WD 2009/ 154935PCT/ US2009/ 044801 DI ODES, AND METHODS OF FORM NG DI CDES
[ 0001] D odes, and nethods of form ng di odes. BACKGROUND [ 0002] Sel ect
devi ces arwoumidiszsd in integrated circuitry for sel ectrouElsz009/044801
accessi ng conponents of the circuitry. Nunerous device types may be
utilized for select devices of integrated circuitry, with exanple

devi ce types being di odesyapgst RABNIEHIODS GOPORIMNG PObRY Ng goal  of

Integrated circuit fabrication is to increase Integration density,
and accordingly to decrease the footprint of individual devices by

scal i ng jbdwijde\Dicds, hid Meihbdd 8&1‘6@@5@? Bigh¥s.smal | er di nensi ons. Sel ect
devices may be particularly difficult to scale in that device
performance may be reduced by decreasi ng the di nensions of the

devi ces BAGKIEHRQERD i nst ance, a paranmet er of di ode perfornmance that
may be i n, of s current flow

ta t he ove functi
by ough (DRI oF creleet b eVl lera b gm0 el s SR ely e e
i nt o i ncomasnardd §f therairduiry. d~iunmswmmndesmelsahawI:ieeJtszcrfenielédtdwvlt:ehsrcﬁugh
the dio gper ation of
t he di oﬁﬁ d%&%@f@&mv%tﬁ%égﬁgkc?gg%%re é’gg épét?@wds'sgo%des and new
met hods [@A03 or i ¢rypticing geal olntegratesheilsua fajmsatmds tpuncrreme lﬁiegwtlbm be
mai nt ai hg QUG I
oot pr Lo B SR B e (Bl O R R PEBUSE AR Soefng (e cefibes
di agr arrfﬁi@ it creasigly-siealiel GRansignse walgot deienstManbaparicubasistfficidite seale in
I 11 ustr @i Beviep&ErREhEEREy be reduced by decreasing the dimensions of the devices.

[0004] Forinstance, a parameter of diode performance that may be important in the

overall function of the dicde is current flow through the diode. A problem that rhay ocecur when
a diode is scaled into increasingly smalfer dimensions is that the current flow through the diode
may become too small relative to the intended operation of the dicde.

[0005] It weuld be desirable to develop new diodes, and new methods of forming

diodes, which enable desired current flow to be maintained through the diodes as the diodes

are scaled to a smaller footprint.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is a diagrammatic, cross-sectional view of a portion of a construction
illustrating an embodiment.

[0007] FIG. 2 is a graphical illustration of current versus voltage for a diode.

[0008] FIG. 3 shows three band-gap diagrams illustrating three different bias conditions
of a diode in accordance with an embodiment.

[0009] FIG. 4 is a diagrammatic, cross-sectional view of a portion of a construction
illustrating an embodiment.

[0010] FIG. 5 is a diagrammatic, cross-sectional view of a portion of a construction
illustrating an embodiment. _

[0011]  FIG. 6 is a diagrammatic, cross-sectional view of a portion of a construction
illustrating an embodiment. ‘
[0012] FIGS. 7-10 are diagrammatic, cross-sectional views of a portion of a construction

at various processing stages of an embodiment.
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[0007]FIG 2 is a graphical illustration of current versus voltage
for a diode. [0008]FIG 3 shows three band-gap diagrans illustrating
t hree dif fwoene/1539%s conditions of a diode in accordan@CTWS2i094m4801
enbodi ment. [0009]FIG 4 is a diagrammtic, cross-sectional view of a
portion of a construction illustrating an enbodinment. [0010]FIG 5 is

a di agr 3oaml | C.FIGE0651S SetdiQahmyiic wrdrk- sactl@aéxtwe% Afa RrfAthr uction
Il lustrati ngﬁan enbadi nent . &18011 1FI G i s _a diagrammtic,
cr oss- s CEPSIBIFHPN JhV&iP'eF PracersingisEges £f an EVBH%‘{"F‘E'& ion illustrating an

enmbodi mfoom] [ OFI@$ HASY aré-did)ran@atl, @isa@B@tional, visWsas sppehigpaal  vi ews
of a port | an Porv%vconst rruct i oné%}g % {)I ous %OC?SSI ng stages of an
enbodi nERPSIUET 55067 BRI BEROBZILYLFHAHHE Y 0013] FI GS. 11- 13 are
di agrammatic, cross-sectional views of a portion of a
DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS
[0015] Some types of dicdes comprise one or more materials sandwiched between a pair
of conductive electrodes. For instance, metal-insulator-metal (MIM) diodes may have one or
more insutator materials sandwiched between a pair of conductive electrodes. As another
example, some types of Schottky diodes may have one or more semiconductor materials
sandwiched between a pair of conductive electrodes.
[0016]  Conventional diode constructions will have the material that is sandwiched
between the conductive electrodes formed as a thin plane. In some embodiments, it is
recognized that if the diode constructions are fabricated to have an undulating topography
between the two conductive electrodes, enhanced current flow may be obtained relative to
diode constructions having a planar topography between the two conductive electrodes.
[0017] An example embodiment diode 12 is described with reference to FIG. 1 as a
portion of a construction 10. The construction 10 may be supported by a semiconductor wafer,
and accordingly may be a semiconductor construction.
[0018] The diode 12 comprises a [ower electrode 14, an upper electrode 16, and an
intermediate diode structure 18 sandwiched between the lower electrode and the upper
electrode.
[0019] The lower electrode 14 comprises a base 20 and a pair of projections {or
pedestals) 22 and 24 extending upwardly from the base. The base comprises a base material
21, and the pedestals comprise conductive material 23. The materials 21 and 23 may be the
same composition as one another in some embodiments, and in other embodiments materials
21 and 23 may be compositionally different from one another.
[0020] The upper electrode 16 comprises a conductive material 17. Such conductive
material may be the same as one or both of materials 21 and 23 of the lower electrode, or may
be compositionally different from at least one of the materials 21 and 23.
[c021} Conductive materials 21, 23 and 17 may comprise any suitable composition or
combination of compositions, and may, for example, comprise, consist essentially of, or consist
of one or more of various metals (for instance, tantalum, platinum, tungsten, aluminum, copper,

gold, nickel, titanium, molybdenum, etc.), metal-containing compasitions (for instance, metal
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construction at various processing stages of an enbodi nent.

[ 0014] FI GS. 14-17 are diagrammatic, cross-sectional views of a
portion ofwa xenusiasicti on at vari ous processi ng stages BIT/B82009/044801
enbodi nent. DETAI LED DESCRI PTI ON OF THE | LLUSTRATED EMBCODI MENTS

[ 0015] Sone types of diodes conprise one or nore materials sandw ched

bet ween ai@intefsiicRBIUEHE by BingsiES bHiQELs: tithitim lsREib8NGE), and conductively-doped
netal -insulator-netal (M diiodes nmay have one or nore i nsul ator
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between the | ower el ectrode and the upper el ectrode. [0019] The | ower

el ect r od@chiPReIMA sdeRN 4oHS%e 20 and a pair of projections (or
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conduct [6A24] The pedestals 22 and 24 may be considered to comprise top surfaces 31 and 33,
respectively; and to comprise sidewall surfaces 35 and 37, respectively. The base 20
comprises an upper surface 39, and the sidewall surfaces of the pedesials extend from the
upper surface 39 of the base to the uppermost surfaces 31 and 33 of the pedestals.
[0025] The surfaces 31, 33, 35, 37 and 39 together form an undulating topography of the
first electrode 14. Such undulating topography has highest surfaces corresponding to surfaces
31 and 33, and has a lowest surface corresponding to surface 39, The highest surface is
above the lowest surface by a distance "Q". Such distance may be, for example, at least about
50 nanometers; in some embodiments may be from about 50 nanometers to about 500
nanometers; in some embodiments may be from about 200 nanometers to about 500
nanometers; and in some embodiments may be from about 50 nanometers 1o about one
micron.
[0026] As discussed above, intermediate diode structure 18 may comprise one or more
layers. A total thickness of intermediate diode structure 18 may be less than or equal to about
ten percent of the distance "Q". In some embodiments, a thickness of intermediate diode
structure 18 may be from about one nanometer to about four nanometers.
[0027] The pedestal 22 has a width "W". Such width may be less than or equal to about
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material may be the sane as one or both of materials 21 and 23 of the
| ower el ectrode, or may be conpositionally different fromat | east
one of thewoberisad3ss 21 and 23. [ 0021] Conducti ve nat er i EtBUR409/02808nd
17 may conprise any suitable conposition or conbination of
conpositions, and may, for exanple, conprise, consist essentially of,

or con5|5@tna%mg@3 PrsofR Snistidinvadid ous netals (for instance, tantal um
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[0026] As di scussed above, .internediate diode structure 18 may

conpri seaighialsad S preclude mlgratlon of carriers between conductive materials23 and 17. In
contrast, diagram 42 shows that tunneling may occur in a forward biased condition so that
carriers (specifically electrons in the shown embodiment) may tunnel from conductive material
23 to conductive material 17 via quantum wells 43. The flow of the electrons is
diagrammatically illustrated with a dashed arrow 45 in FIG. 3.

[0032] The band structures of FIG. 3 may be considered to be band-gap engineered
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| ayers. A total thickness of internediate di ode structure 18 may be

| ess than or equal to about ten percent of the distance "Q'. In sone
enbodi ment w0 20%13Bkness of internedi ate di ode struct ureCTIBS2nen044R01
from about one nanoneter to about four nanoneters. [0027] The pedestal
22 has a wwdth "W. Such width may be | ess than or equal to about WO
2009/ 1549 3efdtel, YRAOOM Q4480 AahBe T&H@%ﬁ/ﬂ{&ecﬁ%r 8041R eﬁﬁ@@QMgﬁgbéwth of IIrI]N
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band- gatO®ii nék? e'?jsr}ot‘.’)"s i %f@s‘iof‘ P’bﬁ%c‘ﬂf‘ﬁﬁb‘%ﬂ g digde E2.GT"s shows
an ex amb@stﬁjﬁmmmay bé g sdmcrbhdm@refonamoa@e Hhogleds s meruué@a Ib&er
conpri se re ers tQ crea
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FIG 3. fdeaih qu‘lﬁnd)édefeﬁﬁd’nubﬁaﬂﬂ"eﬁﬁng?fanthﬁeas'i offayf ihe peassiild afag hat®a be

band- gaglffgrne% B t%an at least one other of the pedestals (as shown), or in other embodiments all
of the pedestals may have the same widths as one anocther.
[0036] FIG. 6 shows a portion of a construction 100 comprising a diode 102. The
construction 100 may be a semiconductor construction. The diode 102 includes a lower
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WO 2009/ 154935PCT/ US2009/ 044801 structures. Heterostructures nay be
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Conpr i Shiafig fheldleadOPine FAFoRERSBArH: B Ak Ty e iAbrialsiey Heil, O

constructi I ode 102 | ncludes
2009/ 15@@5@@?%@%@/'@@49@&9%?@&@6@6 23 @Eroéﬁ) H;EFQ@I ?Vga'?ij Wi oReNNaaleg.

a plurabhd meﬂfsuﬂe@kﬁ@ttﬁé 8 éebzmaﬂehél to bhGinisditbic 18R 1 REhold hRKéRsIERGer

upwar dl é" fromt e diode al so includes an upper el ectrode

106, an a&%ﬁb‘?’h'g’éga‘f'%th?ﬁﬁ%g\”%m%ﬁ di ode structure 18 between the
l{pAferl 12 m@wgﬁeeh&@ttbgﬂte}sg cﬁh&trubﬁ?@ﬂ(ﬂJ%G]Iuaﬂmie@etﬂ@ramaa‘aﬂoriiﬂthe spacers
of .t 0 I rise a

the’ comiBt REREtH vedcekrbndve MR HERh) BGTPeR el o BPee
base 20spavdrpedestal s 22 and 24; and the upper el ectrode 106 of FIG
6 may c Lk se : t nce
fo o R RSt EE RISk Bl ARERRET, RIGKRAM bR 002
are suppog bregolsyateheovarsuateralay/es at 27, and witifin owmnpéa@walssbﬁmemwme

116, 118, 120 and 122 may be too narrow for fabrication utilizing
6



[ 0037] The di odes descri bed above nmay be forned by any suitable

met hods. An exanple nethod for form ng a di ode anal ogous to that of
FIG 1 is desooitedswith reference to FIGS. 7-10. [003&jdedsnoimagot o
FIG 7, construction 10 is shown at a processing stage in which
insulative material 27 is forned over base 20, and is patterned to

have an s%@@rm é]gctljo%lg 1844 Wé@gvérlﬂ?é'lﬁfehﬁ%&g dlo-!;l@%trgéhlteelrsn'ﬂlg o‘ﬂfe or more

mat eri al ri se photolithographi c processing. Specifically,

mat er i a|lay278 ﬁfasrte Feeqizp ﬁ@d’eﬂuﬁur@rﬁf‘frﬁ%‘%@@b’a%@/ %fayr%&tgblﬁase@% Thg layers of
phot ol i tiftearaRis aRbb ¥triddticersnesl hRHREEE telveRPSdafdrial acsti3Whg urtkyiyiRg

formed over nateria attern may be . tra erred fromthe
photoreé?@?”%gweﬁ’é‘r?ré%'@?gaﬁa@?"%\l?ﬁf %H%S'Qﬂn ﬁEEL sui tabl e etches, and
t he phot[ogagi stThersKstRYON gfeﬁgebec% carpises atdmdbgaugmmiaetosth@mae |12 of
construction of FEl . Re err t o, Fl ri.ca .
Comauct e T Dke finf s4or £60 3 hEF 5k 168 otnlitaniPenSs9S 28 8 pF At rkteria 23
openi ng ekidinghewaetduah beses 2@t eri al partial ly f| II's the opening to

narr ow t[g@aipe’?ﬁ Dfhne SRBEGMTRL géllsﬂbw%zg}eh atEé? e p%{hé'?t% 2y e’ owed

openi ng pal I of “spacers { fateiy rromed
openi ng.pafbmed pib emeaskephdydhdndbe smmbﬂﬂ& 81 isp itlaalt rsgmé of e wgatwal 23 is left

cont | ”“?ﬁ%ﬁbﬁé’aﬁﬁo ths B8 tﬁ[n é?ﬁl ng @*t»@&% tﬂ& fn‘maéz; 26 s8R Wi thin

openl ng en su e space I’TB.t eria

ani sot r gikedisnasts, sea (Fifp<) msty berniderh e thediner ?%lmawhe raisplERpidaiyy

t he sho%h%g@&@mthe{&gfg@i@%f@rgddrg to FIG 9, construction 10 is
illustrated after l1zat] acers 123 éFI G. 8)_as mask

‘to pattdPf4he Hﬁ'ﬁeHA? "%lé“ataﬂa eé?%'ﬁ‘ rREQLATING dirpRicd FHonE 4
spacer s [od48941] Fﬁ&félemg rt(flglG a1 Fdastrddlion BOHﬂHﬂSBJdIa@h@rcﬁbegd@g sthfigltviich 18

I S f g;g‘?{%u%}{%m%%g #ls:[ga-]e gﬁaﬂajggéqﬂﬁq vrqeﬁgeﬂ%%az}neépe%ma 1%8 eat%ndlng

‘ 2009/ 154&%%(65/910182@@9&@#8@ bf meiedald7ehactangpise pBotbkithdgyaphécprovessinghas
i nterne [ / 8 . I, f .
it or e b e Bl AAUEITER. 1oopdl (BRGP o RiGrBUTHT Penng 120,300y
The | ayerierogd intn @ paicdi spaeerdiig8e The spRASEH Teayige inhiicaied Bywiniteky foonibea

very CO@B&W@LS s RGEQS Sphdie RS #:w momm@ha'z% ahf m}athﬁepaﬁ@? h 98, rsge 1%

atom c layer deposition (ALD). 42] The construction
conpr i séybigctiigdersparoumaienpl taﬂntaalsww@%@l@ repoye Mos| Qﬁthqspaﬂrﬁkr@a@r@de
12 of Flfaie ilaavﬁnbgqedm% sbaée@ omr@@é‘d BesHe fsSextehda Bevedn @fe dpREEEI18E.

23 ext endl n? U%V\/%mngy tof[—jl(g 12, constructlon 50 is shown after forming eiectncally
conductive material 132 within the narrowed opening 133 (FIG. 11) between the spacers 135
(FIG. 11}, and after subsequent removal of the spacers. Openings 136 and 138 are in
locations where the spacers were removed from. The construction of Fig. 12 may be
considered to have a pedestal 62 of matetial 132 projecting upwardly from base 60.
[0047] Referring to FIG. 13, intermediate diode structure 18 is formed by deposition of
one or more layers over materials 60, 132 and 27; and subsequently the second electrode 56
is formed over intermediate diode structure 18 to complete formation of diode 52. The one or
more layers of intermediate diode structure 18 may be formed by any suitable method,
including, for example, ALD. '
[0048) FIGS. 14-17 illustrate an example method for forming a diode analogous to the
diode 102 of FIG. 6.
[0049] Referring to FIG. 14, construction 100 is shown at a processing stage in which

7



[ 0043] I n sone enbodi nents (not shown), the material 23 of the
pedestals may be patterned with a mask other than the spacers of FIG
8, so thatweom®/i64936he material 23 is left to extend adEEEs200v@4i8ate
in a gap 126 between the pedestals 22 and 24. In sone enbodi nents,
spacers 123 (FIG 8) may be onitted, and the liner 23 may be

ani sot r goi Gald maeetrrar@ﬂ.stf&n{e@ro%ftmenﬁ @J é?'féitlé PatEereedt tarwav@én ob&HidfH 30 GS.
11-13 illustrate an exanpl e net hod orm%gathe di ode 52 of FIG

4. [ 0045KREfig ey o ea'aniof re%tﬁga' 1§8t’~°tf8ﬂ“ qressdpRifivamaterial 27 and

pr ocessiwitginsdpagitg 1160 Whishel anbdbmidnvs nisBérRf 1 5 is A kakSficid rrmdmpaﬁa base
and Eatter ned to have an openi n?g130 ext endi ng t heret

pat t er nPRGPTENIMHENRE N AIALERMRISRAPY SETRHEREISEERYGMIFRrYE ‘? %’E F‘h@‘,ﬁer

as ﬁ| scueaﬁdsnab?\gfg c@rﬁtn@nbﬁon?tooo FEEI lastarice, Hpsares emfﬁéd}memb nﬂa%érl gl $52f|_ ﬁay{ed
thin openi.n a erned .i.nto..a ol ..Spacer.,s . e ..

epacor s REBHTE ooy e8RS 8Pt by b A nESTRRE T SFoon e

spacer (@561 i alRelSingiorfd& s sratatariabl 5227 aandtragidally atcoqbioi fogn he0natened

th j i i t .

st of T abbll Sa8oRRRaC THEREENARtnd BrsrhaPh 38hd OBbRalR! el gl SPRFe

narr owademjmr PiPPEBBY d R catdinayemie aparting. siv@cpesing 5shopo0d Bh\Red Brist wididy

to FIG 132,a0QRS ik Eﬁ\}eqﬁatéﬁ I'|§SI'§HP|WQ ngﬂcréav?%uélﬂﬁlmhqg ae\sjeg&{cf Wig@ 185, in some
conductive materi a he narrowed openi ng 3 (FIG 11)

bet ween efrhedig|gaise g f@wthﬂé@ ”‘PI)Pe frpfakeut 890 Bt ajokppanictsns,

the spaggd the mn@ggcelgi Gsamey hak @amsldﬂfrbm%bumsaﬁgb%ﬁs icﬁﬁaoﬁpﬂﬁﬁr S
were renoved from he ¢ (g%\gat%tl on of consi dered to

hove o PRURCHTE SEBaLI AETaR] HHIISS Mttdodst Eosui SO BREPEN o e 7k Wil 60,

Loogﬂ] Redosny i ngefe@nrlat&Fla:ﬁa smcEnnmedalaltse |§iﬂ|@[ﬁh&*sédaliluﬁg @ bettahBof cpehipgmed
epo one o ers. o ,

ond subded Bt s enEeBhed R p B st B RbRlsb50 0 o Bfhelilene

di ode stheusttomeof b8eiing d:Eﬁnalnéttl'Ee Se@d rmiettergenh isafisper sedalirs@ly o'ﬁh@lcb ruapeerrsurfmee

|

2 G B TR it B0 18 RN 1T 0y i

i || ust r Heesidas Cémnﬁ@rnee matenalR 7 or for m ng a di ode anal ogous to the

di ode 1@591 FirGe s&od &19@4&];%;@é|éd1ﬁ1caﬁ|8\o&{0@cm7e4anma tH SRR, 00 1S
shown a rocessin stage i'n whi ch 2009/ 154935PCT/ US2009/ 044801

i nsul at Mpé! ﬁﬂ’ﬁ%‘l”l“@l “aE?CW%t I8 4T @S OPRP*aRie: NeRRETYAHE CPEPRAIYG dlefi e of

have anpgfeimh n@ckbﬁgonxglﬁadlca,gaetrh@n@d.bmomg@sten{\tmw r@thefBhestt 3l THSRm
is formed acrosg,,l nsu

150. |
sone enDBEPTRHRE, SapeRran pager & ol Peteti i el g "
accor di nghycriydtelimgtheringla rmaymao eprsk sectanyl dioampsiai d‘)fllm tsa&i excdqueiatb ybout
rem)vabII néﬁc!n%tér\éeﬁr?% gé@ﬁ\r e?glrm?f&}nsfgpifg%fnogrgﬁglts r(rp He?gtog'cps mag(%nsrst of

i nst ance,
essenti adinoyry@fallln@rsee@his@rsnamonm rise oanoadystels tﬂl@orr@mailcrmwtim pthrer ghedanaterial

si | conya¥MmihEd & nanocrystals.
[6053] Referring to FIG. 17, spacers 154 are removed, and electrically conductive
pedestals 112, 114, 116, 118, 120 and 122 are formed over seeds 156 (FIG. 16) by growing
conductive material 158 over the seed material. The conductive material may, for example,
comprise, consist essentially of, or consist of nanorods of conductively-doped silicon, carbon
and/or other appropriately electrically conductive materials formed using chemical vapor
deposition (CVD), plasma CVD, molecular-beam epitaxy (MBE) or any other suitable
deposition techniques.
[0054] Pedestals 112, 114, 116, 118, 120 and 122 may be considered to be spaced from
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[ 0050] Referring to FIG 15, material 152 is anisotropically etched to
formthe material into sidewall spacers 154. The sidewall spacers
154 are alwogosw/dexsal | s of material 27 at the peripher yP@fUuSTpEmY1
150, and narrow the opening. The opening is shown to have a first

wi dth 153, and the insulative material is shown to narrow such width

to a secpRGNMEL By JaRys, ldhd %ﬂrmd@am@%,s&jﬂépﬁw Jr Beufthdesdi 1 IQ\FVE‘r éh&?zro@aynay

be from about 200 nanoneters to about two m. crons, and the sidewall

spacer s PES#NFg§reR 4 BXANGPYRS st padesipls amg sows it fes¥alie®s t o about 100
angst r onpess0 tHaksiblRe 122N d18)i1d8 M 2b5ndi 1223k Fl®@atar@bigilar t8thdeert ey,

of the first wdth 1] Referri to FIG, 16 ed materi IS
UM RE SR N RS A e e
upper suwHees thé psdm;thl@bﬁme b asealllst thd sinexipogre drigiSoagnd he tHuetilluenatef
openi ng 15! terial is dispersed directly on such

upper sﬁr"?’%ié’u Sﬂ'gb Egt er't%?g M¥swal | spacers 152 preclude the seed
mat er i al[06F6dm bMBm@,emhteewb)stragmen&ls toreed byl dgpasition nsarieatrimae teyeer | al
27. [0052LT, | egt c

For oxangPut o SRRGa L1 B8 15 TER Yool BN Er 20 B
nanocr y stestrede mﬂﬁbtsuf@;’mﬁgi Qyﬁemmrmﬁ@afe wqdemtracturm‘tﬁ torsoaiiete fogoatipn of diode
silver, {@8PRAL onP8} MBH IH\f@rsB ﬂﬁ%@d?atetdﬁéd@@w&hrerf#rhﬁﬁ fBrm&d Gy dny diGble

t erm "nanocr yst a i's used ﬁereln to refer to crystali)éfll ne materia
(either %F%#Wﬁlgb fonexaypPlgoMder yst al 1 i ne) having a maxi mum

Cross- sqsdmnalThalvamﬁ;l rﬁ@th@as 468 dvaih rBferdREad FIGS. Z0hodGingle dlodes
consi st. of nanocrys I n ot

nanometers. The s eri t al

hor e BRodHE (G TR RIr T 19 ‘A AL 4 BrOA A Sitg RLiPss that B
nanocr y simlli&anesustoiobrhehas part sfianhintegrasd chedtiabBdagionh atocksmtTHesliddas gy be
t han nano tal s 0053l Referrin 154. ar

oo PR o Pl A Rl PR B gl YT RESRER phoiindl Fa 430 an
120 and 1522f BIGS. 7otined 1ol exspsaivds, mBBEhd Felpcesem&)lvebqf Iggewursgmm)ofchwmnge
o | i3 OBl 2800 Bblipa TRECGRGUCL ! ve TRLert al ey Lo
exanpl e rirse, consist essenti aF? consi st of nanorods of
conduct |[QQ§I3§|I ddi‘p%Qiﬂ% pmbedimenisalivodn meneipidhe apenerdigqusseshernkadiments may be

el ectri %a.lnbmeGOﬁeMﬁgthM@e ﬁ%ﬁ&é@&ﬁg bPERRd 7L9%a§ab@hﬁfzb@% foMﬁ‘Q%’élr of
dep03|t|on asna nmol ecul ar - ean1e8|tax

b¢:
ot her s@ptedtle Ozj%b&@r diogh clesten gudthe Frenssanpe @%ﬂ &‘fzdforltm pr%fesmg
118, 120+ prgb. 132 7Ry Riz6RSbiGeaRTtidhal ReleStaRESE thef 1608 clddode.

Codul A T oo ‘B*rezfﬁ?ﬁgﬁ/ Jpmsen RS nGE Wih Ao e P e Pyt or

consi derseidcﬁxmly@cmeDm imeegpetelbsitcalt sompohahtapsucmasomedery\calld, dogsic

0055] Ped I f ElLG.,.
Si'mi I ar CPOoThSge BForfe gty patpfng indites Byt kB it d o8 spngs o
17 are atectioni€ eysterns,isociyhs, sforreedaapleveioctl@ teldvisians, etighenss, per@orpmawputb@
of FIG agtoﬂ{o‘f)il@é Lndggtnélh:,% st@ﬁw%%v&rafﬂa@s 6 and 17 thus illustrate

simlar but sli ere enbodi mént's. [0056] I ntermedi ate di ode
structure 18 is forned by deposition of one or nore |ayers



over and between pedestals 112, 114, 116, 118, 120 and 122; and
subsequently the second el ectrode 106 is fornmed over internedi ate
di ode structure 18 to conplete formation of diode 102. The one or
nore |layers of internediate diode structure 18 may be forned by any
sui tabl e met hod, including, for exanple, ALD. [0057] The vari ous

met hods described with reference to FIGS. 7-17 show singl e diodes
bei ng ngmwé The single diodes may be representative a | arge
plural iTy of diodes that are sinultaneously forned as part of an
integrated circuit fabrication process. The di odes nay be part of,

for ex | e, mepory array or a logic circuit. Thus, the single
openi ng.gg’@a) %‘1@9%&@@@%9 aﬂ'@%’ CPMPI®INGhd 14, respectively, may be
represent at kgtigt e{ﬁ‘i?&teeléb%@é'thé@%oﬁ?pri@@@rﬁr@g%rtrﬁ??e @etrically conductive
si mul t aneously subjected to i1dentical processing. [0058]1In sone

enbodi wedestalst exdendingoimpwvartiyt iemado eleaticad oaduetitsobiasas reaid ioag dremore

Co for Peenals B tREs e RRONEH sl egfs PeBtingTapthifhs 888 o
pr oces¢happadurfaces. 11- 12 and/or the processing of FIGS. 14-17 may

utilized to form additional pedestals of the | ower el ectrode.
[ 0059] The dABRRIING PR AT MPre faYsrHariees ﬁ?‘ﬂ? 388@9656&!4%@'39%%8“

utili zegk 698 oPRICRE bby&dtYlsaccessing various integrated circuit
conponents, such as nennry cells, logic devices, etc. Integrated
ed

circuitry ctomingasgcent alegirodesverspihenaor maredayansia broad range of
el ectroni ¢ Stéine SHErod: o BXAMRIRe IS3E XS keREN B30 Shkiner
npu I rdu

phones, persona er s, aut onobil es, Strial"control” systefns,
ai r cr afdrm atstructiCeAhMSc@hduats turrdnbttaeednothef firstrang secdhd ddectrodes when

i si ng: f qr ni first electrode that, congpri
rore oralta etets pelbREdReReg dilia Srictisey areithg 0P RS LR GoH sRtween
el ectr takitst SFRINSBEINAYElcBREGss Fhiefl m@g@rhmdg aosél@ﬁfyabgpcméi 9shi@lone

surfaces, and havi n? sidewal | surfaces extending fromthe base to the
t op suPplaibsis applied fo fnepdricturagashe or nore | ayers across the top

surface and ; 'r]cée%?rh f r nore pedestals;
formng a Svevhgﬁagﬂe ec r@géH%J@%Z%ﬁ{?d%% r%r?%'re | ayers;

wherein the first el dotmindeanonsulativeronatelialy ecmssate skectivdlle | eoduoiie
together forma structure that conducts current between the first and

second el ect rodel%a%en vol tage of one polarity is applied to the

structure, and that igHidbhihg SHbp&TIhg fthaveREhIE erolidie the TrulzAvE material
second el ectrodes when vol tage havi n% a polarity opposite to said one

polarity is appliPdeslpdiirallycrgedlive,Paghd wherein the forming the
first electrode conprijgfsine opening with electrically conductive material; and

patterning the lining into at least one of the one or more pedestals.
Claim 2: The method of claim 1 wherein the one or more layers are at least two layers.
Claim 3: The method of claim 1 wherein the one or more layers are only one layer.
Claim 4: A method of forming a diode, comprising:
forming a first electrode having an undulating topography, the undulating

topography comprising a lowest surface and a highest surface; the highest surface

being above the lowest surface by a distance;
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formng an insulative material across the electrically conductive
base; patterning an opening that extends through the
insulative material to the electrically conductive base; lining the
opening with electrically conductive material; and patterning the
lining into at | east one of the one or nore pedestals. Caim2: The
met hod of claim1 wherein the one or nore Iayers are at Ieast two

| ayers. O aim3: ﬁ' :?r}rf)dofcalmeMereln Eﬁgr ﬁ
are only on&°["&T¢ Y&FE g oS QEMSA 1Y GFIsTdNg Uicgkaing ?Rﬂﬂf?% de
form ngna drmhste BYER! togetheh g Rthiskides Aty 1ésspmghaj@mquat Reabout 10%
undul at i ng t opography conprising a | owest surface and a hi ghest
sur f ac&f thendisingRest " surface bei ng above the | owest surface by a

di stance, formln a&RebR nﬁ]@@c rédg%g&séél& %ﬂe%?‘?n&% |FPLE: Sy ers across

t he undul ati ng t pogr aphy e one or nore layers together having a

t hi ckness t Iwiiterele the st Hantramle eaneabr trorabayers.1 8At slecohe etbddodadegether
form n

wherer forf 2R rELREL bRE BBl faBiEe s TREEradd % He SRCond depisae

t oget herheno4 fird v@ltég@ﬁyéﬁ?ﬁdw&cxﬁgﬁl%fu%t GnErtbnél redsatidiesf hng that inhibits
el ectrode to _the _second el ectrode when a first voltage is applied
acr oss CHHENt freay flawingskemntecsecondogiestrodmip thrfirstrplPerede wihepensecond

fromf I\IBM%#U; h?a\rnﬁg‘valt Q&l sfbast &ﬂgnl&%ftthé fﬁétr\%tlta L§¢ %PBﬁ’ﬁi‘d Hfﬂ%@s Fhe

second vo a’'polarity opposi pol ar ty 0

vol tagérat$léawpkieemdatbe&9sommelebtrode el ectrode and the second
electrode. daimb5: The nethod of claim4 wherein the conformally
depositing the one or nore |ayers conprises atom c |ayer deposition.

C ai m @laifthe: Medatkbtiadd of aiaind wWieksih rthé enfeimallpadpbsitihg thé one or more
el ectrode conprises: formng an electrically conductive material over

and di rEEH% W”@aaw&&ltoanc @yégfjﬁp‘?,%ﬁ'qr}/ conductive base; and

etching the electrically conductive naterial to formthe electrically

conductive material into at |east one projection that extends
upwar djaify @ml he enathee of ciaim rh wherginghenderimodg diie GishelecBode comgrises:

conpri st ng:forming an electrically conductive material over and direclly against an
electrically conductive base; and
etching the electrically conductive material to form the electrically conductive

material into at least one projection that extends upwardly from the base.

Claim 7. The method of claim 6 further comprising:

forming a patterned insulative material over the base, the patterned insulative
material having at least one opening extending therethrough to the base;

forming the electrically conductive material as a liner within the at least one
opening; and

wherein the etching comprises anisotropically etching the liner to form the at

least one projection.

Claim 8: The method of claim 6 wherein the electrically conductive material comprises

a same composition as the base.
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formng a patterned insulative material over the base, the patterned
insulative material having at |east one opening extendi ng

t heret hrough to the base; formng the electrically conductive
material as a liner within the at | east one opening; and

wherein the etching conprises anisotropically etching the liner to
formthe at | east one projection. Caim8: The nmethod of claim®6

compos i o8 e el 8 SRAE e B B el B R S i compges

el ect r iacdiffénent oosipositive frowd el dseconpri ses a different conposition
fromthe base. Caim10: The nethod of claim4 wherein the formng
the first el ectrode conprises: etching an opening that extends

t hr ougltigifh @Stlfhéhhé‘tﬁoﬂ%? BlairAl4 @ﬁ@retrpth@rfoﬁﬁ.ﬁgttﬁé ﬁ%‘t blectend ‘éﬁf’r‘p\‘@es
base; formng at | east one sidewal cer along side

t he openi ngetahingrarowpeniego et agendﬁethmgéu oI ingutativeseaterlabranch to an
bottom %ctrli%a y%}:‘agm@g b%%%nl ng; dispersing seed material along the
e

bot t om0 narr owed opehi ng; and growi ng pedestals fromthe

gi spelr Ised s&ﬂdwlmm‘a'gleeal ond bldemﬂepbeérsalb@g siglcapils efl tHe m@hrﬁrﬁ@tcgﬁ@’frdﬂiﬁlthe
y val |l eys, the undul ati ng topo ra Xt en across the pedestals
and valopé g, HeHgreeing REPQRSd Pba?tam&fdtb %@EPéieﬁ' REM: sper sed
seed materi glspeRiNsd st&d matw@ﬁfrﬁg&héldottaﬁl &Qﬁ@%arr@:@ﬂrﬂp%%mg-raﬁd met hod
of claim 10 further co rising rénoving the at | east one sidewal l

spacer af t egraying eedesig Stfn@nst edispersad sged watgrial,tBe pedesials beidg spaced
| ] . !
S T oM BhE RghE e eRE ik Pofle b SR REPB TR Sh e FeteBlae

nanorretaed vatleyabout 4 nanoneters.

Claim 11: The method of claim 10 wherein the dispersed seed material consists of

nanocrystalline seeds.

Claim 12: The method of claim 10 further comprising removing the at least one sidewall

spacer after dispersing the seed material.
Claim 13: The method of claim 4 wherein the distance is at least about 50 nanometers.

Claim 14: The method of claim 13 wherein the thickness is from about 1 nanometer to

about 4 nanometers.
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Claim15: A nethod of form ng a diode, conprising: formng a
first electrode that conprises two or nore projections extending
upwardly from a base; said projections being spaced from one anot her
by at | east one gap that extends to an upper surface of the base;
depositing one or nore |ayers across the projections and within the
at | east one gap, form ng a second el ectrode over said one or nore
n_.the | ectrode, .one or nore |layers, and

lsgzzlgag Céf"&g? é\em?@(é’gtqé?m'egr% GrQURIPI% hat conducts current

bet ween t heféiiisy arfitssetvhddel gek reshasrisdae vy Wt adfe Oprofittions! @ttbhding
Is applied to the structure, and that inhi bItS current flow between

the fi Mpwasdly fease grkess: said prgiactipns being sragedifeam mae.anssner by gt least one
0pPOst lifatdlieh @i RPLAdislriae P Bld 6840 Lhe structure; and
Phe formng the Tl

wher ei rst el ectrode conprises: formng a
patt er ned i depositing enguirendre laporsradross tesprojedtionp antevitténl thenatileatst oee
mat er i %I haV| ng at | east one opening extendi ng therethrough to the
base; formng electrically conductive nmaterial within the at

| east one ofEniinga seddnétRittroge her sdigheiorahdre Iggduct i ve mat erial
to formthev‘mrogectlons Claim16: A nmethod of formng a dio
conpri si ng: in th%rfw%tn@eatrwe sqneepéei%d@yqrﬁa@nfé&@ﬁ@n%@éeqtmeotpgether

nore prgieet étﬂﬂﬁur%X%%’ﬂ@bH@ué{Q%h@hY bEﬁrPéBrﬁtHéaﬁr%t aﬁa' éboaheJ é}@%p&ié% when

bei ng spaced from one anot her by | east one gap that extends to an
upper ¥oltageef ofe ph@ﬂba@@ppdieéd@ |tlne Audinee, andrtbakinhibjtsrasireot tow hetween

proj eCEH ?i?staé]% \% OJHcPe e@ﬁogés %%t @Eaegegﬁgvméor ?o%gltyaoﬁsggipe to said one

el ect rode over said one or nDre aye
polarity is applied to the structure; and

wherein the forming the first electrode comprises:
forming a patterned insulative material over the base, the patterned
insulative material having at least cne opening extending therethrough to
the base;
forming electrically conductive material within the at least one
opening; and

etching the electrically conductive material to form the projections.

Claim 16: A method of forming a diode, comprising:

forming a first electrode that comprises two or more projections extending
upwardly from a base; said projections being spaced from one another by at least one
gap that extends to an upper surface of the base;

depositing one or more layers across the projections and within the at least one
gap.

forming a second electrode over said one or more layers;

wherein the first electrode, one or more layers, and second electrode together
form a structure that conducts current between the first and second electrodes when

voltage of one polarity is applied to the structure, and that inhibits current flow between
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wherein the first electrode, one or nore |layers, and second el ectrode
together forma structure that conducts current between the first and
second el ectrodes when voltage of one polarity is applied to the
structure, and that inhibits current flow between the first and
second el ectrodes when voltage having a polarity opposite to said one
polarity is applied to the structure; and wherein the formng the
first ectrode conpri ses:; formn atterned. insulatiye _,

rmt or i 416 Sy Sich SSRR SRtiradpa vhsh uhath, Bl o PhizrLY PRpoRls, I g one
| east QafarP R bHgicE td enslstRetiReaal hrough to the base, form ng
electrically conductive material as a liner within the at |east one

openi ng; an¥hereinithg farming thedirstk &Je¢lsrdn eorepsasi ections. A aim 17: A
nmet hod of forming a d; L SIANHe s (16 i S

el ectrode that conpri goglgﬁ}%\g%%? é#';%lrd QgspL#lg}Weecma(t)ér{%r] g}f?'gtrrl] it;négjc'r etu{or{ﬁa?%ﬂefned
froma base; sai thsplabivectaterisl lepiimg) as feese dné rapenomeexdanding thénettabugh to
| east one gap thﬁ_',t extends to an upper surface of the base;

depositing one o enlbséa'l ayers across the projections and within the

at |east one gap; forfirmehgeleerieally edbiRAlictiodenAERAl 4 InONRitSIR tHBRE least
| ayers; wherein the first electrode, one or nore |ayers, and

second el ect rodeOP®GBRENEE: At m a structure that conducts current

bet the first d ] f larit
et ween e first an eﬁﬁ@ggﬁeﬁh%q{oﬁgﬂﬁm%@?é{@hggge of one polarity

is applied to the struc s current flow between
the first and second el ectrodes when voltage having a polarity

oD e 7R B R Y o o BB ab oot e
openi ng t haforewt@ndgirstheRdgbd@nthan ddniirisee W &ri MoréNstofeRtibme dd&iing
upwardly from a base, said projections being spaced from one another by at least one
gap that extends to an upper surface of the base;
depositing one or more layers across the projections and within the at least one
gap;
forming a second electrode over said one or more layers;
wherein the first electrode, one or more layers, and second electrode together
form a structure that conducts current between the first and second electrodes when
voltage of one polarity is applied to the structure, and that inhibits current flow between
the first and second electrodes when voltage having a polarity opposite to said one
polarity is applied to the structure; and
wherein the forming the first electrode comprises:
etching an opening that extends through an insulative material and
to the base;
forming at least one sidewall spacer along sidewalls of the opening
to narrow the opening, the base being exposed along a bottom of the
narrowed opening;
dispersing seed material along the bottom of the narrowed opening;
and

growing pedestals from the dispersed seed material.
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formng at | east one sidewall spacer along sidewalls of the opening
to narrow t he opening, the base being exposed al ong a bottom of the
narrowed openi ng; dispersing seed material along the bottom of the
narrowed openi ng; and grow ng pedestals fromthe dispersed seed
material. Claim18: A diode, conprising: a first electrode
havi ng an undul ati ng topography, the undul ati ng topography conpri sing
a | owest surface and a hi ghest surface; the highest surface being
above the | owest surface by a distance; one or nore |ayers

acr oss ¢lhien y8dw dbdaLdneiRei@aphy, the one or nore |ayers together
having a thickness that is |less than or equal to about 10% of the

di stance; aasbisbfiedrasie: hadeg Frerngdlating Hepegrapby e thea yedulating dopography
wher ei s T ; Vi :

toget haP MR loueR ShRET pnf? o Sledt R Fal BRD ol NS s fae o By Bl S e
t he fi levesdlsadacedy adistahee;second el ectrode when a first voltage is
applied across the fi qst and second e ctrog}%s, and ihat IS
configured PBEiNHNBIE 1erT SHEOSEr B WIBIRFING TIPSR % ORG | BOrs fwers
t o the tdddibér IRdvired & Asiekvdxanthat is RssanHal oF £ags! thavoP1 RIS HisYance;
opposite to a polarity of the first voltagie is applied across the
first el ect RBG§EORM§lackieds Syeherid oaetar serre layiPndn®: The di ode of
claim 18 wh ' e f :

3 ai m 20: " TR 1€ PRI, YL org SRt R Sechil clHB3 together
only ofam aysiruct@eathat 24 :coffigurgdodecariduct aiunmebB fretre theifirstt dlectdids & dlee

is at | east,about 50, nano ers. Aaim.22: The di of , cl ai 1 wh
oi n 1 reCot BRRtede PeRR R L ShRaocio AR o R Ma R T SreRbgrtoves,
and that is configured to inhibit current from flowing from the second electrode to the
first electrode when a second voltage having a polarity opposite to a polarity of the first
voltage is applied across the first electrode and the second electrode.
Claim 19: The diode of claim 18 wherein the one or more layers are at least two layers.
Claim 20: The diode of claim 18 wherein the one or more layers are only one layer.

Claim 21: The diode of claim 18 wherein the distance is at least about 50 nanometers.

Claim 22: The diode of claim 21 wherein the thickness is from about 1 nanometer to
about 4 nanometers.
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