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FETEELLEL L L LT e r ettt FERROELECTRI C MEMORY | NTEGRATED

: CI RCUI T“mmwmmml[“ II\/PRO\/ED RELI ABI LI TY FIELD OF THE | NOENIEQO0 The

pr esent | ates to nenory integrated circuits (I1Cs). Mre

- particul arl ygeidshe i nvention relates to yrenory |1Ce, for exanple,

Terroelectrlc menory ICs, with series architecture. 10 BACKGROUND OF THE

- RO <: < WWW@ G or 1 oel ect i

sem conductor nenory devi ces. her ferroelectric materials, for exanple,
stront i 4M’bi snuth 15 tantalmwcb‘@mw&m Fig. | shows a

conventional ferroelectric nenory cell 105 having a transistor 130 and a
ferroelectric capacitor 140. A capacitor electrode 142 is coupled to a

pl ateline 170 and anot her capacitor electrode 141 is coupled to the 20
transi st or REELIh OF|THE iNMBNTIODID! es or decouples the capacitor froma
bitline 160, aepenalng on the state (active or i nactive) of a wordline 150

coupl edsto the 7HARMSO Gahventih FAITAG LU iforiRapr ¥
Information in the ggicapa0|tor as remanent po af%%atloéﬁl %ﬁ%ﬁc val ue
stored 01 Qﬁgﬂ%¥¥§ é&Cs . More particularly, the invention relates

to memory ICas, for example, ferrcelectric memory ICs, with

series architecture,

10 BACKGROUND OF THE INVENTION

Ferroelectric metal oxide ceramic materials such as
lead zirconate titanate (PZT) have been investigated for
use in ferroelectric semiconductor memory devices. Other
ferrcelectric materials, for example, strontium bismuth

15 tantalate (SBT) can also be used. Fig. 1 shows a
conventional ferroelectric memory cell 105 having a
transistor 130 and a ferroelectric capacitor 140. A
capacitor electrode 142 is coupled to a plateline 170 and
another capacitor electrode 141 is coupled to the

20  transistor which selectively cduples or decouples the
capacitor from a bitline 160, depending on the staﬁe
(active or inactive) of a wordline 150 coupled to thé
transistor gate,

The ferroelectric memory stores information in the

25 capacitor as remanent volarization. The logic value stored



“in the menory cell depends on the polarization of the ferroelectric
capacitor. To change the polarization of the capacitor, a voltage which is
. greater than the switching voltage (coercive voltage) needs to be applied
across its 5 el ectrodes. An advantage of the ferroelectric ®dpBEFt2806 i s
that it retains its polarization state after power is renoved, resulting

in a non-volatile nenory cell. Fig. 2 shows a plurality of ferroelectric
menory cel |, nf i ed in.a,chain 202. Such menory, architecture is 10
descri bed Fﬁ,tﬁgrkéﬁ§%5|8?ﬂ+a€§§ﬁ §¥1§$¢,9é;?f¥§ﬂﬁ;ﬂﬂtﬁ£ &LS

Grcuits D.gest of Technical Papers, p.83f and Takashima et al., |EEE J.
Sol i d- St at ESEFPELPFEFiGoFaPRSitRs . 787 FOENIeK - heo G L asi za i Ofertdien

i ncorporated by reference for all purposes. The nenory cells 205 of the 15
chai n, eachapRthtariranypitege23hictupleedireatarc apmai twire A& dhingaral | el ,
are coupled in series. The gates of the <cell transistors are, for exanple,

gate conduvbdtagehi(cbereitvevoieaye)an=edsate RURMRA i@ Wirddsnass One end
213 of the chain is coupled to a bitlirie while the other end 20 214 is

coupl eds t oedepk@bakine. af REYhakiabe eftiche et rddilRicannesled @i, addressed
by wordlines to forma nenory block or array. Pig. 3 shows™a conventi onal

menory 25 CaTe thr EoTArhed 5 BoAIDArr e PR RUAR e, R OF DEC 2006 3
removed, resulting in a non-volatile memory cell.
Fig. 2 shows a plurality of ferroelectric memory cells
configured in a chain 202. Such a memory architecture ig
10 described in, for example, Takashima et al., 1997 Symposium
on VLSI Circuits Digest of Technical Papers, p.83f and
Takashima et al., IEEE J. Solid-State Circuits, vol. 33, pp
787-782, May 1998, which are herein incorporated by
reference for all purpeoses. The memory cells 205 of the
15 chain, each with a transistor 230 coupled to a capacitor
240 in parallel, are coupled in series. The gates of the
cell transistors are, for example, gate conductors which
either serve as or are coupled to wordlines. One end 213
of the chain is coupled to a bitline while the other end
20 214 is coupled to a plateline. & plurality chains are
interconnected or addressed by wordlines to form a memory
block or array.
Fig. 3 shows a conventional cross-section of a memory
chain 302. As shown, the transistorse 330 of the memory

25 cells are formed on a substrate 310, Adjacent cell



“transistors share a common diffusion region. The capacitors 340 of the
menory chain are grouped in pairs. The bottom el ectrode 341 serves as a
. conmon el ectrode for adjacent capacitors. The top el ect r ode 034BE 200D
capacitor 5 froma capacitor pair is coupled to the top electrode of a
capacitor of an adjacent pair, thus formgng a daisy chain. The top
capacitor electrodes are coupled to the cell transistors via active area
top el ectrode (AATE) plugs 386. Conventjonally, coupling of the top

el ect r odes "FRMG SERT SRR AGITCH S yai g reseen w tThel ugs 348 and a
conductive line 362. As a result, the use of chained architectures

requi res arcapddiittionsal34feted theocmwmrwhain iacd uwhesuped nat ipnins. cont act
plugs and netal lines. The need for additional metal process increases
manuf act ur iTge Hottest = lasctvwdde G311 BePragess 4 | cBmduréhedtitdsde fde
formati on of contacts requires an additional patterning or etching step

whi ch creatfs Rddid i e AiGHs JarBge .t & b1 doSRAS Ra3 OB Vi Sk O itOr

adj acent capacitor pairs 309 of a nmenory chain. An upper capacitor

el ectroqe I 6.4 fed be he_c citor pairs..The.use of
such upger %%ﬁgc#%oa&%ecflec# %%%Ilu%sér uelcﬁe‘go ae}g%a%?%gej?%?tgid%e?g\eaen t he
capacitor pairs,. where.F is the feature size o round rule of the IC. One
Fis requi retPam WPt s?%ea%;facf%t FRRRF § o?h‘é%pé?g’ﬂ-}% # 1 St TSR R om

el ectrodes 25 of the adjacent capacitor pairs while one Fis required for
01 DEC 2006Theq top capacitor electrodes are coupled to the cell

transistors via active area top electrode (AATE) plugs 386.
Conventionally, coupling of the top electrodes of
10 adjacent capacitor pairs is achieved Qith plugs 348 and a
conductive line 362. As a result, the use of chained
architectures requires én additional metal process, which
includes formation of contact plugs and metal lines. The
need for additional metal process increases manufacturing
15 costs as well ag raw process time. Furthermore, the
formation of contacts requires an additional patterning or
etching step which creates additional etch damage.
Fig. 4 shows a top view of two adjacent capacitor
pairs 309 of a memory chain. An upper capacitor electrode
20 plug 386 is located between the capacitor pairs. The use
of such upper capacitor electrode plugs requires a spacing
of 3F between the capacitor pairs, where F is the feature
gize or ground rule of the IC. One F is required oﬁ each
side of the plug for separation from the bottom electrodes

25 of the adjacent capacitor pairs while one F is required for



*the plug. The needed spacing undesirably increases the cell size. Fromthe
foregoing discussion, it is desirable to provide a chained architecture

. Without needing an 5 additional netal process as well as redUﬁg %WE
size. SUMVARY OF THE | NVENTI ON The invention relates to ICs Vi ng nory
block or array with a chained architectyre. Mre particularly, the 10
invention relates to reducing a netal Iager in chained architecture. In
chai ned architecture, nmenory cell transistors share a comon diffusion
regi on withthejréeat Thansesdedsspariingeapdeictiondlyr dnpedaisrspabes, with
bottom el ectrodes being conmon within the pair. Top el ectrodes of 15

adj acent capatltsigeof adjacent capacitor pairs are coupled together to a
common di ffusion region of a cell transistor (e.g., active area or (AA)).

For menory Ce||SFE@ﬁaEH€ @breéb?n@”éis@hs%ﬁ%nphih”ustEﬁh F eelgetrodes
are coupled to the diffusion“regions of their respectlve ce " transistors.

20 Bottom epesttgdes 8heiaUPLEANLPRERR A DRLHILLT Halah ol gdl ons of the

cell transistors. In accordance W t i nventon, ive strap 1is
used to cou .Lhe top_e trodes of the paci tors to AA. _Spacers are
provided§onggﬁé£§PHQ&aFFg gfpfﬁﬁeﬁg 55p§@ﬁ30?§ rFQHF&PSnﬁeﬁﬂeséF?ap from
the different |ayers 01 DEC 2006 5 of the capacitors. The spacers all ow
the strap to be self-

SUMMARY OF THE INVENTION

The invention relates to ICs having memory block or
array with a chained architeéture. More particularly, the
10 invention relates to reducing a metal layer in chained
architecture. In chained architecture, memory cell
transistors share a common diffusion region with adjacent
transistors. Cell capacitors grouped in pairs, with bottom
electrodes being common within the pair; Top electrodes of
15 adjacent capacitors of adjacent capacitor pairs are coupled
together to a common diffusion region éf a cell transistor
(e.g., active area or (AA)). For memory cells located at
the ends of the chain, their top electrodes are coupled to
the diffusion regions of their respective cell transistors.
20 Bottom electrodes are coupled to the other diffusion
regions of the cell transistors.
In accordance with the invention, a conductive strap
is used to couple the top electrodes of the capacitors to
AA. Spacers are provided on the sidewalls of the

25 capacitors, isolating the strap from the different layers



“aligned. The 'spacers also serve as an encapsulation for the ferroelectric
material. In one enbodi nent, the spacer material conprises alum num oxi de.
. 5 In another enbodi nent, the contacts coupling the top el ect r BddES dWBhe
AA are |l ower than the contacts coupling the bottomelectrodes to the AA
Thi s advantageously allows for the aliggnent of bottomelectrode to the
contact of the top electrodes to be non-critical. The use of strap 10 as a
| ocal interconnect between the top el ectrodes and AA elimnates the need
for additi ofR&l thet apprageprswhi The spdeess pildoesshegstasips toBBEEEelf-
DESCRI PTI ON OF DRAW NGS 15 Fig. 1 shows a conventional ferroel ecttic nenory

cell; Fig.aRigheds aThanzpatéﬂsablﬁbﬁﬂérv%habnanFEﬁcaEs%h@ﬂ§oﬁ for
cross-sectional view of a conventional nenory chain; Fig. 4 shows a top

view of a peghéi 88rebedeefPYENthOBRL 2120 FRMRLY ggggﬁimghgh gﬁéhgﬁgganent

cross-sectional view of a nenory chain in accordance w

of the inventign; Fi 2 S rocess _for formng a menory chain in
RetERLaT Oopele 0B RrS6S

accordance wth one e i men v i‘'on; and 01 DEC 2006 6 Fig. 11

shows a top view_of _a Egrtion of,.a nenngé chain in accordance with one
enbodi meht of t h&%i AYBREFENSPBETRRRED BRSCRPPFRENSOROTRRE1REVENE ORP

electrodes to the AA are lower than the contacts coupling
the bottom electrodes to the AA. This advantageously
allows for the alignment of bottom electrode to the contact
of the top electrodes to be non-critical. The uée of strap
10 as a local interconnect between the top electrodes -and AA

eliminates the need for additional metal layer, which

reduces processing costs.

BRIEF DESCRIPTION OF DRAWINGS
15 Fig. 1 shows a conventional ferroelectric memory cell;
Fig. 2 shows a conventional memory chain;
Fig. 3 shows a cross-sectional view of a conventional
memory chain;
Fig. 4 shows a top view of a portion of a conventional
20 memory chain;
Fig. 5 shows a cross-sectional view of a memory chain
in accordancé with one embodiment of the invention;
Figs. 6-10 show a process for forming a memory chain

in accordance with one embodiment of the invention; and



5 The invention relates generally to chained nenory architectures. In one

enbodi nent, the invention relates to ferroelectric nenory ceglDEC 2008

. inplenented with chained architectures. The invention can also apply to
other .types of nmenory cells arranged in a chained architecture. 10 Fig. 5

shows a cross-sectional view of a nmenor$ chain 402 in accordance with one

enbodi nent of the invention. The nenory chain conprises a plurality of

menory cells 4Q5L, 405,dhdws deop wiswbstratgodidonThé memempreel | s each
conprises a cell transistor 430 coupled to a capacitor in 15 parallel. The

cells of the chaj | b, SEL L € raki VeLY int/BReBROry chain
conpri ses <%?ar%'19(‘1{1ma)='rr9 a?éﬁeqlgg&?({:gg‘”i%:%é %p%?/#%élnﬁg{:a rrem)rym(.:lhai n wth other
nunber of nenory cells is also useful. Preferably, the nunber of cells
within a chain is equal to 2 where y is a whole 20 nunber >_ 1. The

transistors, for ple,_are n-FETs. P-FETs _a conbination of p and
n- FETs, orD&Ek3 DESCREIPTION O DIB INVENIEQH pe used. In one enbodinent,

a transistor 430 shares a common diffusion region with an adjacent 25
transi stor. A sBhecinwentiemsisiates ngenshahhy tancbaivedprmemegysc 7

provi ded on one end of the chain, selectively coupling or decoupling the
chain to aafinitéecudde. setgcobhonemboaiment or thaniakeneiancesianedi thbusi on

region with the first cell transistor of the chain.
ferroelectric memory cells implemented with chained
architectures. The invention can also apply to other
 types of memory cells arranged in a chained architecture.
10 Fig. 5 shows a cross-sectional view of a memory chain 402
in accordance with one embodiment of the invention. The
memory chain comprises a plurality of memory cells 405;-
405, formed on a substrate 410. The memory cells each
comprises a cell transistor 430 coupled to a capacitor in
15 parallel., The cells of the chain are coupled in series.
Illustratively, the memory chain comprises 8 memory cells
(i.e., x=8)., Providing a memory chain with other number o:i
memory cells is also useful. Preferably, the number of
cells within a chain is egqual to 2Y, where y is a whole

20 number 2 1.

The transistors, for example, are n-FETs. P-FET3, a
combination of p and n-FETs, or other types of transistors
can also be used. In one embodiment, a transistor 430
shares a common diffusion region with an adjacent

25 transistor. A selection traneistor (nct ghown) can be



-5 Above the transistors are provided cell capacitors. The capacitors, in
one enbodi nent, are ferroelectric capacitors. Alternatively, other types

. of capacitors, such as non-ferroelectric nmenory capacitors, can be

provi ded. The ferroelectric capacitor conprises a ferroelectrfd O%C 12808er ,
such as lead zirconiumtitanate (PZT). Gther ferroelectric materials, such
as strontiumbisnmuth tantalate (SST), are also useful. Miltilayered

ferrol ectri JTUGE Ur e r S eful,, .The ferroelectric layer is

di sposed b tg\?e%r?léﬁ ?’é’t %élfledees??coo%d e eec?r%%’d{e]’s % Jr?é%{)f reMP1 o1 Sanpl e, a
nobl e netaH 5e.gH“ platinum) ., O her types of cgnductive materials, such as
strontium TR SXiE =2 ih“)'r/ i 4R oxi ($9XGCEEP al so be used.
Mul til ayered el ectrode structures, which may conprise additional naterials
like Ti, TitManeister cErershar® arceompen distfusioTeediostwimd eeond

el ectrodes need not be forned fromthe same material. An interlevel

di el ectri c filrisD) dedyertriifeistqy @l date cisejrgrating the transistors and
capacitors. The ILD conprises, for exanple, silicon oxide. Oher types of

01 DEC 2000 8 QineheciuHe: dﬁrﬁﬂ@d&vs%@ﬁﬁqﬁ&é&%ﬁtéégﬂ&i be used
ep

to formthe ILD. A barrier |layer can be provided between t ug and

o e BN o M ! 8 B0 Slene 8 Sxaml e
capacitors. Alternatively, other types of capacitors, such
as non-ferroelectric memory capacitors, can be provided.

The ferroelectric capacitor comprises a ferroelectric

10 layer, such ag lead zirconium titanate (PZT). Other
ferroelectric materials, such as strontium bismuth
tantalate (SBT), are also useful. Multilayered
ferrolectric structures are also useful. The ferroelectric
layer is disposed between first and second electrodes

15 Zformed from, for example, a noble metal (e.g., platinum).
Other types of conductive materials, such as strontium
ruthenium oxide (SRO) or iridium oxide (IrO), can also be
used. Multilayered electrode structures, which may
comprise additional materials like Ti, TiN, Ir, or others,

20 are also useful. The first and second electrodes need not

be formed from the same material.
An interlevel dielectric (ILD) layer 426 is provided,

separating the transistors and capacitors. The ILD

comprises, for example, silicon oxide. Other types of



- conprises, in one enbodinent, iridium Oher types of barrier |ayers are
al so useful. The use of barrier layers 1is particularly useful for
_ferroelectric, high k dielectric, or other applications wher&?1d&ig2008
oxidation is a 10 concern. An adhesion |ayer can al so be provided between
the barrier layer and ILD | ayer to prongte adhesion of the barrier |ayer.
The adhesion | ayer can conprise, for exanple, titanium O her types of

terial i ch t dhesi bet .the 1LD.and i I
A so st ukLeT8ePRLErBSER b Ren PuCrvE ol dOERT Cideror AR Red &

comon el ectrode, grouEing the capacitors into pairs 409. Preferably, the
capacitorst§h§P§ma B8t £L&M-common el ectrode. Active area bottom el ectrode
(AABE) plugs 485 are provided in the ILD, each coupling a bottom el ectrode
of a capacitor RObavromz ohyehecdnf besipoovidgicohetofeen thengilsigrand
Preferably, an AABE plug couples a bottomelectrode of a capacitor pair to

one of theneogBRnelettsbentbeghreRentl o iWhARSIEStOe diBRiQIdISE,f or
exanpl e, conprise tungsten (W. Oher types of conductive materials, such

as doped p - ok ca d p - 9 : , tal silicide
01 DEC googb)égg%gwér&?éi %E]&b%?fr leg)xg?rlgl El%%baﬂ%ogﬁtﬂl%%s&rﬁ%’%n be

o the- i nvERIESR=e 3t n&"t S5 SoFIEERatEbTor AR a0 ac ST STa SR of
adj acent a%a 1ae(1::i ggreg-%i E':S:eara S%Olijzgle%%lv.i aT%eC ?Psdeu%[fi Vbeetrsz:[irearp lAégy%rsA
is particularly useful for ferrocelectric, high k

dielectric, or other applications where:plug oxidation is a
10 concern. An adhesion layer can also be provided between
the barrier layer and ILD layer to promote adhesion of the
barrier layer. The adhesion layer can comprise, fof
example, titanium. Other types of materials which promote
adhesion between the ILD and barrier layer are also useful.
15 In one embodiment, two adjacent capacitors 440 share a
common electrode, grouping the capacitors into pairs 409,
Preferably, the capacitors share a bottom common electrode.
Active area bottom electrode (AARBE) plugs 485 are provided
in the ILD, each coupling a bottom electrode of a capacitor
20 to one of the diffusion regions of a transistor.
Preferably, an AABE plug couples a bottom electrode of a
capacitor pair to one of the common diffusion regions of a
transistor. The plugs, for example, comprise tungsten (W).
Other types of conductive materials, such as doped poly-§i,

25 can also be used. For poly-Si plugs, a metal silicide



strap is coupled to the other diffusion region of a transistor via an AATE
plug 486. Preferably, a strap couples the top electrode of two adj acent

. capacitors from different capacitor pairs to the other common dL E§A¥@p 10
region of two transistors via an AATE plug. in one enbodi nent, Q an
AABE are formed by separate processes. The AATE plugs are forned W th
their -top surfaces below the top surfaces of the AABE plugs. Providing
AATE pl ugs adwmnrisiand ovierr teveampBE phlombt 16r adiaatdgeoushy bacreases t he
process w ndow since the alignnent between the bottom el ectrodes 441 and
plugs is miowiddd taltwdi tiles I @y dhe@ dapdeiest.pl ugs can be optinized
separately. Alternatively the AAT and AA pl ugs can be forned in the

same process. 20 Thes a%i&é)r@%ﬂ E'B?r E%eﬂugg_

General ly, the strap shou contact t e e |C|en OFO provi de

the desired.,el ectri ract rlstlc For exa t he contacts
about halq:h %i é;ﬁ? otve HE é%ﬁp%ﬁeﬁ?ngﬂétofﬁeo tﬁagagsn
conprises, in one enbodlnent pon Si. Oher types of 01 DEC 2006 10
conduct Pve GRRATHER%S Patich 3Ee AP HRAN ViR tAnFOREAFEL VEeSETabt 4RPum A
tungsten, as well as nulti-layered conductive structures, can also be used
to form t hetampis Iqp@ﬂ@@n&m&h&mthspaﬁefEudiénareg}bonvoﬂed on the 5
sidewal I s of the capacitor to electrically isolate the

transistor via an AATE plug 486. Preferably, a strap

couples the top electrode of two adjacent capacitors' from
different capacitor pairs td the other common diffusion

10 region of two transistors via anﬂAATE plug.

In one embodiment, the AATE and AABE are formed by
separate processes. The AATE plugs are formed with their
top surfaces below the top surfaces of the AABE plugs.
Providing AATE plugs that are lower than AABE plugs

15 advantageously increases the process window since the
alignment between the bottom electrodes 441 and plugs is
not critical. Furthermore, the different plugs can be
optimized geparately. Alternatively, the AATE and AABRE
plugs can be formed in the same process.

20 The strap contacts the top capacitor eletrodes.
Generally, the strap should contact the electrodes
sufficiently to provide the desired electrical
characteristics. For example, the gtrap contacts about
half of the surface area of the top electrode. The strap

25 comprises, in one embodiment, poly-Si. Other types of



si des of the'capacitors fromthe conductive strap, preventing the

el ectrodes from being shorted. The spacers conprise a dielectric material,
such as alum na (A1203). QOher types of dielectric nateriaI%, b@El i ng
titanium 10 oxide, silicon nitride, silicon oxide, or nulti-léber
dielectric structure, are also useful. lw one enbodi nent, the spacers also
advant ageousl y serve as an encapsulation layer for the ferro electric

mat eri al , [ e i ' C ] .e.g., drogen_or ter. An
15 encapsu% "%ﬁéqlg%erﬁﬁggﬁ%%ﬁé be%%}g\%%g%ﬁ;@ﬁwﬁhetlc Pat o?‘str%\l&%' st raps,
protecting the nenory chain from for exanple, hydrogen which degrades the
properties Of-AH T erTRIRLER i A5 LY aF | Mohel el e¥ed OB Vehain i s
coupled to a bitline 20 while the other end is coupled to a plateline. The
gates of tHEWHYresarsastaiee Yorussdnpdeformrivke astmapare coupled to
wordlines. The bitline and plateline can be forned on the first netal

| evel , while thelmormk i ersisoaiment oramacens a4 s@cand peswd dédvieh . gk her types
of wiring 25 schenes are also useful. 01 DEC 2006 11 Figs. 6-10 show a

process sf ors fdswA TI0s o PEHRE Yoahed it of Nt @CEDE LALLM ¥ Ny giEs abodh nent  of
the invention. Referring to Fig. 6, a sem conductor” substrate 510 is

provided.  Thgssulhsd rale eapoparedeabh el Lolsaielsl Qe O the memory

chain. Ot her conponents

preventing the electrodes from being shorted. The spacers
comprigse a dielectric material, such as alumina (Al.0;).
Other types of dielectric materiéls, including titanium

10 oxide, silicon nitride, silicon oxide, or multi-layered
dielectric structure, are also useful. In one embodiment,
the spacers also ad?antageously serve as an encapsulation
layer for the ferrc electric material, protecting it
against contaminates, e.g., hydrogen or water. Aan

15 encapsulation layer 493 can be provided over the capacitors
and straps, protectiﬁg the memory chain from, for example,
hydrogen which degrades the properties of the ferroelectric
material.

One end of the memory chain is coupled to a bitline

20 while the other end is coupled to a plateline. The gates
of the cell transistors, for example, serve as or are
coupled to wordlines. The bitline and plateline can be
formed on the first metal level, while the wordlines are

formed on a second metal level. Other types of wiring

25 schemes are also useful.



-can al so 'be prepared on the substrate. The cell transistors, in one
enbodi nent, share a common diffusion region wth adjacent cel
_transistors. The cell transistors, for exanple, are n-FETs. P-FETS, a 10
conmbi nation of n and p-FETs, or other types of transistors c&i BF&cdlife
used. An ILD | ayer 525 is provided over fjhe substrate. The |[ILD, for
exanpl e, conprises silicon oxide. Oher types of dielectric materials,

such as silicon pjtride,.do or is undoped _silicate glass, or i, N-on

gl ass, are al so %%%%UI8_1€U$$$Yaye?ﬁacFE% g??ug?ﬁpéggagemQWQEYugéng.
Various techniques, can be ,used to formthe |ILD, such as chem cal vapor
deposition ¥ copgapse suthnanegemapaimspkeati fhendnypatéencic, 20
coupling to diffusion regions of the cell transistors. In one enbodi nent,
pl ugs 585 (R@Beyrinapte Fha. b6t t anpevipavitotor| eubsbdeset 610hést ransi stors
whil e plugs 586 (AATE) couple the top capacitor electrodes to the

transi st or sprdvedpiugsThéosubzesate, igoppebaced woREUBEIYEtR4nPECL3086 12
mat erial such as poly-Si. Oher types of conductive naterial, such as

tungsters (bt €R8 pbserpecHsed. Tbehekuaémﬁaﬁeheér@gxa—U%“QRsengﬁef«zg?”a'

techni ques. For exanple, a resist |layer is deposit on the ILD llayer 5

Formed. An Svsatroprs Bf charadcfe £AB°abarkeeY! ANl eh pluas are
transistors, in one embodiment, share a common diffusion
region with adjacent cell transistors. The cell
transistors, for example, are n-FETe. P-FETS, a

10 combination of n and p-FETg, or other types of transistors
can also be used.
An ILD layer 525 is provided over the substrate. The
ILD, for example, compriseé silicon oxide. Other types of
dielectric materials, such as silicon nitride, doped or
15 undoped silicate glass, or spin-on glass, are also useful.
Multilayered ILD structures are also useful. Various
techniques can be used to form the ILD, such as chemical
vapor deposition (CVD).
Plugs 585 and 586 are formed in the dielectric,
20 coupling to diffusion regions of the cell transistors. In
cne embodiment, plugs 585 (AABE) couple the bottom
capacitor electrodes to the transistors while plugs 586

(AATE) couple the top capacitor electrodes to the

transistors. The plugs, for example, comprise a conductive



reactive ion-etching (RTE), is then performed. The RIE renoves portions of
the ILD | ayer exposed by the resist mask, creating vias. A conductive
material is then 10 deposited on the substrate, filling the vias. Excess
conductive material over the ILDis then renpved by, for exanpl OECcABE cal
mechani cal polishing (CMP). The CVWP creates a planar surface between the
plugs and ILD. A liner layer, such as titanium can be deposited on 15 the

substrate ine-the via walls prior to filling the vias. The liner |ayer
can be useé%éoérﬁsﬁll i HRFDPY Yf%’e' SUBRET at¥PRRt 8F | GPREBCEE¥RICe cont act
resistance. A barrier, such as titaniumnitride, can also be provided to
line the vimeh@Aial, HRCh AT i ngsser (Whi brar akactbenugedbet ween t he
substrate and plug materials. Depending on whether the |iner and/or

barrier |ayers &he @nfietave Dormedtysihg bohtvent Déndhet¥thnidyede renoved
to expose the diffusion region. In one enbodi nent, AATE and AABE plugs are

made 25 sefuatetamplihe hetedisof lifer AATEiobogs: S86cAT €nk OYEH P%%/ C 2006
13 than the height of the AABE pl ugs 585. For exanple, a first electric

L2103, S s oo ek S ARIB AL UL
whi ch "t he sl BRSSP S SRS frpiredth as o

reactive ion etching (RIE), is then performed. The RIE
removes portions of the ILD layer exposed by the resist
magk, creating vias. A conductive material is then

10 deposited on the substrate, filling the vias. Excess
conductive material over the ILD is then removed by, for
example, chemical mechanical polishing (CMP). The CMP
Creates a planar surface between the plugs and ILD.

A liner layer,.such as titanium, can be deposited on

15 the substrate to line the via walls prior to filling the
vias. The liner layer can be used for silicidation of the
substrate material to reduce contact resistance. A
barrier, such as titanium nitride, can also be provided to
line the via walls. The barrier layer inhibits reaction

20 between the substrate and plug materials. Depending on
whether the liner and/or barrier layers are conductive or
not, the bottom of the via may be removed to expose the
diffusion region.

In one embodiment, AATE and AARE plugs are made

25 separately. The height of the AATE plugs 586 are lower



-different electrical characteristics, such as resistance. Furthernore,
havi ng AATE pl ugs which are | ower than AABE plugs increases the process

. Wi ndow since the alignment 10 between the plugs and botton1ﬁﬁp@§gtﬂwﬁ

el ectrodes is non- critical. In another enbodi nent, AATE pl ugs 6 Used for
coupling the transistors to the top el eaqsrodes are forned using two
process steps. AATE plugs 586, for exanple, have 15 the sane or simlar

el ectrical (requict t.5..a4S t e f periph deyices (e.g.

resi st ance)t.h%%s té“ﬁ"gﬁf}’ts%*é& Iooij\e()tfne Ff%hq (ﬁeg"‘@#)s %\% p%%g ?’é’%ﬁ%’ed’ during the

formati on qQf. | ugs for peripheral devices, Alternatively, plugs 586 can

be forned %ﬁrépts:éﬁ’@%%’g‘&slﬁﬁ%p‘:s ALRRF i 9d nkPiowirg by  feEmatiomus

capaci tor kgyers are deposited on the substrate. In one enbodi nent, the
ISy

capaci t or SMTEcpipgse 1Bhyarsafiter f a menpridrddel ectric laygacisors. To
forma ferroelectric capacitor, first electrode 641, ferroelectric |ayer

646 and seciepoeitect radd t2he GEBRIE WA e | Bbitedeposbirih®tideplugs
substrate. In one 01 DEC 2006 14 enbodi nent, the el ectrode materi al

conpri ses cpRftlat Bl als Sy A9 B IR ul heof I3 i@ﬂiéﬁsgﬁﬁ%ﬂ%h

conprises lead zirconiumtitanate (PZT). O her uct1ve an

Lantalate CABTPL B T o TR BB e (SRR e ayer while

ot her condugtdyve oxi des such L,
dif ereﬁ% electrical characteristice, such as resistance.

Furthermore, having AATE plugs which are lower than AABE
plugs increases the process window since the alignment

10 between the plugs and bottom capacitor electrodes is non-
critical.

In another embodiment, AATE plugs 586 used for
coupling the transistors to the top electrodes are formed
using two process steps. - AATE plugs 586, for example, have

15 the same or similar electrical reguirements as those for
peripheral devices (e.g., resistance). As such, the lower
portion of AATE plugs is formed during the formatiom of
Plugs for peripheral devices. BAlternatively, plugs 586 can
be formed in a single process step.

20 Referring to Fig. 7, the various capacitor layers are
deposited on the substrate. 1In one embodiment, the
capacitor layers comprise layers for forming ferrcelectric
capacitors. To form a ferroelectric capacitor, first
electrode 641, ferroelectric layer 646 and second electrode

25 646 are sequentially deposited on the substrate. In one



~as SRO or IrO can be used to formthe electrodes. The first and second

el ectrodes could also be formed from different conductive materials. In
alternative 10 enbodi nents, the various capacitor |layers are used to form

" non-ferroel ectric capacitors such as dynam ¢ random access méﬁﬁﬂymmaxuwa

capaci tors. For exanple, conventional DRMM el ectrodes and dielectric

| ayers are used. Various techniques such as CVD MOCVD, PVD, and spi n-on,

n be 15 to formi ou cito ers. In one_enbodi nent, a
ggrrier Iaf%@g dl?%ﬁ%ﬁdt5?|%¥ %roég Wgﬁsrﬁﬁi PRBFi8pEcfr S9BLCTRE BAr ri er
| ayer conprises, for exanple, iridium O her naterlals whi ch can i nhi bit
t he d|ffu3|%HF%X%@éﬂla§EEﬁmast@?tgﬂrﬁﬁﬁﬁﬁﬁﬁrdé mgsrrakdocbapzd sesedeado
pronote adhesion between the barrier |ayer and [ILD, an adhesion |ayer can
be provi dedzbereritmt hetdnatee(PZTayer othee adhdascetveaypd conprises, in
one enbodi nment, titanium Alternatively, other adhesion pronoting

material's cherbeeletriYanhousiALshakaUESsof B a%BAD! eFBW&%nBEQ 2006 15
and CVD, can be used to formthe barrier and adhesion [|ayers

appl i cats onétmewurahslawehceanmséepfclsﬁg:, cin g‘f&éﬂ;‘, "H%%Sfi%& ?Xandg

formed over the ILD prior to the 5 capacit ayers

userul et herrEEF EETE ThBbrolRByS pbReE gpRacTive Rides such

as SRO or IrO can be used to form the electrodes. The
first and second electrodes could also be formed from
different conductive materiales. 1In alternative

10 embodiments, the various capacitor layers are used to form
non-ferroelectric capacitors such as dynamic random access
memory (DRAM) capacitors. For example, conventional DRAM
electrodes and dielectric layerslare used. Various
techniques, such as CVD, MOCVD, PVD, and spin-on, can be

15 used to form the various capacitor layers.

in one embodiment, a barrier layer is formed prior to

forming the first electrode. The barrier layer comprises,
for example, iridium. Other materials which capn inhibit
the diffusion oxygen, such as_titanium nitfide, can also be

20 used. To promote adhesion between the barrier layer and
11D, an adhesion layer can be provided beneath the barrier
layer. The adhesion layef comprises, in one embodiment,
titanium. Alternatively, other adhesion promoting

materials can be used. Various technicues, for example PVD



- conventional ‘techniques. Referring to Fig. 8, the dielectric and top

el ectrode 10 layers are selectively patterned to form upper portions of
the capacitors. Conventional mask and etch techniques can be used to
pattern the layers. For exanple, a hard mask is deposited on @hel&logllf
capacitor layer. The hard nmask, in one gnbodi nent, conprises Si02. O her
hard mask material 15 is al so useful. A photoresist |layer is deposited on

the hard nagg er. antlrgfé ive gﬁRE% | ayer can be, fornmed beneath
the phot or e313t 5 hecﬁﬂ Drie8Fet P ayRF ™ §0ep ?FE%ﬁEdanﬁeQ@hﬁglanreS|st

bl ock to protect the hard mask |ayer in regions corresponding to the area
of the 20 c%%%%??or. An ani sotropic etch, such as an RIE, is used to
renove the exposed portions of the hard mask |ayer to expose the top

capaci tor |ayer.Foheappbicaticnsewherd thétplugheohprdagpspol§-palt grned.
An RIE is then perforned to renpve the top el ectrode and dielectric |ayer

01 DEC 2006metl$l uapl D& odé ellapyrt he h@fﬂeaa@kertbﬂé topmbpgothec UpRE!
portion of the capacitors. Referring to Fig. 9, the bot on1e|ectrode as

belr, 355 copashbotol AYeyerbel Ol ndla1 Shlichide ABNESLARGLTLO Of

barrier) are patterned,” form ng the [ower portroh o 3C|tors
2 har d ek CTRESRES SRTRE RE NS TreftEt « cRrePEcTRbaL Shivesdns arommon
also useful. The metal silicide ig formed by, for example,
conventional techniques.
Referring to Fig. 8, the dielectfic and top electrode
10 layers are selectively patterned to form upper portions of
the capacitors. Conventional mask and etch techniques. can
be used to pattern the layers. For example, a hard mask is
deposited on the top capacitor layer. The hard mask, in
one embodiment, comprises Si0O,. Other hard mask material
15 is also useful. A photoresist layer is deposited on the
hard mask layer. An antireflective (ARC) layer can be
formed beneath the photoresist. The photoresist layer is
patterned, leaving a resist block to protect the hard mask
layer in regions corresponding to the area of the
20 capacitor. An anisotropic etch, such as an RIE, is used to
remove the exposed portions of the hard mask layer to
expose the top capacitor layer. The resist is removed
after the hard mask is patterned. An RIE is then performed

to remove the top electrode and dielectric layer



el ectrode for two adjacent capacitors. The process of 10 form ng the | ower
portions of the capacitors exposes the top surfaces of the AATE plugs. The
dielectric layer is overetched to ensure that the top surface% o@ &rﬁ TE
pl ugs are exposed. A spacer |layer 877 is conformally deposited oV F t 15
substrate, covering the capacitors and gLugs 586. In one enbodiment, the
spacer |ayer conprises a dielectric material such as alum na. The spacer

| ayer al so _serves as n encapsul ation | ayer, égotecting the ferroelectric
mat eri al fr“é’rﬂroftt?t‘:tégaﬁ’@’l &hen harsh askor Herusi krmeing cc120 uppesri al s, such
as titaniumoxide, silicon nitride, or other types of nitrides, are also
useful . A RaT¥aEQny @lfy the imapamidard.ayer may al so be fornmed from

mul ti-layered dielectric stack conprising SiQ2 and/or nitrides. The
spacer |ayer is Redfeaatired tey Fifpr XAy Gotdf L d Gy 2 17
PVD. Ot her deposition techniques, such as CVD or ALD, cé%Q%aﬁgglbgggsed to
formthe spageiciltdter ayReferding t@ .5 9. 81 & nisgtropic etch, is
perforned. The etch, for exanple, %’o%r'i sséls lé:ﬂl%zaucl}heeslqgl'?ﬁ? éffoves t he
hori zongal Ha@&tiians rlayer., exposi.ng the surface of the
capacitors and Jeﬂugg'%yé\%m I e%a’eaw d’ncgaé t SiRRFRIS 9fr Sthect ed by
spacers 97 I.n..Qne enbqdi nent,. an etch stop layer is deposited over the
substrat e. Il‘tmg%elt(:‘z‘@ﬁss't o%ﬁtiféfﬂmlgoro%e%?plt&ttom electrode layer is

performed using, for example, a hard mask. In one

embodiment, the bottom electrode serves as a common
electrode for two adjacent capacitors. The processg of

10 forming the lower portions of the capacitors exposes the
top surfaces of the AATE plugs. The dielectric layer is
overetched to ensure that the top surfaces of the AATE
pPlugs are exposed.

A spacer layer 877 is conformally deposited over the

15 substrate, covering the capacitors and plugs 586. In one
embodiment, the spacer layer comprises a dielectric
material such as alumina. The spacer layer also serves ag
an encapsulation layer, protecting the ferroelectric
material from, for exam?le, hydrogen. Other dielectric

20 mwaterials, such as titanium oxide, silicon nitride, or
other types of nitrides, are also useful. Alternatively,
the spacer layer may also be formed from multi-layered
dielectric stack comprising S$i0, and/or nitrides. The

spacer layer is deposited by, for example, sputtering or



10 conprises-a conductive layer such as titaniumnitride. Providing an etch
stop | ayer advantageously reduces subsequent etch damage to the top

el ectrodes. The use of non-conductive |ayer such as silicon oxide is also
useful. If a non-conductive |ayer is used, a patterning ste§1i§E%§ 8
performed to expose a portion of the top.el ectrode and contdcts g! A
conductive layer 991 is then forned over the substrate, covering the

capacitors gﬁs sufficie tI% filling the region between two adjacent
capaci tor palvs. 5?&9%0 EBHALE PU L REFRETUER | FuUShe 28nBYBI AENALDGoRPRI Ses

doped poly-Si. other types of conductive materials, such as titanium
nitride, tiQ%ﬁﬁLPﬁ wredi hanformnkke erpaceppéryer. plati num al |l oys thereof,
or a conbi nation thereof, can also be used. Various techni ques can be used
to formthe 25 cRmiexring tmtPBigal 50, sanhanssBYPophcC¥Pcn0igDEC 200 18
Subsequently, the conductive |ayer is patterned, formng straps which

coupl ¢ t op mdepssmsles ofnadkeSENt ropaRgboLS LEABLALLACER! pEADACKLQ Pai rs

to plugs 586. In one enbodinment, the straps are torned Using con onal

5 ek, 10 a0t oo EEUTAGMER 0T le BLLOOSSULE ELTLDL E0RLEEL (e tor

ol cct rodes, P S atlir | SEREREr <57 cHhar GapRgLuarPoas< Byess 5R6IWaile
leaving capacitors sidewalls protected by spacers 978.

In one embodiment, an etch ;tbp layer is deposited
over the substrate. The etch stop layer, for example,

10 comprises a conductive layer such as titanium nitride.
Providing an etch stop layer advantageously reduces
subsequent etch damage to the top electrodes. The use of
non-conductive layer such as silicon oxide is also useful.
If a non-conductive layer is used, a patterning step is

15 performgd LC expose a portion of the top electrode and
contacts 586,

A conductive layer 991 is then formed over the
substrate, covering the capacitors and sufficiently filling
the region between two adjacent capacitor pairs. The

20 conductive material, in one embodiment, comprises doped
poly-8i. Other types of conduétive materials, such as
titanium nitride, titanium, aluminum, tungsten, copper or
platinum, alloys thereof, or a combination thereof, can
also be used. Various techniques can be used to form the

25 conductive materials, such as PVD or CVvD,



- 10 capaci'tors, preventing shorting of the electrodes. An encapsul ation
| ayer can be deposited over the capacitors. The encapsul ation | ayer
~reduces or prevents for exanple, hydrogen from degrading the fe6$¢9 actric
material. In one enbodinent, the encapsul ation | ayer conprisgé r1iC0n 15
nitride or alum num oxide. O her types o{ encapsul ation materials which
protect the ferroelectric materi al fron18hydrogen can al so be used. The
encapsul ation | a can be formed using conventional techniques, such as
PVD or CVD. ézﬁéée@ﬂe§bhﬁerthﬁye@ndnétsveabaaevamsagecuskmeﬂnOV|des a 20
sel f-aligned process for coupling the top electrodes to the transistors
wi t hout reqgidrmimgastetps phichssouply. tdp ehewsradkayout ag Esbéﬁtnennry
cells in accordance with one enbodi nent of the invention. shown t wo

adj acent capagatDEoPdi ESoR09a988eRE O¥aEGE tAR AAT 8 at ed
bet ween the capacitor pair. A?st?ap OIBDEl Zgoéé ES Obgggglgskthe ﬁ

| ectrod S d ent ca CItO alrs
?oefhre"AZ?E@ﬁ%u%"‘bé%?mﬁﬂ#ﬁ;eé%dzg,ﬁ??%%‘%erfé R, %%FS{E SPRLCEEEsPYdes of

t he capaci resent vention facilitates 5 1F
spacmg%bet%%é]ﬁI gpﬁ@?%bggpé 11 GHES - aﬁ@ﬁn?ﬁﬁéaﬁsnyﬁé§ﬁﬁp§lyn
smal l er cell size and reduced nanufacturlng cost. While the invention has
been parti coPRFGt shBfntaRdelaesEpipadtai pRofuter sheedesivad ous
enbodi nents, it will be

electrical characteristics. In one embodiment, the straps

A
—_

contact about half of surface bf the top electrodes.
The sidewall spacers isoclate the various layers of the '
10 capacitors, preventing shorting of the electrodes. An
encapsulation layer can be deposited over the capacitors.
The encapsulation layer reduces or prevents for example,
hydrogen from degrading the ferroelectric material. In one
embodiment, the encapsulation layer comprises silicon
15 nitride or aluminum oxide. Other types of encapsulation
materials which protect the ferroelectric material from
hydrogen can alsoc be used. The encapsulation layer can be
formed using conventional techniques, such as PVD or CVD.
The use of spacer layer and strap advantageously provides a
20 self-aligned process for coupling the top electrodes to the
trangistors without requiring a metal process.
Fig. 11 shows a layout of the memory cells in
accordarnce with one embodiment of the invention. As shown,
two adjacent capacitor pairs 909 are provided. An AATE

25 plug 986 is located between the capacitor pair. A strap



- 10 recogni zed by those skilled in the art that nodifications and changes
may be made to the present invention wi thout departing fromthe spirit and
. scope thereof. The scope of the invention should therefore bé&1deterdined
not wwth reference to the above description but with reference to 15 the
appended clainms along with their full sggpe of equivalents. 01 DEC 20U 20
What is clainmed is: 1. Anintegrated circuit (1C conprising: a first
menory cel | Jé“ﬂ udiing a . first tr nsis&gr W th ? first and second diffusion
regi ons and® TR EFRS (TP ShITLEPIeH 814 vl dF¥P erBIRESTRyer bet ween
top and bottom electrodes, the top electrode of the first capacitor having
a top surf &P R iFakebrifergnt | prPacl Her apsbrontot thashMIDrplugh 10
first and second diffusion regions and a second capacitor wth a capacitor
di el ectri c Bypysidptsidewaldp spabdps ttomn isdbEate ogliee, el bettoge gl eEtipde of
t he second capacitor having a top surface, the second diffusion regions of
the first antbasRIONGEIRNTS D Sap 0T IhEGpRe QAT HLEE USh OFad £01 Olked!5 2
dielectric layer covering the first and second transistors; an opening
formed isn t i I re ' . t or .Ln the opening and

s U1e Ll A I yaelend é%%a%én}egg LBl o4 o7 R L peni ng

coupled to the™ comibn usion re ITst an econd capacitors

advantageously results in smaller cell size and reduced
manufacturing cost.
While the invention has been particularly shown and
described with reference to various embodiments, it will be
10 recognized by those skilled in the art that modifications
and changes may be made to the present invention without
departing from the spirit and scope thereof. The gcope of
the invention should therefore be determined not with
reference to the above description but with reference to

15 the appended claims along with their full scope of

equivalents.



- 20 having sidewal |s; dielectric spacers disposed on the sidewalls of the
first and second capacitors, wherein the dielectric spacers extend at npst
~to a height of said top surfaces of the top electrodes of the first and

" second capacitors; 25 a conductive strap contacting the top s@rlfBeedWB the
top electrodes of the first and second cepacitors and the first contact,
the dielectric spacers isolating the conductive strap fromthe bottom

el ectrodgaAnd Lapacihahl @iel ectric layer of the first and second
capacitor; 30 a further dielectric |layer arranged on the conductive strap

and the top electrodes of the first and second capacitors. 01 DEC 2006 21
2. The ICof clajm11, wherein_the capacitor dielectric layer is a
ferroel ectric | afBr 0tePTrafed) igew%h Q) SRPE: $iB%e bottom el ectrode

of the 5 firg GaRci hofohS &&ELPIMPRLASHROGE £ 1J:q. .C i por of

athird nenory cell and tﬁgﬁkotton1elch§o§g gffpk%Qég%%%%ﬁggéﬁggﬁféﬁ s a

conmod el ecErvat anhda sfexen@ diffsistion ofegiohmuand aefbrytcehbadikcdke The
havi ng first and

| C of clali f i s Ng; t.hi t | st
second d 1 iernd FaBasrBE, 8 Bt [faydd Redidtn Fop: Gndobotsom hi r o
transi stor ebecogouesy ttthéhtopi edlectidddsion t1vdi O of t8Sack b3

transi stor;. and
having a top surface;

a second memory cell including a second transistor with

10 first and second diffusion regions and a second capacitor
with a capacitor dielectric layer between top and bottom
electrodes, the top electrode of the second capacitor having
a top surface, the second diffusion regions of the first and
second transistors forming a common diffusion region;

15 a dielectric layer covering the first and second
transistors;

an opening formed in the dielectric layer;
a first contact formed in the opening and coupled to the
common diffusion region, the first and second capacitors |

20 having sidewalls;

dielectric spacers disposed on the sidewalls of the
first and second capacitors. wherein the dielectric spacers
extend at most to a height of said top surfaces of the top
electrodes of the first and second capacitors;

25 a conductive strap contacting the top surfaces of the
top electrodes of the first and second capacitors and the
first contact, the dielectric sSpacers isolating the
conductive strap from the bottom electrodes and capacitor
dielectric layer of the first and second capacitor;

30 a further dielectric layer arranged on the conductive

strap and the top electrodes of the first and second

capacitors.

[iamet ty b ged piyimadiomped.s RPN ] AT
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- 15 a fourth transistor having first and second di ffusion regions wherein
the first diffusion region of the fourth transistor is a comon diffusion
_region with the first diffusion region of the second transi sl brDEC22006. The
|C of claim2, wherein the bottomelectrode of the first capacitor is a
common el ectrode with a third capacitol of a third nenory cell and the
bottom el ectrode of the second capacitor is a conmon electrode of a fourth
capaci t gr. of ghe fDUreoh okatmylcekWherdhim. tHéecaprol toradiel ectaritcher
conprising: a third transistor having first and second diffusion regions,
wher ei n 18¥ex | $8t2 JfFEOPSRC &GO Bf®E he third transistor is conmon with
the first diffusion region of the 30 first transistor; and a fourth

transi stor having first and second diffusion regions wherein the first

di ffusi @ regioe D¢ ofiechadm A ,0 WHEEE@2OO0the2borbowi siectirode edmide
diffusion region with the first diffusiop reqgion, of the.. cond .
tranéhﬁQﬁ?sg.C?Pa?ﬁ§°FC13fWﬂ%ﬂWWﬂf %;%?gfﬂgghglﬁgtFo&?@ﬁ?@ﬁﬁﬁﬂﬁ?%ﬁrthe

5 first &Qdaseﬁ%é £BRBEY el 121 & 0Pk EBot BohesReetirvald ivtstthelisédtsadn
regions of the first and second transistors via second contacts. 8. The IC

of cl ai cdpachtoei hsaat cpmawrt &lewirede ofrat fougtiosERACitePn RErathan a

top surfgce of the second,contacts.
ourth memory cell.

10 4. The IC of claim 3, further comprising:

a third transistor having first and second diffusion
regions, wherein the first diffusion region of the third
transistor is common with the first diffusion region of the
first transistor; and

s a fourth transistor having first and second diffusion
regions wherein the first diffusion region of the fourth
transistor is a common diffusion region with the first

diffusion region of the second transistor.

20 5. The IC of claim 2, wherein the bottom electrode of the
first capacitor is a common electrode with a third capacitor
of a third memory cell and the bottom electrode of the second
capacitor is a common electrode of a fourth capacitor of a
fourth memory cell.

25
6. The IC of claim 5, further coﬁprising:

a third transistor having first and second diffusion
regions, wherein the first diffusion region of the third
transistor is common with the first diffusion region of the

30 first transistor; and

a fourth transistor having first and second diffusion

regions wherein the first diffusion regiom of the fourth




9. The IC of claim7, wherein the bottomelectrode of the first capacitor
Is a comon electrode with a third capacitor of a third nenory cell and

. the bottom el ectrode of the second 15 capacitor is a conmon ¢ €ptEofg of a
fourth capacitor of a fourth nenory cell. 10. The IC of claim?9, further
conprising: a third transistor having fi§§t and second diffusion 20
regions, wherein the first diffusion region of the third transistor is

conmon w gh fidrSt; i 4 f dsihion 89t f the .[first, transistor; and a
fourth trang%léb'?osrt*zv]i%ggfi rst angggg{élgggndir d&noﬁflﬁ'}égkn}dﬁs%ﬁﬁﬁfzei n the
first di feéuEfosiceginggiointdf therskcofl transiisit®r.is a comon diffusion
region with the first diffusion region of the second transistor. 11. The IC
of claim8, wherein the bottomelectrode of the first capacitor is a

comon el Bct r oggeWTich oF tdlid Gn CAPAGhELE 1 n30nRf ' nepory.cel | _apd the
bottom el ectrode of the second cgpacitg%nighg 8%%%%#1%%&5?%%E§%f°5 Egﬁrth
capaci*t orf6¥sk apgumerndtapaei tory. dte chipledMo respdéOiveas@rst0l

DEC 2006 42 T : claim1l, further conprising: a. third-

. d : : . : . :
transi stor ﬁgv%%gﬁﬁﬁégfaégwﬁ#2%%%néirﬁgfFﬁglBﬁC°P€gF§%ﬂS¥#%9%$HV%he first
di f fusi onrseegndncohtidexrdhird transistor is common with the first
diffusion region of the 5 first transistor; and

8. The IC of claim 7, wherein a top surface of the first

10 contact is lower than a top surface of the second contacts.

9. The IC of claim 7, wherein the bottom electrode of the

first capacitor is a common electrode with_a third capacitor

of a third memory cell and the bottom electrode of the second
15 capacitor is a common electrode of a fourth capacitor of a

fourth memory cell.

10. The IC of claim 9, further comprising:
@ third transistor having first and second diffusion
20 regions, wherein the first diffusion region of the third
Lransistor is common with the first diffusion region of the
first tramnsistor; and
& fourth transistor having first and second diffusion
regions wherein the first diffusion region of the fourth
25 transistor is a common diffusion region with the first

diffusion region of the second transistor.

11. The IC of claim 8, wherein the bottom electrode of the
first capacitor is a common electrode with a third capacitor
30 of a third memory cell and the bottom electrode of the second

capacitor is a common electrode of a fourth capacitor of a
fourth memory cell.




-a fourth'transistor have first and second di ffusion regions wherein the

first diffusion region of the fourth transistor is a conmon diffusion

. region with the first diffusion region of the second transistorgt DEC 1206
The IC of claim1l, wherein the spacers conprise a dielectric material. 14.

The IC of claim 13, wherein the dielectrgg material 15 inhibits diffusion

of hydrogen. 15. The I C of claim 13, wherein the spacers conprise alum num

oxide. 20126. The IIC &f ctbkimlBl, Wiatkehert Rengducigve strap conprises a

material selected fromthe group conprising polysilicon, alum num

titani um tltaﬁlﬁ#ﬂWqu%ﬁﬂs%%ﬁ§§tBﬁV1nSIémnﬂﬁnanﬁl%@@9&@ daEfogd arher eof

nb 1 i .l 16
O uCoToEag bR WIRESRly Belfs TRC e Al Gl MIGp I ELE LS ra |
The I C of trhasmsbé,r \Mzermmbhewﬂmhdlﬂ.(htel \fe.r.sdtr ap BELEOBRT £688on B At

sel ect ed %ron1the roup conprising polysilicon, alumnum titanium
titanium hFEPEdET @i a‘B‘iiatlnumand copper, alloys thereof, or a

conbi nation thergdbth PG 3008avE% first and second diffusion

regions wherein the first diffusion region of the fourth

transistor is a common diffusion region with the first
diffusion region of the second transistdr.

10
13. The IC of claim 1, wherein the spacers comprise a

dielectric material.

1l4. The IC of claim 13, wherein the dielectric material

15 inhibits diffusion of hydrogen.

15. The IC of claim 13, wherein the spacers comprise

aluminum oxide.

200 16. The IC of claim 13, wherein the conductive strap
comprises a material selected from the group comprising
polysilicon, aluminum, titanium, titanium nitride, tungsten,
platinum and copper, alloys thereof, or a combination
thereof.

25
17. The IC of claim 16, wherein the conductive strap

comprises a stack of multiple conductive materials.

18. The IC of claim 14, wherein the conductive strap

30 comprises a material selected from the group comprising
polysilicon, aluminum, titanium, titanium ﬁitride, tungsten,
platinum and copper, alloys thereof, or a combination

thereof.




- 19, The. 'IC of claim _14 ,. wherein the conductive. strap conprises a
stack of nultiple conductive materials. 5 20. The IC of claim 15, wherein

_ the conductive strap conprises a material selected fromthe gropge 2006
conprising polysilicon, alumnum titanium titaniumnitride, tungsten,

pl ati num and copper, alloys thereof, or g conbination thereof. 10 21. The
| C of claim 15, wherein the conductive strap conprises a stack of multiple
conductive materials.

19. The.IC of claim.1l4,. wherein the conductive strap

comprises a stack of multiple conductive materials.

s 20. The IC of claim 15, wherein the conductive strap
comprises a material selected from the group comprising
polysilicon, aluminum, titanium, titanium nitride, tungsten,
platinum and copper, alloys thereof, or a combination
thereof.

10
21. The IC of claim 15, wherein the conductive strap

comprises a stack of multiple conductive materials.
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