DRAM FABRI CATED ON A SI'LI CON-ON- | NSULATOR (SQ)) 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 line array
DRAM havi ng bi-level digit lines. BACKGROUND OF THE | NVENTI ON Early DRAMs
were manufactured 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
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menory cells in the corresponding colum of the second array were

sel ective_JI:é/ coupled to its conplenentary digit line. An advantage of this
open di gi TECHNECAL E®lilecture is that. it allows nenory cells to occupy a

relatively small arega,. i.e., 6F2, where "F' is the mninumfeature size
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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. Asa result, a “folded digit line” architecture
was developed.

In a folded digit line architecture, both complementary digit lines extend from
a sense amplifier through the same array substantially in paralle] with each other. Since the
digit lines are parallel to each other for substantially their entire lengths, they pick up the
same noise signals, thus allowing a sense amplifier to which they are coupled to have good
common mode noise rejection. DRAMS having a folded digit line architecture are thus less
susceptible to noise. Unfortunately, the requirement that an additional digjt line extend
through the array increases the size occupied by each memory cell. In fact, memory cells in a
folded digit line architecture have a minimum size of SF°.

Attempts have been made to reduce the minimum size of folded digit line
memory cells by vertically spacing the digit lines in each complementary pair rather than
horizontally spacing them apart at the same level. By spacing the digit lines vertically, the



hori zontal ly spacing them apart at the same |evel. By spacing the digit
lines vertically, the 2 area occupied by a nenory cell can be reduced to
6F2. Unfortunately, it has been difficult to fabricate bi-level digit

| i nes because of the |arge nunber of components that nust be forned on
the surface of a sem conductor substrate. The difficulty in fabricating
bi-level digit lines in DRAMs having a folded digit line architecture has
prevented their wi despread use. As a Result, folded digit |ine DRAMs have
generally been significantly larger than open digit line DRAMs of the
sanme capacity, thus mating folded digit Iine DRAMs nore expensive.
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el ectrical characteristics. BRI EF DESCRI PTION OF THE DRAWNGS Figure 1A is

a cross sectional view of a sem conductor device in an internediate stage

of fabri W@yﬁt@mﬁq}ﬁrst enbodi ment of the invention. Figure 1B
Vi ew o

is a cross sectional e device shown in Figure lAin a further
state of fabricati &nDRAM ey hAving = faldedsdigh ditiei aelilectuicely fabridabed elewi ce
shown in Kigure.1B in a, _further stat f fabrication. Figure 2B is a
cross sec ﬂ?‘%ﬁ’zﬂ' IRRBANOT SPDFREE- 4 ?f?yslﬁ‘g sibﬁ'?‘ifF(g%EE lipgs thyt gre fabricated on
f)pposite sides of a silicon portion of the substrate. As a result, the digit lines for each digit
line pair may occupy the same footprint, thus allowing the array 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 each
pair 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

further 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.



further stage of fabrication. Figure 3Ais a cross sectional view of the
device shown in Figure 2B in a further stage of fabrication. 3 Figure 3E
is a cross sectional view of Figure 3Ain a further stage of fabrication.
Figure 3Cis a cross sectional view of jhe device shown in Figure 3Bin a
further stage of fabrication. Figure 41s a cross sectional view of the
device shown in Figure 3Cin a further stage of fabrication. Figure 5is
a cross sectional vi.ew B t he device . shown in Figure 4 which has been
turned 180 degrees E‘Hﬁg t Fe? | Xp%5; Frafonat UKW <of Figyre3A dnja farther gxage of
sectional fabrieahomfl t he 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 furtHdgure3Casa @psst seotionahviewnof HiegdevizeShoem dn Figee 3Bdfta onal

vi ew of tmﬁégoﬁ‘%g\é%in Figure 7 in a further state of fabrication.

Figure 9 is a cr Bhal “view of another enbodinent of the invention.

Figure 10 is an i scFigireds ¥ trow ssbrdihNgew BEthHRdeRies St iR i %MﬂHﬁTthat
may be used to "twist” the digit lines in the enbodi ment of Figures 1-8.
Fi gure 11 Stage of fpfimisationy agram of a typical nenory device that includes one

O e TRLETEIN Y, e eSS PO Bl AL bR IRLATAS,
surface obeea tumedr #bdegrect aoutthd btinglinl axiie substrate, which is in the form
L SRR e RGP bt G e '
stage of fabrication. _ _ A
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.

DETAILED DESCRIPTION OF THE INVENTION

Integrated circuits have traditionally been fabricated on a surface of a
semiconductor substrate. The substrate, which is i the form of a wafer of monocrystalline
silicon, is selectively doped and multiple layers of insulative matenal, 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”.

The advent of SOl fabrication techniques has created the possibility of
fabricating components on opposite sides of an active silicon region of the SOI substrate, In
accordance with an embodiment of the invention, most of the components of a DRAM,



are formed on its surface. Mdre recently, techni ques have been devel oped
to manufacture integrated circuits on a |ayer of nonosilicon positioned
above an insulative substrate. This technique is known as
"silicon-on-insulator” or "80l". The advent of SO fabrication techniques
has created the possibility of fabricating conponents on opposite sides
of an active silicon region of the SO substrate. In accordance with an
enbodi nent the |nvent|on nost of the co nents of a DRAM 4
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met hod o Figuadsrl-.at i ng nenory ceIIs in a folded-digit line array for use
in a sem conductor device in which a transistor array is first fornmed on
a substrate. Thereafter, capacitors are formed on one side of the
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region, while the digit lines are electrically commected 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, prévious process steps may
have been utilized to form amays, 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, germanijum, indivm phosphide, or gallivm 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 that
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



made to a "substrate” or "wafer" in the foll ow ng description, previous
process steps may have been utilized to formarrays, regions or junctions
in or on the base semi conductor structure or foundation. In addition, the
sem conduct or need not be silicon-based, but could be based on
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conductive layer 24 and the polysilicon layer 26. The diffusion barrier layer 25 will mmhibit
diffasion 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 nitrade containing material such as silicon nitrade (SisNy) or
alternatively an oxide-containing material. The spacer film 30 typically first overlays the
entire substrate 12, and is subsequently etched back and planarized with the top of the gate
stack 20. The spacer film jsolates the gate stack 20 from the materials which are used in self-
aligned contact etching, as hereinafier 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 layer 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



di ffusion of atons fromthe conductive |ayer 24, and may be forned of
titaniumnitrade, tantalumnitrade and titaniumtungsten, for exanple.

Bet ween the polysilicon |ayer 26 and the silicon |ayer 18 of the
substrate 12 is a thin gate oxide |ayer 28. Al the foregoing | ayers
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doped polysilicon contact plug, as hereinafier 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 Figlne 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 eiching 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



In a nore preferred enbodi nent of the invention, the source and dram
regions 34, 36 shown in Figure |A are not heavily doped, ie. 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

pl ug, - as hereinafter described, and thds the enmbodi nent may be said to
rely on LDD, or low density diffusion. In this enbodinent, it wll be
understood by the skilled artisan that the source, drain regions 34, 36
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referred to as a digit line connection plug since it will ultimately electrically connect a digit
line, hereinafter 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 portions 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, o

Referring now 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
insulative 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 layer
44, The digit line contact opening 46 extends between the gate stacks 20 where shown in
Figore 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 material such as
titanium may be used to coat the inside surfaces of the contact opening 46 after an optiomal



deposited in each contact opening 40. Figure 2A shows five conductive
plugs 41, 42 in their respective contact openi ngs 40. Each conductive
plug 41, 42 is typically formed of a conductive netallic nmaterial, or
nore preferably may be polysilicon nmaterial which has been infused or
doped with additional material such a® netallic ions or other compounds,
e.g. N+, and/or P+ using arsenic, boron or phosphorous. The conductive
plugs 42 may also be referred to as capacitor connection plugs, since
each wi |dleagingistep; dhis tianium matexial improvesdix adhesiompfrcsubsequentilyrdepositid plog
describ WMot h the source . .regi,on.34.. The conducti l.ug 41 may be
referr e?ﬁfhéwéﬁse #%%&%Wﬁé‘ﬁﬁgeﬁfmmgﬂﬁﬁw% W°t‘f°ﬁ§‘!‘§!"9
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regi on Sg After deposition of the plugs 41, 42 1s conplete, the top of
t he waf dfe °PHIBFt GRERES hdhessptitsainm-enmtaimg eat¢rials alsh rhelp pritect thesilico8 and

the corgEsSRNG i a%;%'ﬁggﬁr-”% F! WS dd et By be etched back or
pl anari zed usi ng ch‘gﬂgca cha %%P&p narl?l%ﬁ!@ofl%) techni ques to be
substantial |y coplAarferthenshdwi incFignare 3Bpindtiee i KneSdonalt Pty 38 isSdpyditel N

Figure 2B., Referrin _noggto Figure 3A, there is shown an expanded vi ew of
t he ser’r?élbeh&ﬂ‘g?%r § oty techiges fmownaiadthe jagh a Forgemampls, acks
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the first insulative | ayer 38, the gate

connect ifelowad hysintroduction of bydnege8Aas Clx) 1o meplice drendepletes) silane. hEecdigit dine
describ [-gi ' ontact openi 46 is fornmed in the, second
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si | i con SPbsfate 12g thaheugbt of the digif ine ¢ominsh epppingcA$i and rbee 48xsmafected bystheh  as
titani urpefpRy 5%%1{- C Rl HoP SvdrilS| f aont act ,openi ng 46
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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 iayer22 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 comnect 58 can be performed. Alternatively, the tops of the
respective plugs 50, 52, 54 and 56 together with a corresponding depth of the second



substrate 18 from bei ng damaged during the subsequent plug deposition, As
further shown in Figure 3B, another digit line contact plug 48 is
deposited in the contact opening 46 using deposition techniques known in
the art. For exanple, tungsten hexafluoride (W6) and silane (SiH4) are
reacted together in a reaction chanber, followed by introduction of

hydr ogen gas (H2) to replace the depleted silane. The digit |line contact
plug 48 like the digit |ine contact pl@g 41, contacts a respective drain
region 36. Because the capacitators, hereinafter described, wll be
formed on the opposite side of the substrate 12, the height of the digit
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thus d
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. capacitor connectlon plugs 42.

As shown on Figure 6, a fourth insulative Iayer 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 titanjum 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 ;, 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



I nsul ative | ayer 44 may be etched back or planarized using CVP techni ques
as heretofore described. Thereafter, the wiring connects or bit |ine
conductors 50 can be subsequently forned atop the respective pugs using
substantially the same or simlar material and nethods as was utilized to
formthe plugs, e.g. tungsten-containilB@g material. Referring now to Figure
4, a third insulative |layer 60, e.g. BPSG is fornmed atop the second

i nsul ative | ayer 44 overlays the entire sem conductor array and in effect
"buri es" comiactiteaniterisl 2, surhns polysilison, Refhes Aepdfitedon 46 dfib@ié taferial BEtENt i re
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conductive material .deposited within the contact opening 70. The plug 72
is deposﬁde‘ﬁ"ti‘?ﬁstw gh(? - conventional neans so that it is in

el ectrical contactayithd bSdictiof df thd HFerftidR HBLHR ] FZR TR SidlicAdon 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. Thereafier, an insulative material 116 is deposited in the
remainder of the contact opening 108. The remainder of the componen!s are then formed
substantially as shown in Figure 8.

It will be understood that other embodiments of the invention can instead be
used. For example, with reference to Figure 9, the capacitor plates 68 could be spared from
the insulator region 16 by a layer of insulative material (not shown) and digit lines could be
buried in such insulative material. As a result, a digjt 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 a memory array have the same electrical properties,



As shown in Figure 7, a layer of a dielictic material 80, such as silicon
nitride, 1s deposited over the capacitor plates 68 and the exposed
surface of the insulative layer 64. Note that the dielectric material 80
is recessed fromthe contact plug 72. A layer of 10 conductive nmateri al
82, such as polysilicon, is then deposited on the dilectric material 80 to
foama cell plate. Note that the conductive nmaterial 82 also term nates
short of the plug 72. A suitable insullative naterial 84 is then deposited
over the conductive material 82. The material 84 is preferably planarized
by CMP prior to etching a contact opening 88 in alignnment with the di git
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neul at | v RPEPFER PrsuFerehlis 16 o xlrads oe hackgi e Wﬂd@ﬂé abt
openi ng 148 is filal WAl Bfictidd mbRAICHTHAN S Mug B0ShitNGRnALEIR ke U-shaped
Substantl B et SS1400 the it g etica: 130a. The plugs 138. 150 and cond '
plugs s and conductor 140 thus
. couple the digit line section 128b to the digit line section 130a. ‘The digit lines may be
twisted in this manner one or more times as they extend through an array of mernofy cells so
that both digit lines have the same electrical properties.

A memory device 200 that uses memory array 202 including bi-level digit
lines (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. Write
data are applied to the memory array through a data input buffer 244. The buffers 234, 244
comprise a data path.

From the foregoing it will be appreciated that, although specific embodiments

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



It will be understood that other enbodinents of the invention can instead
be used. For exanple, with reference to Figure 9, the capacitor plates 68
could be spared from the insulator region 16 by a |layer of insulative

mat erial (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 inportant
to the operation of a DRAM that the copyl ementary digit lines of a nenory
array have the sane electrical properties, 11 including the sane

capaci tance. However, the digit lines in the disclosed enbodi ments are

i nher ent | ynap S8 nEide WithbkCRYiafih t Respe p s of
t he substra?e 12. For this rg]eggfgr%i;@%bﬁztragﬂg to?-%{eaggvrfcggo eRg%ﬁ]g%?ﬂf

"twi st ed" W§n%%dmtllwlwﬂgmtaﬁdiythsamendt‘-éslaims a digit |ine conductor 120
in one part of the nenory array can be coupled to a digit |ine conductor
124 in a different part of the array, and vice versa. Wth reference to
Figure 10, the digit line conductor 120 is divided to formtwo upper
digit line sections 128a,b. Simlarly, the lower digit |ine conductor 124
is divided to formtwo lower digit line sections 130a,b. Avia is fornmed
and filled to forma conductive plug 136 that extends fromthe digit |I|ine
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 line section 128b, to a conductor 140 formed on
the subtrate. The conductor 140 has a U shaped configuration that
bypasses the conductive plug 136 and then extends above the digit |ine
section 130a. A viais filled with a conductive material to forma plug:
150 that extends fromthe U shaped conductor 140 to the digit |ine
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 nay be
twisted in this manner one or nore tines as they extend through an array
of menory cells so that both digit lines have the sane electrica
properties. A nenory device 200 that uses nenory array 202 including
bi-level digit I|ines (not shown) as discussed with reference to Flgures
1- 10 accordlng to one enbodi nent



of the invention is shown in Figure 11. The nmenory device 200 includes a
command decoder 206 that receives nenory comrand through a command bus
208 and generates corresponding control signals. A row or columm address
is applied to the nmenory device 200 through an address bus 220 and is
decoded by a row address decoder 224 d2 a col um address decoder 228,
respectively. Sense anplifiers 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. Wite data@AMBpplied to the nenory array
through a data input buffer 244. The buffers 234, 244 conprise a data

path. From the forggoi ' L1l be appreciated al t hough specific
enbodi ments  of thlg i n%w ﬁ%‘kﬁ@% so%?&?’i”b%ﬁ%iw B of
i |l ust r asilicon-oninsnlates (“SOF) isilsstrbiep@tsngristig: MY be nade wi t hout devi ating

fromthe spirit and scope of the invention. Accordingly, the inventionis
not limted exceptd BYraly of semone sellsiamingedrin raws agl spivBing adjaceht mafiist
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| east a portion of a second digit Iine of each pair
adj acent adiacenty savend sprfage of b actine siiconJayes, the sexond ayrace being oppesie dromir f ace

bei ng op | g %EQ the fast surface; and a plurality of access
transi st@rgsﬁ“fta Pl cg%ngd in the active silicon |ayer, each of the access

transistors in eachplanlityof de6és8 gratsistpiscRbrt@tedsathé adtRe Rfiidoh &yl BARY ¥f Ce! |
and one_.of the first and second digit Iines of the respective digit |ine
pair. 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 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 kne.

3. The DRAM array of claim 1 wherein a plurality of access transnstors in
each column are coupled to the first digit line of the respective digit line Ppair.

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 1 wherein altemnating access transistors in
each column are coupled to the first digit line of the respective digit line pair and the



2. The DRAM array of claim11, wherein the first and second digit |ines 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
conprises a pair of conductors extendin t hrough the active silicon |ayer
of the SO substrate for each of a plurlldity of digit line pairs, the
first conductor for each pair coupling the first section of the first
digit line tq the second section of the second digit line, and the second
conduct or THEHNEE afcessiransiglotain ithegroltman are coupded todhe seoomdafigit lige dfitliesdigitliiae t
line to the first section of the second digit line. . 3. The DRAVPérray of
claiml erein a plurality of access transistors in ‘each colum are
coupled to the first digit Iine of the respective digit line pair. 4. The
DRAM array of claim| wherein at |east sone of the access transistors in
each colum are coudl ed ths PRAM sway,ef ¢lagntl Firther obmprining e piheality of fRIQ) t

| i ne pair oxid® regi r . I eln.alternatin ccess
transistors in %g%hﬂ??%% %%/g!%‘(’)eﬁ%?géﬂ b%"\g{]%;e ‘?‘%“r@ﬁﬁf@@?ﬁg% agqees
respect i v&apfisgers fivinreackpether. and the 13 renmi ning access transistors in the
columm are coupled to the second digit line of the digit line pair. 6.
The DRAM array of claiml1 father conprising a plurality of field oxide
regions forned in the aqthb\mmhﬁﬂ' Nof AL 1 ohersif! t sone of the
access transistors from each ot her.df?. The %ﬁ?@ﬁﬁg‘ﬁf‘@ crai et ei n
the SO s e ¥aferconprises a handler wafer. 8. The DRAM array of claim 7
wherein the nenory cells conprise respective nenory cell capacitors
fabricated in a layer of insulative material. 9. The DRAM array of claim7
wherei n the second &li gi TheiDRAM afrag lofiMif 71 Whér@i thé Fhéflory befls | ce0f
insulative nmat.erial. 10 The, DRAM array of claim 7 wherein one o e
first and YeRene cell pansgitors Gabrigated Balaver pEmsplativeunateriddndl er waf er and

the active silicon |ayer.

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,

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

a plurality of memory cells arranged in rows and columns adjacent a first
surface of the semiconductor substrate;

a plurality of digit line pairs extending along each columm 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 subsirate, the second surface being
opposite from the first surface; and



11. A dynam c random access nenory ("DRAM') array fabricated on a

sem conduct or substrate, conprising a plurality of nmenory cells arranged
in rows and colums adjacent a first surface of the sem conduct or
substrate; a plurality of digit line %jfrs ext endi ng al ong each col um of
menory cells, at |east a portion of irst digit line of each pair being
fabricated adjacent the first surface of the sem conductor substrate, and
at least a portion of a second digit line of each pair being_ fabricated

adj acent- a second 8@ n the; pucepductor
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menory 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 linesjy0f SRCHRAM borfl &f it 1€ bR tha Firdt A2 lsedohd
second sections that are electrically isolated from €ach other, and
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pai r. 14.sedtivn dbfte\iat digiy lind todheafins sedtiontod the secamtd digdtlite. sone of t he access

transistors in each colum are coupled to the second digit |line of the
respective digit line pair. 15. The DRAM array of claim 11 wherein

alternating access yBr anghé DRAM iaftaf 8f Elaiedl LWherein PRkl dopess Bandistért
digit line of the respective digit line pair, and the remaining access

t ransi st cigashcolynan azscovpledde dh igitilipecpfithprespeetisieligit Boa pais. ne of t he
digit line

14. The DRAM armay 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 alternating access transistors in
each column are coupled to the first digit line of the respective digit line pair, and the
remaining access transistors in the column 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 (“SOF”) substrate.



1 16. The DRAM array of claim 11 further conprising a plurality of field
oxide regions forned in the sem conductor substrate to isolate at |east
some of the access transistors fromeach other. 17. The DRAM array of
claim 11l wherein the sem conductor substrate conprises a
silicon-on-insulator ("SOP') substratel515 18. A dynamic random access
menory ("DRAM') fabricated on a silicon- on-insulator ("SOP") substrate,
conprising: a DRAM array conprising a plurality of nenory cells arranged
in rows and col umi§ adﬁabmhaaﬂdonsaocsmrmmqmmmapfabﬂmadﬂmﬁcdnayer
of the su dna |t y of .digit line pairs extending al ong each

col um of neno ’ﬁ'portlon of a first digit line of each

pai r being fabri ca’raemkmd[ Sin gl {,Iaﬁ ﬁﬁ&?&%e i eag%d %em% &on

| ayer, and_at |east a portion a second pair |ng
fabri cat etPluansadiacent a é@@?@loﬁmﬁcmresmtonlhmaﬁmewmﬂe; con | ayer t he

second surface bei f firs surfac | ural ity of
access transi storsg%agrl g%k&gltﬁggpﬁ?% é iagheq W%PP > 8t he

access trlamapbnﬁnsofmﬁmadigmmbufﬁachghiﬁﬂeﬁgmh @ﬁﬁ?ﬁ?ﬁsé
rrermry ce e of thf first and second d| gn% | i nes of the respectlve
di git ea YFr And, at Pm@"aﬁaﬁwdfdlslﬁ ol gach pair being dabricated and

second dlgggeﬁtl r@@o@fmﬁm w. addr es ecoder
Y fs corrgﬁgon |ngtoaqﬁ% %stg’m

for sel ectl ng a row of nenory cel

col um adBe fistswessder for sel ecting a col urm of nenory cells
pl ed hetween a sense

correspondi ng to a ddress; a da u
anplifier for a sef‘g’ci*!%ge 8??%&?#%4?&% tga&?%"et%kqwﬂexm,cﬁach 23
DRAM andhe access transistors in each column being coupled between a respective memory cell and
one ofﬂleﬁrstandsecondegltlmesofmsrespechve digit line pair;
a plurality of sense amplifiers coupled to the first and second digit lines of
Tespective digit line pairs;
a row address decoder for selecting a row of memory cells corresponding to a
row address; ‘
a column address decoder for selecting a column of memory cells
corresponding to a colurnn address;
a data path coupled between a sense amplifier for a selected column and an
external data terminal of the DRAM; and
a command decoder operable to generate control signals Tesponsive 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.



a command decoder operable to generate control signals responsive to
menory comrands applied to the DRAM 19. The DRAM of claim 18, wherein
the first and second digit lines of each pair are divided into at | east
first and second sections that are electrically isolated from each other,
and wherein the DRAM array further conﬁ%ises 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 digisg|inppe g?gﬂ Fm W«ﬁg@ﬁ m; “? ach a| r. .coupling
the second section of the first digit Ofﬁjl ne sfe ‘g '
second dicg¢h colimmeare ¢euplaito thithiirstligibling ofthedespelfiva\igit¢ing pﬁrpl uraI [ ty of

access transistors in each colum are coupled to the first digit |ine of
the respective digit line pair, 21. The DRAM of claim 18 wherein at | east

some of the access2ir amphebRAM of dlaifiP i whatin égteSF ond
digit line of the respective di Slt | i ne pal rrH’tll WW%&&%
wher ei n 4P eashsalomRgreeaupled to thesedond digét line of theirespectiverdigitline mirupl ed to the

fast digit line of the respective digit line pair, and the renaining
access transistors in the colum are coupled to the second digit |ine of

the digit line paiz2. ZSIthDRAMlﬁ‘h €8 @/hbteidal lacSeR Rhdsito?PirPeach
plurality Iof fi eI d ﬁ@_?l ons forrred in the active silicon layer to
i sol ate th? digitdine o rﬂémm%d@tdme peirc ndothp agmaigisg The

DRAM of %Wm lg#l'gﬁﬁ EC&W ﬁl? L,er vvafer 25.
The DRAM of claim 18 vvherel n one t I gl hes: 1S g%ﬂ bet ween

t he handl er wafer and the active silicon |ayer. 26. A nethod of

fabricating a DRA edJinr nd col,ums, . conprising

provi di ng a subst ?Qf %%WB?&M&g%IWMﬁHWWS@Fﬁ%HMEIOI’
regions formed in the active silicon layer to isolate at least some of the access transistors from
each other.

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;



material; 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 being fabricated on one side of the substrate; 17
fabricating a plurality of nmenory cells for each colum of the DRAM array,
the menory cells being fabricated adjaddnt a surface of the substrate
opposite the one side of the substrate; fabricating an access transistor
for each nenory cell, the access transistors being fabricated in the

seni conduct-or mat er fabdicating larphaalityrof mensaerg celik i gadh doluien of tHeITRA NS erh?,e
pluralitygof digit line irs, the second digit |lines being fabricated on
anot her si em%%ﬁéssmg%@edfﬁlfc%&ﬁ&?@qfﬂhﬁ Sbsteate opposite the oo side of each

col um t o tiersebsfate: he fast and second digit lines extending along the
respective colum. 27. The nethod of claim 26 wherein the act of

fabricating menory %bmsating au;ageass trapsison foncectofnetriogy selbshe acessCoEASIstoses

deposi ti nge g % g#&i' el the substrate of insulative material

to form a c F@Bp atig?‘ﬁee:ogﬂdﬁ%tap’ga@ii% ectric material on at |east

portions of the celfabuidatihgn sbendi digit &n@bﬂé@hi&%@?lu%ﬁﬂb‘ﬁ&ihﬁ%é -l €S
to forma plurality of nmenory Cell cCapacitors;
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each of the plurality of diegit I ne parrs conpri ses:

i nsul at i v@igitdines ¢x4¢ndmg aldng thenpspective @mimconduct or material ; and

depositing a conductive material on the deposited insulative material in a
pattern corresponding to the second digit |ines.

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

depositing & conductive material on the subsirate 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 insulative material on the layer of semiconductor material; and

depositing a conductive material on the deposited insulative material in a
patiern 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 column and the Tespective
second digit line;



29. The nethod of claim 26 wherein the act of coupling the access
transistors in each colum to one of the first and second digit |ines
conprises: formng a via between the access transistors in each colum and
the respective second digit line; 18 placing a conductive material in
the vias, thereby coupling the access I8ransistors in each colum to
respective second digit Inmes. 30. The nethod of claim 26 wherein the act
coupling the access transistors in each colunmm to one of the first and
second digit |inespleangra senductive mateyiah ihi thet viagt thefeby | caaplhgt Wee access

al t er nat transi stors in.each .U and the respective second
digit yiﬁg@ﬁﬁﬁgﬁ%ﬁﬁﬁgaE@E§%§$§§F“%¥”V§§£§£E?ﬁeen t-he rengining access
transistors in each colum and the respective first digit line; placing a

conductive material in the vias, thereby alternately coupling the access
transistors in eaci- col Thermethed ¢fclaim26twherrin theashebugling the kéoessdransistorsThe

nmet hod o&&g%tgbﬁéﬁ%@g{%@imd}%@e& ng the first and second digit

lines for eac um a nce as e drgM ¥ nes ext end t hrough the

array. 32. The netfonningfa firsiossetofGad betivbedy al RN dcoéss Srahsitérs Afleadh fcbRingh OXi de
regi on adjacent at. | east éiomiip%f the access transistors to electrically
i sol ate Lespeciixe peoprd dight {065 cach ot her .

forming a second set of vias between the remaining access transistors in each
column and the respective first digit line;

placing a conductive material in the vias, thereby alternately coupling the
access transistors in each colummn to the first and second digit lines.

31.  The method of claim 26 further comprising twisting the first and
second digit lines for each column at least once as the digit lines extend through the array.

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,





