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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 1C in a
further state of fabrication.

Figure 2A is a cross sectional view of the device shown in Figure 2 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.
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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 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”,

The advent of SOI 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,



techni que is known as "silicon-on-insulator" or "Sol"
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WOH1M38si bil ity of fabricating conponents on oBEF&IS0H27252

sides of an active silicon region of the SO

substrate. In accordance Wlhh an enbodi nent of the

i nvention, nost of the conponents of a DRAM WO

02/ 19421 PCTIUSO /27252 4 including one digit | | ne in

. g L e t.ary. pair fabrica cen

inf AR B0 B IR X mpterfinft . affchbigelid fgege e Surtuce of an

activid Slhédii layer Of@hedSOP subghirddé.t Thé Bter digh Mige Wﬂi@'c‘%ﬂﬁ[&rﬁhﬁéxy pair is
g%ﬁ fabrlcated|nthe|nsulat|ve nmat eri al

a?é‘éﬂ the; iggnlafiys saaterial adjpqenictbe gppasiie sxaﬁapv obthsjartiveosilicon layer.

Ad ﬁ‘)f@s'illt b of eSSt vel d%ﬁtﬁ}hepﬁ eddot Bk 'fL ?%h%é sdrkd'§8e of the
need not be fabricated on the sane SI active

active piliean laygre thus wédusing dlaru fabricptioh sorhpbxmesatradmonally encountered in

e e U et R
likoin £ DRAM haviinpon foilded iggt Inﬂlaﬂihltecttlrb ws ndn{r‘ bé ekfRded it fb%rence

folded digit line architecture will now be expl ai ned
tO%HuFFSre%erence to Figures 1-9. DETAI LED DESCRI PTI ON
OF THE PREFERRED EMBODI MENTS The invention in its
br oadest enbodinent is directed to a nethod of
DETAILERDESCRBIEON OF ITEE PREXERRER EMBQDIMENES ar r ay

for use i a oe cand. device.in which a

transi st 91‘“# énflls foa%sfrfggwg’ﬂwﬁt §§16§Ile?t5‘? fo a method of

H‘l’b&ﬁ@fnbmbry Mpaﬁlatiﬁrdsd-dfgﬁ lineratgl feuseGhQ é“ehﬂ&nﬁﬁct&rhﬁwce in
sybstrate. A pai Il ine conductors are then

W‘?l hEensiipTaHaY bspﬁféu%edg o gaubsate fhergafiss qapacitorsme formed on
onE %ﬂ@@f Y sbStrdtd. S Al ﬁ%@l{ &ilit EJHQ E@ﬂﬂh?tgfstage ﬁ{%ﬁ tgxfme% oh°HE Spiposite

drain region, i nes
Sldss eﬁ theisubstiate. c'ﬁhﬂmacmdr isoelotoumak}}c tonnected toeoma affa sduece and drain

sour alnrelom Ref er e her al |, be ,
rogi g il M et phe ek Sftp @Bty SoartioR S5 petpecive ol thecpomece and
drdi@regidnunder st ood as | ncl udi ng a silicon-on-insul ator

(SA) or éfllcon aon- saf hire (SOS) structures, doped

and undoRefereacsnherein ghall by madesty the sarmp “subyteste” eid “wafer”, which
arsStol BeCRReHBR A5 GRThdhg £siRdcion- AR t@@@}ygﬁﬁh{ﬁﬁdﬁ%@% (SOS)

and ot her sem conductor structure
straqires, dopad and undapaé semjcenductods sapitaial layers ofwilicen Supportddisy a base

AR R B e A RS g oo

maidel he ki ‘wlstrate” of “wifei’lig thafotlowig deSsHpti6n, Yreviis! ptoéedd Sieps may
or, foun In addition, the sem conductor 'need not
ha‘ﬁ’eb%e?‘l‘} ?fi EPa§Q%B‘ amERYes @5&9% or guctionsdn qsrpn the base semiconductor

striSdulrb 6 RruS ORI Th! B, KR Bondhidfl OB 2 B8 Bftb&HEbasdd 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
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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



term "substrate"” as used herein may also refer to any
type of generic base or foundation structure.
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material such as siTicon nitra
entire substrate 12, and is subsequently etched back and plananzed with the top of the gate

stack 20. The spacer film isolates 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



alternatively an oxide-containing material. The spacer

film30 typically first overlays the entire substrate
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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
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ol b Y S0 19, By BRSPORGOS g Tt i

chmpaimméohamcub pheaiing ((MPR)gechniyu Ué%ﬁthtéﬁtlhﬂly stplanBiBykih ¥he top
capacitor, hereinafter

ectri ca% onnect,
°fg’§§&'iﬂlsf?élﬂ gﬁ#‘ﬂwf‘ﬁbﬁg'&ﬁlz@e regi on 34. The conductive
plug 41 mumhg ncfweftnglg&eBRr f}ﬁeéf 1g'sﬂb\§/n|¢+nn€xcﬂiﬂﬁ]&egfe\>vogf the

plug since it will ultrmte ectri cal nnect a
sergicgfiductor idgeice skoven imFigure Ziiasw;thl wlditjonal gate tstaeksd @iand a second

o 3, O SRR 0 Bhed U5 PR i o, oo e

stamr 20 em dfe ¢abecufor rcsﬁnecmuﬂalags wp, 422y B6ing s&@@téhingqechmques as
corre ondi portions of the plugs 41, 42, na¥

herg{ogq{% Qq@qg@%ﬁgﬁgpwﬁg@pg@p&@ is formed in the second insulative layer

44, The digit line contact opening 46 extends between the gate stacks 20 where shown in

_bb

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 material such as

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



chem cal mechani cal planarizing (CNT) techniques to be

substantially coplanar with the top of the gate stack
WOP2484Ud hown in Figure 2B. Referring now to Fi gurRETAM01/27252

there is shown an expanded vi ew of the sem conductor

device shown in Figure 2B w th additional gate stacks

20 and a second insulative Payer 44, e.g. BPSG which

is then forned over the first i nsul ative Iayer 38, the

at e s..2Q and th aci.t or, connecti_on 41,
°1%aé’m&§§ %&E@é\“&ﬁ? ﬁ‘fea thsadhgsion;f Pé?'zﬁﬁweﬂy deposited plug
wilkiadhé e6nd ﬁsxﬂbtﬁietla)‘et 98 q@s h&ﬁiunpﬁ%hﬂgwﬂ‘lﬁaldosfofﬁ W8 donductive

|ntge second insulative |layer 44. The digit line

matsrigldeyerse Bsilisige atdheRationyef theeamtashonening gnd di-uitradken tho sides of
. t h,t
mﬁ“&?gﬁcﬁl;%ﬁ}ﬁ n Thgélegsu ﬁ'fl-oé\?e ﬂ%x%ﬁl%{eﬁlaltseés élﬁggrgtestpﬁw silicon

substrate tSn&om beihg demaged tihmgsthé éubmqub:ﬂpﬁjrg dbﬁos&mV e the
drain (und materi,al such as
titaniu @ﬁﬂf)é S%%@H“H%d éﬁ gtbes digit ffae gontach plug 48fis deposited

intthe comdt aspeniP B! Ging Qieﬁés‘itﬁﬁl k¢ RAGHIm WP 948 example,
PCT/ USQ / 2725 8 cléaning s his titanium
tupgstes, hexailyogide W@s) andesilaam g%ﬂdrar@freaateé awdqu démelrgaction chamber,

0 iy e
foﬁﬁ@&isﬁ){ %ﬁ?ﬁlr%ﬂﬁ% ?Eﬁ‘%‘%&n g%e(l-f ??o z%?]or m lgtgﬁ athpg?.i \[}'g é‘ilgﬂ line
comcieplugt 8| likpethe dight limi ¢dntictiplugt4 1} b@‘ﬁw 4 géﬁpélftl]yé leain region 36.
n the sides o

Be%g‘??tl: "g’g‘éﬁt%g he‘ﬁ‘f@-é _Eéséﬁauwﬁ’c%f%nﬁql AY %motﬁléﬂ gjde of the
suBstfee n?iﬂé 1Right 8£the St 1ftel dofitalt op%ﬁdﬂé 46 BAEPILS 48 E%aﬁgdt&gby the

damaged during the subsequent plug deposition

height Pgéhe eqmws n IFiother evosE, ﬂamﬂeof bothithe bomiect cperting ¥6 and
su?peg& ? %;f]b itex 07 JfSExglsll é\%ﬁoﬁ%?@ggfgﬁp%g%&? 9‘&@%‘?%“0% have to

betas tajistsdie ¢tnpacifoks. dﬂo:deve@,\ﬂ'féiéelﬁd’lﬂinéﬂ doatact ((p%hl 4@aR 46 and plugs
cti,on chanber,, | owed

reacted. together .in a r
2| R A LT gefyh Sagted o Ao b bieduent capacito
foiepibet ed silane. The digit line contact plug 48 |ike

the digit line contact plug 41, contacts a respective

drai n reflserfhown in Bigy ateh@dd@pdcpmah@alsplugs 50, 52, 54 and 56

coﬁ’:?fa%ldg? %lﬁsganqglf}pﬁlb e o%%dll?ﬁﬁaﬂeﬁaﬁ ?m%%e%— é’;B o t(%glt line

-D

p—

substrate hel g
contaqt@lugctt ugsdfend 6z eﬂtﬁnxhﬂhtbugh thg sddnd andifint ﬁlemm 1B)érs 44, 38

h t h d
T TN P N W
theﬁiemp?dcﬁ%j gitb Wghckd3 ZWahl'l tﬂ@u@ﬁﬂfé%&@l‘icﬁb@'c%‘tla er 2% and stop at the

ndependent and thus do not have to
P°1t>'ﬁl=3°1€%abé(%r 24sshowm incBigete 3B HEhe sylating @p é@etblnhadieen removed

Cfﬂomdéﬁhg{g %}g)gm%ﬂ and 48 will be

preserve not arfe r destroyed, during the
subsequdkeferciag aew taFiguk SCoatvintig. 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



Al'so shown in Figure 3B are additional peripheral

H{ﬁﬂs 50, 52, 54 and 56 conprised of substantially
W e or sinilar material as the PCT/US01/27252

tungsten-containing digit line contact plug 48. Plugs
50 and 52 extend through the_second and first

i nsul ative layers 44, 38 and stop on the surface of
the silicon layer 18 of the substrate 12. Plugs 54 and

PSSRV (14 TR, B Poch 0 Plapbieed 2515 GGF (gt horetofore
deperibea) | TheicdRerl MeewirRd RAneeROWbil Bnd bEHAL 01%?& I&a:]ﬁgﬁeasubsequenﬂy

i nsul ating cap | ayer 31 has been renove
fogped aten;the sespective RBgscising substgntialisothe sanaswr)simife igateriahgnd methods

: (o ]"Ts I 0 r.digit line
ag('}f)h‘r%’ Eg%egrtggéﬁtgg?lﬁ%hwgf or%%eé-cgﬁtg%ix‘gﬁréat%} “line contact
pl U% 48 Rnfénﬁltganaveapﬁ'xggr’e\Ae aplgibtgﬁlsﬁi@ﬁveai'zl}{er%?, ag.dlgﬁﬁc&, iﬁ formed
Ea Wi IJd ng .connect integrally formed wth
s1g, 10, sop il BRI oy 40 onprlve B aPeg emigliditr armay and in ffect
“bilfex? shet dlsvfricdléonfértibgy, mat i on of the plugs to cover the
second insulative |ayer 44 and then patterning of the

wiring cBafEing my teditsuse S the ensirasamiconduaondevics 0 ys subsequently

fote £ LNE , 54 and 56 -
B e aene2 RS PRl Y 150 e, LByt o lppins o
the@xeafes 4ZandETAYBER ALaffbed or Bonded wh thisithirl ihaRive &yePFhusif known
et ched bacl§ 3{? @J anari zed Uéi g.CN2 techniques as ]
SeWé"r"E‘?‘lﬁ’fo ST RODETE JRAIM A e r @R FEGPT Shoma ipitiguiedcbrmew igverted
silfvon teyer 14 REhHORMYPEIBySetétfLHTME ntidas géjﬁe%?f,tbfbr AR as well
atop the respectjve pugs using substantially the sane
as gy cg‘-mls- aFhiprier plagsrizan gw mewHbieted aapagitar cotmiectioneplugsct2 with the
: t.ens: | ni_n terial. .
ton, G 0 BN el vttt 96, E8 PERBY Bl R0y G ppron ot
cap@itorzognecBiSAngi 42.f ormed atop the second insul ative '

| ayer 60,overl|l ays_the entire sem.conductor array and :
in eff _ec‘f“s ShQgR ‘%lne]g"g“rf’ e? gq“é‘gt“?si“g]ﬁﬁ @Bﬂrﬁécf-g-o?%s.c\{’ is then formed
ovétethe bk B8ide Wyek 96 ahd WeCcapacitol %ﬁ@édohgslég% ML Of}%%hg{ the fourth
I ver or "flipped”,

device 10 is subsequently turned o

insylagiye layen §4 dgpichsd and: eapgeitpg Openings ifsare Jorstedpdavar tot the exposed
i NG . laver 62.iS

w8 g s AL 2 0Bk MGl Pt v

capasitorplate 68nis famnd doemth of dre apehings Gbadi is @ldceivhily Gimscted to the

fur r own i.n Fiqure. 5, the now inverted,
soiffy {obleh "Fg/e Hnridlor ik Rkt i T Streckir rgmiretionplug 2. As
shovat BOHiguRs, Singlspmeie ARG lehituds Welilit 1iAS chMact opening 70 is

cl eavi n%. This step planarizes the nowinverted
formgd i the dpurihoinulative davep 64 msalignmentiwith the digitdine cbnnebtion plug 41,

A SRS ol U 5 ol oYk N B 7 o

imprbvey shed&lhesion 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



As shown on Figure 6, a fourth insulative |ayer 64,

e. BPSG, is then formed over the box oxide |ayer 16
WOB/184d capacitor connection plugs 42. Ther eaf t CT/ES08/27252

fourth insulative |ayer 64 is etched and capacitor

openi ngs 67 are fornmed down {0 the exposed surface of

t he capacitor connection pIu 42 usi ng net hods known

in the art. Thereafter, capacitor plate 68 is

farned in e of. the . o enln s 67 and js electrical

oo el Beh EvmaBieongs dien dapisied e ket dgietal 80 6

A
fothtaccel iphitk RbBteVthat tﬁé‘ﬁ)nﬁﬁ’cﬁﬁg 'rﬂa%aF@Q fehﬂlﬂat@é %%Inggf thd Flug 72.

shown in Figure 6, usi ng]nst andard et Ing tec ues,
Azsuifpble insulative msteriak 84 dpthen .dgpomed gver ftlor candugtive trhaterial 82 The

t th the di )
a8 T BASROHY Bpandih B O, o P ERbingl ¢ ot oo 38 in
alrgameiuemtlﬂhddigitlmeatbntidﬂﬁlugﬂsl de of the contact opening

70 to adhesi on of a plug, 72 of conductive
mat eri al T‘Egﬁbgf’ aeeTRPRh it theeconbt eRaningofikfirribe ping Thend the

catabopéring 88 4SAS bdrsbt bRg D $raQBE %rgﬂd kB tHe e af

means so that it is in "elecfrica tact w
thejjogenings; 7Qe 8% snavbe farmed by atsingte mmajten tme inguativh onatenah 64, 89 has
be%hF o§‘1teZl a layer of a dielictic material 80, such as

i'con nitride, is deposited over the capacitor

pl ates 6&sahsivi inFiguee B seedigis Lifd @aticilug 9®is itimbidd e the contact
| aye g) te that the dlelectrlc material 80 is
0 %%g S8 by sp)rtzggq Fﬁ@‘sccﬁ‘lfi%t m,gwgygdup@r 96 ig 319@ forgyed wop the digit line
coQ’Eﬁétlﬁﬂg’2 o PCﬁ[e %Q&Jc%?%%naylpe ﬁ%@g%ﬁdonﬁﬁga&oﬁ%@t plug 90 by

such as pO ICOﬂ is tthen
suiisbilemesriscs tae dpggkib@Datoye fdr dhancenduaiér 58pdndtcBntathl®g 481 aFmally,

ri 2 tes s
b SARNEHE 1R o cPR 010 B HATMFR AR by o
andhxeﬂmdsapmsmhsi;ddem&lbedt he conduct ive material 82. The
mat eri al anarlzed by CWprior to

4 f b
et chi ng é‘“ﬁ%‘:’ﬁ%‘@l"g 7 ﬁ? Seqt'ﬁn is:shp W sePiguagi9; The fabrication of
thidlkdbbhd émmuﬁaﬁt@ﬁ&ntﬁhﬂe ﬂ?ezfabxi]ctatléfﬂ of théggn gﬁﬁ bPRRukd B8 up to

t he contact opening 70 for
and isluding thpedep WW&SD quretéh eThcmaﬂercinsqeiquf fefningy céigtact plug 72 as

A th
o TRl 7 1500 S 1% e AR e B B o
contg@ qoﬂugfcmo endatdiyi lide cﬁlgduc% 1 ltm.&e fdme? b&t@Bﬁﬁl‘h& e cp&i plates 68 in
own I I ne, cont ac
<GB PP it i e B husst, g PV wgmatril 16 eposied n the
rereides of fheCdoiitabt bpenfhg Cmduﬁfe%m%ﬁdér%fttﬁ@ éﬁﬁ'ﬁ 6%%981 formed

the digit line cont act plug 90. The con

substantigilyeag shown,infRigure 8 W|th the contact plug 90 by
1) S B£8R e et

used. For example, with reference to F1gure 9, the capacitor plates 68 could be spared from

S 6ﬁor example,

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 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 a memory array have the same electrical properties,



anot her insul ative |ayer 100, e.g., BPSG is forned on

the insulative |layer 80 using materials and nethods
WP hs| y described. Anot her embodi ment of t he PCT/US01/27252

invention is shown in Figure 9. The fabrication of

this second enbodi nent is icﬁnti cal to the fabrication

of the enbodi nent of Figures™1-8 up to and including

the step shown in Figure 6. Thereafter, instead of

. . I 72 h i..n,Fi .

b B8 B H0nd il AU T S ot

inllmmkhyi mhjgm:rmnﬂ:aﬁszindwmyf are (pgﬁategl Fdntt@pvtisﬁﬁ sideel o@_tl%ﬁ Sitbdtrate 12.
IL.ne con C r, ar e or e en e capacitor

P st dis !Jhi“&sh\‘i‘é% pe Wﬁ@ﬁ;@ “%ﬂ%dé’as P iy Gigure 10. As a

resulte b A 1Rfe, coRBudidiSIvh 34 bﬂ@{)ﬁ%ieﬁlé ﬁ{emlaéﬁ%aé' ng%g Tolich o digit

.the remainder of the contact openin
linesppdustvon 1 24 in 2 differaphparh ofthe amaye andheice ersareWith reference to Figure

subst.antd al | v, a wn i n,Ei e 8. It wll. be .
10 W8E0 R cotabiog 1208 alact ek i o iy Ofe seions, s
Similadys @tk lower digie tine bndu@uEINali€ dividedl o foph &8 MéwPerldRgit line sections
e cap or plates 68 could be spared from

igure.9, th R 3 p .
134§ f‘*n‘%}saﬁ)s?edraé&%@hd 1600y agopdigiye Rivg | Hstiptaxiepds from the digit
lingRbdtioh ak 84, tRlough e shbsiak @ & %gld'ié?@ﬁ‘necﬁ%wi& p@b. b!{‘ 5%081% via is

in such insulative naterlaf. aresult, a I gl I ne
foransd and filed todounsia pendpesivie plugrids, thasextendsifranhithe digitdine sention 128b,

I i 1 under.stood. i art. jt is .
o BB 54 Siphol im0 S B LI o Sntpt
that bypses i @nfiuddive plug| 186 asd hén axtemIabYveahs %it IR Sectib£130a. A
Viqsﬁgﬁlfgl ectrical properties, WO 02/19421 PCI[ USO1/ 27252

5dtllod i vHER @ Fendustie malprial 9 Eavmen PP e ot exterds dragh the U-shaped
condub®$ 1401 té BR cﬁ%i? ﬁh@&%ﬁoxﬁ iRdi ﬁfe’%lggsafﬁ 150884 g&r}{ggés&?rt 1640 thus

non-synmetrical since they are posrtioned on
coupileighe digitiline seetivnt ¥28b do 1R digitdime tshitionri8sorThe tdigit Hhegi hay be

' ; riodically "tw sted", as ,shown i Fi gure
ol S0 B 0 e o LR A0 S gy ol so
thapboth digit lineehave Mty syma keledtyicdl dropbgies,oupl ed to a digit

i ne cogguctor 1€éj n.a different part of the array,
and vi ceAvBFRETY GpYiep 280 thalnpses mempryy pEay 202 acperding to one

em8bdimbnt! dfNBle GRARANGT R sndef ih Fighhe] lge%«f Hwtn%ﬁymi%m 3D il udes a
digit line sections 128a,b. “Simlarly, tHe [ower
comgmgnd dedoder 20$nthatcreoeivesmernery diowinsied throughos motwand bue208 and

o . 730m b il o

o bR 0 0 B ek B o

de\tlid(z)eeZ(lﬂ)i t@ﬁl}xgh lgn mﬂ@fkpﬁu& @20 htﬁﬁm deblg%egllg'k fd%eacﬁlgl&§ ldeedider 224 or a
e I ne sect]on D, secona via I's

colpigh pdfoss fooder ¢ quB‘?cF%fﬁ)h BeusFARIHiers 0 epupled to th gray 202

to Fro¥ide E’eidfcfaﬁ"fbtarﬁtéj&%ﬂalft buitte238 ]t iﬂ'}ur}x?%’lies {8 ééad data to a data

conduct or 140 formed on the subtrate. e conduct or
bus|249. hWsiteodats. arapplitddo e memery iany thréugh abdatampetshuffer244. The

b“‘?‘?%%’!‘céw&“ﬁﬁ%bég‘fgg&ﬁ-d t hen extends above the digit

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

of the invention have been described herein for purposes of illustration, various modifications
may be made without deviating from the spirit and scope of the invention. Accordingly, the

invention is not limited except as by the appended claims.



viais filled with a conductive material to forma

l ug 150 that extends fromthe U shaped conductor 140

WOP2IpR14i git 1ine section 130a. The plugs 138, PSI/U#27252

conductor 140 thus couple the digit |ine section 128b
to the digit line section 130a. The digit |ines may be
twisted in this manner one or nore tinmes as they

extend through an array of nenory cells so that both
digit lines have the sawe(ﬁbﬁéﬁ%ical properties. A

menory device 200 that uses ry array 202 according

to one enbodinent of the invention is shown in Figure

11. The tenorj d@unierandih atetsidenod (“DRAVEY e §atkiRAted on a
rec s nmenory comand t hrough a command bus

sil%c%g-gg@ulaégr(gééf’bglbéf&% é%@hﬁ&‘_}&ﬁg control signals. A
row or col dmmgds dlrﬁérﬁofy Ecggp %%@g% 21'? 1SWE afiE g@gﬁﬁg@ Q@{éreggv a first

200 through an addr ess is deco
sugfaictrof 9B actvesilison RPer of thegubsiralerm addr ess decoder 228,

respectively... Sepse. li.fiers,230, are coupled to the

array ZOEPL%{%II% Pgéﬁg’& Ziﬁgg%{ff exiepding glong gagh co ymemory cells, at
led3tid hartion 3fla tik0lligitlifle b£dabh pAPWiNLEbIdARd a8 tleTFirktQuidace of the

datg,. bus 240. Wite data are applied to the nmenory ]
actlyq siliconrpystpmd 4t least # nopomcof giseqond digatlineaf eachypain fabricated
dfadén | : r ing it .
oot s S0dor MIRCOR b R sl oy BELLOR MEREORURP st from
thefirst swefateaerdit i on have been described herein for

purposes_of i.llustration . varipus difications

be" hocio. bty ChatrRin PRI 5 ol e ot pech of
thé BededsrtrBibiofsin ACIE B616thA Bbirg chillfed batwedtd RBpdclivdRlemory cell and

limted except as by the appended clains. 02/ 19421
onpes the Gest padrsesond digit FneapfAbe reppectiveidigii ine P#iandom access

menory ("DRAM') array fabricated on a

silicon-on-insulator ("SO") substrate, conprising: a

pluralitd of HeenBR&Mcatayof drinahgdwrdimthedinst and second digindines of

dj acent,. & fi.rst .surface,of an active silicon |aye

ealf bt 9 it P ot 1 el Reog B it ool cleted rom
eactxbthéryl ki watreiohe DRAM Qbryurbr £6MPRsYs £ Bhik OF cétductbRakiending

a'ﬁ’?rtion of a first digit |l ine of each pair being ]
thrpygly the a¢tivg sHispn dayver ofithraSP} substrate for sech o plurelity o€ digitdine pairs,
e y . o _

il SR s S e SsPRLEGEL 8 8 9508 o g seond
seation of thessgedndatigibling, laed thetsaopd sonducion fdragelr pait doapHgriha decond

sectidh Bflﬁ;ng ﬁps? 'd.&gt 128 Qooénie ‘ﬁ?st ];ercgt% oft tﬂe? se]:xi)r{ds ({igifc’ Hrrlg ace; and

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

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



a plurality of access transistors fabricated in the

active silicon layer, each of the access transistors
WO2d%24k col urm bei ng coupl ed bet ween a respect i PET/US01/27252

menory cell and one of the first and second digit

lines of the respective digijyline pair. 2. The DRAM

array of claim1, wherein the first and second digit

lines of each pair are divided into at |east first

.second. sections,that are elecfrically isalate
ro A R0R RS Wt e o Sie Erdiesshelsfet Bt e et
pdonpri ses a pair of conductors extending through the

active silicon layer of the SO substrate for each of

a plurality of digit Iine pairs, the first conductor

for eachgpair HRANM fd St ] : |

digit Ii nGE toT?ﬁe sec%#gp%sfedcl:‘{n?olnig@at. E‘gh@isc%% pgilr%lﬁ of field
oXiden eegiams dforrhed de thenattive rsilicon dayef do isdwd ap déast emmplof mlap access

h econd .section of the first digit line to the
t%qsﬁg’?sé%%ﬁcgno St t he second di git line. 3. The DRAM

array of claiml wherein a plurality of access

transistqQrs in,  each colum are coupled to the first
digit |irde of TRDPRAM seay jof glamm Ji Wherein dhg,80F subgtratygemprises a
haaeMyvadef ay of claim1 wherein at |east some of the

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

5. The M ary a claimJd whereipn alternatin .

access Pr%)gnsi %?bsl&lhﬂ o C%IPIHI‘rk ‘gﬁ‘geleo f)lné?in‘lrg Gl comprise
redpettite ribn@liry céll supadifors HisricaRa PELlayerof tsalafivd hatgriddai r and

the WD 02/ 19421 PCUUSQO /27252 13 remnmi hi ng access

transistors in the colum are coupled to the second

digit |lige of RANDI [P ] : r .

of cl ai mg'l fuﬁl gr colrarlrrpaidsfi%gaglym ga‘%}Feﬁrgme;E 5"%8?%@4 elﬁ% o?\éachpau
is Eabrigated ingilayes of insulative mmateriak active silicon layer to

isolate at | east some of the access transistors from

each other. 7. The DRAM array of claim| wherein the

SO substo.at eTRODRAM &iFayeof did! Wherdiabaé of the fFRQANPRANK digit
.arr of kai m 7 _wherein the nenory cells conprise
h%&ﬁ’é%ﬁﬂ?@ ehisen (e bandler wafes and the activg slicenyleyar. i n a

| ayer of insulative material. 9. The DRAM array of

claim7 wherein the second digit line of each pair is

fabricat &b i nAadynamisrrandon acsedsanémery (HDRAMY) arrdy) fabiibeted on a
Sel@;@gﬁnl%{oé?%I?S'F‘];te,céoﬁip@sizlgWher ei n one of th-e first and
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 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



lines is fabricated between the handler wafer and the

active silicon layer. 11. A dynam c random access
WRMRIP421 (" DRAM') array fabricated on a seni condPETEFS01/27252

substrate, conprising a plurality of nmenory cells

arranged in tows and col ums lgdj acent a first surface

of the sem conduct or substra{ ; a plurality of digit

| ine pairs extending al ong each col um of nenory

cells, at .least _.a portiqn of a first digit line of

each pai P&‘éf;ﬁgi of g‘if%fsmﬂ“é dsbricatad 1 the sqmicanductoy sulsieate, each
oftthe hddess tRBETIGRMIA eAchRblufibRidsEbiplePhiiwédh o B&ttiv@ memory cell and

portion of a second digit Iine of each pair being

oregfithedipteand serond digit linesof thorrespaetive digit lint peine
sem conduct or substrate, the second surface being
opposite fromthe first surface; and WO 02/ 19421

PCTI US01/12.7252he DRAM piray of dldiy 1df whereimsBe firsammd setenddigit lines
of

abri cated..i he sem cgonductor sybstrate, each ¢ )
of gk BEE aBCaivied 8 3 et i RescB ot b e sigsigaly solted
fréxft saBle dilRr, " AFPHArbM SthETNAM gk cARRised al '
and. secong di gi t_rl li ﬁﬂe}s of thgﬂrylespe%t?ve 5?59?#&% éfes&tducms
exteading throughrthe sexmispndueton yubstrate fori eashl of a phuealitsi of digie line pairs, the

' f..eac . ar.e..diyided
fpt blin 26 cn S50 Khif bplng it 1 0B B e 10 88 Socoma
seetiancafrthe seicbnd digiv lline,ead ther seoondaohduatd €6r, eactn faivbiplihgthe second

t he rr.ay.furth conprises a pair.of conductors
Se‘é@ﬁ”@?ﬁﬁ%ﬂ&#@éﬁﬁﬁoﬁﬁg@ém Bﬂgﬁﬁﬁ‘?frpn digt{ipet e for each
of a plurality of digit line pairs, the first

conductor for_each pair coupling the first section of
the firsd3.di gfhe P gyt df slaina d & richereire & plupalitp6f ackess transistors

_ g, . or for. h
in SERRORnf 81 LoulefiTo 18 B AR IBEBPAE EPRRYCEE pudPuif 071
line to the first section of the second digit |ine.

13. The M,@Erw claiﬁnél wherein a plurality of
access transist% AT8% Ch CEBP rin™haren @6 dessletprre,Of fig access
trahsikteis idleh Cohimf@rddoupla® 1d 1S RB6d c}il\%t Fheddfiind delectid! digit line pair.

14. The DRAM array of claiml | erein at l'east sone

of the access transistors in each colum are coupled

to the segon i ' f ctjve.digit Line .
pair. 15, Tﬁ%ﬂ%daﬁhgf ?8?{“2?}15@1&%% %/‘v er%g?%%cgss transistors in
eagtl calumatdre goupdwe s therfirmtsdigit dine dfrthe adpectiot Wdigit Hfie pair, and the

oupled to the fi.rgt digit line of the respect.ive
rorftR BfcelsdeapatFior i g iy sresrtpled e sccoad Bk b pishe it ine
pairn the columm are coupled to the second digit |ine of

the digit line pair. '

D

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 (“SOI”) substrate.



16. The DRAM array of claiml | further conprising a

plurality of field oxide regions forned in the
WOMH18Bhduct or substrate to isolate at |east sonmPCIIUS01/27252
the access transistors fromeach other. 17. The DRAM

array of claim21l wherein t sem conduct or substrate

conprises a silicon-on-insulator ("SO') substrate. WO

02/ 19421 PCUUSQ /27252 15 18. A dynam c random access

menory (" M)).fabricated on a silicon- on-insulator

("sa ™) dfbst AvaamicImsiomsacetss memorKPRAM febsiepted on A gilicon-
oinBIbtAHBOV) SbsRERbIpRghLS ar ranged in rows and -

colums adj acent a first Surface of an active silicon

| ayer of atM@Wrcamﬁsiag pIplurality of mefmodi ¢ells atramped in rows and

j ' ng. each | u of ry.cells, at
Pt Al BB B St e o P Behes e

bei ng f abmplualitedf digit diae pairstextending slong bachaekns! oftrhgnory cells, at
Iagtiv Si i&pn Ja){,er, and at | east ,a portion of_ a
oast & BRTHOR PH? HIrsf fligh lige ofeach rginbaing,tabrigter adiapenh thefirst surface of the
cfitd SHEUM layer, 508 AP Gast W loRtih dtfa sbltmd A i 'hfcﬁs)ali} e¥SHhbri
at_he secoﬁ%lbrsurfacg beIiI.ng qugsfbt%e% ﬂol‘riﬁ%c{?ﬁéé rsl% bricated
adiagentacsecond syrfageadfithg/active siicaasleyer.r the sicond swfatabeing eppesite from
th%ﬁrswﬁfa gtive silicon |ayer, each of the access

ransistors in each colum being coupl ed between a

res pegt ij;t q:_lm‘ﬂjﬂp lof am]‘fsl u&ﬁz@ﬁtorsoﬁ'ﬁri@_fedtih ghd‘ athrl& sidio6h layer, each of
secon igit lines the respectjve digit line palr;
the, ARt tARPEpIS IR <SG Rl IPiPg OBNRIOC, ASPeBCE FegpecHis emapy cell and
o the TR BAd Sooid digit RS oPfhe rdsBEE bl ﬁng*)agf;t l'ine

pairs; a row addreéss decoder for s€lecting a row of

nmenory célpluality of eense moplifiers goupled tovihe ikt @sd ;secand digitnkines of

: ., for selecting a colum of nmenory cells

e gﬁ@?@éﬂﬁ‘%g’gﬁ%o a colum address; a data path coupl ed
bet ween arevwenddresaidpdddés fof sdleitingla 8@ 6EmefloGVellEorABsbnaig to a
exé%rnal data term nal of the DRAM and a conmand :
TOW3Eda¥r operable to generate control signals
responsi y ecdl@nfeiidiess GRBIRNER 8Rkiheds t Q1 (?Q'%Mm

19. The DR?AM of cl ai ?n 18, wherein tlhg i‘%sﬁlrﬂlgn secornd cells
cogpspprding tgacolmn address;

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

c

(o}

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 pair are divided into at least first and second

sections that are electrically isolated from each
WetRd9421 and wherein the DRAM array further conprPSF4ISA1/27252

pai r of conductors extending through the active

silicon |ayer of the SO su ?rate 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

oot oo DAL 1 et bt i

ir section o secon i gi i ne. WO :

cahy gl i3 poupjed tpghoryst drsiblinorek Mieespes it dieiblingreicei n a

plurality of access transistors in each colum are

coupled to the first digit line of the respective

digit |iAb palhke DRAM qfulaibRAWhskein hidleast d@nebithe aovesatiransistors

n o155 e Cuple o RE SRR O e S ety BER SR
digit line pair. 22. The DRAM of claim 18 wherein

al ternatjng access transistors in each colum are
coupl ed #& t hBherPRAM ef gJeim 18 wherejn altpraatingsgseast itrausistors in each

[ : I [ . a6 . o
coftfl fro Lolifech®!he ST Bisk e F R BBy AP MAM e ifaining
acgdsgtratisigiors injtieecofimn are 2Qupletiite thoRédund figit|limi 0f the dfgitrlink @air.

conprising a plurality of field oxide regions forned

in the active silicon layer to isolate at | east sone

of the ag3iessTHe BRAMSbOEGIn 1D firtheA6dinstishiy a plafhlity6¥efield oxide
DRAM of c¢laim 18 wherein the SO substrate conprises a
Tegionsdoraned i fheaptive sslicor jayeripagolats at deagt someof theaeessntransistors from
cafothde digit lines is fabricated between the handl er

waf er and the active silicon [ayer. 26. A nethod of

fabricating a DRAM array arranged in rows and col unms,

conpri sifHg: ovl.dj substrate of ,nsul ative

mat eri al i}% ov 2{113:%19%&%}388 ﬁg HoErsm tgﬁﬁ@@’fqbéti’%te comprises & handler
wafabricating 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

fabricatgd orraNSRAMISE cifiin |8 Snetdls biePd e \WRiP Bk 3¢ Fbricated

PCT/ US01/ 27252
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;



17 fabricating a plurality of nenory cells for each

columm of the DRAM array, the nenory cells being
WPLBH9424t ed adj acent a surface of the substrate PCT/US01/27252

opposite the one side of the substrate; fabricating

an access transistor for ea menory cell, the access

transistors being fabricated in the sem conduct or

material; fabricating a second digit Iine of each of

.2 s S 0 R B
the memibtyedeRs beélgl fabeickid dlghctIQ sBERRVE tel sAPafl RpSsite R Ride of

colum to one of the first and second digit |ines
the.subgiFatting al ong the respective colurm. 27. The net hod

of clai ”fg%ﬁcé‘ﬁﬁgraﬁi aﬁcés? Srafididtorfor oAl | grﬁgl.gn&llwﬁgoa[c}fess transistors
cel Is adjacent a surface of the SUDSEFPAte torpr aes
beihgSalgicated in the scomidondui¢tormateriady i al on the substrate of

i nsul ati . rial t.o,.f.or.m cel | gte;. d sjLing,
a dielec aﬁpgﬁé}gtae fopd ddﬂ{)‘[;l?e ?é%?ﬁﬁ °tg%trfq'btﬁ§tyd§ %?31@‘?%%‘“’ the
seqaind digit lines baingfabrigitadrondlahdtierdide @B EHAGERHMR; &ldr UCt ures on

t he dielect{,ic material to forma plurality of menory

cel | captRupling the agergs Erangistaryin orch celmde ope of the furstand second
dioM Tidds 8fterd 1844 e%rc | @hym28- The method of claim
1%46 ergi n gﬁgaﬂéigr ?gdbcg)lhcati ng a second digit line

of each of the plurality of digit line pairs

conprises., depositin insulative materjal . on the

| ayer of§7$em ﬁaﬁb?cg?faﬂﬁ‘f'bﬁjﬁ’ ereinfhe a e‘ﬁjc@?rf‘iaﬂ’ég memory cells
adjacmtls edrface oftib SibisRate Bdinprizes: deposi ted insul ative

material in.a pattern corresponding to the second

digi t |idfpesitinga conductive madrgiaben the sybsirate ofneylativie matasial to form
acepla®f coupling the access transistors in each colum

to one of the first and second digit |ines conprises:

f or m ng depositingedivleciric materialome Eeast partehsvfthscedllplaeach

col um d the respectiv second digit lLine;, WO
02/ 1942 1OBRRE EEFFIY S %’ng'i“é“’ﬁ Ft&tchﬁ?j o tﬁ%ﬂaﬁm {naterial to form a
plui@lite6f Mémaory cbil apuéifdss; ahd1er eby coupling the access

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

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 column and the respective

second digit line;



transi stors in each colum to respective second digit

| ines. 30. The nmethod of claim26 wherein the act
WOMAP42hg t he access transistors in each col unm PCI/Gsa27252

of the first and second digit |ines conprises: formng

a first set of vias between gl ternate access

transistors in each colum ‘and the respective second

digit line; form ng a second set of vias bet ween t he

remai ni n ' i C
respect | gla Erst é&'ﬁﬂ% I%%laﬁger;ﬁdp1 acl nV 2 tggrulgﬁfﬂllaglg fhe access
tramsismsiialeaahrmotulnmtotrapectitrh%ammgt In&lsnat ely coupling the

access transistors in each colum to the first and
second digit lines. 31. The nethod of claim 26 further

conpri si Bg, t Wrgd in@tﬂo& S Rt wikRbn Hﬁ%ﬁ%ﬁ}glﬁﬂg%é adckdd §Rnsistors

for each colunmm at | east once as t
in gsehealimnp eng of mhﬁrsmndesyoonéﬂlglt'ﬁmes mpmsds of claim 26

0, S0P TR o o iy et o

and theatspectivie lsgcond digittlme;access transi stors from each
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 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 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.



