors, and in one preferred aspect the

charge storage device is connected to the one shared scurce/drain region.

In one preferred implementation of such aspect, the gates are hardwired

together by conductive material received in at least one trench formed within

35 semiconductive material of the semiconductor substrate and extending



In one preferred inplenentation, conductive material electrically

i nterconnects gates 28 and 30 of first and second transistors 24 and
26, respectively. For exanple, Fig. 2 diagrammatically depicts a
conductive material region or segnment 64 which .electrically connects
conductive 10 gates 28 and 30. In one exenplary inplenentation,
conductive material 64 which interconnects with gates 28 and 30 is
received within a trench whi ch has beenzforned within sem conduct or
substrate 22, and even nore preferably within sem conductive materi al
23 of sem conductor substrate 22. Material 23 and likely peripheral
insulative material 32 are not shown 15pr oxi mate conductive nmateri al
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25 material 75, and the same -or different insulative material 76 deposited and
subsequently aniscotropically etched to form insulative conductive data line

sidewall spacers (not shown). Etching to form data line 60 might effectively

recess material 75 within contact openings 74 as depicted in the Fig. 5
cross-section, and with some insulative spacer-forming material 76

30 subsequently being deposited therein over material 75 in the Fig. 5 cross-

section.

Another interlevel dielectric layer 78 (Fig. 5} has been deposited.

Exemplary preferred materials include doped or undoped silicon dioxide. A

contact opening 80 has been etched through interlevel dielectric layer 78

33 and 72 to shared source/drain region 36/40. Conductive plugging



By way of exanple only, Figs. 4-6 depict but exenplary additional 10
construction with respect to that of Fig. 2 incorporating conductive
data |line and charge storage device structures. Like nunerals from
Fig. 2 are utilized where appropriate, with additional structure

being indicated with additional nunmerals. Insulative caps 70 are

recei ved over conductive gates 28, 30. An exenplary preferred

material is silicon nitride. An interlegel dielectric 72 has 15 been
formed el evationally outward of sem conductive material 23. An
exenplary material is silicon dioxide which m ght be doped or

undoped. Conductive data |line contact openings 74 haVe been fornmed

t her et hr ougRtEFBRISKIR kerenelyed thefeins QArgeS95agessying PedsARRiFied as
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contact openi ng 80, has been etched through I rl evel dielectric
ayer 78 SECHIRPT NGNS, BPeTar b FAPHS r g HACaEP oM FIipes are

pl uggilg déscribeenvith (eller8ice sorigei7velid.heirantopCiangef st semipnductor
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exenpl ary ~or ye?-to- e deve ope% materials are, Of course, )
cont e?®l atregkidraredptienches diG4 seve kedn edpied oplguaelive aFapaEiaiens 101

el ect r odegn83ravich %@-IatTJ\'?ré’nghﬁm §t86rally kb ddA to4hB alternating lines

construct Ic:;?nasctiz\s}rreearbel'.!zlt rgé%rgg qb){ and trench isolation regions 102. By way of

example only, such can be in the form of openings 29 and 31 of Fig. 2 for
the fabrication of individual memory ceills. Conductive material is farmed

25  within race track-shaped trenches 104 to form a pair of electrically
connected word lines with respect to individual of the race track-shaped
trenches. Exemplary preferred materials are those described above with
respect to gates 28 and 30. Accordingly and aiso in one exemplary
preferred embodiment, a gate dielectric (not shown for clarity in Fig. 7)

30 would be formed to line the exemplary depicted race track-shaped
trenches 104 prior to provision of gate material 28/30.

" Source/drain regions could be formed within the active area regions
laterally internal of race track-shaped trenches 104 and laterally external of
race track-shaped trenches 104. By way of example only, and with

35 reference to the Fig. 2 embodiment, an exemplary such Ilaterally internal



10 depictions of an individual menory cell and of a menory array in
accordance with various aspects of the invention. A person of skill
inthe art will readily appreciate that such m ght be manufactured in
any of numerous nmanners, and whet her existing or yet-to-be devel oped.
By way of exanple only, exenplary inventive aspects of nethods of
fabricating menory arrays are 15 described with reference to Fig. 7.
Fig. 7 i1s a top view of a sem conductor gsubstrate conprising, by way
of exanple only, a nenory array area 100. Alternating |lines 101 of
active area regions and lines 102 of trench isolation regions have
been fornmed within a sujtable sem conductor substrate, for exanmp

subst r at e SEXTEF/ARID FEION_ igIeTOPRFIWMIBIP AR . 3n0 SxPMRlaty spa@éa%ally
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100 for maki ng el ectrical connectign wth respect 15t0 conductiVve

mat erdal EXSEPIAYGHRICETNRS REPRIT &' Srehatd 5‘3’6 MAPRePES et WhEther race

track-shaped trenches are formed.

Regardless in one implementation, at least one interconnecting trench
is etched somewhere within the semiconductor subsirate which
interconnects individual of the trenches of each pair. For example and by

30 way of example only, each of the exemplary depicted half-circlefarch trench
sections 112 are an. exemnplary such interconnecting trench which
interconnects respective trench pairs 20 and 31. Only one of such
trenches 112 might be fabricated or alternate shaped or configuration
trenches might be etched. Further, the exemplary pairs of trenches might be



each trench 104) for accessing/activating each word/gate |line pair.
An aspect of the invention enconpasses a nethod of fabricating a
menory array which conprises formng alternating lines of active area
regions and trench isolation regions within a sem conductor
substrate.. 20 Exenplary such alternating lines are depicted in Fig.
7, and by way of exanple only. A series of pairs of trenches are
etched into the active area regions andi@he trench isolation regions
generally orthogonal to the alternating lines of active area regions
and trench isolation regions. By may of exanpl e only, exenplary

depi ot ed teRER ARRY AR T BaRT epg'agco%na&ﬁ@@emfwr ately
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mat eri al / regl on in gl corresponds to such I nterconnecti
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to the enpeRénPchifgs -Fd, B31 MFiFE98; 498 Gnd 7 might be manufactured to be
sublithographic. For example and by way of example only, trench opening
outlines might be fabricated to the minimum capable lithographic feature

25 size in a first hard masking layer. Thereafter, additional suitably thin
hardmasking material can be deposited thereover to line the sidewalils and
bases of the trenches formed in the first hard masking layer(s). Such could

be subjected to an anisotropic spacer-like etch, thereby reducing the open
width of the trenches prior to etching trench openings 29 and 31 into

30 substrate material 23, and thereby form the depicted trenches to be
sublithographic. Further, the hardmasking blocks between trenches might

also be fabricated to be sublithographic'in an analogous manner by utilizing
anisotropically etched hardmask spacers deposited to a lateral thickness

less than that of the then-present minimum photolithographic feature

35 dimension.



The above-descri bed exenplary Figs. 2, Figs. 4-6 and Fig. 7 20

enbodi nents m ght be manufactured by any of a nunber of existing or
yett o- be devel oped techni ques. Further by way of exanple only, the
depicted trench openings 29, 31 in Figs. 2, 4-6 and 7 m ght be

manuf actured to be sublithographic. For exanple and by way of exanple
only, trench opening outlines mght be fabricated to the m ni prum
capabl e lithographic feature 25 size inth first hard masking |ayer.
Thereafter, additional suitably thin hardnasking material can be
deposi ted thereover to line the sidewal s and bases of the trenches

formed in the f#JﬁﬁeP%rn‘él ?@&%ﬂdn&é. a}f@ﬁ%ﬁéral%F&lﬁ?uggt@%%%?%ﬁﬁlttge

an anISOtI’OpIC spacer-l| e etch t ere reducl n e open wd
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substr at e 3@tREH Formadd aﬁdugheﬂhebpeﬁphmatlhﬁr@lﬂﬁycgm maaahk within berray
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mar i nep bytransistorigajes in @@trlmpr@lamrgmwmea Haurdimersky s\;ﬁafc@frgxample only,
deposi t ed the &é@,&@&%éﬂ%h@é are%%théeyt tahatgaﬂfe ﬂ‘aB?erH]?&l’) 11 e‘&?'ﬂﬁlght

m ni mum photolitho f ea
and regar cheeggp%'é‘?‘? &r‘.‘é‘r%‘lanéﬂz&& ‘E"ﬁ?‘ b%?lé"?ré?éPFa‘?eﬁ'ﬁrgq{f“ 88"3%‘6‘%‘% gawe
prior to froateriay vtittincthecgreay pgorad, re¥igving theriprenehgefrematggalponidthe

then 1Or Tagdr oydhuidie B LGl of K AL Y SDidthoithy Nidbictea

array area prior to patterni peripheral gate mater; al
fiel d18ff é@?eﬁs'ﬂga‘?fs?%’iq}f‘:tggt g@tq wa‘g%rﬂalp?%rgtp %FW'BJF‘PWEM army fHept

by way of o@t&ﬁw‘mmehyura&hmauaﬁﬁl@tbnlrtbeafcﬁeeti:h@aaegdteehméfuac Frthed,
gate nat e a\v% ofze%tarﬁ ggroupeuigﬁpé)%ét%qla?% R) E]Qe%r 5%%9 uctlve gate

relative 0 perip Ive gate materl e arr
prior to rmexigviahg8p&0 ph@lﬂhbeg‘at@eﬁmcyﬂmnsw% Wit @mer%P”qal!!Pﬂh@frs and

and by vvabf@ﬁe%a{@hem@ﬂhyast h@u@é@ﬂ)&.@é&er@l&ahﬁ&a%w ré@&&&&br};gerqa‘heral
conduaélve at e |aI é} 3 withint é%ha q¥ d%g occur

come uré?Fe\ﬁOf‘ﬁ rf’ﬁ jofpc rp%??mfaw"&? PYTPRPY REQPERRIPY TS,
by way of ofxanpke, mdnyemptmﬂuammeremxe@tltal fatgidadingedngver tivoraduottunes
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fabrication of, and same material as, Insulatlive spacers
formed wi fiPrcaingG# 'P%mp”é}’ iFpifor aF Ci%mﬁé’t%“%ﬁﬁ§ﬁ'9‘é?|“&ﬁ§'“ Any ot her
exi sting or yet-to-be devel oped processing is, of course,
contenplated with respect to fabricating any of the structures
identified and clained herein, as well as in connection w th nethods
of fabricating a nenory array as cl ai nmed and descri bed herein.
Clains: 1. A nethod of fabricating a nenory array, conprising:



formng alternating |ines of active area regions and trench isolation
regions within sem conductive materiahs etching a series of
racetrack-shaped trenches into the active area regions and the trench
i sol ation regions generally orthogonal to the alternating |ines of
active area regions and trench isol ati on regions; form ng
conductive material wthin the racetrack-shaped trenches to forma
pair of electrically connected word lines in each of the

racet rack- shaped trenches; form ng source/drain regions within
the acti velaim®a regions laterally internal of the racetrack-shaped
trenches and laterally external of the racetrack-shaped trenches;
form ng condu t|ve data lines in electrical connection with the
source/drain ohEngthped frhtieating g reamepnharrapf camprising:

racet rack-sha g“f‘ﬁe‘?ﬂﬁf@?““ﬁn’éﬂes of actiypnaiieg temieye ancbitregshdiselation
in el ect T84 sﬁﬁ‘é '@cﬁqrﬁﬁo\ﬂﬂt’ﬁt"{%é”%ﬁﬂ%e/ drai n regions forned

lateral ly int & t@sr% deFalReikripred tirendess inte. the mstivedarsh
fabri cat Iﬂj@{ é‘ Fl’”gf‘ngeg"ms gengratynPrihaganadt tngthe
li nes of PZO NG B clike a&ﬁ regioRg Rndsieengh iselatiaf raionsit hi n

sem COI‘ldL%Ct i v Ct"’e matefial Wibinathes racedragk-shaned drencheactives
i nto the f @r'aﬁgvmnﬁ%eq MedHinesoimEash pegengcetrack-
gener al I e al ternati nﬁEl i nes of active area regions
and tren(fh,t | s | ain regions § 7S espmdenians tateradiyes
into the '%&W ﬁ %%?¥E[ %ﬁﬁg?pe%at‘fﬁ”%‘?e% t?e“q H?@F@Uﬁhn@@?ﬂ?@i of the

trenches rf‘ﬁ?té 8?\/ yal, of ﬁrpe 't"’?ﬁ escpl%fgeeaagg %r tﬂ];
h

{r enches S °“§feg§fa'9q teeq’ Bﬁngc! %jg GilRLs et oPﬁth‘epaﬁatceHng'Shaped
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and | at eraIIy ext ernal of indivi dual ones of the trenches of each

pair of trench method 8f brnlﬂ:a?ﬂ dauﬁ'mte'ntlc?er I | nes l.n_electrical

t X1, f
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forming char geﬁcﬁ’fn@rél%r %fssé.ré fet s ?r?é‘%% b Uttt Bldeand
sour ce/ dfrd Bren@fi i8FRtibAr Ao Pcth it AUdHe ORISR S ng lifies of

trenchesggfiveardh RaYibnOhnk't %olatlon regions;

etching interconnecting trenches info the semiconductive material,
each of the mterconnectmg trenches interconnecting individual of the
trenches of each pair of trenches:

forming conductive material within the pairs of trenches and the
mterconnectmg trenches to form a pair of electrically connected word lines
in each of the pairs of trenches:

forming source/drain regions within the active area regions
intermediate individual ones of the trenches of each pair of trenches and
laterally external of individual ones of the trenches of each pair of trenches;

forming conductive data lines in electrical connection with the
source/drain reglons formed laterally external of individual ones of the
trenches of each pair of trenches; and

forming charge storage dewces in electrical connection with the
source/drain regions formed intermediate individual ones of the trenches of
each pair of trenches.



13 3. The nmethod of claim2 wherein etching the series of pairs of
trenches and etching the interconnecting trenches conprises a common
maski ng step. 4. The netod of claim2 wherein etching the series of
paris of trenches and etching the intlérconnecting trenches conpsies a
comon et chi ng step. 5. The method of claim2 wherein
form ng the conductive material conprises depositing at |east sone
conductive material within the pairs of trenches and the

i nt erconnectipg trel: ches at tge sanme_tine. | . 6. The net hod
of cl ai mﬁ whé'r ein'fgE g;ﬂ‘a"&‘ﬁ 134k 2 oWHEERIN Rfchingn iR sedeamfi paits of
et chi ng om;gc fi2 g @? ARets MRfefeumnastingr tregehepaampises énsharnon
7. The me NG $%Pai m 2 wherein etching the interconnecting trenches

conpri ses etchin ly t nt erconnecting trenches for each pair of
trrerﬁches. 4{1 9 Imeyme odJ 0¥ ctialm 2 whelgein etching the series ofppairs of

trenches and eiching the interconnecting trenches comprises a common
etching step.

5. .. The n:ngthod of ¢claim 2 wherein forming the conductive material
comprises depositing at least some conductive material within the pairs of
trenches and the interconnecting trenches at the same time.

6. The_ meihod_of claim 2 wherein etching the interconnecting
trenches comprises etching only one interconnecting trench for each pair of
trenches.

7. The_ method of claim 2 wherein etching the interconnecting
trenches comprises etching only two interconnecting trenches for each pair
of trenches,

8. The method of claim 2 wherein etching the interconnecting

trenches comprises etching multiple interconnecting trenches for each pair
of trenches.



8. The method of claim2 wherein etching the interconnecting trenches
conprises etching multiple interconnecting trenches for each pair of
trenches. 14 9. A nethod of fahaicating a nenory array,
conprising: formng alternating |lines of active area regions and
trench isolation regions within sem conductive materi al ;

etching a series of pairs of trenches into the active area regions
and the trench isol ation regions generally orthogonal to the
alternating |i nes of active area regions and trench isolation

regi ons; 9. or finethedrfifebiivatimpaenealoryattaiynco e riphig: Somhing
trenches gliematingdings of eictiverareki reggons apdchienth tismatian rregfdns within
t r enches; semicondugiyy egalirce/drain regions within the active area
regi ons i nt er wéehiag & 58 pyiadweairsontreothesdntor thechetiveotirenchgipaisramf
trenches t&ﬁdtrﬁmlw%mavowﬁgml generaligi arthiogrnadriesthef altdraatingniras odf
each pai ragivergteaciegions and trenghiiselgtioordgionisye data lines in

el ectrical coffIaENg SIeNFUctve meatesial wathin &he prigiafriserfaraseid foatnes aldiy
ext er nal fow?rr‘i’dWﬁstna?anh@fsﬂ“tﬁ paine of trenches; of each pair of trenches;

and f or fA F%“%hafi QEceldspiigeretione esvithinel thet r active caneactregions
with the @tﬁﬁﬂ%ﬂ Eaindividgalopnses oifnibe iranehemdf saachi pdirvefdtrahches smf
the trendptesally exiarRabaf individerkpres afithe tneaches obepcbealdis obtrenibes:

menory arra ENNG o RBPHLEiVE r dalgedinepe iBneledtricale coownectibur aiith the
regions f fﬁif‘efﬁﬂéapﬁt@fmﬁé ralspally iexeerpal rofoindividuehemesi wiii the

whi ch t hé"SEESE i GRCNRATF obfrefshas ads is formed, a respective two
of the sourcelPul% $RRf96nStergeRederines: in | gleskical nednidctidne with the
respect i \?é’ug%ﬁ r%p "ep gg"\ﬁdt WFW”WFJ'@W t V'F‘@%ﬁ@@@i’r vé thaitrershesosfd
lines is S Iaerteﬁré i a'ﬂ%a 67 ReY ¢&Upcef tthat memeny @rean raashl
connect i (?ﬁ’ ‘é’f"&leé‘i'rﬁ"‘r E?iBAs fleFmed intermediate

i nt er medi, ‘r"'g (?n E?F fh”ﬂ P‘HHE'H&%G WEEREGIVEHRRIR of Merd lines
respect i \égt ;pﬁ] urce/draippregipgs fefmed teterallsi m
9 conpri §jig- lmes rse r c?ﬁl |p re‘?c ‘F\'?\ 15 Wi hin Whtheb i gspeetiee pair of
seni condyghy (ta fSt‘E 8¢ ’?Fﬁo‘tl?ﬁédﬁl'ﬁ gelacdiedes
i nt ercon esch\/ % ({J’Iﬁ véae %cﬁgc? Pé ’(E'h?s?'?ﬁ ediaje thai r
of trenchgs AN g ?or M rFT\S UG Epigh G5PEPt 'V\? tpﬁ'l'rnoﬁ grd lines'is

i nt erconnect1 ng trenches to electrically connect respective

I ndi vi dual d I 'Tﬂ S &agﬁ# E5eﬁs{g_§ct | Ve, pair of word |ines.

11. The net h r?tbpa n%%ﬁﬂ Pt er.i ph r circuitry
gate mat ﬁbrhb?ém"\éé cti g e tcho CP lggaﬁtiﬁzls
Ci r cui trxfa{eeﬁe%ﬁég oFe §

trenches, th % jn}:&gjlg thl hfes eﬁj? %%J QEI to
e‘“‘r""lC

conduct e@letcmééﬂ hcémed%er@ B
within tbgi,-rmr‘m?}u AR ar ag{[')rl (I)'frfa"?o pat ern ng t h'éeiszﬁ’ISCt'Ve
circuitry gate material to formtransistor gates in the peripheral

circuitry area. The method of claim 9 comprising depositing peripheral
circuitry gate material within memory array area and within peripheral
circuitry area prior to the etching of the series of pairs of trenches, the
etching of the series of pairs of trenches being conducted through the
peripheral circuitry gate material that is within the memory array area prior

to patterning the peripheral circuitry gate material to form transistor gates in
the peripheral circuitry area.



15 12. The method of claim9 wherein the form ng of the
conductive data |ines conprises: formng an interleve

di el ectic and contact openings theretibrough to the source/drain
regions forned laterally external of individual ones of the trenches

of each pair of trenches; and depositing a conductor nmateri al
wi thin the contact openings and form ng the conductive data |ines
fromthe conductor material. 13. The nmethod of claim 12 wherein

the formng of the_conductive data lines fromthe conductor materi al
conpri ses subfiPact The PMethest of wipiandd ewbarain -thadfocmindu of dhe nuiretuictive
14. The négtolines CRINRTFFY2 conprising depositing an insul ative

mat eri al over feABiNGoABuEBteHevRlt dielesticpandrcantacthepémings nipeosthrdegh to
conduct | vE'&I§PHIqs/¢iadn regianshieraeddiaderslly netemnad|of individualsonashef the
met hod of rénghes o cashpeiseiiferrinssiandng an insul ative material in
physi cal toucHlap@siig &t cafdustemanaienial cvisbinmiber cantagt tepenings and
formi ng oforfnied &y gaeeuciveydata inafelony e eanslustrrometasialmat eri al .

16. The nethog, of ¢laim 12 wherein the form ng of the conductive data
li nes fro? t hEd-condletBethag af iclaime ddpwhetein dhe Hprging of tee comductive
mat eri al i3 WRes opyihe GaRdWtior matednl SPMRIisRE subli@ctyAtradterning and
openi ngs. €tch of-the ppndpgiormelsilor clai m 16 conprising form ng

i nsul ative materi a.ll_ Wi t hi nc}he contact openi ngs over recessed
i al he method of claim 12 comprising depositing an insulative

conduct or rr?t . . !
materfal over the conductor material prior to the forming of the conductive
data lines from the conductor material.

15. The method of claim 12 comprising depositing an insulative
material in physical touching contact with the conductor material after the
forming of the conductive data lines from the conductor material.

16. The method of claim 12 wherein the forming of the conductive
data lines from the conductor material comprises etching of the conductor
material to recess the conductor material within the contact openings.

17. The method of claim 16 comprising forming insulative material
within the contact openings over recessed conductor material.



