SEMICONDUCTOR CONSTRUCTIONS, METHODS OF FORMING CAPACITORS, AND METHODS
OF FORMING DRAM ARRAYS TECHNICAL FIELD [0001]Semiconductor constructions, methods of
forming capBérar8Y8%hethods of forming DRAM arrays. BACKGROUNDPOH®2 Rt Atluctor
devices are commonly utilized for data storage and processing. The data storage may utilize an array
of memory devices. Some memory devices are particularly well-suited for long-term storage of data,
while others are better suited for rapid reading and writing (in other words, rapid access). Among the
memory devices that are particularly well-suited for rapid access are dynamic random access memory
(DRAM) devEEMZIRHNK TAR CANSIFHERIGNS MR IHRRS: QR FRRMINR CARAGIRES ANR003 A
continuing goal of semiconductor METidERS QFt6 OEMING IDHRAMARRAYS=miconductor real estate
consumed by various components to thereby increase integration. It is, however, difficult to reduce the
amount of semiconductor real estate consumed by a capacitor while still maintaining desired levels of
capacitanceT@%HM%ﬁdEE%r reducing the amount of real estate consumed by capacitors, while
maintaining ¢esdrtid legelsiododyrcitesrarctziud enfiethnityg dhiercdpgcipesitorbeamt reatbiogiyothinner and

taller. [000418}&%2936%9( gr¥a%_formed by patterning an opening in a template material, filling the
opening with storage node material, and then removing the template material to leave a capacitor

storage node comprising the storage node material. The capacitor storage node may be shaped as a
pillar projecBALCHBRDUIMDom a semiconductor substrate. Subsequently, capacitor dielectric material

may be formeghasossdlag plly, AHiEHRACIRL BIRIGIAAHAL DAY R URed ANRS B s caRgCitor
dielectric material. The capacitor plate material, capacitor dielectric material, and storage node may
together forfhs gaﬁagﬁ&ge may utilize an array of memory devices. Some memory devices are

particularly well-suited for long-term storage of data, while others are better suited for rapid
reading and writing (in other words, rapid access). Among the memory devices that are
particularly well-suited for rapid access are dynamic random access memory (DRAM)
devices. A DRAM unit cell may include a transistor in combination with a capacitor.

[0003] A continuing goal of semiconductor fabrication is to reduce the amount of
semiconductor real estate consumed by various components to thereby increase
integration. It is, however, difficult to reduce the amount of semiconductor real estate
consumed by a capacitor while still maintaining desired levels of capacitance. Some
methods for reducing the amount of real estate consumed by capacitors, while maintaining
desired levels of capacitance, include forming the capacitors to be increasingly thinner and
taller.

[0004] A capacitor may be formed by patterning an opening in a template material,
filling the opening with storage node material, and then removing the template material to
leave a capacitor storage node comprising the storage node material. The capacitor
storage node may be shaped as a pillar projecting upwardly from a semiconductor
substrate. Subsequently, capacitor dielectric material may be formed across the pillar, and
capacitor plate material may be formed across the capacitor dielectric material. The
capacitor plate material, capacitor dielectric material, and storage node may together form a
capacitor.

[0005] Difficuities occur as capacitors become thinner and taller in that it becomes
increasingly difficult to pattern openings in a template material, and increasingly difficult to
fill the openings with capacitor storage node material. Additionally, there is increasing risk

that the tall, thin capacitor storage nodes will tip, and possibly topple, before the capacitor
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[0005]Difficulties occur as capacitors become thinner and taller in that it becomes increasingly difficult
to pattern openings in a template material, and increasingly difficult to fill the openings with capacitor
storage nod®W Y10 ditionally, there is increasing risk that the tall, thinPé2HEHEBIEMIGe nodes
will tip, and possibly topple, before the capacitor 1 dielectric material and capacitor plate material can
be formed to provide support to the tall, thin capacitor storage nodes. [0006]lt is desired to develop
improved methods for forming tall, thin capacitors; and to develop improved capacitor constructions.
BRIEF DESCRIPTION OF THE DRAWINﬁﬁHéOOOQF G. 1.is a diagrammatic, cross-sec ona’ view of a
e e '

pair of fragnfBAREBLAAATR AL RBREEH IS B SRR bR B R@
[0008]FIGS tzi+Peapesitaenisrefieheoffegyments of FIG. 1 shown at various processing stages of an

embodimentgoos] It is desired to develop improved methods for forming tall, thin capacitors; and to

develop improved capacitor constructions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a diagrammatic, cross-sectional view of a pair of fragments of a
semiconductor construction at a processing stage of an embodiment.

[0008] FIGS. 2-22 are views of the fragments of FIG. 1 shown at various processing
stages of an embodiment.

[0009] FIG. 23 is a view along the line 23-23 of FIG. 22, and the view of FIG. 22 is
along the line 22-22 of FIG. 23.

[0010] FIG. 24 is a diagrammatic view of a computer embodiment.

[0011] FIG. 25 is a block diagram showing particular features of the motherboard of the
FIG. 24 computer embodiment.

[0012] FIG. 26 is a high level block diagram of an electronic system embodiment.

[0013] FIG. 27 is a simplified block diagram of a memory device embodiment.

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS

[0014] Some embodiments include methods in which pillar capacitors are formed by
stacking sections (or segments) of the capacitors on top of one another to achieve very
high aspect ratio capacitors. In some embodiments, the pillar capacitors may be
considered to comprise modules which are designed so that each time a fabrication
process of a module is repeated the capacitor gets taller without getting wider. The
embodiments may be utilized to form extremely dense capacitor arrays, and such capacitor
arrays may be incorporated into highly integrated DRAM arrays. Although the example
embodiments shown in the accompanying figures utilize pillar-type capacitor modules, in
other embodiments one or more of the modules may comprise a capacitor storage node
unit configured as a container, so that at least a portion of the capacitor will comprise a
container-type capacitor segment. |

[0015] Example embodiments are described with reference to FIGS. 1-27.

[0016] Referring to FIG. 1, a semiconductor construction 10 is shown to be divided

between a first defined segment 5 corresponding to a memory array region, and a second
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[0009]FIG. 23 is a view along the line 23-23 of FIG. 22, and the view of FIG. 22 is along the line 22-22
of FIG. 23. [0010]FIG. 24 is a diagrammatic view of a computer embodiment. [0011]FIG. 25 is a block
diagram shd¥P4i3ar features of the motherboard of the FIG. 24 comBUTEP SHFIHNt.
[0012]FIG. 26 is a high level block diagram of an electronic system embodiment. [0013]FIG. 27 is a
simplified block diagram of a memory device embodiment. DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS [0014]Some embodiments include methods in which pillar capacitors
are formed by stacking sectlons or segme of the ca acitors o of one another to achieve ver
Gy K o

high aspect PaHBEFRANGPE /1R LHHONRE ﬁﬂﬁ%}ﬁ) NI erbd%
comprise moelyites Avhighbareesid hedsso phaplkaiehrtgiena fabrication process of a module is repeated

the capacitorggig falles pitbomi estiegnyidRtioh® %M@E@%W%%" PrérmexiEgmely

dense capamtor arr tys and such capacitor arrf%ls may be incorporated into highly integrated DRAM

arrays. AlthQlidRREREPRSIEEIRBB ditn AR ShBivn in the accompanying figures utilize pillar-type
capacitor mop@&8] in Btwer Bhrhadomentseaeyosuitaire oéthiconthahive siaiayataangiisecaneapacitor

storage nodg Hil GARHAUIEY BSAXHARLIRAINRYSPOUMMia /RS PcBRERBIGhIAB GoRaRe libromprise a

container- tyﬁgg‘tapacnor segment. [0015]Example embodiments are described with reference to FIGS.

1-27. [0016]HEFORAGRE M Glo%gémhc%?fﬁ%f@%gﬂ%ﬂ”dctm?i@’”%ssﬁSWW?B GHYRHRgrate:

"semiconductor construction" and "semiconductor substrate" mean any construction
comprising semiconductive material, including, but not limited to, bulk semiconductive
materials such as a semiconductive wafer (either alone or in assemblies comprising other
materials), and semiconductive material layers (either alone or in assemblies comprising
other materials). The term "substrate" refers to any supporting structure, including, but not
limited to, the semiconductive substrates described above. Although base 12 is shown to
be homogenous, the base may comprise numerous layers in some embodiments. For
instance, base 12 may correspond to a semiconductor substrate containing one or more
layers associated with integrated circuit fabrication. In such embodiments, such layers may
correspond to one or more of metal interconnect layers, barrier layers, diffusion layers,
insulator layers, etc..

[0019] The transistor constructions 14, 16 and 18 comprise transistor gates 15, 17 and
19, respectively, spaced from substrate 12 by gate dielectric material 20. The gate
dielectric material may comprise any suitable material, and may, for example, comprise,
consist essentially of, or consist of silicon dioxide. The gates 15, 17 and 19 may comprise
any suitable composition or combination of compositions, and may, for example, comprise
electrically conductive material capped by electrically insulative material. For instance, the
gates may comprise one or more of various metals (for instance, tungsten, tantalum,
titanium, etc.), metal-containing compositions (for instance, metal nitride, metal silicides,
etc.) and conductively-doped semiconductor materials (for instance, conductively-doped
silicon), capped by silicon nitride.

[0020] The transistor constructions also comprise electrically insulative spacers 22
along opposing sidewalis of the gates. The spacers 22 may comprise any suitable
composition or combination of compositions; and may, for example, comprise silicon nitride.

[0021] The transistor constructions further comprise source/drain regions 24, 26, 28, 30

and 32. Source/drain region 24 is part of transistor 14, source/drain region 28 is part of
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between a first defined segment 5 corresponding to a memory array region, and a second defined
segment 7 corresponding to a region peripheral to the memory array region. The region 7 may be
referred to XA 38PHEPAI region. [0017]Semiconductor construction 10 coRfpFide3048/8849¢2 which
supports a plurality of transistor constructions 14,16 and 18. [0018]Base 12 may comprise any suitable
semiconductor material, and in some embodiments may comprise, consist essentially of, or consist of
monocrystalline silicon lightly background-doped with appropriate dopant. The terms "semiconductive
substrate," "semiconductor construction" and "semiconductor substrate" me 8% lﬁlgwlt(ﬁ/onstruction

d

comprising SERARIRAGT RV RALETRIFTAIR SSRGS BRARS FnAts PRS HUIRSEHAE e materials such
as a semicosadurckidraivafegi(eiP@isabardbyrtrassstoldiéd gsothi@ising other materials), and

semiconductig F"te”ﬁllé%}’&%néﬁﬁh%r@'Qﬁ‘@@HBI@%?@WQ%%QIVE%%@%HM%Wﬁ&%@@m@&e term

"substrate” refers 0 any su portlkrsl)% structure, including, but not limited to, the semlcondu tive

substrates o%‘é%rrfﬁgd’%( alRASIGh BX58 PoqH A RIS SRR %BU?%@I!)%%%%S&/ Eomprise
numerous lagiengitiy Soreneniigrinseittg aRdminstandea)ldiase meneay aokisspoidae g emedonductor

substrate conaiNNgRRCLFP LGRS RS HARGLS Mt dntegsalrAciRbIBrieatpyr In such

embodiments, such layers may correspond to one or more of m(—iﬁ al interconnect I%}/ers ba:rler layers,

diffusion Iayg@q'ﬁg‘lfFa?BP %’é‘?g f8fé‘t"[6?iﬁfl*l"h% Rk SRS BRI iGN % TV E8P00
transistor gatdQsS jrarsiridrd.9 itspdaliverpasparsetdionmsd s eltetric2lpp gratetidiel@btric material 20.

The gate dielgGtic Materigicnay £AmpPssean i {iahis malesish BOmaY: for R mplarepraprise,

consist essentially of, or consist of silicon dioxide. The gate s 15, 17 and 19 may comprise any suitable

composmonfBF”&%‘?dB|ﬁ'§ﬁ5ﬁ%f°88ﬁ?§3§ﬂl8’ﬁ§ SHEPRHAP T dPERAAmIANE IR IRESI8ANEAI A8 nductive
material cappatl diyvelditrisaivaiesidad veiorrate dat. - dramstgmceative igatessimayncomsgsrizeionalor more

of various mailSpanstanee gHnesiey, JRBtBAIM etgaﬂmcﬁﬁ%at metaberaamingegpnpgsitions (for
instance, metal nitride, metal silicides, etgj&ana conductlv %69 semlcondu%[r materlal (for
col

instance, cor{gﬂaﬁ\]/ely,'%ﬁg%r'srﬁ%(?ﬁf ¥ );glﬂ{:%ﬁhr? IR BAsSsl sl %88%&?8 ions also
comprise eIesmtactaltganmtlanv‘elsﬂ)@eeds@zrammjleppm@urtg/sérd-‘éwfasblwrﬁﬂhaérgaYd@ Fsregiptecers 22 may
comprise any,guitghlg, coRIP@gition or combination of compositions; and may, for example, comprise

o LA R R Rt
connected with source/drain regions 24, 26, 28, 30 and 32. The pillars are optional, and
accordingly one or more of the pillars may be omitted from some embodiments. However,
the pillars may simplify electrical connection of the source/drain regions to other circuitry
formed above the source/drain regions. The pillars 40, 42, 44, 46 and 48 may comprise
any suitable composition or combination of compositions; and may, for example, comprise
one or more of various metals (for instance, tungsten, tantalum, titanium, etc.), metal-
containing compositions (for instance, metal nitride, metal silicides, eic.) and conductively-
doped semiconductor materials (for instance, conductively-doped silicon).

[0025] The pillars 40, 42, 44, 46 and 48 are spaced from one another by electrically
insulative material 50. Material 50 may comprise any suitable composition or combination
of compositions; and may, for example, comprise one or both of silicon dioxide and
borophosphosilicate glass (BPSG).

[0026] The upper surfaces of pillars 40 and 44 may be considered to be storage node
contact locations, in that capacitor storage nodes are ultimately formed to be in electrical
contact with such upper surfaces. If pillars 40 and 44 are omitted, the upper surfaces of
source/drain regions 24 and 26 may be the storage node contact locations.

[0027] A planarized surface 51 extends across material 50 and pillars 40, 42, 44, 46
4



transistor 16, and source/drain regions 30 and 32 are part of transistor 18. The source/drain region 26
is shared by transistors 14 and 16. [0022]The transistor 18 is an example of an electrical component
that may beW&AHEd &Y the peripheral region 7. Such electrical componenPCHEF2983(9§2¥d in logic or
other circuitry for controlling reading and writing of data to memory circuitry ultimately formed over
memory array region 5. The transistors 14 and 16 are examples of a pair of transistors configured for
utilization in a high-density DRAM array, and may correspond to NMOS transistors. Ultimately,
capacitors are formed in electrical connection with_source/drain regions 24 and 28, a bitline (which

may also bedMétfePHs BB AR R MA% FFUTBEH Y '05 FREDRSH RBTiSliear At gion 26,
and the gatemlishagd GVIRke Rlaraotedsdifaes fahaxtencdiatedmasu tistheapageselatiee to the

shown crossssaelionalide b IGrom diremiingmayalsache inoslgstisalsariact with source/drain
region 32. [0023]Isolation regions 34, 36 and 38 are shown extendlngr%nto base 12 to electrically

isolate transit?8r8h 4, APiiacT¥eHBM othét OFOGH O G ERERS BHIATRY be QS OISR SARKCT
constructionsPOcd0pZd$s e ctataiiy 68nuctivegidliiainiay petiestals) 40iadd; dangésiion 48 are

electrically C@&ﬂsﬁtﬁ%wghc%%&gﬁ%@ammgﬁ %4&%%,%%rﬁpﬁséﬁcJA&%p&%@ﬁéﬁfy%@wal, and

accordingly one or more of the pillars may be omitted from some embodiments. However, the pillars
may simplifyC8RSHELFEBAMBEHDR of the source/drain regions to other circuitry formed above the
source/drain fe@gohs. TineopiléaesnOdidris] tH6 tatlidel@feragddorabpoiserady estitad ke cspogition or

combination af-CORRPRIIQRR: L a0k BKRMPLL4SAMPIS . PRRIALEMIB Y WaraLssBsials: (for

instance, tungsten, tantalum, titanium, etc.), metal-containing compositions gror instance, metal nitride,

metal silicid @8 YRy SAY EBHHH%TN%R}ﬂH@p@Bt%%ﬁﬁW@fotlhﬂ’?a‘@ﬁtQ&“?f%ﬁYl tRfcen other
conductivelyeddpeitrsiitorhe [0RS]Tbespilang #ay £fedd, Uigiane H8eughspaceidramregiersritiher by
electrically insiiave material 50. Material 50 may comprise any suitable composition or combination
of compositions; and may, for examéjle, comprise one or both of silicon di?xide an

i

borophosphodfidle gRALRABER S IS[RIPEF-PHE RS REPLFA¥EE %6t Osgrq@ﬂg?‘rﬁ{fﬁgdc}?nsidered
to be storagesmatepirtactdtsrEt onthainotret ngspac tatisey i moekk B aretelthirfziddycieatestl to be in

electrical copiah RS HalUpRST SHEReeRoIbRIkS AGBRd AtbaTsioayliedidhe gepﬁaf%faces of
n

source/drain regions 24 and 26 may be the stora%e node Fgé\ act Iot ati(%ns. Ot027 Q ahrizted surface
51 extends SRVOLEHRAS 'S AP IR L BN gy s najgial 56 from other template materials tha

are subsequently formed over material 56. Material 56 may comprise any suitable
composition or combination of compositions; and may, for example, comprise, consist
essentially of, or consist of one or both of silicon dioxide, and BPSG. In some
embodiments, other doped oxides may be utilized in addition to, or alternatively to BPSG,
with examples of other doped oxides including phosphosilicate glass (PSG) and
fluorosilicate glass (FSG).

[0031] Material 56 comprises a planarized upper surface 57. Such planarized upper
surface may result from layer 56 forming conformally across an upper surface of protective
layer 52, by reflowing material 56 during its deposition, and/or from CMP of an upper
surface of material 56. Planarized upper surface 57 may be referred to as a second
planarized upper surface to distinguish it from the planarized upper surface 51.

[0032] The thickness of material 56 determines a thickness of first modules, or
segments, of capacitors formed over memory array region 5.

[0033] An etch stop layer 58 is formed over material 56. Eich stop layer 58 comprises
a material 60. The material 60 may comprise any suitable composition or combination of
compositions; and may, for example, comprise, consist essentially of, or consist of silicon

nhitride.



and 48. Such planarized surface may be formed by, for example, chemical-mechanical polishing
(CMP). Planarized surface 51 may be referred to as a first planarized upper surface to distinguish it
from other PRI S aces provided thereover. [0028]A protective laydtTZUSEBMRY Yver
planarized surface 51. The protective layer 52 comprises a material 54. Such material may include any
suitable composition or combination of compositions; and may, for example, comprise, consist
essentially of, or consist of silicon nitride. [0029]In some embodiments, the bitline referred to above
may extend across and in direct cantact with upper surfaces of§illars 42 and. 48 so that such upper

surfaces cont3884h elEIFENG R & R BHIER GRS SHIWAIF IRIMSLR4F ESHRNSAY FHRL 62. In other
embodimeniSpdcdidztlinéhénop stiogad rmelgeddntugidertridisdify & enceddrane mgiong 26 and 32.

[0030]A matggialab is JArIRE QN RIREEEUMEAY 8B M dAtRHL B Ry &f‘eﬁ‘ﬁf?ﬁ@%@pﬁérﬁi template

material in that openings are ultimately formed in material 56 to create a template for fabrication of
capacitor stét5EModde PRNRERAH UNRALRHK EBZR AP HIOTDHRY Y ISt ANRE W MY B distinguish
material 56 futinestiheciengoiatepaciterigigdhat T sgseqpasitty fonsiedttbve (snctidniarGtnktidterial 56

may COmPprig@ Qi iﬁtﬁ@b@ﬁ«pr@[&eﬁmg@gsqg&@w@&n&f&mm&%m%mxnmmle,

comprise, consist essentially of, or consist of one or both of silicon dioxide, and BPSG. In some
embodiment@RAFIS" GOPEIGLRISHIRGIEY [RITRYAR QRRABE MENIY AHEPhRRIER A28 PER Shiith
examples ofuater. doped oxides including phosphosilicate glass (PSG) and fluorosilicate glass (FSG).

[0031]Materighe85¢OMBHERR GRIBNANARANRPEE RUHRCA RIS RGRAIE frbHIRSFITRGS Y result

from layer 56 forming conformally across an upper surface of protective Iag%rd%%g??gﬂreﬂowi%% material

56 during itsPeRILNRSR ALY RRtR e PR T HBP SR IMPAEY BIEhBERIRY 3843 50eP surface
57 may be reffimedommtiona stopentyafarkineddpp pattenfaveytbedistirsipishl frdror el plareaiszéd upper

surface 51. [QA3RITbethigkness Hanates@lah drtesmings suthisknasada! iR MogHRsSRlsegments,
of capacitors formed over memory arrag/trh%géloqg w5ri £0033LAn etc‘bﬁ&)pzla%zﬁr 58 g}s forme ov,ehryaterlal

56. Etch stoﬁﬂﬂ/megé)%éﬁ%?}@eéjsto leav onstruction o e efches may be hig

anisotropic, and may be utilized to slightly over-etch conductive pedestal 46 to ensure good
electrical connection to the conductive pedestal with electrically conductive material
subsequently formed in opening 64.

[0036] Referring to FIG. 3, electrically conductive material 66 is formed over layer 58
and within openings 62 and 64. Electrically conductive material 66 may comprise any
suitable composition or combination of compositions; and may, for example, comprise one
or more of various metals (for instance, tungsten, tantalum, titanium, etc.), metal-containing
compositions (for instance, metal nitride, metal silicides, etc.) and conductively-doped
semiconductor materials (for instance, conductively-doped silicon). The electrically
conductive material 66 within opening 62 may be referred to as interconnect material, in
that such material is ultimately utilized to form an interconnect for electrically coupling two
or more capacitor plates to one another.

[0037] The material 66 may be formed by any suitable method, including, for example,
one or more of atomic layer deposition (ALD), chemical vapor deposition (CVD), and
physical vapor deposition (PVD). The method utilized to deposit material 66 may form the
material to fill openings 62 and 64 without forming voids within the openings.

[0038] Referring to FIG. 4, material 66 is removed from over layer 58, and remains
within openings 62 and 64 as electrically-conductive columns 68 and 70, respectively. The
electrically conductive columns 68 and 70 may be referred to as peripheral structures.

[0039] Material 66 may be removed from over layer 58 by any suitable processing,
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a material 60. The material 60 may comprise any suitable composition or combination of compositions;
and may, for example, comprise, consist essentially of, or consist of silicon nitride. WO

2009107033 P2999328081080196 [0034]Referring to FIG. 2, openings 62P41dU6208380%Mhed over
peripheral region 7. Specifically, the openings are etched through materials 54, 56 and 60. The
opening 64 extends to an upper surface of pedestal 46, and is thus a contact opening to peripheral
circuitry. The opening 62 is ultimately utilized for forming an interconnect which will be utilized to
connect capacitor plates in forming a capacitor construction (such interconnect is shown in FIG. 22).

Opening 62 RANEE LRz 84ABRET MPculths R isSHRaLdmsdenasarPialieraegadbia &R
ultimately fodefec dmragmthef the mopgrarvalyreetiomg, sas aiss s setliveknds (P03EB e thaddMi2 and 64

may be formeghiiizingany siiiaRie WB@%@%H‘%‘%@% PRAIIHNOAraRhirysealiey 8ed photoresist

(not shown) may be provided over matérial 60 to define locations of openings 62 and 64; a pattern
may be tranﬁ@“r‘éﬁ%%m ﬂ{édﬁﬂB?BP@E%rP%‘rﬂﬁﬁ%ﬁwg%%ﬁ@ﬁlé{l?gﬂe@8"%'5'%8‘9&?%??@'89 ore

suitable etch@&Saeithe photoresist may then be removed to leave the shown construction of FIG. 2.

The etches may,3e NIGhly AU PRIC SRR DRUINESY ISIARILYG Qe m@ﬁ&%ﬂa@%&.&#@eﬂa‘ 46

to ensure good electrlcal connection to the conductive pedestal with electrical I%/ conductive material

subsequent/§REFifiet YntBRORFTINGS . G0BIREEIANE B EIRE S et R P LoNBE QRS RERERal 66 is
formed overdayarsstand wittdeszstiysnol2 anc pcivett ficadih @onodst eetendteristoéfymagdeomprise

any suitable compg ?'t'Bgé?ﬁm@'ﬁﬂH% NMERB%H%%%@%%@GJ&B%HR&'% GRIRYiRgone or

more of various metals (for instance tungsten, tantalum, titanium, etc) metal- contalnlng comp05|t|ons

(for instancéNRREPAithAd r%@?ﬁ”ﬂ%@@?"&@% G- @ﬁa[ﬁﬁﬁg&’ﬁ&gﬁeﬁe}%ﬂﬁ@dﬁ%ﬁlﬁw materials (for
instance, corj004gyely@imréaysilicon)d Thenaelektricathed oritizicy ve nsaitridd 66hvialinFop@siag®@? may be

referred to 35 {aHFHEORGH RS Ale IRcNAL SURL RS AL HIMAI X HidiASSHta Vi M-ARintssagnnect

for electrlcaF{ coupling two ormore ca%)aator plates to one another. [0037]The material 66 may be

formed by aA§ OGtR6RNPRE PIPSARRITR219r Ex AR e ML PRGES ?ré‘?grfrﬁm&%PB%}%%‘T‘!%II\O(ALD)
chemical vapodatgprosinete(ly By, a8 admh§sisihvapordepesitidab(e ¢ e hanchiti pdatilezdsd to deposit

material 66 may s eamaierab 4L ene aingm 2 AR GhHENe. fErringaiids Wipinethrmpenings.
anisotropic. The openings 72 and 74 may be formed to be slightly wider than pedestals 40
and 44 in some embodiments (not shown) to compensate for possible mask misalignment.
The etching of openings 72 and 74 may slightly over-etch into conductive material of
pedestals 40 and 44 to ensure good electrical contact between the pedestals and
conductive material formed in the openings.

[0043] Referring to FIG. 6, electrically conductive material 76 is formed over layer 58
and within openings 72 and 74. Electrically conductive material 76 may comprise any
suitable composition or combination of compositions; and may, for example, comprise one
or more of various metals (for instance, tungsten, tantalum, titanium, etc.), metal-containing
compositions (for instance, metal nitride, metal silicides, etc.) and conductively-doped
semiconductor materials (for instance, conductively-doped silicon). The electrically
conductive material 76 within openings 72 and 74 may be referred to as capacitor storage
node material.

[0044] Referring to FIG. 7, material 76 is removed from over layer 58, and remains
within openings 72 and 74 as capacitor storage node pillars 78 and 80, respectively.
Material 76 may be removed from over layer 58 by any suitable processing, including, for
example, CMP. The storage node pillars 78 and 80 may be representative of a large

plurality of identical storage node pillars simultaneously formed utilizing the processing of
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[0038]Referring to FIG. 4, material 66 is removed from over layer 58, and remains within openings 62
and 64 as electrically-conductive columns 68 and 70, respectively, The electrically conductive columns
68 and 70 nY¥) BWHE8d to as peripheral structures, [0039]Material 66 m&E§ BEPHMEIRom over
layer 58 by any suitable processing, including, for example, CMP. The layer 58 may function as an
etch stop during the CMP to define locations of the uppermost remaining surfaces of columns 68 and
70 after the CMP. [0040] The column 68 may be referred to as an interconnect, and may be one of a
large plurality of identical interconnects simultaneously formed utilizing the processing of FIGS. 2-4.
[0041]Referf¥ o0°HIG. 5, openings 72 and 74 are formed over memory array region 5. Specifically,
the openings@®d53tcha@tdrammbgtimateridfd:!, 256 fandstibe Dperopgnavgs th2 pentbidraxgiohtd

pedestals 49.aarlfgs EaspRrENdyide. ozﬁgéaﬂeﬁ%lf@%wé%%%g@m&eowms% Ripgp 72 and

74 may be referred’to as a second 0 enlngs to distinguish them from the first openings 62 and 64

(FIG. 2) forrfRAB\RFIRETGTofre PR &40 [t PO D35 1) &7 WG e R QR%ing any
suitable methegqdrphénstacgion [sleqt@imlm:blgralﬂtmaliy Hoatietine ciptutduetist riraders G@mitnayhiee

provided OV%bmsg'@b@Ptrﬁ% ﬂn%@ i ZPF&% %Opﬁmﬁgﬁnggoﬁﬂgn%a@/ B@%@Jﬂ@h’@%&&%ﬁfﬁﬂed from

the photoresist to underlyi and 60 with one or moreé suitable etches; and the

photoresist fREY the s Y@WS\@HJEB”I%B\?@&'?S BRERNS ORI B 88 ane R é?c?%@ﬁ’?ﬁﬁ/abe highly
anisotropic. ditierefenimpssidanban4haato bz éonnuecptite xeosig ttly medenyrarap eelgistalstd@@nd 44 in

some emboﬂgasmﬁa@%wgam&%mgﬁé\%@t?df%ﬁesa@'sa@ﬁﬁbm@'@\@m@m@m @ifhing of

openings 72 and 74 may slightly over-etch into conductive material of pedestals 40 and 44 to ensure

good electriBHPEBRIETGE HRUHARRP P L4 D3 AR/ M ATEMANGR G R RTE FPtAings.
[0043]Referriogrimr kendycleemeddhjat oag letivenoitiertalshof tsnfedhwathiovibe layeriad andnilithin

openings 72l aFscilsalbarateeHuR B3 811a A8 sRAMRIMRLITE2N suisgbladomposition or

combination of comp ositions; and may, 10r exam le, comprise ong or more of various_metals (fOI’

instance, tuﬁﬁ&@ﬂ'@ﬁﬁﬁld?ﬁ Sﬁ?é?ﬁ&ﬂ%‘?&”%ﬁ& |%?8.H’.‘H@%Hﬁl&&éﬁ%ﬁ%”&f’o?‘?ﬁ&laﬂﬁ%” fifetal nitride,
metal silicidéss ettujrensds8@mduliieiyadioped bermrpinduatorgnatebads (foermzsidinoets in which

CondUC“Ve'Xr%om%%%ﬂ%eﬁ%gﬂ%%&lbﬁ@%’%@%ﬁ%@%ﬁﬂ@b%@cYMEh{%ﬂiPr%rHﬂGé i64rand 74 may be

referred to as capacitor sto|rag? nodg mateﬁlal L‘ O44]Referrin toﬂlfIG I7 material ZG IS rekr]no%ed from
over layer 58’[05?%9@%?&% ar§ formed over the m mory array regl n, the columns over the periphera

region may be identical in composition to the storage node pillars over the memory array
region.

[0046] The embodiment of FIGS. 2-7 forms the columns 68 and 70 over the peripheral
region 7 prior to formation of the storage node pillars 78 and 80 over the memory array
region 5. In other embodiments, the storage node pillars may be formed prior to formation
of the columns over the peripheral region.

[0047] Referring to FIG. 8, portions of materials 56 and 60 are removed to leave
surfaces of capacitor storage node pillars 78 and 80 exposed, and to leave surfaces of
peripheral structure 68 exposed. Materials 56 and 60 remain along peripheral structure 70.

[0048] Materials 56 and 60 may be patterned and removed utilizing any suitable
method. For instance, photolithographically-patterned photoresist (not shown) may be
provided over material 60; a pattern may be transferred from the photoresist to underlying
materials 56 and 60 with one or more suitable etches; and the photoresist may then be
removed fo leave the shown construction of FIG. 8.

[0049] Pillars 78, 80 and 68 may be self-supporting (as shown), or may be supported
by one or more lattices, such as, for example, lattices analogous to those described in U.S.
Patent Number 7,271,051.



within openings 72 and 74 as capacitor storage node pillars 78 and 80, respectively. Material 76 may
be removed from over layer 58 by any suitable processing, including, for example, CMP. The storage
node pillars¥¥Q 3H/80#hy be representative of a large plurality of identicalP§thexfeMs6§e 1 dl1ars
simultaneously formed utilizing the processing of 7 FIGS. 5-7. [0045]The embodiment of FIGS. 2-7
forms the openings over the peripheral region 7 (openings 62 and 64 of FIG. 2) sequentially relative to
the openings over the memory array region 5 (openings 72 and 74); and forms conductive material 66
within the openings over the peripheral region sequentially relative to formation of conductive material

76 within thelBPRMingLERIEF NG MRIFIATRY Reyz L2 AhTSLFRB AN BR QAL Rl S esired
to form the é@ndbietisiBioatiiytnBinyepthdiperiphetz pbgism (ghitmans $8eatide70) toatai@dtse a different
composition than, the storaag spde pillars over the memory array region (storage node pillars 78 and
80). In other embodiments, the openings over the peripheral region may be formed simultaneously

with the ope AR bve RS ARG, CLRAIPFEEG?: 2P ARHRYe 28R Al 5 ARINAS be
simultaneouskydesh éxp withiardh 8 bpedidfs esperctivelyn entbing e exyp oegibsicencitse iprsif§sioder the

peripheral r%@%sﬁééﬂféwﬂ%?ﬂéggﬁme{méﬂaﬁe%gr@&eaﬂ%&gﬂart%aéﬁfa@@@w;lha@mée the

same composition as the columns 68 and 70 formed over the peripheral region. Even in embodiments
in which theS(SfURhSUdRRRSPBver the peripheral region are formed sequentially relative to the storage
node pillars fip0sejl ovRetemeoely. & rdigleegiomadleigidd@nsforowsr ther plezigipesalfaegodiimay be

identical in wg%@%tﬂo@@pﬁﬁg@% QQ@@@éam%tH@smmrmgemgm B04GhENe

embodiment of FIGS.2-7 forms_the columns 68 an over the peripheral relgion 7 _prior to formation

of the storagiorRRR SRR dd 8 I8val hEARIALY BX8YdReTsh R I GIAEFAIABSufRhts, the
storage nodpilkarsonealiebe damgeteppstoffomtdtiomicidheatbtunars o 98 roftre pergyhestilicagion.

[0047]Refergag 19, Flf1&rROMiRs A matelinlisd AL 6Rpie SRR IeRRoatifsres of capacitor

storage node pillars 78 and 80 exposed, and to leave surfaces of peripheral structure 68 exposed.

Materials 56°SMP BOIRNSARLIBRY [REGERERIP SERIBRIRS PCBORS MAtEHSR SECXINS &' FRay b Batterned
and removednativiziioganigiskitaine eagitned Wb higbtivos)uistiotisHming phivaltgHratsenaddphotoresist
(not shown) fnay:he REAUIARHPYREMALATIRLES: fiPatiaimay be transferred from the photoresist to

underlying materials 56 and 60 with one or more suitable etches; and the Rhotoresist a th)gn be
removed to 189873 Ihe SiB\RMCOMEIRIRISH BRE s lgrmed by any suiitable methodology, including, for
example, one or more of ALD, CVD and PVD.

[0054] Capacitor plate material (which may also be referred to as outer electrode
material) 84 is formed over dielectric material 82. The capacitor plate material extends
across top surfaces 81, 85 and 91, and along sidewall surfaces 83, 87 and 93; and is
spaced from the top and sidewall surfaces by dielectric material 82.

[0055] Capacitor plate material 84 may comprise any suitable composition or
combination of compositions; and may, for example, comprise one or more of various
metals (for instance, tungsten, tantalum, titanium, etc.), metal-containing compositions (for
instance, metal nitride, metal silicides, etc.) and conductively-doped semiconductor
materials (for instance, conductively-doped silicon).

[0056] Capacitor plate material 84 may be formed by any suitable methodology,
including, for example, one or more of ALD, CVD and PVD.

[0057] An etch stop material 86 is formed over capacitor plate material 84. Etch stop
material 86 may comprise, for example, silicon nitride, and may be formed by ALD and/or
low pressure CVD.

[0058] The pillars 78, 80 and 68, together with the materials 82, 84 and 86 extending

conformally across the pillars, form a series of projections 73 having spaces 75 between
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[0049]Pillars 78, 80 and 68 may be self-supporting (as shown), or may be supported by one or more
lattices, such as, for example, lattices analogous to those described in U.S. Patent Number 7,271,051.
WO 200910%@389P¢79301S2008/080196 [0050]Protective material 54 may RCHHSEHSABE®tch stop
during removal of material 56. Specifically, etching conditions may be chosen which are selective for
material 56 relative to material 54. [0051]After removal of materials 56 and 60, storage node pillars 78
and 80 have exposed top surfaces 81 and 85, respectively; and have exposed sidewall surfaces 83
and 87, respectivegl)éi Also, peripheral structure 68 has an exposed top surface 91, and ex;l)bosed

sidewall surfa8&s Je[HEESIHAR AT RS TEI08N fIR AEME HRRHAREY AC TR e USRI WY e rfaces
81 and 85 ofstevhagkate)dtpillars 78 and 80, and along the sidewall surfaces 83 and 87 of the storage

node pillars. flaadjielepiticMaAestlEG218XIeRARAYPEPRITBRRERI JSHRRK stfifhindaianed, to extend along

the top surface 91 and sidewall surfaces 93 of peripheral structure 68. The dielectyic materjal] may
comprise an&61iab8 S BERGH S KoRitT&HBRALTEEHRJSiHSHRoWRR MM Ae U AE"Bbmprise
one or moresef aitid emdicoide|ss itbe sarite deraoditiem cusdMighnkiconad ositipnsit{ovish dsghaierial

compositiongDejpg SOMBORIYONIARNRA AARIRETIR CORSTANH6ARS das b ah @b slicanpigwde).

[0053]Dielectric material 82 may be formed by any suitable methodology, including, for example, one
or more of A:D, CVD and PVD.
[0060] A planarized surface 89 is shown extending over materials 88 and 86. Such

planarized surface may be formed by initially forming material 88 to extend over material
86, and then utilizing CMP to remove material 88 from over etch stop material 86. The
planarized surface 89 may be referred to as a third planarized upper surface to distinguish it
from the second planarized upper surface 57 (FIG. 1). Planarized upper surface 89 defines
an even topography extending across the material 88 and projections 73 (FIG. 9).

[0061] Referring to FIG. 11, a layer of etch stop material 90 is formed over planarized
upper surface 89. Etch stop material 90 may comprise any suitable composition or
combination of compositions, and may, for example, comprise, consist essentially of, or
consist of silicon nitride. Etch stop material 90 is shown to be thicker than etch stop
material 86; but may be about the same thickness as etch stop material 86, or thinner than
etch stop material 86, in other embodiments.

[0062] Referring to FIG. 12, apertures (or openings) 92 and 94 are formed through
materials 82, 84, 86 and 90. The apertures extend to the capacitor storage node pillars 78
and 80, and in the shown embodiment are partially etched into conductive material 76 of
the capacitor storage node pillars. The storage node pillars 78 and 80 are shown to

comprise widths 95, and the openings 92 and 94 are shown to comprise widths 97 which
are narrower than the widths 95 of the pillars. The narrower widths of openings 92 and 94
relative to widths of the storage node pillars may compensate for possible mask
misalignment during formation of the openings over the storage node pillars.

[0063] Openings 92 and 94 may be formed by any suitable processing. For instance,
photolithographically-patterned photoresist (not shown) may be provided over material 90; a
pattern may be transferred from the photoresist to underlying materials 82, 84, 86 and 90
with one or more suitable etches; and the photoresist may then be removed to leave the
shown construction of FIG. 12.

[0064] Referring to FIG. 13, an electrically insulative material 96 is formed over material

10



[0054]Capacitor plate material (which may also be referred to as outer electrode material) 84 is formed
over dielectric material 82. The capacitor plate material extends across top surfaces 81, 85 and 91,
and along s@wWaMw4lIPdes 83, 87 and 93; and is spaced from the top and BideUWamsistides by
dielectric material 82. [0055]Capacitor plate material 84 may comprise any suitable composition or
combination of compositions; and may, for example, comprise one or more of various metals (for
instance, tungsten, tantalum, titanium, etc.), metal-containing compositions (for instance, metal nitride,
metal silicides, etc.) and conductively-doped semiconductor materials (for instance,
conductively?@8p8dEHEGHe Tﬁf%%?é&ﬁggﬁormﬁt@%?fgﬁdpﬁf Pﬁ‘i&ﬁn%a(ﬁi F‘ﬁ@ﬁ%&‘%\? QYESIE
methodologyaimaluttio gpfotuesaniyitee i @@ mao rerofxatiD|eChdnarigk POgDsiF0 @579l BtcH, Stop material

86 is formed, gyaLCARARILRY MlALR MAtesial 8. Fi5ibsteR-mBaterial B-mAY AaBPRRanSer example, silicon
nitride, and may be formed by ALD and/or low pressure CVD, @858]The pillars 78, 80 and 68,
I

together it ARG 9185870'84°0R Q'IBXRRHITY ARAMHAIN Ricross the pillars, form a series of

projections 7@068jng Sedoesd b HdGyédémeathdnh OF FeapisjironmadyogidhssHiodeforsnanera¥éven

topography g6rass, SEISACAr DasH L seRlIB)skwalls of the apertures, and leave
capacitor storage node pillars 78 and 80 exposed at bottoms of the apertures. The spacers
may be considered to form electrical isolation along capacitor plate material 84 so that such
plate material does not become shorted to capacitor storage node pillars 70 and 80 when
conductive material is provided in the apertures 92 and 94 in subsequent processing.

[0066] Referring to FIG. 15, node interconnect material 100 is formed over material 90
and within apertures 92 and 94. The node interconnect material is electrically conductive,
and may comprise any suitable composition or combination of compositions. For instance,
the node interconnect material may comprise one or more of various metals (for instance,
tungsten, tantalum, titanium, etc.), metal-containing compositions (for instance, metal
nitride, metal silicides, etc.) and conductively-doped semiconductor materials (for instance,
conductively-doped silicon). The node interconnect material 100 may be formed by any
suitable processing, including, for example, one or more of ALD, CVD and PVD.
[0067] Referring to FIG. 16, node interconnect material 100 is removed from over etch

stop material 90, while leaving the node interconnect material within apertures 92 and 94.
The removal of the node interconnect material may comprise CMP, and may form a
planarized upper surface 101 extending across the node interconnect material 100 and the
etch stop material 90. Planarized surface 101 may be referred to as a fourth planarized
upper surface to distinguish it from the third planarized upper surface 89 (FIG. 10).
- [0068] Referring to FIG. 17, portions of materials 82, 84, 86 and 90 are removed from
over etch stop 60 across peripheral region 7 to form an inset, or step, 102 extending to
conductive column 70. Such exposes column 70 for subsequent attachment to other
circuitry formed over column 70. Step 102 may be patterned utilizing any suitable
processing. For instance, photolithographically-patterned photoresist (not shown) may be
provided over material 90; a pattern may be transferred from the photoresist to underlying
materials 82, 84, 86 and 90 with one or more suitable etches; and the photoresist may then
be removed to leave the shown construction of FIG. 17. In some embodiments (not shown)

the etch of Fig. 17 may extend through etch stop 60.
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[0059]Referring to FIG. 10, a material 88 is formed over etch stop material 86. Material 88 may be
referred to as a second material to distinguish it from the first material 56, and may comprise the same
compositionVér 88Mb¥lion of compositions, as material 56. Material 88 is F6HIEG W84 e uneven
topography of projections and spaces of FIG. 9. [0060]A planarized surface 89 is shown extending
over materials 88 and 86. Such planarized surface may be formed by initially forming material 88 to
extend over material 86, and then utilizing CMP to remove material 88 from over etch stop material 86.
The planarized surface 89 may be referred to as a third planarized upper surface to diftin%rlé(iih it from
n

the second pgiAPERHzedRFBEINGURALG 37/ B B ab| Q4P UT G S¥P'stIARRICES FEHITSS' QN
topography eittémding He2oddateciahtid iodBBearedepesdetiorss iR Fide )| t4eDB TR R itiigMSRIG. 11,
a layer of etch-3opMaLREPS QivifRrp edRYREPIRDERRAUPPBERUR a5 8nRigbsiar material 90 may

comprise any suitable composmo_nlor combination of compositions, and may, for example, comprise,
consist ess&AANYSEIOE A5HRRIEER'Seon nitride. Etch stop material 90 is shown to be thicker than etch
stop materia[@®5;Qjut nviatdvialaltdutane rsmme (irclanass agpetchideop middrabadrorShdhner than etch

stop materig); 86, iDLHRGFBRRNIME REIQPRAIR RIS HREIIMHER: dfiRPeriHEeSHOf fraAHgRA92 and 94
are formed through materials 82, 84, 86 and 90. Thg apertures extenfﬁto the cap clhc;r storage node

pillars 78 arfM8E" THARE SBwn'omBaaREs Srdase iy atRedIREEbRAR R naterial 76 of the
capacitor stptagmined egritassifihe stdistgguicklé pilarkd arl [Bararestopretcwimeridé idihs 95,

and the-ope@%%?eﬁm 04 t‘i\%‘?ﬁ%@%@f&?@&%@@&%ﬂ@%@ﬁ}ﬂ@i%@%nﬁrﬁ%ﬂ%éh%é%emdth? 95
of the pillars. The narrower widths of og(gnlngs 92 and 94 relative to widths of the itoragﬁ%gode pillars

may compeHS5REtRY RsaaH e ALariahiLklighrieale SUISAY FRHBRTISRHNS ShERTRES 'B98 e Rtorage

node pillars se{P083FOpiarEngs oL derdd@nordes bé Hortiniekhbgsantyredetid | #0drdetesgiimgs Bor instance,
photolithograptirally-naHs ned Rhiieeis bt shoxidmay be provided over material 90; a pattern

may be transferred from th%{)hotoresist tQ underlgé]rg matelg[ials 8@ 48%186 andl90 letg one or more
suitable etch@s‘qqu thbg‘ﬁln c§t18§i!ﬁyﬁ{a&pﬁ1'§r§%@ ‘6%8%8?85\/ th gﬂg\}\?ﬁ Otr gtion of FIG. 12.
[0064]RefercomroserGa majcialeleatrithd yriatsulkitvas mateeizih 0bsis #oyraeithbleeromansitign or

combination of compositions, and may, for example, comprise, consist essentially of, or
consist of silicon nitride.

[0072] The etch stop layer 106 and third material 104 may be formed utilizing
processing analogous to that described in FIG. 1 for forming etch stop layer 60 and first
material 56.

[0073] Openings 110 and 112 are formed through materials 104 and 108 over
peripheral region 7, and filled with conductive material 114. The openings 110 and 112
may be referred to as third openings to distinguish such opening from the first openings 62
and 64 of FIG. 2, and the second openings 72 and 74 of FIG. 5. The conductive material
114 may be referred to as second interconnect material to distinguish it from the first
interconnect material 66 of FIG. 3.

[0074] The openings 110 and 112 extend to the first peripheral structure 68, and the
conductive column 70, respectively. The conductive material 114 within opening 110 forms
a second peripheral structure 118 over and in electrical connection with the first peripheral
structure 68, and also in electrical connection with the capacitor plate material 84. The
conductive material 114 within opening 112 forms an electrical interconnect 120 extending
to conductive column 70.

[0075] The openings 110 and 112 extending through materials 104 and 108 may be
formed utilizing processing analogous to that described with reference to FIG. 2 for forming
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90 and within apertures 92 and 94. The insulative material 96 partially fills the apertures to narrow the
apertures. Material 96 may, for example, comprise, consist essentially of, or consist of silicon nitride.
Material 96 WyZHE/A3PA%d utilizing any suitable method, including, for exarREUSHE®$HSPe of CVD,
ALD and PVD. [0065]Referring to FIG. 14, material 96 is anisotropically etched to form spacers 98
within apertures 92 and 94. The spacers line sidewalls of the apertures, and leave capacitor storage
node pillars 78 and 80 exposed at bottoms of the apertures. The spacers may be considered to form

electrical isolation along capacitor plate material 84 so that such plate material does not become
shorted to CQBSE'i'f@rSﬁ‘%graélfe%o&—é‘gﬁl%ﬁg“favfrm%@r\?}hgﬁ 5'3)?%;1&% W@ﬁ%\%ﬁl‘é’l‘ %Dﬁpér\]ﬁaéd ﬁ)naﬂg

apertures 92 tddtdiding subssgingramiogessitighfo0EsHReddiirfg &S RB@Nd 3, inoltenmerconnect material
100 is formed, gygeimatesiahalsanahiiipARRIK WE A RPeANrRY cORGUBRASRIBIEP ARG Ghayaierial is

electrically conductive, and may comprise any suitable c mGD_osition C%F@ombinationﬁ%l‘ compositions.
For instancd SEWGRb decrmaedine i hafangug Eﬁﬁlr%ﬁig oRE IP I B GHISu S e'ﬁﬁ¥€ r
instance, tunliftesmt tartahuposititanium, @tedyaitetahatenth Bl ciwerpositishegfds.instance, metal nitride,
metal silicidegydigy) aLRINAYEYERY-JoRssharEuceRAIaRmMate HHs LiPHivaE fRdterials 104

conductively-doped silicon). The node interconnect material 100 may be formed byﬁ:)ny suitable
processing, AAUERGY 6 MEEATL A T BNEHP Ay S NEDVEVASEHE VO B RS56 7R e fEPA R $8'RYEs. 16,
node intercot2ahdntémadyi B isfeertbireasfroioudhapetthgsttspaiatitgrieh3icvhitenewsifrgrthieerode

interconnect;paaterial within AREEVERERY A48 EpRIANGY 9btheaneds: inlgreoangatanaierial may
comprise CMP, and maé/r;orm a planarize %Per surface 101 ex endgg?e}?egrossf thecpode interconnect

material 100°BRAMEE LiORetbh matéral & CRMEING R D1 R PB4 a fourth

planarized uppensurdpesiter distagguisiaét hraterith éottistinglainhiiZernubpdirsundaseii®@o Eragel0).

[0068]ReferringdenEl1Gial 76 RPEIRNg of materials 82, 84, 86 and 90 are removed from over etch stop 60

across peripheral region 7 to form an inset, or step, ﬁ(i% g,;xten in% to conductive COH%VO..Such
n70.

exposes col MY 7b forl BESEEGINSR: et T8 SIRAP B 0RRT 1BIRA3RE B RIR S5 102 may
be patternecdwilitingapaciteitibiegsrocdssiflgrs-t anst&Acessphoivtithodreptaodigtivatraiesie photoresist
(not shown) memﬁ%ﬁim\éﬁﬁgssow pratesakdthaseaticirspayibediciasterat amdhephatoresist to

underlying materials 82, 84, 86 and 90 with one of. more suitable etches; anﬂ the_photar islt may then
be removed $96AVE et C(?('SW?%%S'H?H‘?EI SYCAPRCL R BB AaiR %r?n% %rf‘]%ﬁ) the etch of
Fig. 17 may sxtenehthoolirgenésctnsigipréde nadg/oili2G003 67080 1hg DSPEDRIGBDIYSG069]Referring
to FIG. 18, aympterial dOddsfamedioneirlatarmrristifaseiibanshterial 100, together with the

storage node pillars 128 and 130, may be considered to be second segments of the
capacitor storage node.

[0078] The openings 122 and 124 extending through materials 104 and 108 may be
formed utilizing processing analogous to that described with reference to FIG. 5 for forming
openings 72 and 74. The conductive material 126 may be formed within openings 122 and
124 utilizing processing analogous to that described in FIGS. 6 and 7 for forming
conductive material 76 within openings 72 and 74. The conductive material 126 utilized for
the second capacitor storage node pillars 128 and 130 may be identical in composition to
the conductive material 76 utilized for the first capacitor storage node pillars 78 and 80 in
some embodiments, and may be different in composition from conductive material 76 in
other embodiments.

[0079] The embodiment of FIGS. 18 and 19 forms the openings over the peripheral
region 7 (openings 110 and 112 of FIG. 18) sequentially relative to the openings over the
memory array region 5 (openings 122 and 124); and forms conductive material 114 within

the openings over the peripheral region sequentially relative to formation of conductive

13



within step 102. Material 104 may be referred to as a third material to distinguish it from the second
material 88, and may comprise the same composition, or combination of compositions, as material 88.
[0070]Mate NP 20X EGHBYises a planarized upper surface 105 thereover. SEEHBIEHERPEN Lurface may
be formed reflowing material 104 during formation of the material, and/or by utilizing CMP. The
planarized surface 105 may be referred to as a fifth planarized upper surface to distinguish it from the
fourth planarized upper surface 101 (FIG. 16). Material 104 may be referred to as a second template
material in that openings are ultimately formed in material 104 to create%a em Iat$ for fabricstion of

second modIRENaH Lk MEHRING RN GO B AR Fhe B Ok LB RS RP T A BelErmines a
thickness of dhefget imiderical és fof thivecapadicie: [O0FMHA 0 CH stoprikiyeallegits fonethever

material 104y Fch $t0R)|ay b HIRGOTRHERS BBIBRERLAGRa e B8I8EEhARS MY caRFge any
suitable composition or combination of compositions, and m%g], fﬁéﬁfﬁgﬁe&ﬁm rise, consist
a

essentially o' IPeBRIGYJPIIREIA IR I8 P2RF Rdata@dis Aifal 104 may be
formed utilizomppirasessinthapaligeus! reghat tegoedednedriGiuitdfoedosininidhdtehopepriayerve0 and

first material,26 JONGAIQREPiRGHH LA L ere ot aRtEIFRsehMA s Hadansh 495 over

peripheral region 7, and filled with conductive material 114. The openings 110 and 112 may be

referred to aIFG BB BRI QIRHR BT BhHEY B SRR S RRSHESSEY 8% 4 of FIG. 2,
and the secqrdigpeainggior? &mslich ofhEt@nbotingeotsn thectiiteagmteris dilaysriap bad-dfismd to as

second intercaRRRCt mMatesiab CHiBiagHIShd kOB theirs AURICORNREHBRIGHRYRS R HEr=3-

[0074]The openings 110 and 112 extend to the first peripheral structure 68, and the conductive column

70, respectiVEROFhE SHARNBRIMARITAD 1AM UK TRo U e L PR B IR Al % tructure
118 over andoimeltsticahtathnedaibre witthérrdissiep@deaital storved© 68, thedhaisoryrpsictrical

connection il e ARBREHANRIR MESLIB el TAGEPRAY B/RANAET I EhAuWAINA RoBRIng 112 forms
an electrical interconnect 120 extendln%éo conductive column 70. [0075]The openings 110 and 112

extending thPSUGASRAEE RIS T Bht 4 B ily Bigay region-

[0080] The embodiment of FIGS. 18 and 19 forms the columns 118 and 120 over the
peripheral region 7 prior to formation of the storage node pillars 128 and 130 over the
memory array region 5. In other embodiments, the storage node pillars may be formed
prior to formation of the columns over the peripheral region.

[0081] Referring to FIG. 20, materials 104 and 108 are patterned analogously to the
patterning of materials 56 and 60 described with reference to FIG. 8. The patterning of
materials 104 and 108 leaves surfaces of capacitor storage node pillars 128 and 130
exposed, and leaves surfaces of peripheral structure 118 exposed, analogous to the
exposed surfaces shown in FIG. 8 relative to pillars 78 and 80, and to peripheral structure
68. Specifically, the storage node pillars 128 and 130 will have exposed top surfaces 111
and 121, respectively; and will have exposed sidewall surfaces 123 and 125, respectively.
Also, peripheral structure 118 will have an exposed upper surface 131, and exposed
sidewall surfaces 133. '

[0082] Dielectric material 132 is formed over the top surfaces 111 and 121 of storage
node pillars 128 and 130, and along the sidewall surfaces 123 and 125 of the storage node
pillars. The dielectric material 132 extends over peripheral region 7, and is formed to
extend along the top surface 131 and sidewall surfaces 133 of peripheral structure 118.
The dielectric material 132 may be identical to the dielectric material 82 described with
reference to FIG. 9. Dielectric material 132 may be referred to as a second dielectric

material to distinguish it from the first dielectric material 82 of FIG. 9.
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formed utilizing processing analogous to that described with reference to FIG. 2 for forming openings
62 and 64. The conductive material 114 may be formed within openings 110 and 112 utilizing
processing 2RV that described in FIGS. 3 and 4 for forming condu@GVEUR& AR08 within
openings 62 and 64. The conductive material 114 may be identical in composition to the conductive
material 66 in some embodiments, and may be different in composition from conductive material 66 in
other embodiments. [0076]Referring to FIG. 19, openings 122 and 124 are formed through materials
104 and 108 over memory array region 5, and filled with conductive material 126. The openings 122
and 124 mayl38¥rerrEaRACHe PRI MRAISIBh MG A% AIRRI R TSl FPE R AMEWSISHE 8% st openings
62 and 64 ohfei&iidl) 1i3d mcloomddpenidgdeclianchiddaiiBRSald anetittesthirdnafseiaints 1 ®emet112 of

FIG. 18. The,g, IS PReIRLARR ey, b KIS PRASP AR S REABA-FBACH RN iRECLRPEsRIe material to
distinguish it from the first capacitor storage node material 76 of FIG. 6. %81?177 The gﬁjenlngs 122 and

cior. e : . .
124 extend {QRIFEHIFE i’ﬁ?é’r@@dﬂ%@ﬂ‘?ﬁ'&fé%ﬁl CERIHHRAL AR BPREAL BF AatbiPe I FE IRl 78 and
80, respectigslyreEpectiosiguctiFESiated sgdatR6r withemapenan 8412 1 satch ERep fonatesigk tihohaapacitor

storage nod%@gégﬁe@t&% e&&%&%@%m;&%%%Hgﬁéﬁ&eeeﬁ[ﬁ@etxsvit&cgpgggégs%%@mﬁ@ewge node

pillars 78 an . In some embodiments, the stora%e node pillars 78 an m?g be considered to be

first segmentest HRR PR MG SeRagonRIal BAlPTRLSHRIE SR IR BrESE! BRI -With the
storage node[@iigdls 1 Famdnt30,Fitayzheacoatidelr¢88ids hermedaversggmanisnadtthiicEiacitor storage

node. [0078}}0e onanings,d 22 pdL2ASXendne- Rraal, @aaaesiaéz@% #0ch HaSimawbeofrmed

utilizing processing analogous to that described with reference to FIG. 5 for forming openings 72 and

74. The con80ed0EHRAIST81919% AR5 RS ABD MANGPBPRERTHEE $39ARIPER TN Mg processing
analogous tedhddiceseridfieshmpBiGiSng amndné rmomnpigrederdus Bée G8 aredid0F6 within openings 72

and 74. The ggghictive puierald 26-4ilizeskfarihg Aeconshirpariion siafgorsaode qllars 128 and 130

may be identical in composition to the conductive material 76 utilized for the first capacitor storage

node pillars P80 aGmMBRARRSIAIMERLRY HHFRESF ISR L3 FStMFom conductive
material 76 if088&) enfedetiingritsF[G0Z2] ahemmingdiAicntiofdGS. k8ad dhi®fiirmstemialgi$8nings over

the peripherghipgian BpFsnGSIIS TSk oL G R sRspEialRigd e openings over

the memory array region 5 (openings, 122 and 124): and forms conductjve material 114 within the
openings ovEPIE SN SRRIRLH Y6 S JRHNEhHAIN BRSNS b O IO B NS RANORGE (R ARTRNIS3E within
the openingstoveutbie! dieimdryxéeralp tegenm®uisiemboeiméntAisaydreciesifiohifintéscdesaag®€d form the

conductive GoIMASAULIIBRARHRIYF ARAIAN S528 O3 LAR AP With GRBIBER e d bigrent
composition than the storage node pillars over the memory arra relrglﬁan (storag}e node pillars 128 and
%‘?}gﬁ é égjf’o

130). In othePERBBARTHENS MAE TAgR Wi PrRceRNBREALY A BEFRIRIAP YR ffaneously
with the opefiimgisgeetttmneetr@d; andpagdienramd sicottanesustyntitiednhert ridiugiase id 4.

Sim_u'taneouwof@fpeObwémm%@mmeQw{aﬁ B8 BHOBERLAY, RAlREARILINEABRIRINGH PVer the
peripheral region. In such other embodiments, the storage gode pillars 1%58 apd 130 will comprise the
Bel e s RRF

same comp&LRTHIFal FRIBBRRFERARYRIAISY 1 HARY PR AP GEHC SN in
embodimenistereghivicthepeoiionpletes rHtaoded4 e querpivdhel rddiepelieheransidiskepi dAdaligyrelative

to the storage;NafsRIlREIIQNNGH CYEFdBa BN S AN ESHPRNEIRIFAMINSPYREWAG RAZBHEral
region may be identical gﬁ‘&om&o%ltlop to the Etor? e n%gerﬁﬁ"?ri§yerf tpe g]gz{n{){é array region.
[0080] The efRRSAMARANGFE SR RIRPS §HAPME HE cHIEHANS TIBHSY TS0 BVet (RE
the same lateral thickness as one another, as would occur if the peripheral structures were
all patterned utilizing the same photomask. In other embodiments, one or more of the
peripheral structures 144, 118 and 68 may be a different lateral thickness than another of
the peripheral structures.
[0088] FIG. 23 shows a view of the construction of FIG. 22 along the cross-section 23-
23. The cross-section of FIG. 23 shows that capacitor plate material 84 encircles spacers
98 so that capacitor plate material is continuous around the capacitor storage node pillars
78 and 80.
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peripheral region 7 prior to formation of the storage node pillars 128 and 130 over the memory array
region 5. In other embodiments, the storage node pillars may be formed prior to formation of the
columns ov&YEWETPHYral region. [0081]Referring to FIG. 20, materials 184 HN§2900808Pd&%patterned
analogously to the patterning of materials 56 and 60 described with reference to FIG. 8. The patterning
of materials 104 and 108 leaves surfaces of capacitor storage node pillars 128 and 130 exposed, and
leaves surfaces of peripheral structure 118 exposed, analogous to the exposed surfaces shown in
FIG. 8 relative tOé:)lIIars 78 and 80, and to perlgheral structure 68. SpeC|f|caIIy the storage node pillars

128 and 130 IRAP ve%ﬁ@é%ﬁ%ﬂi‘?&i nehPBy P@sﬁ‘%r&'i%rﬁd 5‘?18%7?‘%9@8%6’9& sidewall
surfaces 123aymichP5orespests/eSuchlsmrpgeipbdraesimeartisrenld@nhifistianevih brpeeeditqpper surface

131, and expnsed RN PUALE A IO RIRSIF DR A I SRS op Surfaces

111 and 121 of storage nodejlllars 128 and 130, and along the sidewall surfaces 123 and 125 of the
storage nodEPSREET HRIGTE) HiCINAARENPLY St dngS BPREARREIA A8 ARD R P%ed to
extend alongdhsideestofaesd@hdntbsigenwadesadatassl(®38 sqienphenahstractiacritay The dielectric

material 13%8?%980!9‘8%0?1‘ éPs‘iBFaQé‘%ll%%'Qd&&ﬁ[ﬁﬂ@lrﬁgﬁ‘ﬁ%ﬁ{é?é&u\‘i’é@ refRIRNGRE0 Tig. 9. Dielectric

material 132 may be referred to as a'second dielectric material to distinguish it from the first dielectric

material 82 5??—‘?@9 Yoro9e m@m@iF‘@?ﬁ@@iﬂ%@ﬁ%‘i@@rfﬁé@%*f@ﬁbﬁ%%@%féﬁ@%ﬁ%rlal (which
may also beplefemredettabtiditerreledingdaichategrabnisS4nsyfoencedsinarediel éotricecaterial 132, and an
etch stop ma %{é@“g@m}%uggned over capacitor plate material 134. The capacitor plate material 134
and the etch stop material 136 ma¥ be identical to the capacitor plate material 84 and the etch stop

material 86, 10998k ive), BHiidyabliELEaRaeiPIIRREUa1RASN M N ANdRIVILY RRSREaPRS IRGY be
referred to ascddenicht &pdicidlypiate tmatesialapaditoe cortliletdhreiep nepsial woassticgaishTingsmn from

the first capggitarplalp.malerikfs ABFdishs 9 sion Blsial 96 AbGiRe SwiRR4IRAts g to FIG. 21,

a material 138 is formed over etch stop material 136, Material 138 mag@?e referred to as a fourth

material to dieRAGRERIHIAPARLAILD §5’68%'%ﬂ‘f'8 fiiRY AeRHQIIE B6ABAURLLRBN TR WM& comprise
the same coanpdbéicapamitoombihieioontdiciog plostigersdespdlae 89 togethef withtthéadse&HO88 and 104.

[0085]A planagizedsirieie 3nisimhg URBYIEACBHANET S0GERHR 4 884 construction 152.
The capacitor constructions contain capacitor plate materials 84 and 134 that interconnect
with one another over peripheral region 7 through peripheral structures 68, 118 and 144.

[0091] In the shown embodiment, the first capacitor storage node pillars comprise
widths (in other words, lateral thicknesses) 95, the second capacitor storage node pillars
comprise widths 155 that are about the same as the widths 95, and the interconnecting
regions between the first and second capacitor storage node pillars (in other words, the
regions comprising interconnect material 100) comprise widths 97 that are less than the
widths 95 and 155. The capacitors may thus be considered to comprise two thick storage
node pillars (for instance, the thick storage node pillars 78 and 128) that are connected to
one another through a narrow neck region (for instance, a neck region 160 between the
thick storage node pillars 78 and 128). In the shown embodiment, the dielectric material 82
and capacitor plate material 84 extend along the first thick storage node pillar 78, but not
along the second thick storage node pillar 128; and similarly the dielectric material 132 and
capacitor plate material 134 extend along the second thick storage node pillar 128, but not
along the first thick storage node pillar 78.

[0092] The first and second thick pillars of a capacitor construction may be the same in
composition as one another in some embodiments, and may be different in composition

from one another in other embodiments. Also, the narrow neck region between the thick
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planarized surface may be formed by utilizing reflow of material 138 and/or CMP. [0086]Referring to
FIG. 22, an opening 140 is formed to extend through material 138, and layers 132, 134 and 136.
Opening 140 82¥1d548° peripheral structure 118. Conductive material 142 REBHMEW%BHIOpening
140 to form an interconnect (or peripheral structure) 144 that extends to peripheral structure 118. Also,
an electrical interconnect 201 is formed to extend through material 138 to electrically connect with
interconnect 120. Interconnect 201 may be formed with processing analogous to that described above
for forming interconnect 120; and may be formed simultaneouslg with per_i;lz)heral strucéii{e 144,

[0087]PeripREBIPLIRCRA 42e15ANS NCampRtian s 0" RARELTRS Bk RiGHRePT DY SIEEHRally
connect to capagitsitipldtesm Iddharidh@4hithpslatise (resqrhe mhstdictents ihedichandsiecapdditok plates

L34 and 84 oy gRoier S BSHRSIALS VSR MBI B ied fopleciipalberannsg the

capacitor plates to other circuitry (not shown) utilized to provide and/or control voltage on the plates.
Peripheral shGRRALONHAAOPGAT 68 are the same lateral thickness as one another, as would occur if
the periphergbegscturéseneaatiopaltecnedteridizifg tne $adneaphetoonaieréd tihietemomudinadthts, one

or more of t%ﬁ&ffiﬁi&ﬂ@%ﬁ%ﬁﬁqﬁ{w&%ﬂé‘é}’r%@@%ﬁﬁn%i?ﬁ&@P@Sf&??.‘%ﬁ?(ﬁé%ﬂsmess than another

of the peripheral structures. [0088]FIG. 23 shows a view of the_construction of FIG. 22 along the

cross-sectiofRdment he iglarconasshregieNs oW e sh PUAp SN HdeStRdiS?eY 84 encircles
spacers 98 sorthattedpattitarsptatedmiiteridkisicanymensharinshrithe daederbpittoragearsidivplllars 78

and 80. WO200R31 QORI 2AQEL8QL 06 [ABRIH e Siosags. nariesilars gAandSR may be

considered to be first storage node segments or sections. Such storage node s%quents, in

) 1 g
combinationSifRH#d S3ndieiglscic mairsiahl 82 aHandsRiang PR dRaRltiar 8PS IFFdUAGing the
segments, magtdrialcthisi depedateddromfrisieoap &Stofr theoiitales)af iy Bte digeaiacimpidiars8E28rahd 130

may be congifared 10, be RECARLSIRIRAS 194RSRIMENIS ABRSSaiRRR WhIGH AL pleajcally connected

to the first storage node seglments through interconnect material 100. The second storage node
segments, téigeé?ﬁgﬁﬂi‘ﬁem% dfectric material 132 and capacitor plate material 134 surrounding such
segments, mP®4 cornsisereddmiodmseisopitiazaf@cing MEdudys §G0a6iRancn tviguinitgttvapacitor

module, togethex itk A0 J0dividkal 35600 SHBRCN ModHiR el RirpeiiyR1es sha dreiLaRrgcitor

module, forms a capacitor construction. Thus, the first capacitor module containin?Bstora e node pillar

78, together3RilRRKRECIAF LRpARRIPHI bR B RTINS APETE HUE BRI 18RS Y dah Reitor
constructionirits@;canddiseocapiheijoeriptomtal eegimtaiini tie stovanee nbddipitat, 8@ eapsttitar wigkedéec second

capacitor madie; cariaininc SO RAEARGR RHAASHIGHIS arraPREHMN f&ﬂ%tﬂéﬁﬁﬁ@r&ﬁ%g@ﬂ? capacitor

constructions contain capacitor plate materials 84 and 134 that interconnect with one another over
peripheral r@@%ﬁ@?%”g@?ﬁ@ﬁﬁ%rﬁ\”@fﬁ%ﬂ%@ EE¥118 and 144.

[0095] An electrical interconnect corresponding to a portion of the second pillar 114
breaches across dielectric material 82 to provide connection between first pillar 68 and
capacitor plate material 84; and similarly an electrical interconnect corresponding to
conductive material 142 breaches across dielectric 132 to provide electrical connection
between capacitor plate material 134 and second pillar 118.

[0096] In the shown embodiment, capacitor constructions are formed by stacking two
capacitor modules on top of one another. In other embodiments, more than two capacitor
modules may be stacked to form capacitor constructions. Also, in the shown embodiment,
the capacitor modules comprise pillar-shaped storage nodes. In other embodiments, one
or more of the capacitor modules may be container-shaped, or may be configured so that
the final capacitor construction is a container-type capacitor, rather than a pillar-type
capacitor. In some embodiments, all capacitor modules utilize pillar-shaped storage nodes,
except for the top capacitor modules which utilize more complicated shapes of storage

nodes to increase capacitive area.
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[0091]In the shown embodiment, the first capacitor storage node pillars comprise widths On other
words, lateral thicknesses) 95, the second capacitor storage node pillars comprise widths 155 that are
about the saHR2A¥HVIdths 95, and the interconnecting regions between Rd/#s1043888¢%ond
capacitor storage node pillars On other words, the regions comprising interconnect material 100)
comprise widths 97 that are less than the widths 95 and 155. The capacitors may thus be considered
to comprise two thick storage node pillars (for instance, the thick storage node pillars 78 and 128) that
are connected to_one another through a narrow neck region (for instance, a neck relgtié)n%t?o between

e
the thick stor98Hode HMFLYB NG5S MIKE AR EhEDAIRLRTHE Sherediie A 82 and
capacitor platstanatesah@lemiedidnalinqeyeafient eivgsraped rdidditaaciBusgttacinaldag the second

thick storage RQais RillaeA<S: And s eniaskcircdiplaFhis matrrirhvEdd prshoarasHammaiedRaterial 134
extend along the second thick storag[é:' node%])illar 128, but nﬁt alorﬂ%ﬁhe first tpick stora%(ﬁer}ode pillar

78. [0092] THEIRLP IR A BRI R SPD B RS R FRASH R LD A v Bt e I3 Eomposition
as one anothed skisniaeteanmivestios abeapacigrbe Ciffsmtiohabpiapositivatfresnesheatiaother in other

embodiments, Alsa, thaNABINPBRRedieRPERRSRdREs thinly PkMsHRaYHRG EI8rSamARIn composition
as one or both of the thick pillars, or may differ m@@mﬁposmon from both of he?tthick %iilars. In some
t e

embodimenfMBRIMEPSTHYRE HRERPIrat S é?%mst%cﬁﬁ?’%'\}\'/oﬁsﬁc@ 8% Mterconnecting
them, may Helcioasidecedadtbes aatigalyiiorssticnge withleafd088]Phd enapantorgslicrivisdabiizes 84 and

134 can be B@f&@@é@%%gtﬁ&%&?%\e@maﬁ@g QRS AEAHIAG AVPEL G R0y RfidhshRaripheral

region 7. In the shown embodiment, the interconnect region camprises a first pillar 68 which is
electrically CRABEEUCHR GLWOHILPSIfSPS Y4 GIPIRNY tﬁﬂé ffr% Bﬁfsazr.th‘?@%ras?tﬁﬁlrgra Mas a sidewall
93, and the olistentrie iwtiraeS2eierids mlony tlbheigesdtiatiie seckediqsliap khsaskielearall 133,
and the dielgctimmaigtptd3itsents plopassghsidensaihiCananiter AlRtmmaiasiabifkis separated

and similar %[i)acit%ralate material 134

from sidewall 93 of the first pillay by the dielectric material 8
s soparate PTORATRRTIA 16 DFTHA) 48 ) RTG0thd At 193 000 aan

A Eome embodiments,
pillars 68 anprdkSsinaytd beonsidetediietvecpohd vetiaciinteriionectsod g&pidsperipheral region, and

the capacitop,platesnateiicds &4 andal 3k A Reis Dunifes Rt e o BHRESEiRas thatextandfrom the
memory array r(z%ion to the conductive interco%nects over the peri her$l re'g{%n. In %%sn%())&/vn

embodiment T EABERITRIRIAAD (EERIChI (1 2S5 T R ST L e

rom the memory array region
to the periphmydadyieactnd physically contact the pillars 68 and 118. [0095]An electrical interconnect

correspondingggg} PO BNE saBearhBHlaT Flddreaghsmactestsiclegeispmatedatgtio provide
_connection between first pillar 68 and ca qitor IatI imﬂte¥§%%4éoq9r% nSSI ga@/ an I rigal _
mterconnect‘%&ﬂ%&ﬁ??dﬁ?@ ‘?g%‘&ﬁﬁl}%ﬁﬂ?g‘%\g eﬁ%lefjfabyeaches across diglectric §:g? {o provide
electrical conoeutisricrtvigeralabadityraskaeattstearial pity 4A0 Jéivaapnmipatgnay be utilized if
the capacitors get so tall that contacts to peripheral circuitry should be built in multiple
levels with the capacitors. In other embodiments, the contacts to the peripheral circuitry
may be formed in processing separate from that utilized to form the capacitor modules.
[0099] Some embodiments include electronic systems utilizing one or more of the
DRAM arrays described above. The electronic systems may include computer systems,
cars, cellular phones, televisions, cameras, etc..
[00100] FIG. 24 illustrates an embodiment of a computer system 400. Computer system
400 includes a monitor 401 or other communication output device, a keyboard 402 or other
communication input device, and a motherboard 404. Motherboard 404 may carry a
microprocessor 406 or other data processing unit, and at least one memory device 408.
Memory device 408 may comprise an array of memory cells, and such array may be
coupled with addressing circuitry for accessing individual memory cells in the array.

Further, the memory cell array may be coupled to a read circuit for reading data from the
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[0096]In the shown embodiment, capacitor constructions are formed by stacking two capacitor
modules on top of one another. In other embodiments, more than two capacitor modules may be
stacked to fE¥HZOAHALUEI constructions. Also, in the shown embodiment, thB(EBa28O/MdAules
comprise pillar-shaped storage nodes. In other embodiments, one or more of the capacitor modules
may be container-shaped, or may be configured so that the final capacitor construction is a
container-type capacitor, rather than a pillar-type capacitor. In some embodiments, all capacitor
modules utilize pillar-shaped storage nodes, excecp acitgr modules which utilize more

t for the top ca
complicatedHABRsEH S0t A5 AHTHEUNS AL ERREUS LY AR 5%5@'\99@” conveying information
2009107033 EREFISA00810801960DA0T asaesousih\Guthdel yntgtee iathedveck didging vérious

embodimenige FALNSIRAACE “SADRAM POEIESHS MaYA!I9¥ER M&%ﬁ?ﬁ%&&ﬁ&éﬂ]&%i%@mﬁ\@d to

enable creation of denser arrays of capacitors than ma%%:); achieved by conventional methods, while
maintaining LeMRE 6 LA it LAt FLafdii USRS & 4citors being taller and skinnier than
conventiondDeaptritoRroCessre mEvital Kofonmp ddiighpasgdetar ptivesgoa oitons enandessapidiedak due to

mechanical sfahilify PRI Nen HRVRYRTeSATEEMbRdlimaAlm may avoid mechanical stability problems

of conventional methods by fabricating capacitors vertically in sections, with egach section being
mechanicalP&1281ize Y BRI ISR AR TRY ?fgi‘?.sﬁ%%mﬁ\ﬂ?ﬁmﬂ&é%%dﬂllefa?&ac@ﬁgc%ﬁgcitor asa

3 micron talDAdle structure (as would be done utilizing conventional methods), the capacitor may

instead be fﬁaﬂ@%ﬁed FAE TR RIRER @Jhpne@&@a&bara@@rﬁwﬁwbmcg sachiRtber 4a form a
or .

final capacitor structure that is 3 microns tall. A further advantage of some embodiments is that the

building of 22E5RARPYTERLABRs HYE P BN S R SRR BT &YSTAG T B SRR MY PERIEEh the
capacitor seuticess Eontexiaaygiam noetaljcathdusyistertaifeissmplpyseaforneedsey boildiesvtiated to other

parts of a CiFﬁ%&%@@@%ﬂ%@%ﬁﬁ%@ﬁ%@@ﬁbf@ﬂ%i@ﬁhmtgnﬁdﬁ@dnﬁgia%@@@&mﬂmﬂJormation of

the next capacitor section. [0098]The shown embadiment of FIGS. 1-ﬁiqs]orms C tg ts to peripheral
circuitry durff RFHARSH B RSRISPRETRIEY (SRaamtam ReHadRyg) g%cef% a%Hdsiﬁ%?o connect
to peripheralicitersitvpdtsd dretegsieth pilahane) aThisadin bbdinveasorayrderatilingel ihemeosapacitors get
so tall that couipetsARPEIEETR QEGHELYShasddealiinemyytiviedemaly, witbitbe capasitorsoln other
embodiments, the contacts to th Perlgh_eral wcwtg ,mqg/ be formFd%r:fgeé?cess&%]sC%%a%at from that
utilized to foffl iRy %ﬁﬁ}f(t,'i‘fgrsr?focgu'?ég. W?@(Bﬁ? U BB R U RIS Al SR Y utilizing
one or morepodthesDRARzad ayised dderdstdrelimiacainé elpusteonsorsyeleths memanciryiceomiputer
systems, cargCelylRk AROBESICIEIRESIPNS cEAMERH AIG-cJORMAAE G Sbibishatasrn embodiment of

a computer system 4Q0. Computer system 400, include onitor 401 or other commupnication output
device, a ke@é&ﬁ?&%@%’r%ﬁﬁ FH&@@%F&E% ?Hadg%léc%vécr’?dg gerégtﬁ%? BAEAD WSherboard
404 may cathycaughiereprotepsatit0s tbaiothesaliagirpeices tirte delichad drem|twsmnemomenvity device
408. Memorydé%%ﬂ@&méyﬁﬁmeﬁ%@mwr@/ﬁmwm@m.such array may be coupled with

S AP S IR h USR0Sttt ey amey
800 includes a memory device 802 that has an array of memory cells 804, address decoder
806, row access circuitry 808, column access circuitry 810, read/write control circuitry 812
for controlliing operations, and input/output circuitry 814. The memory device 802 further
includes power circuitry 816, and sensors 820, such as current sensors for determining
whether a memory cell is in a low-threshold 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 a first wordline with
pulses, circuitry 886 for providing a second wordline with pulses, and circuitry 888 for
providing a bitline with pulses. The system 800 also includes a processor 822, or memory
controller for memory accessing.

[00105] The memory device 802 receives control signals from the processor 822 over

19



memory cells. The addressing and read circuitry may be utilized for conveying information between
memory device 408 and processor 406. Such is illustrated in the block diagram of the motherboard
404 shown WERE%2H0841such block diagram, the addressing circuitry is illuBf&ERES AN Und the read
circuitry is illustrated as 412. [00101]Processor device 406 may correspond to a processor module,
and associated memory utilized with the module may comprise DRAM. [00102]Memory device 408
may correspond to a memory module, and may comprise DRAM. [00103]FIG. 26 illustrates a
simplified block diagram of a high-level organization of an electronic system 700. System 700 may
correspond Y8RS BRI L LIRS e Sy TRMPY FUcE S0 ShHI I TAnHe 8?t§n")v)“b<\t/ﬂé§’ system that
employs a processal dad @disesiatddenst ! Blegirordsssy &2207 0B hary fuenite 8aRat@nents,
including a RrogesSORANR. @ control unit 704, a memory device unit 706 and an input/output (1/O)
device 708 &)bg, to be understood that the system may have a plurality of processors, control units,
memory delA% 0l aHtRTRY B FRIRA DTS BIRbRRITRIEF LB AL AR dFoR eS8t 700
will have a natilee etvahiosteusitighesseTaics peaifp opidpationsi¢o thegserde theecbormdatealignttieprocessor
702 and othg&'\%%rmpaﬁ)pggg@%&hﬁwez,%ggﬁe memory device unit 706 and the 1/O device

708. The control unit 704 coordinates all operafions of the processor 702, the memoré/ device 706 and

the 1/0 devitd®¥®8 by EBRGRMIRIY SYRIRTESAIRIGR LRI IGTRAIBRLHSS: aYISE Y E-RSNE o be
fetched fronmibduhas momnilevted of DB arrhe xpewkss of heduEs amddepitiea06-snagifinchadie BERAM.
[00104]FIG. 2 is. 4 simplifisd sk diadrmehrriglrctronic system 800. The system 800 includes a

memory device 802 that has an array of memory cells 804, address decoder 806, row access circuitry
808, columh®Qd0&s cﬁ@ﬁiﬁﬂ?@i@‘,'?eséfaﬁvmﬁé‘r@ar)é?o“’f“&}’ré?ﬂﬁr(}r%"ﬁrf’cﬂgg FSRIRG B3RS, and
input/outputabirckstngl8didion ecaiigrhong s @eice 80 2 dunthiter in cuide® bims eindirstihc 16 and sensors
820, such ag cuyEreot sRNSEredor determining whether a memory cell is in a low-threshold conducting
state or in a high-threshold nonconducting state. The illustrated power circuitry 816 includes power
supply circuitry 880, circuitry 882 for providing a reference voltage, circuitry 884 for providing a first
wordline with pulses, circuitry 886 for providing a second wordline with pulses, and circuitry 888 for
providing a bitline with pulses. The system 800 also includes a processor 822, or memory controller for
memory accessing. [00105]The memory device 802 receives control signals from the processor 822
over
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wiring or metallization lines. The memory device 802 is used to store data which is accessed via /O lines.
At least one of the processor 822 or memory device 802 may include DRAM. [00106]The various
electronic systems may be fabricated in single-package processing units, or even on a single
semiconductor chip, in order to reduce the communication time between the processor and the memory
device(s)clOQA@E] The electronic systems may be used in memory modules, device drivers, power
modules, communication modems, processor modules, and application-specific modules, and may
include mulfilayer, multichip modules. [00108]The electronic systems may be any of a broad range of
systems, such as clocks, televisions, cell phones, personal computers, automobiles, industrial control
systems, aircraft, etc. CLAIMS Claim 1: A semiconductor construction, comprising: a capacitor

storage node mgraé{%ﬂibd?ﬁ-%‘?mfﬁﬁﬁl%"HQE@P@%@&BQ@HGPQ?BF%@%Me having a first thick pillar, a
second thick pillgreridins: fises ek Rotes, sk aanailieyn ResitaAMeire thaseeqritiveisiliggdo the
first thick pillar; dielectric material along the first and se_c?(nd,thick pillars; ) )
node having a first thick pillar, a second thick pillar over the first thick pillar, and a
narrow neck connecting the second thick pillar to the first thick pillar;
dielectric material along the first and second thick pillars;
first and second capacitor outer electrode materials along the first and second
thick pillars, respectively; and
an interconnect region laterally offset from the capacitor storage node, the first
and second capacitor outer electrode materials electrically coupling with one another in

the interconnect region.

Claim 2: The construction of claim 1 wherein the first and second thick pillars,

and the narrow neck region, all comprise a same composition as one another.

Claim 3: The construction of claim 1 wherein the first and second thick pillars are

a different composition from one another.
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first and second capacitor outer electrode materials along the first and second thick pillars, respectively;
and an interconnect region laterally offset from the capacitor storage node, the first and second
capacitor outer electrode materials electrically coupling with one another in the interconnect region.
Claim 2: The construction of claim 1 wherein the first and second thick pillars, and the narrow neck

region, all compgifgra aarpesePRSFHRIAT ORSIRIRABIET comdrigiiig:3: The construction of claim 1 wherein
the first and second thick pillars are a different compgsition from one another. Claim 4: A semiconductor

construction, cofhpPi&Rlg:CaPaGIRRyERHQPaBYET r8giIHCNF A URIEHIE cBAESNI ML AW eIh EIREN Xapacitor
region cagiasingeniissisiigrage mede fdkRigandcoansiaily afist elnepadmgaraciiveleraregeirom the
first storage node pillar by a first dielectric material; an upg)e{r capacitor region over the lower

capacitor RRAGHIVFY SPREFL ARG HGbRICEHERANG 2 UBE N PHEPLYEIRSIACIMAI 4Rl comprising a

second electrodgrcapaeitielysnrrebiion Buesesendstaraapass Peigiohy theegeperdielestiwmaterial;
an electrically conductive stem extending through the first electrode and the first dielectric material, and

being eldGRLINFRBDBES Fomh IRETMS: SIREARIAIAHE ALEHANY CHHBRERRIst RESRtiENG R hecting

the secord séeiagesynepadeitar dentiecliseioiniagerageampiianing pleetdeatingandictive aiaterkging of a
different composition than both of ge first and second storgag?e node pillars; an an interconnect
i

_ ; and
region laterally G#sEEFUHTNG CRBSYCINE 15178 EXBRMHbIHgiBHE N HERHEPLAE SERERPBR N ES!

electricalyigleunithenaitirianeanbrigretbenivaipasorRet (eBism. the fitdaiTebirdbe; ahastluctiaeny claim 4
wherein the first and second storage node pillars are wider than the stem alopg a.cross sectiop through
g e Sopleag:dhe R fis

the first S7RI'SHEHNMA ﬁ&ﬁ%eemgéc Par§ seceﬂlgm?t@:r%g]% ritidh Eﬂéf&ﬁn Skherein
the first asidrageond@tosiiernade pikarsicafyaboutitheivanseewidieing wfeantess alanghipesitioss
section. _ _
than both of the first and second storage node pillars; and
an interconnect region laterally offset from the upper and lower capacitor regions,
the first and second electrodes electrically coupling with one another in the interconnect

region.
Claim 5: The construction of claim 4 wherein the first and second storage node
pillars are wider than the stem along a cross section through the first and second

storage node pillars and the stem.

Claim 6: The construction of claim 5 wherein the first and second storage node

pillars are about the same width as one another along the cross section.

Claim 7: The construction of claim 4 wherein the first and second dielectric

materials are a common composition as one another.
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Claim 7: The construction of claim 4 wherein the first and second dielectric materials are a common
composition as one another. Claim 8: A semiconductor construction, comprising: a lower capacitor
region over a silicon-containing base, the lower capacitor region comprising a first storage node pillar, and
comprising a first electrode capacitively spaced from the first storage node pillar by a first dielectric

material; arOI@iPrﬁ?B?@N%@Fﬁfc(ﬂﬁi%t@V%bﬁ!ﬁrl%ﬁ@h?@Bﬁ?ﬁ%i ion, the upper capacitor region
comprising a second storage node pillar, and comprising a second electrode capacitively spaced from the

second storage hdAWBIIEAPRHIGE KM REF AmSHGRA: containiga nBags SShEn WG thFERGIIRE first
electrodgggidihe-drapeiglastric majerialorit beipgeeIgstiteallyierlaias Hiasmihedfirsr sleeledr dee

connector electrically connecting the second storage node pillar to the first storage node pillar, the

connectorHRAGHYRY SRAGEATSM BB SRR IS ireseiRdifr L Ad S YRIPSIBrAGEISSEL pillars and being

laterally thinner ghangpeficsiRiritseeonid stelrgeinedevidiacsipacit@nrdyRia0mne alispeiobdptaiipdy offset
from the upper and lower capacitor regions, the first and second electrodes electrically coupling with one

another iIFFH8MINRATINIRIG régRSEONH HAREH BOSS RINEnARG YToRr SirepAsagcond 2R3t having

a first sidexyriciave\napteethe difstiictegoadrate Hgbaxdeedinthalong s brrt gidpwaic matéisgcond
pillar over and electricallé/{connected with the firsté)illar, tqe secléjnd é)al rh vin%_a second sidewall, and

having the secoREBMIEEIAL FRESNS HERLRIY W6 TheISEHoRE 08 HAR, It ilsAH FildRtE Racting
the first pilfar ddeingnterdaatsally Rorstcep vl anaigsiaktxtandiog shenatitmétsbsidgvatiany

mteriar YABFEH B8 5NN SHAPOEID U G0k AR URC AT SILEICE P AIEe BEORTERE o
second chahdctiyerragteriah estangngt@ionbdhebstrasidiais gvetl bavad s2lestiic aliyraganeotid pilitr she
second pillar py.a second copductive breach extendjng across the second dielectric material; a region of
the secofd iﬁéf%ﬁﬂ@'ﬁﬂ fﬁ%p@(%&%gﬂ\}ge first andJ s%cond storage noge plﬁars;
an interconnect region laterally offset from the upper and lower capacitor regions,
the first and second electrodes electrically coupling with one another in the interconnect
region; and
wherein the interconnect region comprises:

a first pillar having a first sidewall, and having the first
dielectric material extending along the first sidewall;

a second pillar over and electrically connected with the first
pillar, the second pillar having a second sidewall, and having the
second dielectric material extending along the second sidewall, the
second pillar contacting the first pillar at an interface;

a first conductive material extending along the first sidewall
and electrically connected with the first pillar by a first conductive
breach extending across the first dielectric material; the first
conductive material being directly electrically coupled to the first
electrode; and

a second conductive material extending along the second
sidewall and electrically connected with the second pillar by a
second conductive breach extending across the second dielectric

material; a region of the second pillar being the first conductive
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breach; the second conductive material being directly electrically coupled to the second electrode.
Claim 9: The construction of claim 8 wherein the first and second pillars of the interconnect are a same
composition as one another, and as the first and second storage node pillars.

breach; the second conductive material being directly electrically

coupled to the second electrode.

Claim 9: The construction of claim 8 wherein the first and second pillars of the
interconnect are a same composition as one another, and as the first and second

storage node pillars.
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