DRAM FABRI CATED ON A SI LI CON- ON- I NSULATOR (SO) SUBSTRATE HAVI NG BI - LEVEL
DIA T LINES TECHNI CAL FI ELD The invention relates to dynam ¢ random access
menories ("DRAMs"), and nore particularly to a folded digit Iine array DRAM
having bi-level digit Iines. BACKGROUND OF THE | NVENTI ON Early DRAMs were
manuf actured with an "open digit line" architecture, in which a first digit
line of a conplenentary pair extended froma respective sense anplifier
through a first array, and a second digit line of the conplenentary pair
extended fromthe sense anplifier through a second array. Therefore, in

these ear| pRERAVABRITA TEION AGTLIGONLONERS 1G0T ORTSOF) smgsmma RAVRYGWer e
sel ectively coupled to one digit line, and the nenory cells in the

correspondi ng col um of the secoBHLENEé,yDIKHﬁdIN@Sectl vely coupled to its
conplenmentary digit line. An advantage of this open digit |ine architecture
is that it allows menory cells to occupy a relatively small area, i.e.,
6F2 Wnere EINF%\ lﬂg n| mum feature size of a sem conductor process.
UnfortunafeF, e digit lines in an open digit line architecture are

susceptibl e to pi ckTRE iMRni6h $SateéSo ﬂgﬁa?ﬂé'rﬁndo% ab Qkd Aknrlk (DR AR, and
architecture was devel oped. Figure 12 is a functional bl ock di agram’of

convent i omake peehaulydyciel d foddadaligit it@arraaDRAY hatiog tebtbveli djgit lihene
architecture. The array 1200 includes a plurality of menory cells 1202
arranged in rows and col unmms, each nenory cell including an access

transi sto r 1206, as shown for one cell. Each
menory cePIACJI%(gﬁl n a respeWoﬁl s coupled to a corresponding word |ine
W and each nenory ggity DRARs w&%rxﬁsﬁamuﬁelwmahS‘oﬁwaigadnﬁ& £0itRfurd iai r
of conplenmentary digit |ines DL, . A plurality of sense anplifiers 1208
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menory cell 1202 jincludes an access transistor 1204 coupled to the
through a first array, and a second digit line of the complementary pair extended from the

sense amplifier through a second array. Therefore, in these early DRAMs, the memory cells
in each column of the first array were selectively coupled to one digit line, and the memory
eells in the corresponding column of the second array were selectively coupled to its
complementary digit line. An advantage of this open digit line architecture is that it allows
memory cells to occupy a relatively small area, i.e., 6F%, where “F” is the minimum feature
size of a semiconductor process. Unfortunately, the digit lines in an open digit line
architecture are susceptible to picking up noise. As a result, a “folded digit line” architectute
was developed.
Figure 12 is a functional block diagram of a conventiona! memory-cell array
1200 having a folded-digit line architecture. The array 1200 includes a plurality of memory
cells 1202 arranged in rows and columns, each memory cell including an access transistor
1204 and storage capacitor 1206, as shown for one cell. Each memory cell 102 in a
respective row is coupled to a corresponding word line WL and each memory cell in a
respective column is coupled to one of a pair of complementary digit lines DL, DL*. A
plurality of sense amplifiers 1208 are coupled to respective pairs of complementary digit
lines DL, DL*. Each memory cell 1202 includes an access transistor 1204 coupled to the
word line WL of the corresponding row, and when activated the access transistor the storage

capacitor 1206 to one of the digit lines DL, DL* in the corresponding column.



word Iine W. of the corresponding row, and when activated the access

transi stor the storage capacitor 1206 to one of the digit lines DL, DL* in
the corresponding colum. la In a folded digit line architecture, both
conplenmentary digit lines extend froma sense anplifier through the sane
array substantially in parallel with each other. Since the digit lines are
parallel to each other for substantiallyl@heir entire I engths, they pick up
the same noise signals, thus allowing a sense anplifier to which they are
coupl ed to have good comon node noi se rejection. DRAMs having a fol ded
digit line architecture are thus |less susceptible to noise. Unfortunately,
t he requirenment thatn afoldddiidigioimad ardhi¢fcturé,iboth exhpleshentahy diggHineh extand frpm
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silicon-on-insulator substrate. The array includes bi-level digit lines that
are fabricated on opposite sides of a silicon portion of the substrate. As
aresult, the digit lines for each digit |I|ine pair may occupy the sane
footprint, thus allowing the array to be relatively small. .Access

transi stors coupled to each of a plurality of nenory cells may be coupled to
either of the digit lines, or they may be alternately coupled to the digit
lines. The digit lines of each pair are preferably "twi sted" at |east once
as they extend through the array so that they have the sane el ectrical
characteristics. BRI EF DESCRI PTION OF THEZDRAW NGS Figure |Ais a cross
sectional view of a sem conductor device in an internedi ate stage of
fabrication according to a first enbodi ment of the invention. Figure IBis a
Cross secti analocwpmdko'fa méeorgevl can shedueed o 65 gUirdorithaiely, & haf beanhdfficslt &t e of

fabrication, ure 2 Cr.oss se nal view of the devjce sh
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fabrication. Figure 3Ais a cross sectional view of the device shown in
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Figure 3Cin a further stage of fabrication

Therefore, a need exists to be able to more easily manufacture DRAMs having bi- ]evel digit

lines so that DRAMs having folded digit line architectures can be manufactured at less cost.

SUMMARY OF THE INVENTION
A DRAM array having a folded digit line architecture s fabricated on' a
silicon-on-insulator substrate. The array includes bi-level digit lines that are fabricated on
opposite sides of a silicon portion of the substrate. As a result, the digit lines for €ach digit
iine pai_x may occupy the same footprint, thus allowing the armray to be relatively small.
- _Access transistors coupled to each of a plurality of memory cells may be coupled to either of
“-the digit lines;- or they may be alternately coupled to the digit lines. The digit lines of edch
Ppair are preferably “twisted™ at least once as they extend through the array so that they have

the same electrical characteristics.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1A is a cross sectional view of a semiconductor device in an
intermediate stage of fabrication according to a first embodiment of the invention.

Figure 1B is a cross sectional view of the device shown in Figure 1A in a
forther state of fabrication.

Figure 2A is a cross sectional view of the device shown in Figure 1B in a
further state of fabrication.

Figure 2B is a cross sectional view of the device shown in Figure 2A in a
further stage of fabrication.

Figure 3A is a cross sectional view of the device shown in Figure 2B in a

further stage of fabrication.



Figure 5 is a cross sectional view of the device shown in Figure 4 which has
been turned 180 degrees about the latitudinal axis. Figure 6 is a cross
sectional view of the device shown in Figure 5 in a further stage of
fabrication. Figure 7 is a cross sectional view of the device shown in
Figure 6 in a further state of fabricatfon. Figure 8 is a cross sectional
view of the device shown in Figure 7 in a further state of fabrication.
Figure 9 is a cross-sectional view of another enbodi nent of the invention.
Figure 10 is an isonetric V|eM/shomnn9 one enbodi ment of a techni que that
maybe used to "twi siguiehdBdisgp terpssneestipralt iewepbddgurentA o Fifyuhesstage of

Fi gure 1%. u:? bl ock di agram of a typical nenory device that includes one or
nor e neno?@‘g'ngs of the present enbodinent. FIG 12 is a functional block
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architecture. DETAI LED DESCRI PTION O THE I NVENTI ON Integrated Circuits have

t radi ti onfatther shaperofffathicatat.ed on a surface of a semiconductor substrate.
The substrate, which is in the formof a wafer of nonocrystalline silicon,
is selectively dope%lgarﬁdl 1ﬁ19|¢1r@ﬁ§|8éct10a913\‘1§w(s>¢" therdayiogtshown g FegurapC in a further
pon5|I|c? g?q) ﬁ "- formed on its surface. Mdre recently, techniques
have beer® ‘%Fé:\f) [5558 % manufacture int egrated circuits on a | ayer of
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known as "silicon-on-insulator” or " . 3a The advent of SO fabrication

techn|qudxmhasn@db&l@ﬂg@ﬂempwshehmﬂwhmﬂaiwfabr|catlng conponents on opposite
sides of an active silicon region of the SO substrate. In
Figure 6 1s a cross sectional view of the device shown in Figure 5 in a further
stage of fabrication.
Figure 7 is a cross sectional view of the device shown in Figure 6 in a further
state of fabrication.
Figure 8 is a cross sectional view of the device shown in Figure 7 in a further
state of fabrication.
Figure 9 is a cross-sectional view of another embodiment of the invention.
Figure 10 is an isometric view showing one embodiment of a technique that
may be used to “twist” the digit lines in the embodiment of Figures 1-8.

Figure 11 is a block diagram of a typical memory device that includes one or

more memory arrays of the present embodiment.

FIG. 12 is a functional block diagram of a conventional memory cell

array having a folded digit-line architecture.

DETAILED DESCRIPTION OF THE INVENTION

Integrated circuits have traditionally been fabricated on a surface of a
semiconductor substrate. The substrate, which is in the form of a wafer of monocrystalline
silicon, is selectively doped and multiple layers of insulative material, polysilicon, and metal
are formed on its surface. More recently, techniques have been developed to manufacture
integrated circuits on a layer of monosilicon positioned above an insulative substrate. This

technique is known as “silicon-on-insulator” or “SOI”.



accordance with an enbodi nent of the invention, nost of the conponents of a
DRAM 4 including one digit line in a conplenentary pair, are fabricated
adj acent one surface of an active silicon |layer of the SO substrate. The
other digit line in the conplenentary pair is fabricated in the insulative
mat eri al adj acent the opposite surface gf the active silicon layer. As a
result, both of the bi-level digit |ines2need not be fabricated on the sane
side of the active silicon layer, thus reducing the fabrication
conplexities traditionally encountered in fabricating bi-level digit |ines.
One enbodi nent of a technique for fabricating bi-level digit lines in a
DRAM havi ng a f ol dethedipgyant | 9fn 8 Odr tahrieadiony feshupipes hasy cseated shaipgedbilify gf
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sem conductor device in which a transistor array is flrst formed on a
substrate. Thereafter, capacitors are forned on one side of the substrate.
A pair of digit line conductors are then formed on the opposite sides of
the substrate. The capacitor is electrically connected to one of a source
and drain region, while the digit lines are electrically connected to
respective others of the source and drain region. Reference herein shall be
made to the ternms "substrate” and "wafer”, which are to be understood as
including a silicon-on-insulator (SO) or silicon-on-sapphire (SOS)
structures, doped and undoped sem conductors, epitaxial |ayers of silicon
supported by a base sem conductor foundation, and other sem conductor
structures. In addition, when reference is made to a "substrate" or "wafer"
in the follow ng description, previous process steps may have been utilized
to formarrays, regions or junctions in or on the base sem conductor
structure or foundation. In addition, the sem conductor need not be
silicon-based, but could



be based on silicon-germani um germani um indi um phosphide, or gallium
arsenide. The term"substrate" as used herein may also refer to any type of
generic base or foundation structure. Referring again to the drawings in
which i ke nunerals indicate the conponents throughout the various

enbodi nents, Figure I A shows a sem condyctor device 10 in an internedi age
stage of fabrication. According to one €nbodi nent of a nethod 5 of the
invention, the device 10 is first fabricated with a basic
silicon-on-insulator (SO) structure using materials and nethods known in
the art. Shown is a. silicon-on-insul ator _(ch) substrate 12 having first
and secoHBluding e digiykines im a complememtagy, prissaedpbrieaigdorliamnt pae fudeetafean

silicon | rS.. 1he i nsul at regiqn al.so.be.referred to as a."box"
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are formed in an array on the substrate 12 using successive Chem cal” Vapor
Deposi t i s a ©¥ill), bdtbwfRPhebslavel dgeniirealneed/apvbe Depaiali anthelAEMD)ide of the
sputtering, and_ ot her known praocesses, followed by conventional ,
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conprised of tungsten, tungsten silicide, or cobalt silicide. The

conduct i teFigaseed-24 nmay be fornmed atop an optional polycrystalline silicon
(polysilicon) layer 26. The polysilicon |ayer 26 may optionally be doped
wi th boron, arsenic or germanium In certain enbodinents it nay be

desi r abl @E@Ajt[hr@b@ S@]ﬁ?@gﬁﬂ Of ﬁﬁggﬁﬁg%ﬁq %B@%@?EN@ conducti ve
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of titaniumnitrade, tantalumnitrade and titaniumtungsten, for exanple.

Bet ween fa@lcpmg/memqm,@ellayrea foRledgligit line array for use in a semiconductor device n
which a transistor array is first formed on a substrate. Thereafter, capacitors are formed on
one side of the substrate. A pair of digit line conductors are then formed on the opposite
sides of the substrate. The capacitor is electrically connected to one of a source and drain
region, while the digit lines are electrically connected to respective others of the source and
drain region.

Reference herein shall be made to the terms “substrate” and “wafer”, which
are to be understood as including a silicon-on-insulator (SOI) or silicon-on-sapphire (SOS)
structures, doped and undoped semiconductors, epitaxial layers of silicon supported by a base
semiconductor foundation, and other semiconductor structures. In addition, when reference is
made to a ‘“‘substrate” or ‘“wafer” in the following description, previous process steps may
have been utilized to form arrays, regions or junctions in or on the base semiconductor
structure or foundation. In addition, the semiconductor need not be silicon-based, but could
be based on silicon-germanium, germanium, indium phosphide, or gallium arsenide. The
term “substrate” as used herein may also refer to any type of generic base or foundation
structure.

Referring again to the drawings in which like numerals indicate the
components throughout the various embodiments, Figure 1A shows a semiconductor

device 10 in an intermediage stage of fabrication. According to one embodiment of a method



the silicon layer 1 S of the substrate 12 is a thin gate oxide |ayer 28. Al
the foregoing |ayers nmaking up the gate stack 20 can vary in thickness from
a few Angstrons to a few thousand Angstronms. A spacer film 30 protects the
sides of the gate stack 20. The spacer film30 is typically fornmed of a
nitrade containing material such as silicon nitrade (Si3N4) or

alternatively an oxide-containing materialz. The spacer film 30 typically
first overlays the entire substrate 12, and is-subsequently etched back and
pl anarized with the top of the gate stack 20. The spacer filmisol ates the
gate stack2 fromthe teri.al s, whi.ch used.in self-. ali ned
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as an access transistor in which the gate thereof forns a "word |ine.'
layer 24 which may be comprised of tungsten, tungsten silicide, or cobalt silicide. The

conductive layer 24 may be formed atop an optional polycrystalline silicon (polysilicon) layer
26. The polysilicon layer 26 may optionally be doped with boron, arsenic or germamum. In
certain embodiments it may be desirable to include a diffusion barmmer layer 25 between the
conductive layer 24 and the polysilicon laver 26. The diffusion barrier layer 25 will mhibit
diffusion of atoms from the conductive layer 24, and may be formed of titanium nitrade,
tantalum nitrade and titanium tungsten, for example. Between the polysilicon layer 26 and
the silicon layer 18 of the substrate 12 is a thin gate oxide layer 28. All the foregoing layers
making up the gate stack 20 can vary in thickness from a few Angstroms to a few thousand
Angstroms.

.

A spacer film 30 protects the sides of the gate stack 20. The spacer film 30 is
typically formed of a mnitrade containing materizl such as silicon nitrade (Si:Ns) or
alternatively an oxide-containing material. The spacer film 30 typically fixrst overiays the
entire substrate 12, and is subsequently etched back and planarized with the top of the gate
stack 20. The spacer film isolates the gate stack 20 from the materials which are used in self-
ahgned contact etching, as hereinafter described. The spacer film 30 is typically on the order
of about a few Angstroms to about a few hundred ‘Angstroms thick. In addition to the
foregoing spacer film 30, a thin protective insulating Jayer 31 may be formed on the tops of

the gate stacks 20, and optionally over the substrate 12 as well. This protective layer 31 is



In a nore preferred enbodi nent of the invention, the source and drain
regions 34, 36 shown in Figure |IA are not heavily doped, i.e. are not N+ or
P+ inplanted. Instead, all N+ and P+ dopings are elimnated and N+/ P+
diffusion is obtained froman N+ and/or P+ doped polysilicon contact plug,
as hereinafter described, and thus the enbodi nent may be said to rely on
LDD, or low density diffusion. In this enbodinent, it will be understood by
the skilled artisan that the source, drain regions 34, 36 may al so be
referred to individually or collectively as the undoped regions 34, 36. As

further shown Qqn Figure |A, an jnsulate |layer 38 is_then depgsited over the
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In a more preferred embodiment of the invention, the source and drain regions
34, 36 shown in Figure 1A are not heavily doped, i.e. are not N+ or P+ implanted. Instead, all
N+ and P+ dopings are eliminated and N+/P+ diffusion is obtained from an N+ and/or P+
doped polysilicon contact plug, as hereinafter described, and thus the embodiment may be
said to rely on LDD, or low density diffusion. In this embodiment, it will be understood by
the skilled artisan that the source, drain regions 34, 36 may also be referred to individually or
collectively as the undoped regions 34, 36.

As further shown on Figure 1A, an insulate layer 38 is then deposited over the
gate stacks 20 and surrounding components using methods known in the art. The insulative
layer 38 is typically formed of a material such as Boro-Phospho-Silicate Glass(BPSG), which
is silicon dioxide that contains boron and phosphorus atoms. The substrate formed as shown
in Figure 1A is utilized as a base structure in the formation of various embodiments of the
invention.

According to a first embodiment of the invention shown in Figure 1B, contact
openings or vias 40 are then formed in the first insulate layer 38 using self-aligned contact
etching (SAC) techniques, for example, using dry etching techniques. The self-aligned
contact opening 40 uses the sides of the gate stacks 20 (protected by the spacer film 30) as a
guide down to and through the substrate 12. The contact opening 40 extends into the



the sides and/or the bottom of the contact opening 40 nay be effected after
the cleaning step. Referring now to Figure 2A, at |east one conductive plug
41 or 42 is then deposited in each contact opening 40. Figure 2A shows.five
conductive plugs 41, 42 in their respective contact openings 40. Each
conductive plug 41, 42 is typically formed of a conductive netallic
material, or nore preferably may be polyshlicon material which has been

i nfused or doped with additional material such as netallic ions or other
conpounds, e.g. N+, and/or P+ using arsenic, boron or phosphorous. The
conductive pl.u l.so_he erred to Liar [ plhugs,
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Figure 3A an@dnpeiet itk mbieAilgbr hbR Ee@by Bfdbd pdlsdilidonsitaridl wenidhalye beert4,
38 and stops on _the surface_of the silicon |layer 18 above the drain

(undoped) r egfossf Gatopad Fathaddigonal mferial suchizs tallie iRy opehESEIMRYIEDLEE e
i nside surfag@g, ¢y Iilgiﬁg %‘P&Eﬂ?%oﬁ)ﬂe&y %sélﬁ)rglist. e%@”co%@ﬁdnqgaﬂlué 42 may also be

referred to as capacitor connection plugs, since each will ultimately electrically connect a

capacitor, heremafter described, with the source region 34. The conductive plug 41 may be

referred to as a digit line conmection plug since it will ultimately electrically connect a digit

line, heremafter described, with the drain region 36. After deposition of the plugs 41, 42 is

complete, the top of the wafer, including the top portion of the first insulative layer 38 and the

corresponding top poriions of the plugs 41, 42, may be etched back or planarized using

chemical mechanical planarizing (CMP) techniques to be substantially coplanar with the top
( of the gate stack 20 as shown in Figure 2B. | )

Referring mow to Figure 3A, there is shown an expanded view of the
semiconductor device shown in Figure 2B with additional gate stacks 20 and a second
msulative layer 44, e.g. BPSG, which is then formed over the first insulative layer 38, the gate
stacks 20 and the capacitor connection plugs 41, 42. Using SAC etching techniques as
heretofore described, a digit line contact opening 46 is formed in the second insulative Jayer
44. The digit line contact opening 46 extends between the gate stacks 20 where shown in
Figure 3A and penetrates through the second and first insulative layers 44, 38 and stops on
the surface of the silicon layer 18 above the drain (undoped) region 36. A matenal such as

titanium may be used to coat the inside surfaces of the contact opening 46 after an optional



cleaning step. This titanium material inproves the adhesion of a
subsequently deposited plug wthin the second insulative |ayer 44. The
titaniummaterial will also formtwo conductive material |ayers,
Ti-silicide at the bottom of the contact opening and Ti-nitrade on the sides
of the contact opening. These titan iuptrcontaining materials also help
protect the silicon substrate 18 fronlgeing damaged during the subsequent

pl ug deposition. As further shown in Figure 3B, another digit |ine contact
plug 48 is deposited in the contact opening 46 using deposition techniques
known in the art. For exanple, tungsten hexafluoride (W(,) and silane

(Si H4) afleaipggieied Thisgeahem matemalimpeavies thecidhasien of a sWistwatly dgpasiied plaact i on
of hydrogen. gas (H2), to .replace e.depleted silane.. The digit lin cont act
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contact theecomart ddpeaind. plThgsetSitirsuinahfagth@dndiyridlhelsoh@elghprovdct tthe silicon
capacitors. In other words, the depth of both the contact opening 46 and

subsequetibstyatgd §deim being degagesl dijring thesubsgment plpg Hepaghioni ndependent and t hus
do not have to be,a all ,as the.ca itors. Mieover, the self-ali d
cont act openi ngs 46‘53}*\%}’%@_}1%{8 llf)?fﬁ"jggggﬂ%)ﬁ%ﬂféglé\ﬁﬁ C%acﬁrpi%%/go‘%p?g%ﬁ not
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shown in Figure 3B are additional peripheral plugs 50, 52, 54 and 56

conpr i sethng$ters bsdfhrntidal(MWFd) laed séame (SiHs) abel @actedhtegetlaer ias tehetion chamber,
t ungst en-cont ai_ni n igit line contact QI ug ugs 50 _and 52 extend
I

d 48. Pl
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insulating cap layer 31 has been renoved during a previous photo and etch

st ep, nosutsirateni2, tiRefeaghtiof gherdigittlmeRiogtacko@Bingadand plygcddninemaifestedibyibe | i ne
conduct OLeiggt Iofs tﬁehgag)acitors. In other words, the depth of both the contact opening 46 and
subsequently deposited plug 48 will be capacitor height independent and thus do not have to
be as tall as the capacitors. Moreover, the self-aligned contact openings 40 and 46 and plugs
42 and 48 will be preserved, i.e. not affected or destroyed, during the subsequent capacitor
formation.

Also shown in Figure 3B are additional peripheral plugs 50, 52, 54 and 56
comprised of substantially the same or similar material as the tungsten-containing digit line

{ contact plug 48. Plugs 50 and 52 extend through the second and first insulative layers 44, 38
and stop on the surface of the silicon layer 18 of the substrate 12. Plugs 54 and 56 extend into
their respective gate stacks 20 and through the conductive cap layer 22 and stop at the
polysilicide layer 24 as shown in Figure 3B. (The insulating cap layer 31 has been removed
during a previous photo and etch step, not shown).

Referring now to Figure 3C, a wiring connect or digit line conductor 58 is then
formed atop the bit line contact plug 48 and the respective plugs 50, 52, 54 and 56. Each
wiring connect 58 may be integrally formed with their respective plugs by extending tungsten
deposition during formation of the plugs to cover the second insulative layer 44 and then

patterning of the wiring connect 58 can be performed. Alternatively, the tops of the

respective plugs 50, 52, 54 and 56, together with a corresponding depth of the second



formed atop the bit line contact plug 48 and the respective plugs 50, 52, 54
and 56. Each wring connect 58 may be integrally fornmed with their
respective plugs by extending tungsten deposition during formation of the
plugs to cover the second insulative |ayer 44 and then patterning of the

W ring connect 58 can be perforned. Altgrnatively, the tops of the
respective plugs 50, 52, 54 and 56, togéther with a correspondi ng depth of
the second 9 insulative |ayer 44 may be etched back or planarized usi ng CW
techni ques as heretofore described. Thereafter, the wiring connects or bit

| i ne conductors, 50 can be subsequently _forned atog t he respective pugs
usi ng suBHlahYs kyen 44 mayshgratched 8agk Phaplapwizedi usingah M Eriachaigyes as hejgtogore

utilized +f or u . t en-. i ni erja eferri,.ng now
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ineffect "buries" the electrical connections. Referring nowto Figure 5,
the entiase saercaiiigdtofordethe phighle. g susgshemewneming materrahed over or
"flipped", preferapbly approximately 180 degrees. Just prior flipping, or
thereafter, a hangﬁ I %QwégﬁﬁgnéﬁfPﬁgﬁgéﬁuﬁﬁﬁaéﬂmfé tﬁé-@%%ﬁﬁlﬁﬁgﬁﬁﬁtive
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et chi ng WurieMRheeldhedsl émnb&igkof ore described as well as by cleaving. This
step planarizes the nowinverted capacitor connection plugs 42 with the top
of the nowinvert eRefsomgrivdéo Firgpen 5,1B¢ enrtird sethmoadyctexgayswesl Oas shisaguentliie
top portjon of the capacitor_ connection plugs 42. As own on Figure 6, a
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known in the art. Thereafter, a

now inverted silicon layer 14 is then removed by etching or CMP methods as heretofore

to

described as well as by cleaving. This step planarizes the now-inverted capacitor connection
plugs 42 with the top of the now-inverted box oxide layer 16, and thereby exposes at least the
top portion of the capacitor connection plugs 42.

As shown on Figure 6, a fourth insulative layer 64, e.g. BPSG, is then formed
over the box oxide layer 16 and the capacitor connection plugs 42. Thereafter, the fourth
insulative layer 64 is etched and capacitor openings 67 are formed down to the exposed
surface of the capacitor connection plugs 42 using methods known in the art. Thereafter, a
capacitor plate 68 is formed in each of the openings 67 and is electrically connected to the
source region 34 of the transistor gate stack 20 via the capacitor connection plug 42. As
shown in Figure 6, using standard etching techniques, a digit line contact opening 70 is
formed in the fourth insulative layer 64 in alignment with the digit line connection plug 41.
A material such as titanium may be used to coat the inside of the contact opening 70 to
improve the adhesion of a plug 72 of conductive material deposited within the contact
opening 70. The plug 72 is deposited in the opening by conventional means so that it is in
electrical contact with the digit line connection contact plug 41.

As shown in Figure 7, a layer of a dielictic material 80, such as silicon nitride,
is deposited over the capacitor plates 68 and the exposed surface of the insulative layer 64.

Note that the dielectric material 80 is recessed from the contact plug 72. A layer of



capacitor plate 68 is fornmed in each of the openings 67 and is electrically
connected to the source region 34 of the transistor gate stack 20 via the
capacitor connection plug 42. As shown in Figure 6, using standard etching
techniques, a digit line contact opening 70 is fornmed in the fourth
insulative layer 64 in alignment with the digit |line connection plug 41. A
material such as titanium may be used togoat the inside of the contact
opening 70 to inprove the adhesion of a plug 72 of conductive nmateri al
deposited within the contact opening 70. The plug 72 is deposited in the
openi ng by, £aRuaRLEADM FEalts a?,q)oyzﬁfcoﬁ,tis ten! ddpoetel Oh B hech R ndfehial et 3 t he
digit l'ine connection confact plug 41. 'As sﬁowﬁ In Figure 7, a layer of a
di elictic foaner¢cdll p)&6, M€ thaathesiohfwtive miatetiatl 87 also serdiptesishen of ver ploh @2.

capacitor plates 68 and the exposed surface of the insulative | ayer 64.
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| ayer of : I8 123knRd by B 35 Ydhh £ QMoond osjited
on the di %@g}eﬁ?ﬂgﬁg% ep‘rﬂ@fgﬁ%&gﬂ[agﬁnégrl?fa ceﬁ)?logﬁgteg.ﬂl%? e Otnhag% ? ﬁrgn‘gggﬁdlﬁfcti ve
mat eri al 8aighwnt With thenBgieEnsbwtdct plagihe plug 72. A suitable insulative -

material 84 is then depgsited over_the conductive material 82. The materi al
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70, 88 maybe forned by a single etch after the insulative material 64, 89
has been B&PSSPe¥8d- As shown in Figure 8, a digit line contact plug 90 is

then formed in the cgatpch ; £ B0, 88t B¥e SHHA AR aaR Ja%h thel doBBct
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suitable means, such as described above for the conductor 58 and contact plug 48. Finally,
another insulative layer 100, e.g., BPSG, is formed on the insulative layer 80 nsing matenals
and methods previously described.

Another embodiment of the invention is shown in Figure 9. The fabrication of
this second embodiment is identical to the fabrication of the embodiment of Figures 1-8 up to
and including the step shown in Figure 6. Thereafter, instead of forming a contact plug 72 as
shown in Figure 7, a contact opening 108 is etched in the insulative material 64 and a short
contact plug 110 and a digit line conductor 112 are formed between the capacitor plates 68 in

( alignment with the contact plug 49. Thereafter, an insulative matex_jal 116 1s deposited in the
: remainder of the contact opening 108. The remainder of the components are then formed
substantially as shown in Figure 8.

It will be understood that other emboduments of the invention can instead be
used. For example, with reference to Figore 9, the capacitor plates 68 could be spared from
the insulator region 16 by a layer of insulative matenal (not shown) and digit lines could be
buried in such insulative material. As a result, a digit line conductor could be positioned
beneath the capacitor plates 68.

As is well understood in the art, it is important to the operation of a DRAM

that the complementary digit lines of a2 memory array have the same electrical properties,



anot her insulative layer 100, e.g., BPSG is fornmed on the insulative |ayer
80 using materials and nethods previously described. Another enbodi nent of
the invention is shown in Figure 9. The fabrication of this second

enbodi nent is identical to the fabrication of the enbodi mrent of Figures 1-8
up to and including the step shown in Figure 6. Thereafter, instead of
formng a contact plug 72 as shown in Figure 7, a contact opening 108 is
etched in the insulative material 64 and a short contact plug 110 and a
digit line conductor 112 are forned between the capacitor plates 68 in
alignment with the contact plug 49. Thereafter. an insulative material 116
is deposited in the reminder of the contact opening 108. The remai nder of
t he conponents are then formed substantially as shown in Figure 8. It wll
be under st o@"dudlhmheo%aﬁ@rcame@neném\gevm therdigit hoesn, ‘bﬁ d@@éﬁsqdrrgmtéﬁan% arﬁsed
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shown) and Rk it rdas6i€; 3he Aightdinee mab MeiprHodiballyUGRIstdds Wb dhdwieimpigerki @l . AAS a
result, a digit |ine conductor could be positioned beneath the capaC|tor
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digit |inetsacbh@isor 140 fonned on the subtrate. The conductor 140 has a U-shaped conﬁguranon
that bypasses the conductive plug 136 and then extends above the digit line section 130a. A
via 1s filled with a conductive material to form 2 plug 150 that extends fom the U-shaped
" conductor 140 io the digit line section 130a. The plugs 138, 150 and conductor 140 thus
~ couple the digit line section 128b to the digit line section 130a. The digit lines may be
t\_visted in this manner one or more times as they extend through an array of memory cells so
that both digit lines have the same electrical properties.
A memory device 200 that uses memory array 202 including bi-level digit
Jines (not shown) as discussed with reference to Figures 1-10_according to one embodiment
( of the invention is shown in Figure 11. The memory device 200 includes a command decoder
206 that receives memory command through a command bus 208 and generates
corresponding control signals. A row or column address is applied to' the memory device 200
through an address bus 220 and is decoded by a row address decoder 224 or a column address
decoder 228, respectively. Sense amplifiers 230 are coupled to the array 202 to provide read
data to a data output buffer 234 that, in turn, applies the read data to a data bus 240. Wnite
data are applied to the memory array through a data input buffer 244. The buffers 234, 244
comprise a data path.
From the foregoing 1t will be appreciated that, although specific embodiments

of the invention have been described herein for purposes of illustration, various modifications



130a,b. Aviais forned and filled to forma conductive plug 136 that
extends fromthe digit Iline section 128a, through the substrate 10, to the
digit line section 130b. A second via is forned and filled to forma
conductive plug 138, that extends fromthe digit |ine section 128b, to a
conductor 140 fornmed on the subtrate. The conductor 140 has a U shaped
configuration that bypasses the conductive plug 136 and then extends above
the digit line section 130a. A viais filled with a conductive material to
forma plug 150 that extends fromthe UT-shaped conductor 140 to the digit
line section 130a. The plugs 138, 150 andig¢enductor 140 thus couple the
digit line section 128b to the digit line section 130a. The digit |ines may
be twisted in this nanner one or nore tinmes as they extend through an array
of menory cedalybesRadetviionb@dvintl Gloin fheREiBit BAY Scobhef Baimrefi@tt Atadingly, the
properties. A nenory device 200 that uses nenory array 202 incl udi ng

bi -1 evel di ¢iventenigast limrd expephay bude dpeeades@demii t h reference to Figures
1-10_according to one enbodiment of the invention is shown in Figure 11.
The nenory device 200 includes a command decoder 206 that receives nenory
command t hrough a command bus 208 and generates correspondi ng control
signals. Arow or colum address is applied to the nenory device 200

t hrough an address bus 220 and is decoded by a row address decoder 224 or a
colum address decoder 228, respectively. Sense anplifiers 230 are coupl ed
to the array 202 to provide read data to a data output buffer 234 that, in
turn, applies the read data to a data bus 240. Wite data are applied to
the nenory array through a data input buffer 244. The buffers 234, 244

conﬁrise a data path. Fromthe foregoing ii wll be appreciated that,
al t hough specific enbodinents of the invention have been described herein
for purposes of illustration, various nodifications 1la my be nmade w t hout

deviating fromthe spirit and scope of the invention. Accordingly, the
invention is not limted except as by the appended cl ai ns.

L~



12 CLAIM5 1. A dynamic random access menory ("DRAM') array fabricated on a
silicon-on-insulator ("SOP"') substrate, conprising: a plurality of nenory
cells arranged in rows and colums adjacent a first surface of an active
silicon layer of the substrate; a plurality of digit |line pairs extending

al ong each colum of nmenory cells, at l|east a portion of a first digit line
of each pair being fabricated adjacent the first surface of the active
silicon layer, and at |least a portion of a second digit |line of each pair
being fabricated adjacent a second surface of the active silicon layer, the
second surface being opposite from tgeafnsst surface; and a plurality of
access transistors fabricated in the active silicon |ayer, each of the
access transistors in each colum being coupl ed between a respective nenory
cell and one of thé firdtdmasicrodon atcess mémorys“DRAME amyplebhdaled oi gi t

line pair..2. The M ay of claiml . wherein the first and second digit
lines of SESEHOPARSHIY cr‘réé’%‘ir)ﬁyﬁg’amﬁﬁt%mé’f’s’lngast first and second sections that

are el ectrically isglategnfsOMmBACEIRt Hehee @R rPELRE Rotud s DRPMERT 4 &Yst
further conprises a pair 0Of conductors extendl ng through the active silicon

| ayer of tdac8Of as adisersdicen fayer ddlhsubbtrate;pl ural ity of digit line pairs, the
first conductor for ai.r. upI the first section of .the first dlglt
line to the second aQSE&‘gﬁfSF’ @Eg(%tﬂmm%la Ongiche Og Pﬁ@legj@%ﬁ%

conduct or 1£0f » §36bn BAL ﬁrs@ QiR 1R G LG HEoRAE fa’éﬁ&a&éﬁﬂ;&%mﬂtﬂ@ﬁfﬁ Effaclbint |1 ne

to the first section of the second digit Iine. 3. Thée DRAM array of claim!]
wher ei n a apfiver sli¢onylaydr, zndox dest ¥ pergps ©be sedond @gthngf thpanésem@dpbm‘d‘edo t he

first digit.line of th tive di | i ne. pair DRAM ar.r
Clam | ORGSR et Rt p i s deen P e SRt Yo, Y. ar o
coupl ed t gnd hRt sREENGnEi git line of the respective digit line pair.
a plurality of access transistors fabricated in the active silicon layer, each of
the access transistors in each column being coupled between a respective memory cell and

one of the first and second digit lines of the respective digit line pair.

2. The DRAM array of claim 1, wherein the first and second digit lines of
each pair are divided into at least first and second sections that are elecirically isolated from
each other, and wherein the DRAM array further comprises a pair of conductors extending
through the active silicon layer of the SOI substrate for each of a plurality of digit line pairs,
the first conductor for each pair coupling the first section of the first digit line to the second
section of the second digit line, and the second conductor for each pair coupling the second

- section of the first digit line to the first section of the second digit line.

3. The DRAM array of claim 1 wherein a plurality of access Uansistdrs in

each column are coupled to the first digit line of the respective digit line pair.

4. The DRAM array of claim 1 wherein at least some of the access

transistors in each column are coupled to the second digit line of the respective digit line pair.

5. The DRAM array of claim ] wherein alternating access transistors in

each column are coupled to the first digit line of the respective digit line pair and the



5. The DRAM array of claim| wherein alternating access transistors in each
colum are coupled to the first digit line of the respective digit line pair
and the 13 renmining access transistors in the colum are coupled to the
second digit line of the digit line pair. 6. The DRAM array of claim!|
further conprising a plurality of field oxide regions formed in the active
silicon layer to isolate at | east sone of;4he access transistors from each
other. 7. The DRAM array of claim| wherein the SO substrate conprises a
handl er wafer. 8. The DRAM array of claim7 wherein the nenory cells

conprise respective nmenory cell, capacitors fabricated in.a.lay f. .
naul at ve TEPERISHEeS Bapo BRI P BrPhio R enEral et sE s e g
| ine of eachypair is fabricated in a layer of insulative material. 10. The

DRAM array of claim7 wherein one of the first and second digit lines is
fabricated between the handler wafer and the active silicon layer. 11. A
dynam ¢ random access, ne . M) ar.r f icated on.a sem.conduct.or
substrate, conprising-a pl 5&325?@P%%éﬁd$%nhgﬁﬁgh%}?ﬁﬂﬁﬁﬁgi%Pﬁ5 ’aﬂﬁéh
col ums adj %ﬁ@trg:?oﬁs! fo?tned SH' thaCRHPE stiien %er&%“ﬂb'ﬁﬁeoﬁt f40StdrRd @ thePaccess
plurality of digit line pairs extending along each colum of nenory cells,
at | east atpoistirnfiomfeach ftherst digit |ine of each pair being fabricated
adj acent the first surface of the sem conductor substrate, and at |east a
portion of a second digit |ine of each pair being fabricated adjacent a
second surface of the;.semmnﬁmtl@rag%y%tctﬁhe} whifi® YEOSOT sshe QoRBHRY a

opposite fromthe first surface; an
handler wafer.

8. The DRAM array of claim 7 wherein the memory cells comprise

respective memory cell capacitors fabricated in a layer of insulative material.

9. The DRAM array of claim 7 wherein the second digit line of each pair

is fabricated in a layer of insulative material.

10. The DRAM array of claim 7 wherein one of the first and second digit

lines is fabricated between the handler wafer and the active silicon layer.

11. A dynamic random access memory (“DRAM™) array fabricated on a
semiconductor substrate, comprising )

a plurality of memory cells arranged m rows ;1n—ci columns adjacent a first
surface of the semiconductor substrate;

a plurality of digit line pairs extending along each column of memory cells, at
least a portion of a first digit line of each pair being fabricated adjacent the first surface of the
semiconductor substrate, and at least a portion of a second digit line of each pair being
fabricated adjacent a second surface of the semiconductor substrate, the second surface being

opposite from the first surface; and



14 a plurality of access transistors fabricated in the sem conductor
substrate, each of the access transistors in each colum bei ng coupl ed

bet ween a respective nmenory cell and one of the first and second digit
lines of the respective digit line pair. 12. The DRAM array of claim 11,
wherein the first and second digit lines of each pair are divided into at

| east first and second sections that arelglectrically isolated from each

ot her, and wherein the DRAM array further conprises a pair of conductors

ext endi ng through the sem conductor substrate for each of a plurality of
digit line pairs, the ilfifloraeReusiisdOfbaaats Rahé sadMldubib: siiRubel Bbn
section of the first Cﬁglt line to the second { section of the second digit
| i ne, and tdfehes awessdranointbiscit @ecH @iurembding eduplaitepldeng eipectecmndorysed thdn of
the first digit lipne to the first seféi on of, tg.e, econd digit line. 13. The
DRAM ar r ay WF s tl@d\f%ﬁ‘é’nnéid@émﬁ?& frespechive S@des PR ansi stors i n each
colum are coupled to the first digit line of the respective digit |ine
pair. A The DRAM array of claim 11 wherein at |east sonme of the access
transistors in each cial umThaPRANMUpagd] chith e, sheeimdhelifigsttand isend digitimes
respective digit ljne pair. . 15. The DRAM array of elaim'l | wherein

al t er nat i nPizAch Parare 4unded dplo 3t jeash 8Kt apd ﬁ‘Fﬁ?ﬂ%F%C“@Bﬂ e are elecineally sdsted; gi ¢t
line of th S t] | g J: j t S
I e W R e e R s
l'ine pair.exighdinghiardigAhasendyondictod substratd fdrumatinef a phmdity oif Migivlin paia) they of
field oxi d%lstregi ons forned-in the. sem conductor subsirate.to isolate at

| east sone CRRIVGIOE daseach PaRsGouplesthe 8 5h e Bftsﬂ“ér st Gigithrne epkfIseoRdy of
claim 11 whergbdof fie gd%%%ﬁ’?fjﬂﬁé, Qhd HeRSLIRIGnak ARG 858 (Rir coupling the second

silicon-on-1insul ator substrate.
section of the first digit line to the first section of the second digit line.

13. The DRAM array of claim 11 wherein a plurality of access transistors

in each column are coupled to the first digit line of the respective digit line patr.

14.  The DRAM amay of claim 11 wherein at least some of the access

transistors in each column are coupled to the second digit line of the respective digit line pair.

15. The DRAM array of claim 11 wherein altermating access transisters in
each column are coupled to the first digit line of the respective digit line pair, and the
( remaining access transistors in the cohumn are coupled to the second digit line of the digit line

pair.

16. The DRAM array of claim 11 further comprising a plurality of field
oxide regions formed in the semiconductor substrate to isolate at least some of the access

transistors from each other.

17. The DRAM array of claim 11 wherein the semiconductor substrate

comprises a silicon-on-insulator (“SOJI”) substrate.



15 18. A dynam c random access nenory ("DRAM') fabricated on a silicon-
on-insulator ("SOT') substrate, conprising: a DRAM array conprising a
plurality of menory cells arranged in rows and colums adjacent a first
surface of an active silicon layer of the substrate; a plurality of digit

| i ne pairs extending al ong each colum of nenory cells, at |east a portion
of a first digit line of each pair beingl$abricated adjacent the first
surface of the active silicon layer, and at |east a portion of a second
digit line of each pair being fabricated adjacent a second surface of the
active silicon |ayer j8t heAsdaant randohasebemagosNPORAM)fflnivatedoa af siliceh-
surface; a plurality of access transistors fabricated in the active silicon
| ayer, eacPugasulaiere("S@E e subsiratgOPrising: i n each col unmm bei ng coupl ed bet ween

a respective nenory 0 f. the ik n .9k tqcli t he
respective digit I|i ngq%wg%ayp{bg'}pgflln%ya %llm agl ﬁ\ggmgrﬁéﬁffﬁqgr%ag%egp‘%ég@? SI? CI he

first and sehend abjagert alfrfte6rfak of ead¥eesilicen tyer 4f thd ftBstpak,r S; a row address
decoder for selecting a row of nenory cells corresponding to a row address,;
a col urm addr ess deca®ialiiyrof digitdimeipaigs axtendingnloas eaphpohymy of pemory cells, at

i 11 er Por 4B RS TR BANERYS RrIAh AR A B R ERR: BB e

and a comuptivdsinagcayapaidod/iest OpGaaebah Secvnd idigh lirk rath psiebgiag fibyicattd
menory comands applied to the DRAM 19. The DRAM of claim 18, wherein the

first and SEB6eRI ageapnd urfaes obtbe agiersiliraplayer.ahelsesoad surface being dreesie o st
and second gegld Qgﬁcg.hat are electrically isolated from

{ ' a plurality of access transistors fabricated in the active silicon layer, each of
the access transistors in each column being coupled between a respective memory cell and
one ‘of the first and second digit lines of the respective digit line pair;

a plurality of sense amplifiers coupled to the first and second digit lines of
respective digit line pairs;

a row address decoder for selecting a row of memory cells corresponding to 2
oW address; | .

a column address decoder for selecting a column of memory cells
corresponding to a column address;

a data path coupled between a sense amplifier for a selected colunm and an
external data terminal of the DRAM; and

( a command decoder operable to generate control signals responsive to memory

commands applied to the DRAM.

19.  The DRAM of claim 18, wherein the first and second digit lines of
each pair are divided into at least first and second sections that are electrically isolated from
each other, and wherein the DRAM array further comprises a pair of conductors extending
through the active silicon layer of the SOI substrate for each of a plurality of digit line pairs,
the first conductor for each pair coupling the first section of the first digit line to the second
section of the second digit line, and the second conductor for each pair coupling the second

section of the first digit line to the first section of the second digit line.



each other, and wherein the DRAM array further conprises a pair of
conductors extending through the active silicon |ayer of the SO substrate
for each of a plurality of digit line pairs, the first conductor for each
pair coupling the first section of the first digit line to the second
section of the second digit line, and the second conductor for each pair
coupling the second section of the firs¥6digit line to the first section of
the second digit line. 16 20. The DRAM of claim 18 wherein a plurality of
access transistors in each colum are coupled to the first digit Iine of the
respective digit line pair. 21. The DRAM of claim 1S wherein at |east sone

of the access transistors_, in.each cql.u are coupled.to the second digit
line of the respecti diB??EFVﬁ ‘ﬁéﬁ‘?P2§?ﬂ$ﬁgnﬁﬁﬂﬁﬁ@9'8*3?ﬁ?i§m%W§F§%h
al ternating, Cc%ﬁﬁénirégg\?tlééfartﬁeﬁﬂt&?ﬁﬁlneG%H?&géétﬁfe‘?ﬁ’gipihﬁ‘éjpého the first

digit line of the res ive digit Fine pair, and the remaining t access
transistors in the columm are coupled to the second digit line of the digit

line pair. 23. The DRAM of_ claim 18 further conprising a plurality of field
oxi de regions formettin mbgé&[\?gdéﬁ itlg&ﬂle’feéﬁ/ngtr]ef% S?‘E‘BBE@@ ageess Basistad e
of the acc I ' : 10t her: - cl.ai.m 18 wherein
the SO subaer hrEREh Ot Apl T R et e oy TR AT 1
wherein one of the digit lines is fabricated between the handl er wafer and

the active silicon layer. | 26. A nmethod of fabricati.ng a DRAM array
arranged in rows and?col ubliel %%Ff@ﬂé:wﬁfﬂﬁia&tﬂﬁhﬁgg‘&?ﬁ%ﬁ?&ﬁsﬁt inggach

insulative cgﬁxgzﬁlrgr@lcox&%/@foi ¢ iﬁststﬁg{ ﬁﬂé]gf'ﬁxre(}EspeE@\tee(ﬁihﬁllﬁle pair, and the remaining

/

{ access transistors in the column are coupled to the second digit line of the digit line pair.

23.  The DRAM of claim 18 further comprising a plurality of field oxide
regions formed in the active silicon layer to isolate at least some of the access transistors from

each othez.

24.  The DRAM of claim 18 wherein the SOI substrate comprises a handler

wafer.

25. The DRAM of claim 18 wherein one of the digit lines is fabricated

between the handler wafer and the active silicon layer.

26. A method of fabricating a DRAM array arranged in rows and columns,
comprising:

providing a substrate of an insulative material covering a semiconductor
material;

fabricating a first digit line of each of a plurality of digit line pairs extending
along respective columns of the DRAM array, the first digit lines being fabricated on one side
of the substrate;



fabricating a first digit line of each of a plurality of digit line pairs
extending along respective colums of the DRAM array, the first digit lines
bei ng fabricated on one side of the substrate; 17 fabricating a plurality
of menory cells for each colum of the ARAM array, the nenory cells being
fabricated adjacent a surface of the substrate opposite the one side of the
substrate; fabricating an access transistﬁf for each nmenory cell, the access
transistors being fabricated in the semTconductor material; fabricating a
second digit line of each of the plurality of digit line pairs, the second
digit lines being fabricated on another side of the substrate; and coupling
the access transi st orfabrcatingaphuahtyref menenecls foricack polumngfdhe DRI 2y, gi ¢

| i nes ext engli 9%9 ) & 50 Y l”ﬁﬂi i.m: 26
wherein thgch %1(%% 0 ? %bslﬂlggg[l ng&%gr?od??&geal §9° a%i%%g%sgg&ggg?sg{getﬁ% e{plh% of
substrat e ctaepubisges; depositing a conductive nmaterial on the substrate of

insulative material to form a cell plate; depositing a dielectric materi al
on at |east portions fé#riqakeg @B|access dteasistpbfar qagh angpary Hells theofccess fBREFPHe

structures @egﬂr%@gg%?ednigcf@%@eﬁﬁc fgﬁ{;:ti{)ﬂna'}eg?lf orma plurality of menory cell

capacitors;. e con Ive stfuctures wth an insulative

material. 28. The netiecathg alsetdnd’Bgivhiae &f Badhhef @6 tphablifyadirdigigliné gaiss, 8RCONd

digit line of each of the plurality of digit |ine pairs conprises:

deposi ti ng seRonddigit pesheingafebrtaiad erpnother $1g‘§/@ﬁth@$‘-1b_§6ﬁﬁei:§ﬂdduct or material;

and depositing a condygflysTREGE hsifs' il 2adRRRkR 38 ohDSY bl £XParil:EH
digit lines extending along the respective column.

27.  The method of claim 26 wherein the act of fabricating memory cells
adjacent a surface of the substrate comprises:

depositing a conductive material on the substrate of insulative material to form
a cell plate;

depositing a dielectric material on at least portions of the cell plate;

forming a plurality of conductive structures on the dielectric material to form a
plurality of memory cell capacitors; and

coating the conductive structures with an insulative material.

28.  The method of claim 26 wherein the act of fabricating a second digit
( line of each of the plurality of digit line pairs comprises: '
) depositing an msulative material on the layer of sen-liconductor material; and
depositing a2 conductive material on the deposited insulative material in a

pattern corresponding to the second digit lines.

29.  The method of claim 26 wherein the act of coupling the access
transistors in each column to one of the first and second digit lines comprises:
forming a via between the access transistors in each colurnn and the respective

second digit line;



pattern corresponding to the second digit lines. 29. The nmethod of claim 26
wherein the act of coupling the access transistors in each colum to one of
the first and second digit lines conprises: formng a via between the access
transistors in each colum and the respective second digit |ine; 18

pl aci ng a conductive material in the vias, thereby coupling the access
transistors in each colum to respectlvgu§econd digit lines. 30. The nethod
of claim 26 wherein the act coupling the access transistors in each col umm
to one of the first and second digit lines conprises: formng a first set of

I h
Second digit Iine:  (BFiFhG SORBKBNG BB s Bt dLEF KEUNEHRIN FgeHocess
Lrans! St OF Sedsfd?effkack UMIR BMIpLdlSe LEBRERIRL | Tt AT 0Tt 1ine; placing a
conductive materrla the vial, thereby alfternately coupling the access
transi stors in each col um to the first and second digit lines. 31. The
nmet hod of claim 26 further n%r|5|ng twsting the first and second dig
lines for each col umP-at MF 6% ekclaimn %@'henega the P‘Ftrfé’gplé%gtté‘haccﬁﬁrt@ﬁ&ﬁmf%e
array. 32.;.T [ r ormng a field oxide
regi on adj ac%%g% lgﬁeas{l géotrﬁfzé%%gni&cgﬁchg&é gﬁg&é!r?g{l 2’[%%5 to electrically
i sol ate access transifoghidesa fifst ssnof &9 betwhern alternate access transistors in each column

and the respective éecond digit bine;
4 forming a second set of vias between the remaining access transistors in each
columm and the respective first digit line;
{ "~ placing a conductive material in the vias, thereby alternately coupling the

access transistors in each column to the first and second digit lines.

31.  The method of claim 26 further comprising twisting the first and

second digit lines for each colurn at least once as the digit lines extend through the amray.

32. The method of claim 26 further comprising forming a field oxide
region adjacent at least some of the access transistors to electrically isolate access transistors

from each other.

.



