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[0005] The processing described in U.S. Patent 5,741,721 can be difficult to

incorporate into various semiconductor fabrication processes. Accordingly, it would be
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be incorporated into a dynamic random access memory (DRAM) cell. The DRAM cell
can be utilized in an electronic system.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] Preferred embodiments of the invention are described below with

reference to the following accompanying drawings.
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[ 0009] Preferred enbodi nents of the invention are

descri bed belowwth reference to the follow ng
weaceenpzeyi ng drawi ngs. 2 WO 2004/ 102592 PCT/US2004/013963

PCT/ US2004/ 013963 [0010] Fig. 1 is a diagranmatic

Pb@éﬁ SeCHPAA a\HiRMarAinafic 5:R88-S8RBHENAEW WP Qémlconductor wafer

ragnent at a prelimnary processing stage o
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ifveBtioe 1S a view of the Fig. 1 wafer fragnment shown as

a grocessm g stage subsequent to that of Fig. 1. )
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tqogg},e nt § @113 gltwe'dv PriBe &igsil mgaf%rtfrg@gweng glﬂglgh@lt@n@rop%ssmg stage

stib&queht 15kt oPFigl 8014] Fi g. 5 is a diagrammatic
cross-sectional "view of an paratus that can be
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%?m'@V%Wﬁuter [0017] Fig. 8 is a high-level bl ock

fioast anFigf 6 A GlhgFINiRMCVISY 5t £ BorReGeF Mugt@nh? aBRxemplary
exemnp Iare/ aspect of the present invention 0018] Fig.

applicgtign g tﬁﬁlplr?sie@H'“BP@W di agram of an exenpl ary
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resent 1 nvention. TAI LED SCRI PTI ON OF THE

FERREMPER/BODI MENTS [ 0019] The invention i ncl udes

fdorwrt UFigS8 i WiahGéveRblodly Biag @B drbélBErdiR) Slstent acddrdleg to an
metal boride and/or netal nitride is provided

XepRlanatepest dEbaPresendvaliiglectric material . The

[oR e’ CRigho fea §|arrpnh@1 lﬁl@(ﬁl@(ﬂlé@dlﬁ & amsexddaplary wlefrénidkysierd
nmetal, Cis car g nd x 1s a nunber greater than O
acRerding P @A RERedt o g‘et':ﬁﬁ??né'”"?ﬂté’nrret al boride can be

referred to as MBg, where Mis netal, B is boron, and

et o RS rhB MR EURGA A > o

Mms a nMet®leinVéntibs intlides §Rctu@Bth Which adaysi @b@prising metal

o3, Frshi oS e MR e e P el el ige et
ReAdl, The nfet@enefde cabe AfériedtoadMe), whgfei‘lﬁlt@ta ntehanoﬁ)s carbon, -

ARt B ek et o G YRIEeRy b RG At RPBD g oan be

reRYyr@t to as MB,, where M is metal, B is boron, and q is a number greater than 0 and

typically less than 8; the metal nitride can be referred to as MN,, where M is a metal, N
is nitrogen, and y is a number greater than 0 and typically less than 8; and the metal
oxide can be referred to as MO,, where M is a metal, O is oxygen, and z is a number
greater than 0 and typically less than 8.

[0020] The metal oxide dielectric material has a metal in common with the layer
comprising metal carbide, metal boride and/or metal nitride, and such can improve
stacking of the dielectric material when the dielectric material is directly against the layer
comprising metal carbide, metal boride and/or metal nitride. The layer comprising metal
carbide, metal boride and/or metal nitride can be a barrier layer between the metal oxide

dielectric material and another material, and/or can be a nucleation layer utilized for
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conprising nmetal carbide, netal boride and/or netal

nitride, and such can inprove stacking of the
wdized4sa0292Cc naterial when the diel ectric mater Pai/uiSs004/013963

directly against the |layer conprising netal carbide,

drelil of Y ingel 8xidé aleld®RicahatBidllin 8@epddior FH¥6&ss. Exemplary metals
carbi de, netal boride and/or netal

ri sing netal
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)o22] de t Queshehipli thoddls of b plesXt Aeistion!ig8éddriBed with
The invention also includes constructions

fa%ﬂ%ﬁ% §'% e | EFep<eEtisY PICRES irbrieatenrR prerBplanRgpagitor
denktrndtioand/ or metal carbide in conbination with the
exenp

t oxide dielectric |aye o
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sem conduct or is illustratéd at a

e AR ee P@E@%@?hf@?gw &B% teé‘F‘St“ﬁ%“'éS&'éci'H?F"éﬁ §uhstraiceand
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sem conductorteﬁ%bstra e 12. Substrate 12 can conpri se,
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suich Bs Baekgondoetivie-via e cieR alne of th @ésbnibies comprising other
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RO aNe semicendiiptive matgrialiaysks (Githar alpng or in assemblies
coHipsibing lofher Afateritad)l mad térm "@B@éﬁra@éwefé%tamy(‘ghb@@ﬁmg Structure

sem conducti ve teri | NC
'?1@5?”9 ?aUF &t lirted or the SeRRRAHEIE ?@@*rﬁﬁs&%faﬁ'@e 8@9&% as
00241 condugansigon@ivivie 14gs bhain Slppoete@byislb&tkse ] Defice 14

h Is,th
S et e PP e TRIiPoPag 16 25 18 AKen R e supsrae 12. The

saamelduin eéglorimemﬁhllﬁcblulﬂga Dhbaiily qepe tegloh)20 Sliendirty idlatively deep

AR 2 S bl OB Mool g oot 12

tlsarb&ta hetely ddped rédied Abnarmekl) tedibird4 i8 betvadsi sHufe/diiMiréglons 16
strate

20,157 L8 WanSBF Stsp 28 v ok SnBgfions THRNeiiRY Opts 26 inoudes

eeNhsulHiiva gnatextad 28 L@WBbh ahebd Jor é'mplé,@lrcﬁﬁbdik@bnaricﬁ@alrﬂiéireferred
each ncl

te
1§35 Bee i S iRtie e RRD 418P S e 8 e e spasonve
magfial sad Eomptlmdmen@' rhereday@des ant i patﬁuhatt displets Wl comprise

conductively-doped silicon and/or various metals), and an electrically insulative cap 32
over the conductive material (the insulative cap 32 can comprise, for example, snllcon
nitride and/or silicon dioxide).



than the heavily doped region. A channel region 24 is

bet ween source/drain regions 16 and 18, and a
wonremnsinsver gate 26 is over the channel regi onPCT/US2004/013963

Transi stor gate 26 includes an insulative naterial 28

fodzs5gh cam p@ir of SleRipRbEs SaldnU@UbﬁérQP%l% s@é\:@all@%‘f‘ga’te 26
be referred as gate oxid a conductive materia

a3 QyebfonthEopRa rAaR r%aae?rﬁeﬁ A6 ey RATEYisg gNY suitable

dBSedal P insCRAvE ARRYras ﬁhcﬁl@ﬁhgofor RRAplea¥ifitch diehds étr'iU/or snhcon
rgartl ul ar aspects w |l glp]rl se conductivel y-do

iripe-c drrngistor Sruciyrs s aﬁ@?( BIAry gqftyeqtionsy @&qmre@ﬁndwan be

fabh?dalté%i iRy @@ﬁeﬁt?onapmefhoamg@@n@uférltMﬁSI%F 8kiiAlire$ bA¥ebe utilized
ulative cap 32 can conprise, for exanple, silicon

'HP PQ tr%fﬂfd@)tarrst@acw%éﬁ di oxi de). 4 WD 2004/ 102592
R@ZB]JSZOOAArQé@&ﬁgally[cQQ@@tlvé\pQ@ééftal% i§ bﬂﬁv&éh lovePRffetdrain

nd 36 extend along sidewal|s of gate 26 and over
rpglaﬂﬂ Py Fadpal Hoaang npise asyauisble Jactirly sengiive material

iR, 96 BRYNhpR! ichbAtlBvelPdesdd Sificdn! éthd?S/'e\héﬁé MEtals. Pedestal 38
mat eri al i ncl udi ng, faor exarr&l i con di oxi de

has@ndtpel yrtash 40rW'1'?h drlinespap C&rtcakn%ctea« b6 te ke ynderatogg that

gosesal 39 ¥ opasvaNIfipanadtalHgris eliHinGiedaHéntRd cRBtrical node can be
fabricated using conventional net hodol 0gi es. he

o
OPgiHeiestie Pe aURPeLSWiace Qhthg Sliffitsian; regign Cpﬂeﬁ:noae@gé@ source/drain
regisRgBst or structure 14. [0026] An electrically

ctlve dest 38 is provided over, source/drain
%’3%% 16.A 8%‘5?%!3’ '@@'%‘é’u%%%%ﬁ?ﬁ%é’s RIRYides pYe{ragsistor 14, and
Eo)] (ﬁ}éhrrﬂgaﬁﬂ ib Yorﬁ@ﬂdM@ng ﬁlsﬁlﬁﬁ\ﬁér maierlal Al dxdbseledtAtal node 40.

q éegéct [ velmyé dog lﬂl con and/ or vari ous
R A A R S S A e e
biﬁépﬁ&b%h@”hc@iee;tésrsl (eRls@yode. |t | s to be understood

% taI S optl nal edestal 38 is. )

L‘ﬁ %ﬂ nat e f?rﬁ'éﬂ t‘i’ h@ 21 ] ??tﬁ%ﬂ”yr‘fB e Material 46 is provided over
m@dgﬁme@ nrisaxaave paRreial Auaierhifopbhigg dif Elé‘étrléﬁlly conductive
%8@%?46%%%” qtf,\liy @ﬁ{ubz%d%%ulﬁf czqep{a\(cj;rgg}lrﬁagcéqngpn ggapa\gﬁor construction

fommad i @dcsrdaficd \Kllﬂﬂ@ﬂ Skeipldrf aspad of & ipReTibAI C8Adictive material |

ebrpriedrS At e SrdiIErTbidhue el Bl or example,

dbﬁmmtllvélﬁ depyd Smd:dra@doﬁorrmh@s @btald. NEMatHriag46 E@hprises metals, the

H& Li?gz‘?gf)edt%sg oeiﬁ’{” %‘ T l?gslégf BPSG{/]%{sgLrpgoun]ds Layer 46

daiaﬁaelrref@heé@o as amrs@;eled&dam@fnduaWeUﬁﬁ@ﬁaISMﬂi;ezﬁ@u@&on that follows,
t openi n .
el B e o™V me sl o Riee e eavn Yy 4e
[0029] zed a&thaugiatagendzteme sab\mhg\ﬂd@ aismoﬂrcamancmﬁb?, it is to be
accor dance an, exe ry .
ERBo e e R B BV e O IRod (P Lo Butigh

paotlmralr aepety/ ofsthie rabhitorel Mirfstambj iy lagengBicdrptises conductively-
i ncl

ri.al udi conducti vel y- doped .
B Sl i SR o e G meigienhioficd! gfain
silicomranslexcomltrglyswould be arraggﬁdSSwfane be ut | I i zed either

ement f.or a ducti ve
a8 o et Py Y B Py edong BB o BhRer ayer 48
coopdsed oneeonradrerdf adetal cathids UG, usestabiorided B} cdridonstal nitride
(MN,). The metal of barrier layer 48 can comprise a transition metal (such as, for
example, hafhium, titanium, tantalum, lanthanides, etc.) or a non-transition metal (such
as, for example, aluminum, etc.). Barrier layer 48 is shown to be electrically conductive,

but it is to be understood that layer 48 could alternatively be electrically insulative. The
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to distinguish |ayer 46 from conductive materials
formed subsequent to |ayer 46. [0029] Although | ayer
wa@oidsoseown havi ng a snooth outer surface, it PCEUS200O13963
understood that |ayer 46 can al so have a roughened (or
condugptidlly ofiayr 48Uieheads ormthe particuli hidtal a8 RR64iForPltiizE@in the layer,
nce, if la nprises

[ ion. For, Inst er 46 co 25 .
ag?)%tgg&ot l??/ gm?%rstag%ﬂ'@?g?mfs g@ltﬁl c?%g)écge&ﬁng?orénbﬁtglé@gd%? suitable for
uitiﬁzls;afa'on #blagami8oosule 5p @I’eldtrballmﬁﬁﬂlﬁmeré’iﬁéa{hag reﬂ’édﬂ']ically conductive.

i @an nd. accor di y,_\Wou a rugged surface.
bt oAt A el Ao e Rt TS oasheRhegis o the
invetiBon. al:f lag6r zéqeardnhimd, Ineeteal 4|8 cgﬁ Qﬁ%md}eﬂl SoMast %péctmtyl lﬁode 40.
t ) t orj de, and nmeta

o3 T oo ?.%%rl_ it Bisata "Qﬁrr'legi’fér bues W g preterably a

bepnigpwhivh predend@atiicbetRée sdb%t&i&e@égs&c%ﬁed wRaBleRctric material
an

af ni u titani, tantal um | anth des, etc.) or a
BRI herbl SRvHEY ah o6 ek O S48 AR S es b athem
sﬁumlall)es't(_sﬁmaé, &)’rtelx:ar{\pl_‘e, ’fht8 shewh MAgﬂle)?prbgd«t@drl] 6|t¢ irlfei SR s‘éi’1d8e of layer

onductive ut it is ynder st oo at layer 4 ,
4§'oﬁ}| '%Foa?‘? %’?‘fv?é?‘P%’&?Wﬁéereﬁ”@Ei?‘.ei IRGNIQN PREAINRASSGRasPRRES in gvhich
lelxp@r m&jugtmgaﬁm gﬁﬁﬂ'bhﬁﬂﬁﬁéi&%@&fﬁiics @@é\'g&lﬁie'ly\/tb,t o i@tfaddition to, the

yer e on the particul gr netal conposition
obH b e A FOFnBRher o Beihiscniraaiamssver layer 48
typleatly smnp;is&steaﬂne’_calhp)bﬂ?Ba\/irﬁglalhltdtalmﬁbirhmﬁht\/\{itgdlg@metal nitride, metal

{ e oo utlli lon I,n | ayer wou e
oG RGP ool By b ¥R o Uledl saiftng reforrea
staokidg charaeteritticslaiyiaving 8 niectaleh ecrriod @etwesh QN bXi€e dielectric
R R et T A S S
Lipyer giseailbe retﬂgﬂeddcb aﬁ be Mteérhteaiiatélb Rger Alhe dié&fl»%ibh th%@rows,

[ err 0 _above a "barrier" as |aye i S
Aol ) SR 2P BB Rl B 800l e, v
48 ubis banefesed Esaxca diffasiombafiealagiec! ectric materi al

cribe I rovided .on one side of |ayer 48
I&ﬁ?%l subs?‘ gﬁ%é@v&]ﬂgﬁv%?%?uuta&eﬁ%?qyﬁ 'QHPLU’@ garbidegmetal
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[0034] Although only one layer 48 is shown, it is to be understood that multiple

layers comprising metal carbide, metal boride and/or metal nitride could be formed. If
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consi st of netal carbide; in other aspects |ayer 48

wi Il consist essentially of, or consist of netal
woanidezsoand in other aspects, layer 48 will ceasiuse004/013963
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within the multiple Iayers can vary within the stack of multiple layers. The bottom layer
of a stack of multiple layers of metal oxide (i.e., the layer of the metal oxide stack that is

in contact with metal carbide, metal boride and/or metal nitride of layer 48) will
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mul ti ple netal oxides of which all have netal in
comon with netals of |ayer 48. In particular
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598 ARPLAD SR wae Pyl T8 il dopid B et
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o LE B PRl R A AR SR e S 11
r@sﬁmb\raly the deposition of | ayer s 48 and 50 can occur

@gg@ ??2;:1#88&%?%&%%@? & flov ed n(wjto Rha ggrs 102 through inlet 108 (as

represented by an arrow 116 in the diagram of Fig. 5), and is utilized to form a desired
layer (not shown) over exposed surfaces of substrate 106. At appropriate times,

reaction by-products and/or unreacted precursor is removed from chamber 102 through
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480740 7 LSRPRL b S8BT, SSHAY Bof
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arrrer
second eleotrode However even when layer 52 is electrically conductive it can be

advantageous to form layer 52 relatively thin (such as, for example, to a thickness from
about 5A to about 200A), and to use layer 52 in combination with another conductive

material 54 as a capacitor electrode.



dielectric material 50. Second barrier |ayer 52 can,

like the first barrier |layer 48, conprise netal
waibides92 et al boride and/ or netal carbide, aRAT@ER004/013963

have a metal in common with dielectric material 50.
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Cl The nd el.ectrode is,capacitivel
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UCt | i n_whi.ch

GRS b Hp PP PRl WS SByGa i e Baveg mickness
greater than about 50A). In contrast, if the layers are utilized in combination with other
conductive materials in capacitor electrodes, the layers can be formed very thin, such
as, for example, to a thickness of less than about 10A, and even to a thickness of less
than about 5A.
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together be a dielectric material separating a first

capacitor electrode defined by |ayer 46 froma second
woapaaotoe el ectrode defined by |ayer 54. [ 004PLT/US2004/013963
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adldressed coluonhat deemr diobed. ahtondabgrcan lmd?%amdSM@drﬁ@Mmcahon
h esent, invention. (such, as, t .a escr
et DRI inarB &esf B AR e Qe St ek Tremory
dutpeit ddiarig avdilableenaplemonciony Qitiedr attyshevestypasiofaddvives include
SDRAM, DDR SDRAM, SLDRAM, VRAM and Direct RDRAM, as well as others such as
SRAM or Flash memories.
[0054] Fig. 8 illustrates a simplified block diagram of a high-level organization of

various embodiments of an exemplary electronic system 700 of the present invention.
' 11



el ectronic systens. [0051] Fig. 6 illustrates

generally, by way of exanple, but not by way of
woOiznd4t1@a2i9on, an enbodi nent of a conputer syst earA82004/013963

according to an aspect of the present invention.

SR 1780 cal sbREBBAS td, rﬂ@ﬂ é#(ﬁﬁﬁ)l@a%mphﬁir s§1§}ém05 p%dé@é control

comuni cati on out put devi ce, y oard or ot her

YSHTIAT &BY PHE" PRI ﬂafé\?mp@yswocgﬁ%%ﬁf g @%ﬁ@p@teaﬂanemory

BethafidRtdh 40¢ haSfunedriaY el@rrféhﬁsr %fu@ﬁ@sas%cé’s%r er arlthmetlc/loglc
other data processing unit, and at |east one

WaAALY) 407 a qgeirel ynitges aaneromy dgHoR Ribr P& and ap ir@uyoumut (/0)
GSRRCACS. Qierfem él@é‘tﬁﬂﬁd %téﬂﬁ?@(‘) l/vﬁledév@k&or\é@we 58 WekitiBtions that

for_ exanp e M cel described with reference

RsCity @peraﬂow&%rwed@&m%om@@a ORNCRRpPSOL7ahaRE plhgr ipteractions

BERABEY therbcessér b2, HéGheRbRyakvRBUINRGY 08 @HR e Bidbtices 708. The
addressing circuitry for accessing individual menory

GNTPEUNT 7 W ooiiRaigs HoparARIs o e RrenrRspr (8. hamempnidayics 706

AR weyp &é:inde@ 788 rb%@nwoaglwcy&m@ thrb@eﬁib@et S RrdtioRNthat cause
the menory dr éssi ng read circuitry

ipstriaiiens toihe fs@aed frem tE@ FRASDAY, QeY"?ﬁ BQMW expoptadnda yarious

SRPRiieft8 Vhe nchiksty ABHCH 706 RieRPEs APis o Gt to, random access
illustrated in the block di ag ram of the not her board

BEOHE i deviepsy regd-oply aRiEHY G deyicay)raaghpefipieral devices such

BA816551 didk EriveGaltal dorgact Hikk EDrRORMIRS. @% &Qﬁdlhm skill in the art
\ﬁgad circuitry is illustrated as 412.

Hppergiags %’ﬁé@?@”%ﬁ”?’ ReMPiehending His %ﬁewede?/h Hy A fw

|ﬂl§’dﬁra€éﬂé|@cﬂﬁt§3iﬂ dorhPonehtdTBED: a?éaﬂ@@ﬂb@ Fé!i’rlc%a'f@in%lude DRAM cells
single in-line nenory i n-

Ipiag Ofﬁéraﬁ?r\yﬁhf@a@u%ésmtwgye Hbe\feBTé”Y%‘élam n t he
(00853 "B IMADIIOA sikHIifBd Blobk Uiégf-’arrﬁ Bea higRaski Bﬂg%n%\tl&h@f various

resent inyention. The nmenory device can
‘? TARSFHERECE RN FXRBPIaRYeleRtroN Sygtemseq0- ThW§F%§OWﬂC@HeS a

rlﬁémwydﬁvﬁieféo@ tedtthaBRh RS Pmehfdbd8 douos@ESs ¥8dobibinNgds, row
rrermrx/ cell's of the device. One such nethod is

t he
?:F&Gés RESHEYSI9Er SRIVBR 2oty Y% 818 geRAM IOt gror_:mw 2 for
@Unﬂ'omﬁ(_f] bp@dndmé BREInFaY RPUIirc@itr G 8541 MBe thehfMy Bévide 802 further

mé cel | arrays and randonly accessing different
'BGH

i CPFAInGE 6, AN 52S0TS £8P GOR AS CHESTGRNSAREPT determining

I thsy inBineRS&Mtis PN RPAhRBhbIBaSNANAING lstawbr wm tigh-tiédhold non-
olum IS nalternatet of device

GRbTBosTaEn 6a Tl DL RS RurRyPaaen SUBRY Sty
38111 aircitey 8% fof pdviamig béfétéhcﬁyvoﬂtﬁgé &HBuitry 89@ fcﬂr\fﬁ@\h@% ﬁhe first

fter, the ressed col unmm has been cl osed
S B § s oty BB Bt SRTRra Ry e LS, and
cﬂﬂcUWSBl f@m@\mhg arosttife it l’rbalsés W hé eyiterh B0 Gigddndliis a
tine in data is avail able on a

RBFSY" %%2 or ESPHBW %‘%}tré’ﬁﬁ'éfgf PEMORHELEY "Yevi ces i ncl ude
WM mn@m%e&@m&ec\dﬁé&bmdal Bigheie ts2BRAiBAMhe @%ocessor 822
RS oF RGeS o TR Py S BEOR eaip 50 e whioh i
ducgtsddml/o dtinganit wiltecappréciated by e @RS INMBB LS tkdt adbitional
cf(?rwg& %or?trc‘i%g%gglc%n%%sgrowdg %ng thatt me r%emory éewce 802 has been
simplified to help focus on the invention. At least one of the processor 822 or memory
device 802 can include a DRAM cell of the type described previously in this disclosure.
[0057] The various illustrated systems of this disclosure are intended to provide a
general understanding of various applications for the circuitry and structures of the

present invention, and are not intended to serve as a complete description of all the
12



WD 2004/ 102592 PCT/ US2004/ 013963 System 700 can

correspond to, for exanple, a conputer system a
wonopassIgont rol  system or any ot her system PO&aUS2004/013963

enpl oys a processor and associ ated nenory. Electronic

SierabRBaRE fedidres bAe bleifdiic §)<tdR Mg nhé‘rﬁé %f@m%ocordance with
Eg@ocessor or arithnetic/logic unift

REtSSF thamresenhinventione rQﬂGyO HE9NEY Sifin et i andpstand that the

VaRBUS LRl EME s\dhérRd carfisy ibfcAB8 in Sa18habikaye ;ﬁ&%&lﬁ@@hﬁs or
%%sten1700 wll have a native set of instructions that

BONf3 Sipge SaMicORdUgier ap. feprogr fouadesne thacampiniogion time

RARESSHRIprddddséihdahd fHendh BERsd(EPNS  bet ween the
processor 702, the nenory deV|ce unit 706 and the 1/0

81 e s Applipatiamgsfor m?ﬁﬂ%Pe”ﬁlﬂaf‘ inaidecaientipnieayetems fpr use in

rﬁ&ﬂb@tm@me@fdem@dm&g b m&Rdies! EBnHTBABANONGRYdeRRs, pRRessor
and the |I/O devices gﬁgcontlnuously cycling

PerUe)y ﬁlnﬁl a@@'tcaaw-éwf&tm e, RAE MayUR@Idg "ﬁ§'t“|aM@'i myfiship
hedss. f@&&f@ﬂéuﬁr&%ﬁh flHhePBERIYbESMbSRNY 96 At Oﬁé’feéié&r%ﬂrc

In various enbodinents, the nenory device

JYtemsd 84ch arse clogk, idelevisiont @ gelf Bhoneaa @efﬁoael@@wutqfe%r y
dUrAdbideMh GRBistribERMtrBINy ¥l féﬂraYrofaMd gpeices, and

peri pheral devices such as a floppy disk drive and a
conpact di sk CD-ROM dri ve. Cne of ordinary skill in
the art wll understand, upon readi ng and
conprehending this disclosure, that any of the
illustrated el ectrical conponents are capable of being
fabricated to include DRAM cells in accordance with
vari ous aspects of the present invention. [0055] Fig.
9 is asinplified block diagramof a high-Ievel

organi zati on of various enbodi nents of an exenplary
el ectronic system 800. The system 800 includes a
nmenory device 802 that has an array of nenory cells
804, address decoder 806, row access circuitry 808,
col um access circuitry 810, read/wite contro
circuitry 812 for controlling operations, and

i nput/output circuitry 814. The nmenory devi ce 802
further includes power circuitry 816, and sensors
820, such as current sensors for determning whether
a nenory cell is in a lowthreshold conducting state
or in a high-threshold non- conducting state. The
illustrated power circuitry 816 includes power supply
circuitry 880, circuitry 882 for providing a
reference voltage, circuitry 884 for providing the
first wordline with pulses, circuitry 886 for

provi ding the second wordline with pul ses, and
circuitry 888 for providing the bitline with pul ses.
The system 800 al so includes a processor 822, or
menory controller for nenory accessing. [0056] The
menory device 802 receives control signals 824 from
the processor 822 over wiring or nmetallization Iines.
The nmenory device 802 is used to store data which is
accessed via I/Olines. It will be appreciated by
those skilled in the art that additional circuitry
and control signals can be provided, and that the
nmenory device 802 has been sinplified to help focus
on the invention. At |east one of the processor 822 or
menory device 802 can include a DRAM cell of the type
descri bed previously in this disclosure.

13



[0057] The various illustrated systens of this
di scl osure are intended to provide a general
wanadererandi ng of various applications for thePCT/US2004/013963
circuitry and structures of the present invention,
@nlvE e not intended to serve as a conplete
description of all the 12 WO 2004/ 102592
PCT/ pYenieRsEENetiSeent s and features of an
el ectronic systemusing nenory cells in accordance
Wt h 1.aspegititfd df hernMices edhstiuaNE N hioR inclddes afdielectric material,
t8rd| n?g}/ ski|l in the art will understand that the
&R ARRSINGNi ¢ systens can be fabricated in
si ngl e- pacisagifg RNARE8EMPHSIHGbAS or Pbre cﬁ\r\m WIN, 2n8liNgY Sver a

m conduct Qr . chi in order to reduce t
Ll waeredhis wetah pRe s r%aw%eeswb%ﬁarqar% than 0; and

rremor y devaiee (dhning A8 &8kr, A@pbgrﬁ@t a gRfectR maBARIMWNpRLh MO,
i ncl.ude el ectronic systens for use in nmenory

8[53( aeaingi dhg lagergpnere s aﬁ'&{ﬂé}erﬁfﬁﬁﬁré@a“ ®omuni cati on
nodens, processor nodul es, and application-specific
modul®s, ar metiod bEdldide1 mhktdih tyeadyer Bbhdists Rsgentially of MC,.
nodul es. Such circuitry can further be a subconponent
of a yari electron syste such as clock
a tel %VI sﬁ) Y mgthff%PFCIB'%h&heéé{rb&\eg%r?élco'a%ﬁﬁﬁ *a
aut onobil e, an industrial control system an ai rcraft,
and ot.her sThelgemai 2004inl 0 b8 RiPHE/1A)E2 0AdiIa 89&Mtially of MN,.
CLAI M5 The invention clainmed is: 1. A nethod of
formgg a ﬁ%rﬁémg}h @an%‘i‘%ﬁrén{‘&'_eq 3 cndhi€h W i
material, the conprising: formng a
conprising one or nore of MC, M\y and MBq over a
subst@-at e: Thetiaetaoelof gaim huharein thedayenepesists egseitiglyqof MB;.
are nunbers greater than 0; and after formng the
| ayerz, depﬁ%rﬁétﬂ@d@f&ér% e%@rern RS/ 8bnSQEB n{)w ng Mo,
di rectly agai nst he [ayer, where Z is a nu
greater than 0. 2. The rrethod of claim1l wherein the
layer8 consTrﬁrﬁe"Bg@‘,Qh‘flii'm yheteinid is adransifien mstalod of
claim1 wherein the layer consists of MC, 4. The

met hagl of THeahsthdd whesied NwhBRid BYShaBRms! St S _
essenti aI ly of M\ly. 5. The nmethod of claim1l wherein

t he | onsi The thod of claim1l
wher e ﬁ\e] 'ﬁ?,@?gegﬂ%‘wwsg% ‘?’gF YYNYP- MBq. 7. The
met hod of claim 1l wherein the |ayer consists of MBq.

8. Th#e. netTrednethod bidlamil1 wheraii M idkilantkadideamatdl. on
metal. 9. The nethod of claim1l wherein Mis hafnium

10. T&? neltﬂeorget%d 8* &L %W%Ferine{hg IMe‘r B f%rngc} 835'1 Hemical vapor
deposition in a reaction chamber; and wherein the deposition of the dielectric material
comprises chemical vapor deposition occurring in situ in the reaction chamber relative to

the formation of the layer.

13.  The method of claim 1 wherein the layer is formed by atomic layer
deposition in a reaction chamber; and wherein the deposition of the dielectric material
comprises atomic layer deposition occurring in situ in the reaction chamber relative to
the formation of the layer.

14



11. The nmethod of claim 1l wherein Mis a | anthanide

metal. 12. The nethod of claiml1l wherein the layer is
wobanmd239y chem cal vapor deposition in a reaCirms2004/013963

chanber; and wherein the deposition of the dielectric

materi@l  TREhSED GIERNH GllkraiRPRIla @ ROS kikst Qﬁ}er and further
occurrlﬁgln situ in the re%ctle? chanmber relative to

CRPERHRTTIBHE SECRNTaYeypupr the 4 eﬂ‘i@ mateniatl ther secpad laver
otggrising dnler hire bf ME, fMB & fax,.at omi ¢ | ayer

dep03|t|on |n a reaction chanber and wherein the

depos e diel ec _ )

St om 151 oy meloat el sk ufelmGerBoand BversonRats essentaly o
Meaction chanber relative to the fornmation of the

| ayer. 14 WO 2004/ 102592 PCT/ US2004/ 013963 14. The

met ho laim1 first

and 10 neTeCBrBPRET REM & iR rahe e Uy aphebe tire

dielectric material; the second |ayer conprising one

or noi7e ofTH‘dEmethNEB@f aaith M\wherkth théBecsoret lapst cohsielsaissntially of
wherein the second | ayer consists essentially of
. 16. The nethod of claim 14 wherein the second

| ayer consists of Mx. 17. The nethod of claim 14

wher €i8n t hnespeiind of dgier 14 ohsiest the essamt lagdr opneibts dVMIN,.

18. The method of claim 14 wherein the second |ayer

consig s olfl']e'\(wé‘ﬂﬂo&%f clAie1ARhEeeh AL < ?E&*%m\gﬂg 5‘% e@sl;%nhally of

t he second | ayer consists essentl a
MB¢hod of claim 14 wherein the second | ayer consists
of MBq. 21. The nethod of claim 14 wherein the first

and sgecondrieaysmhed PR i4 wh ﬁéﬁﬂhé%bwnogégeconsd@ﬁ% ofmae

met hod of claim 14 wherein the first ayer$
have t he _sanme chem cal osition as one another.
23. He netedaetved ef gpim !Lﬁ%@ﬂvéhﬁ figshangl speanddayers consist
6By bﬂmggs consi st of M. 24. The nethod of claim
14 mhereln the first and second | ayers consi st
essenti al | The net hod of claim 14 wherein

the f4% st Tﬁ”ﬁdn%tgl\% HBC'P'HW whergingthe firsgand gpgondigyershave the

saRidWénidal 6bmpdBitdch adeiecarbidie first and second |ayers
consi st essentially of MBg.

23. The method of claim 14 wherein the first and second layers consist of
MC,.

24. The method of claim 14 wherein the first and second layers consist
essentially of MN,.

25. The method of claim 14 wherein the first and second layers consist of
MN;.

26. The method of claim 14 wherein the first and second layers consist
essentially of MB,,.

27. The method of claim 14 wherein the first and second layers consist of
MB,.

15



27. The nethod of claim 14 wherein the first and

second | ayers consist of MBg. 15 WO 2004/ 102592
wWeOeCH41g2004/ 013963 28. A nethod of form ng a PCT/US2004/013963

sem conductor construction, conprising: formng a

firsesl ayarmemed oﬂfoﬁﬁﬁib@éﬁﬂxhl@dnﬂucﬁ)ubsﬁs&@bmn bhmpﬁsi;mg?t

| ayer domi na mprisi ng a.c

Comt o nt ndP RIS sty VG B STeo TR el R, the frst layer
pesivkreh 1ty @onﬁﬁﬁhﬁhg a@dmlpesmn c@ﬂaumngm@lsanulrmmgen a composition

contal nin

b d t f 0
R gl oo e Lt e
ag aljnSt t hﬁ?r foirhiay theafirer laydrh@erirting d de@M?H Ita%/]er dlrectly against the
omnant a,conp osi.tion o e
1 YR iR ror GOk s chBeBY SPTaRiias s apRieE; A Timetal and

okydest | ayer consists essenti aI ly of the netal and

carbon. 30. The nethod of claim?29 wherein the fi rst

| aye r e

vapoPotepd P p o EraDene HahBurabRE R Rentaly of te
meacindeartohanber; and wherein the deposition of the
second Iayer corrpri ses chem cal vapor deposition or

FeactPon” SRBRBEIOT iR FpRd® BB s Tt Bfiring one o
bbthr ftchbricat vapdt degddsitiometnadoroitc [ajeaidepd@@iontie peearctibhehamber;

o e OO LSR8 ool i 0 eppton o
at(myle iayles démmsitied oaturting inrgtuam theareactivotdhawbecteative & the formation

sition and atom c |ayer deposition in a
oYﬁTKé‘?{rst %%gharrber and wherein the deposition of the

second | ayer conprises chem cal vapor deposition or
at omidd. | ayiée mishakoftdlaim 28cghareinnipe finst Biyenconaistsrassentially of the

I4QF nmber relative to the formation of the
rrﬁtaﬁéﬁgat%'d%rog;'%ﬁ 33. The nmethod of claim?28 wherein the

first Iayer consi sts essentially of the netal and
bor o®2. 34 Themestined eicipin 3 icwharain2ise litsblagens idrmepwiitiding gne or

b8 l'F6f%ﬂ§ﬂn§dapvrhr%5?ﬁ]%qsmoﬁ%nd%n %%9 Q%;ﬁcgsﬁ%ln% H‘rgé%rtlon chamber

ereln al um num nmet hod
apd whgraimthe depapitionspirihe seearidrgyas comrises egatical Nareqrtdeposmon or

aftRik rB s toR 0BG Ifih &G inl SYGH thel BEctiohi dhdm P@b’r‘:‘efatlve to thle formation

gredo I'y conprising a conposition o
?‘i@ftﬁﬁéaw more of nitrogen, boron and carbon. 37. The
met hod of claim 36 wherein the first and third | ayers

consizgt  §HSRthéd bikeldhn d8\ehdTBhahe AREIaGET BPBistsIsentially of the

metal and boron.
34. The method of claim 28 wherein the metal is a transition metal.
35. The method of claim 28 wherein the metal is aluminum.

36.  The method of claim 28 further comprising forming a third layer directly
against the dielectric layer; the third layer predominantly comprising a composition of the
metal and one or more of nitrogen, boron and carbon.

37.  The method of claim 36 wherein the first and third layers consist
essentially of the metal and carbon.
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WD 2004/ 102592 PCT/ US2004/ 013963 38. The net hod of
claim36 wherein the first and third | ayers consi st

weozsmnbzaakly of the netal and nitrogen. 39. Thecmeishmdo13963
of claim36 wherein the first and third | ayers consi st

essemgl al IheGhethb® o BAhir] SENEBRMAS firsf Bnd thirdBAyes cotsist

form ng a capacitor construction, conprising:

espRiedl pigha meialispg MiRIEBr substrate; forming a first

el ectrically conductive material over the

sem gendudhermethodp st dl&ke36 WREEINBe 8Fst BAY B1ifdBE)cd Bonsist

| ayer over the first electrically conductive

er?ﬁ%@@f%i’fth?ﬁ@t?'rﬁngm-at e layer predomninantly

conprising a conposition of a netal and one or nore

Iof ni4lo|(.r]I annmletmatw_fcanﬂh@eﬁéé;@nitordﬁngsmdﬁbﬁ,?ommiseigﬁct ric
ayer directly against t internedi ate | ayer, the

di ol cct 1| BOUYRS &3P RURIHARE F4PSEORpr | si ng &

conposi ti gem@ifg & figst BRCRIcaBNEbnaystematanal ovekphBisegicdanductor

second el ectrically conductive material over the

S(H‘E%W%E?t ric layer; the second electrically conductive

rr}at eri al lbclm'nn@ ggtpﬂ@rrﬁej iied my@m{eeﬂﬁdst\%édmiddnﬁ cghdL?tive

el ectrlica conductive mater]al . . e net ho

B Eieh U6 TURGIGIAIS (8T PREEmIRgalLEam TS = CREPRYAD Of 2 metal and

oenlss#rmdﬁbf itregert, berdnTar@Icamapar boln. 42. Thfe met hod of

claim erejin the internediat ayer.is for

12t g Sepna ey & Qe B Pt Ao b e BarTrs fver, the

dielectad RPBCpredyainadiBpashdrisig d condpdstti@ataf @i metadadrbsxygen; and

and wherei,n the deposjtiqgn aof th ielectric |ayer .

compri ses AHAR B SPOQRLIr eals 6aTdUcBYe BRiel fres e galpotic tayer

the pesintictytiratycsrdugtivemaietisl being dapatigasly comeeteaintigr the first

r el ative(ﬁ%#lI .t he {o.rgati on of the internediate | ayer.

PEICA CORGURTNE 'BR8Rhi m 40 wherein the inter medi at e

| ayer consists essentially of the netal and nitrogen.

44, e ndtheadetbbd of adaim 4Bwinreingha irttdrendditdte tayedecatsists

| ayer .1 s r utilizing one or both of chem cal

G{f%%lra”)é8Bt}3§ir?r%%%r?ngncér%@om c'layer deposition in a

reacti on chanber; and wherein the deposition of the

di el e ri cTheayethod ohgainsékwbérem tbalinterapoiiate Gypoisifornrea utilizing
r . 1. 1 .

B B0 chENES: AHRP LR UL BB oBh Ty bt

dhatmbermedid atherdimiher depgsitioT histhaetatentiicdtyey] campriges olimemiedl vapor

SPGB e YO 0031150 SPERT Ll i e

the formation of the intermediate layer.

43. The method of claim 40 wherein the intermediate layer consists

essentially of the metal and nitrogen.

44, The method of claim 43 wherein the intermediate layer is formed utilizing
one or both of chemical vapor deposition and atomic layer deposition in a reaction
chamber; and wherein the deposition of the dielectric layer comprises chemical vapor
deposition or atomic layer deposition occurring in situ in the reaction chamber relative to

the formation of the intermediate layer.

45.  The method of claim 40 wherein the intermediate layer consists

essentially of the metal and boron.
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46. The nethod of claim40 wherein the netal is a
transition netal. 47. The nmethod of claim40 wherein
woheo4me2sak i s al um num 48. The nmet hod of cl ai FCHWS2004/013963
wherein the internediate | ayer consists essentially

of al481 numheinkihod@f cld®n 40 Bersat thednéihl is baiamsifén metal.
wherein the internedi ate | ayer consists essentially

of al umn carpide. 50. . The nethod of. claim40

Cher i U AeliofSnrRR 4 RhelP BRerSeuS sEetbnt: a1 y
of hafniumnitride. 51. The nethod of claim40 wherein
t he i48. er nEh mbthob @y elnint 40 8hstetn thedistemhédiib Yayef consists

A .de. 52 The nethod of claim40 wherein
%ﬁ%&@'%@f%@&@%”h ré({?er is afirst internmediate |ayer,
and further conprising formng a second internediate
| ayerd4%ver Thehmethod ef deint 4@ whangér thprintermédiaté tayet agnstdie
o1 erial; the second internediate
%géﬁmﬁﬁgglgmﬁdaﬂn%@%%bnpri sing a conposition of the
netal and one or nore of nitrogen, boron and carbon.
53. Tk netheodetibd of dirim 42 whireiretihe itthenatiaie tayer consists
' ' : A is formed directly against the
édslgérﬁidg?rgf @éfﬁ'gb@;rﬁ&ﬁgﬂ. The nethod of claim53 wherein
the second electrically conductive material is formed
di rec?ly af® method péclsisr éheheneirethainipmmasidtayeyer c@Bists
JHaentay BPRarRlinfiAbigb 52 Wherein the first and second
internedi ate | ayers consist essentially of the netal
and carbon. 56. The nethod of claim52 wherein the
firstdZand SECBAROH B drifdh whereindpe injermeastinie fyer is a first
igeARadibelihyer Undiiifndrebrlpriging st Q&ong?nterwﬂéadiﬁ@ieh@ﬂover the
of claimb52 wherein the first and second i nter medi gte
Jielgrie layeiorriar &9 fasaingribe aeqopd spneusiiverataieriakiioe seond intermediate
|8fbr pTéb%,nﬂ@éﬁl?@oﬁEri&h?b%ﬁ%om&{ 61 e iRalldnbithe P thore of nitrogen,
second intermnedi ate Tayers consist essenti aFI y o{
baremhaleATBPR-r i de. 18 WD 2004/ 102592 PCT/ US2004/ 013963
59. The nethod of claimb52 wherein the first and
secorgs. i NUBTREhSY f LIANESSwhERINhE keSsiRARGlRbdiNe Myer is formed
| umi num car bide. 60. The nethod of claimb52 wher€in
Cﬁﬁ@”*?@é‘?g‘ IeleelHR VPRt er nedi ate | ayers consi st
essentially of hafniumnitride. 61. The method of

Icl ai 9452 Wihermétiod bﬁcléi:hf?{? wﬁé}f@inﬁﬁé @é@bdd@l&gﬁ%qi/ 8briuctive
mg%releglsls fo(r:rggg hﬁécﬂ(flsa%gwstl tﬁe sgco%d int%rrﬂleéjigt]ecig;er.l e

55. The method of claim 52 wherein the first and second intermediate layers

consist essentially of the metal and carbon.

56.  The method of claim 52 wherein the first and second intermediate layers
consist essentially of the metal and nitrogen.

57.  The method of claim 52 wherein the first and second intermediate layers
consist essentially of the metal and boron.

58.  The method of claim 52 wherein the first and second intermediate layers

consist essentially of aluminum nitride.
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62. The nethod of claimb52 wherein the first and

second internedi ate | ayers consist essentially of
woOanidhariogle nmetal nitride. 63. The nmet hod of clkarmsa®4/013963

wherein the first and second internedi ate | ayers

consizgl eSgRHh&tAbd ¥ Ghinl SWRGBINARe ARE th c8dMdRerrhictiaté layers

capacitor construction, conprising: a first

congist gsseatally obJHeNiem Garbidet erial : a first internediate

| ayer over the first electrically conductive material;

the dol r stTHeth&ho®ei @bith S2WRErcRItREAFSt Bﬁ@%é%n@qmﬁfm&hétg layers
a conposition of a netal and carbon; a dielectric

GeRsist Fsspniiply of bafaium nisidel y agai nst the first
internedi ate | ayer, the dielectric nmateri al

predai nanrtHeyn&ﬁmnbi ShirOs2WREERCHE fitsP An@Eeddh@ iNBIAddiate layers
and oxy a second jnternedi ate | ayer over the

‘@P%'Fb%ﬁs?'i“i,‘a"%ﬁf BafPigm carhigesecond i nternedi ate | ayer
predom nantly conprising the conmposition of the netal

and @@ bormhe ragtHo@ oS&&iaNEL Rh&eln'the #tdt ¥ing easbnetihtéfnediate layers
mat eri al t@yer the second jnternediate |ayer; the

cogrishepsenialy of BaINPYIde ARAEIHi0R materi al bei ng

capacitively connected with the first electrically

condwsdt i VeTheahethbabt cl&itn 5T WRerem1a6 ifitsd aine easIndusterosdiatt layers
cl aim 64 erein.the second i.nternediate |ayer
CSH;?'&%&FP%&?%&WE' defae a?&f'%%? ric material. 66. The
capacitor construction of claim65 wherein the second

el ect@di calA yapactbmrchmsﬁru(ﬂionmompralngphysi cally contacts

t he secondaﬁrgtt%%(gﬁc 8 gﬁé%\%maez .The capaci tor

construction o Fern e netal is a
transiti oraflralen’@rmecﬂiSte I3yee ovarpthe fitsd elecinsity eortiiciveahaterial; the

ﬁét%t@rﬁedné’@%&?? @reﬁ&% nanwaorﬁﬁr rf' ££ 8&% ’5‘0t X m:“rsﬂe ggQ&farbon

ayers consi Sseit L AIURS car
2004/ 1025 3diSEFititBR0aH] Oitéf%)ﬂ diréetly él'gmwst ﬁrea‘(rsitlmermedlate layer,

BBl B SRR MR o B e
car bi de. msecAnmm@émceelidte gemries tmagjlellaeirlc apaaia;dhe second

|Rt%ﬂﬁé&|é[’t8tléd}?efﬁ | in@% ?{)"mg?sn#i thAQ:o%%gltt E}rgg tﬁewéstél arnfnl grarbon

risin capaci
adnstruction, conprising: a first electrically

conduct i ve, %@Bﬁ& bRk rllcgg;lly{: c%) gbct VALRLEE: OQélﬁtIhg %%éﬁ(gnoo ¥t%Fm?dlate

the first e |verra
layﬂreﬂﬂaﬁdccmdeeldmly@lly pordictivanmaterial kaingpeapsicitigels connected with the

Egrgp&wa ,ﬂgjc{f\}e%t%gw and one or nore of nitrogen,

oron an

65. The capacitor construction of claim 64 wherein the second intermediate

layer physically contacts the dielectric material.

66.  The capacitor construction of claim 65 wherein the second electrically

conductive material physically contacts the second intermediate layer.

67.  The capacitor construction of claim 64 wherein the metal is a transition

metal.

68.  The capacitor construction of claim 64 wherein the first and second

intermediate layers consist essentially of aluminum carbide.
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a dielectric material over and directly against the

first internediate |layer, the dielectric materi al
wonredanzeant | y conpri sing a conposition of al urRCnwsz@md13963
oxygen; a second internediate |ayer over the

di el egg.r i CTHEEHI=cRdr; cohBRuctes 8Nelain6LWABR rAhe fikA%¥RE second

predom nantly conprising the conposition of alum num
I%&rngqif@tedgyer%ﬁp@ fesﬁ?ﬂt'gw ofNafYYSATAIR car bon; and a
second electrically conductive material over the

seconm.i nt &DPRXN aklecorhgrisiiy the Rep&RePechsBUETIN df eRiirh 4.

conductive material being capacitively connected with

t he irst,electri.cally conductive igl. 73._The
capacﬂ' or % ﬁ@ﬂt‘r%? %Sr’igrBPOE‘PE{?'PrQ }}f l&ﬁéﬁe‘?‘aﬂ o fiains £ond
internediate |ayer physically contacts the dielectric
mat erizal . A4apdditer capaactionr camprisingict i on of claim 73

wherein the,.second ectrical conducti ve materi al
physi cal | yaB@ﬁ?'ﬁﬁ”gglyﬁémg‘écg%ﬁH}/e\t‘?‘ﬂair nedi ate | ayer. 75.
The capaci 4 first mtersictiatd lapsr avkr hkedirsneledtriday edriduti@ material; the
an(ﬁi sqcond internmediate .| ayers co
75 1 &Y

el e AR &P B g Y SRRl Seatypigem and one o
rporreﬁfmijm_giet)rbmbn ahdibaa]rbaﬁ_ wherein t _he first and _second

oo ooy 3 Sl VR RaBRASh LR AR Pttt i BBt ever,
b elfedaatrid ietefial s eda@midasiyomintrising tacsamgstisiioa of ayefirfum and oxygen;
consi st esg,ggct' I 5,Im' num

cel | conpri 8T éali%érr@%{@%ﬁyﬁ 9 ﬁlﬁt &ilﬁ%f%v%gnsa&?ri%&;ﬁgg%cond
iF@rmedidte ldyer eraxtintioaritly coynptising thengniisitign oh aluBRAM aed bne or
r%recclf %iopgn?ﬁrtrogglg and carbon; and

a second electrically conductive material over the second intermediate
layer; the second electrically conductive material being capacitively connected with the

first electrically conductive material.

73. The capacitor construction of claim 72 wherein the second intermediate

layer physically contacts the dielectric material.

74. The capacitor construction of claim 73 wherein the second electrically

conductive material physically contacts the second intermediate layer.

75. The capacitor construction of claim 72 wherein the first and second

intermediate layers consist essentially of aluminum carbide.

76. The capacitor construction of claim 72 wherein the first and second

intermediate layers consist essentially of aluminum boride.

77.  The capacitor construction of claim 72 wherein the first and second

intermediate layers consist essentially of aluminum nitride.
78. A DRAM cell comprising the capacitor construction of claim 72.

79. An electronic system comprising the DRAM cell of claim 78.
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