5 MARCH 2007 Capacitor Constructions, Rugged Silicon-Containing Surfaces,
and Met hods of Form ng Rugged Silicon-Containing Surfaces TECHN CAL FI ELD
[0001] The invention pertains to nmethods of formng rugged S MARCH 2007
silicon-containing surfaces, and to the surfaces thenselves. In particular
aspects, the invention pertains to constructions conprising rugged
silicon-containing surfaces, such as for exanple, capacitor constructions.
BACKGROUND OF THE ||\1\é@?ﬂ°€§lf FonRysrtioasguaced BillenCepiiithi ng surfaces are

utilized in NUGRKQALS, aﬁ@meﬂwmdwt@rmiﬁgnﬁppé@smeﬁmﬁfainih@@hﬁ%e%s1 rugged

silicon-containing surfaces are frequently utilized as Storage nodes of
capacitor constructions. The rugged surf aces can increase a surface area
of the stir@gecdggLBnd thereby can increase the amount of capacitance per
unit surface area OF t he storage node relative to a non-rugged surface. An
exenpl ar y[GaH1In of riihggevendion pedains to methiodp hEiormig rygggadsifddd@ontdiningon.

0003] Dif f i ' | L - f d
Si'11 con- CopEr: EhE T flepuRacsy e abates N 28R B sfihes i PRI PRI £ 9%
process ftocohsirustiony comprisingedogad siloon-coatdiring sufpcear $unhegs fanekamhse, descri be

a potenti r f..the difficulty in controlling roughness of the rugged
surface. %bﬁéﬁ’?cﬁgﬁ"g‘ﬁ'%g initially to Fig. 1, a graph 10 is provided to

show the typical tenperature control utilized in formng a rugged silicon
surface. Ll r is formed over a substrata at an
initial t%@%@ﬁ%%ﬁ%ﬁ%l tenperature will typically be from
about 480[0002p abolRudyed sficor-benthinnyesuirfacedéret Utitizedarmunearsusi | i con
E Cubse qeaNtaUreheatpBudrde £B5 R G i i icoR SN R TPl Ly 11 om
about 56GrdgubAthalmizéd &2 Btofageattdies ancdpachsravnahwstion5.8Fke rm%ge@@mlﬁbc&?oc- The
heating of the substr teisi} ustrated a.ra 14 In the graph of Fig.
L 0006 caRrRapata S TSR b 8 Skdvade 1oP, par S an farease MeaBased Lo
si | ane t oof chpadiafeeeraintsuihss amab! HEXIeRIe Mol¥ rélstiveareadrefiggedf orm t he
rugged silicon-containj % surface. The silane ex,gosur,e ag&l anneal i ng both
typi cal | Bus@esr ARexerne/anEiopa chfugogd $icon isligmigphercaain (H3H) silicehe step 16

of Fig. 1lyodd307] RefiRultiesard Sndoubtersd in@ohBONiNPMEUELEHNSAB0RR rGgtet r uct i on 20
is illustrated at . the'%)rocessm stage 12 of the Fj
Pslascdie

Speci f i catliopn-copiedtingBerasR- 5igsed an em'@waﬂr@?éﬂlp&%%ﬁasg%ra%wn@f
amor phous, fjgybé eflcaticaMahing ahase) Bnt ftbelesSiitish paleftiAdotifdd of dRdTBifcaRy for
exanpl e, nonocrystalline silicon. To aid in Interpretation of the clains
t hat in controliing roughness of the rugged surface.

[0004] Referring initially to Fig. 1, a graph 10, is provided to show the typical
temperature control utilized in forming a rugged silicon surface. An amorphous silicon
layer is formed over a substrate at an initial temperature T,. Such initial temperature will
typically be from about 480° C to about 520° C. The formation of the amorphous silicon
corresponds to step 12 in the graph of Fig. 1.

[0005) The amorphous silicon is subsequently heated to a second temperature
T, which is typically from about 560° C to about 620° C, and can be from about 580°C
to about 620°C. The heating of the substrate is illustrated by a ramp 14 in the graph of
Fig. 1.

[0006] After the substrate reaches the temperature T, it is exposed to silane to
form seed crystals, and subsequently is annealed to form the rugged silicon-containing
surface. The silane exposure and annealing both typically occur at the temperature T,
and would occur during the step 16 of Fig. 1.

[0007] Referring to Fig. 2, a semiconductor wafer construction 20 is illustrated at
the processing stage 12 of the Fig. 1 graph. Specifically, construction 20 comprises a
substrate 22 and a layer of amorphous silicon 24 over such substrate. Substrate 22 can
comprise, for example, monoctrystalline silicon. To ald in Interpretation of the claims that
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1 5 MARCH 2007 follow, the terms "sem conductive substrate"” and
sem conduct or substrate" are defined to nmean any construction conprising
sem conductive material, including, but not limted to, bulk segmméﬁczq)we
materials such as a sem conductive wafer (either alone or in assenblies
conpri si ng other materials thereon), and sem conductive material |ayers
(either z%gl?ne or in gassenblies conprising other materials). The term
t

" subst r at’8"OW: dreteEms ¢ SLraIRoNAUYEHYR S¥LSHgtes @hd ceatpigonduRqr b aiatehate defined i ni t ed
to, the sem&ANHYConYRUGISRTbRRHSH seﬁ&%hu@&ﬂema&l MQQ% Eutgrot fmfdtpws the

construction 20 after the tenperature has been ranped 1n accordance wth
the procd8shligsemiggaductivgmaterials quch as g serpigerductivevatan deitiies alpseiat in

t enper at 24, and
accordi ng SgonBie AT, matieh thetor %ﬁ%$%§°§éudéigﬁf%%&s%?%’éfsgs 4 and
5 illust ratﬂéer@dnmqru@ﬁsmmm@smmpngng lothep maderiais)nd hefterm taybsttate” ufferfi g. 1.
Specific b r 24 to
o1 ane, _ apategbParufl Madtil ALAGERCHRDo ikl B the YerTE BRI Qs BREL, 0o ot e
t he seedsﬂescmw a@bavegged surface 30. It is noted that the peaks 26 are

S1 9t 11 Caffiodsf U1 S8 LRGR, KR SHILRR Bodfiel RSB AL HesiznaBAR | 10

[0010] A d I|ne I'S pI’OVI proxi mate rate
t he base inaftcdriencamitfethequodassimgatadealeof FZQJ Fleastnm@:ttmsﬁmhahgel inv th the

rugged s rface can _he [iz t_hal f height of
sugﬁ f eat ﬁmggratqrﬁ&aﬁgaaﬁc?@#o?ﬁ%g%\gﬁfgwg arpépg?qs sghctog q‘ﬂe&gpgg akccor di ngl y, one
of the femicordisgiy2bunps 26 bave formedat fe taydd24. The wi dt h of such feature
at half hg&aﬁ?ﬁ% [ g?c tge}éi 3%&“ rgowdgs?ﬂ a(g dt h at rhalf %tjsq

feature 2QWRY o yBBbef R 5aRidh BasGicton 2adlyihnd 1 rbBeiand & Rt 1000 A
ahd Wi | lotaig.en Speeificams sl 43NRrafss deads 08 tdramid, bysexbesdrerdt l#4@r Bawe ng t he
primary caontri but froma her than from

B peak genlenaa kg5 ﬁ@o‘ﬁﬁh‘éyerrfﬂ?%?‘%({g"PB?Opf‘é‘i?ﬁé}“&?'ﬂ}getog'chré?fé f g Sogg |

typi cal | yinfoay faigdelistiffcen8o. hials ndied tat tHe eFaQQzéaﬁé sxghuﬂ_&ént ié&0feklacidie | ar ge
variation in feature sizes of the ruq% surface of Fig. 5 can create

probl ens 1A sHdA%e of lRyss g4 atler the 3eaing of the ruggedness of such surface,

Accor di ngliye10]t WoUAQiaBRedIRed 3@@';&0&.&&@4&@ EropprdhaRAsIIhRfaté MHeBa38 a
rugged silicon- containing surface which reduce the variation in feat ure

si ze rel @fitheriagedseracs Py FEURS ARRpoiaiedh Vit thedpopy BYERCS 69 PeSUMVARY
OF THE | N\ERINTdtéMY QR fetins! ot a%athaa%mmelghhsf dUBH SHtiRR. TREHERF KohedsUiEd hod of

formng a rugged silicon-containi ngf surface. A layer conprisin am)rphous
si licon i®lgivele bese 34-t Asgerdingly, one of the features 26 is shown having a height 34.

The width of such feature at half height is indicated by arrow 36. The width at half
height of feature 26 would typically be very large, frequently is greater than 1000 A, and
will often even exceed 3000 A. In contrast, a feature 40 having the primary contribution
from a seed (shown' as 28 in Fig. 4), rather than from a peak generated during the
ramping of temperature of layer 24, will typically have a width at half height of 500 A or
less.

[0011] The large variation in feature sizes of the rugged surface of Fig. 5 cén
create problems in controlling the uniformity of the ruggedness of such surface.
Accordingly, it would be desirable to develop new methods for forming a rugged silicon-
containing surface which reduce the variation in feature size relative to the variations
occurring In prior art processing.

SUMMARY OF THE INVENTION

[0012] In one aspect, the invention encompasses a method of forming a rugged
silicon-containing surface. A layer comprising amorphous silicon is provided within a
reaction chamber, and is at a first temperature. While the layer is within the chamber,

the temperature of the layer is increased to a second temperature at least about 40°
2



reaction chanber, and is at a first tenperature. Wile the layer is within
the chanber, the tenperature of the layer is increased to a second
tenperature at |east about 40 2 5 MARCH 2007 higher than the fiES{ARCH 2007
tenperature (sonetines at |east about 60C higher than the first tenperature)
while flowi ng at | east one hydrogen isotope into the chanber. The hydrogen
i sotope can be selected fromthe group consisting of H D and T.

Subsequenhigherithan theyiisst tempesgieredsproetinesy atrleast ebeetdd°Ciiighesshan the fitst seed
crystal d
oi Y?consctnsyljbéfaﬁ@‘%é%ﬂ? #'2‘25@@ 4[‘3%3%%?*% @W@@Sﬁé@% rﬁ%‘nib *;%";*ﬁ?g? enconpasses
a net hod regendsotapé agr be seteetadifeinmtheggroup bansisting | a nitially at a
N a1 S hsahusriin PR FeoRBs8) 1o el RiteqdtR jiver B so8 etk frtRO°C O
corrpﬁnentseeuea:uyevlsﬂﬂhen:casnemﬂ@mfofmlﬁ}edmggauhsm?mdﬁ@aamb@ dqulfecssane as one ]
anot her or, eren Afte he temperature of the 560 C, the
e 1 s e G v ot adech s bRk Badt Baatags Kipefbiin MR MAvdor ea o
f shi i tislyret ac 126t d lof less tivem fttp abbet
I(r)nr/?n?i Bﬁw' damorphoof)a mmlsmgl v acggféal n b eﬂsrfac(ma‘qea 0 ing a base
nd T ons csaBE AR BRr R AT o N it padhd e Bttt %o AORRE BRI, °. b
flﬁrface hsesCﬁlmnt ﬁﬁ@gomboug%gé xfwidgharﬂéotbp@oﬂHyamgbaO?m cérne ﬂfe@‘aﬂfeedﬁ yb | ess
an or equa 0 abo u i con-con r can be
mcorporag%a”%!ﬂﬁf%[cﬁéﬁiﬁﬁﬁ Aﬁd}erg@n m%gﬁég‘l"&r?f the JayeTd5p 55’% ﬁ’ﬁ'ﬂﬁﬁ'? on can
be part Oéee?sedmﬁl‘élééald%stasdmb@emﬂ\réé@ i$ tk@ﬁ%nh@albﬂ@@fd?mraﬁmg@ed Bili¢bnan
el ectronic system BRI DESCRI PTI ON THE DRAW NGS [ 0015] FPreferred

enbodi men€@MpingBEaG8ent i on are described below with reference to the
f bl | owi ng g@f@manyumenéawcﬂQﬁe rnbgﬂ%ﬁ]er#ﬁbﬁrpaésé@l@géd gnla&hc&{ta[hm@per ature

versus ti rior art process of formng a ru | i con- cont ai ni ng
sur f ace. §10‘(?P¢]COFIF@'S'HE g kase andfgatyratRXteNding lgg/gar Q'é‘cffqnbﬂ'@l be\??eﬁ”é’f the

sem Condeetafu red'8f RE suhaegnmt wﬁih%vm Hakf hdight &1 1b&Y fhah Xt o@@&%ogsre@rew or art
0 Fig. 31s a

process o rmng a ruggzleIu con- containing surface
vi ew of t less tiag.oreaugt tera h@@ﬁb&]tT@]Wﬁﬁeﬁﬁl"@r}ﬁqrﬁ?m@m‘ay%Pé&é@s| ng stage
subsequent, b 8oFit9d info ab%&&ﬂor%bﬂstrﬁﬂér? 8u S@éga@ﬁortd&ﬁsfucﬂion%aﬂ?ﬁ‘g)%nfo‘i ggnent

shown at a prior art cessi ng stage su uent to Fi 20] Fig. 5
is a vi enDRAM ¢adl, Bng thQDﬁé‘ﬂVbﬁe'Wﬂé\Q}?ﬁﬂﬁ@Of@ﬁ@?ﬁﬁ igto gn Eheptwmfasysterpr ocessi ng
st age subsequent to Fig. 4.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Preferred embodiments of the invention are described below with
reference to the following accompanying drawings.

[0016] Fig. 1 shows a graph of temperature versus time for a prior art process of
forming a rugged silicon-containing surface.

[0017] Fig. 2 is a diagrammatic, cross-sectional view of a semiconductor wafer
fragment shown at a preliminary stage of a prior art process of forming a rugged silicon-
contalning surface.

[o018] Fig. 3 is a view of the Fig. 2 wafer fragment shown at a prior art
processing stage subsequent to Fig. 2.

[0019] Fig. 4 is a view of the Fig. 2 wafer fragment shown at a prior art
processing stage subsequent to Fig. 3.

[0020] Fig. 5 is a view of the Fig. 2 wafer fragment shown at a prior art
processing stage subsequent to Fig. 4.

[0021] Fig. 6 is a diagrammatic, cross-sectional view of a semiconductor wafer
fragment shown at a preliminary processing stage in accordance with an exemplary
aspect of the present invention.

[0022] Fig. 7 is a view of the Fig. 6 wafer fragment shown at a processing stage
3



[0021] Fig. 6 is a diagrammatic, cross-sectional view of a sem conductor
wafer fragnment shown at a prelimnary processing stage in accordance with
an exenplary aspect of the present invention. [0022] Fig. 7 is §M/A1QMHQ507
the Fig. 6 wafer fragnent shown at a processing stage 3 5 MARCH 2

subsequent to Fig. 6. [0023] Fig. 8 Is a viewof the Fig. 6 wafer fragrrent
shown at a processing stage subsequent to Fig. 7. [0024] . Fig. 9 is a view
of the Fi gubseamanide Hg.£3ment shown at a processing stage subsequent to Fig.

8. [0025] fl_)'ﬂg. 10 Sh’-ﬁ:@'se i%tag\n@\plaf&fe Fﬁ%%w m%gnm ls&@%h%&% rocegs‘ﬁg%ta@rface

wi dt h at haIf ari tainn
formed i nsamanuuelairto&tng th a nethod of the present invention (solid |ine)

1 hey * ThelBBRL P\ o vy s Nigh BRI Skl ahorR shollf el 8 HFadtBaD 't 1o
are for dlsagsa;mathoofnglw poses only, and are not shown with quantltatlve
preci si on, pt t { raph cor t trate,s that,a . su fa e can be
Pormed w1 OB5E! ocedBoroto Sl abil ol i mber ot Ted S oars ™ wl A 807 75

Wi dth h at baemalflfneigmlﬂ’tcommiﬁgra rubget éil%ﬁqcomaﬁdnag_ surl]rfefcﬁgerﬁnécbmmdondanﬁcgr daRce
with prio cesses ave so e res . wt ths at. one-ha ei ght
| ar ger tth‘fﬂtﬁ g{ﬁ d cg%%?rege@t ,n@{m% Sgﬁ‘ﬁjhﬁ?"ﬁ%ﬁqﬁceé‘?r&%‘} B ECPPGRART® vi ew of
a sen congtpior mfneéthodm@@aemashéd |Hﬁ91) r Thé Rdativad s@e%fm\ldéﬁhigme%h}veéor med

i n accordance with _an aspect of present invention 027] Fi 12 is a

di agr ammatliugtrategn 59- aoébawfﬂjtd@@rammaaq PUPPIRS AW, ERE RHP a?f;ﬁh%’b‘ﬁ’r"ﬂ”b ation of

the pr ese%hahﬁ}éiﬁféthr%mloho&?&bt !ﬂagthejg%ﬁrﬁco@re@ﬂ@mlﬁstﬁﬁtégﬂf&%%bﬁ&%@@ar\o@ét i cul ar
features of the notherboard o nputer. [0029] Fig. 14 is a

o] o eformiesaKiR BERNs B therpreseBbinvenion 18 Pevanp IRAsUPUIAG A WORFAt félerml ary
aspect of Heldfit Bt than QU@WWH?I@ suff9Q3%brmidin abBordainde WitiTBlibrf Aresrobbaek

di agram of an gxerrp lary el ectronic system according to.an aspect of the

present i MARSPHA feREES WDVIHSEROPT eftiheightipggepIarEreA. EVBODI MENTS [ 0031]
A particul gfogafpect ifig fhed@x@ammcpesé@éé&.oﬁa v?evPbP&@éﬁicWH&GéforQﬁé’ferbe

utilized t m a rugged silicon-contarning surface for exanpl e,

a sur f ace fragoepi mysmajmeaﬁ efmaian: HRAM aelhfoppey iy aqcefdﬁﬁcﬁwm@ agpeeifm vy

smal | graipns t%%é@siﬁvér"rt n. entirety. Constructions formed in accordance with
e

such aspect utilized with 0.1
[0027] Fig. 12 is a diagrammatic view of a computer illustrating an exemplary

application of the present invention.

[0028] Figl 13 is a block diagram showing particular features of the motherboard of
the Fig. 12 computer.

[0029] Fig. 14 is a high-level block diagram of an electronic system according to an
exemplary aspect of the present invention.

[0030] Fig. 15 is a simplified block diagram of an exemplary electronic system
according to an aspect of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0031] A particular aspect of the invention pertains to a process which can be
utilized to form a rugged silicon-containing surface (such as, for example, a surface
comprising hemispherical grain polysilicon) having uniformly small grains across its
entirety. Constructions formed in accordance with such aspect can be utilized with 0.1
micrometer DRAM processes, and below. The methodology of the present invention
encompasses exposure of amorphous silicon to a hydrogen isotope (typically provided
by hydrogen or deuterium gas) during formation of rugged silicon. An exemplary aspect
of the intention is described next with reference to Figs. 6-9.

[0032] Referring to Fig. 6, a construction 50 is illustrated at a preliminary

processing stage of a method of the present invention. Construction 50 comprises a
4



m cronet er DRAM processes, and bel ow. The nethodol ogy of the present

I nvention enconpasses exposure of anorphous silicon to a hydrogen isotope
(typically provided by hydrogen or deuterium gas) during formats§nhEH 2007
rugged silicon. An exenplary aspect of the intention is described next with
reference to Figs. 6-9. [0032] Referring to Fig. 6, a construction 50 is

I 11 ust rate relimpar processi ng stage of a nethod of the present
i nventi ortY @Hﬁ@tﬁﬁ@"f%a%d g?ﬁrﬁ?‘ﬁ"?@@ thpreoyer, %ﬂ@?ﬂﬁ@@%?an batidantiealdo B2 havi ng
a |ayer %%fr&%‘ﬁe&bsbhﬁé&ﬂy&fe w:@@?érér%e@o?ﬁorcﬁw@ez'%\byi&_%4 &agﬁan d layer

substrate 22 described above wth reference to | or art
54 can bddentigahioitha javep2¢ Hesqriped above witseferpace '@U‘_dge? V\hntnﬂmcéﬁaéraéh@ésto Fig.

In par g &ead rASRilss, corlsmése%ﬂm &%Hélb rﬁcﬁﬁﬁénr%thsn Renh{&dey of, or

conS|st o%yannrp ous 'si i con. can

conduct i wqmb%mﬁidmﬁgc@tsﬁyamty amnq)w@@ggﬁthg pmc@gen@fstageg:f Fig. 600r can be
undoped. tlaIIy
o . or  cERIEHTope HiafaiRRle sbok WRRIer kAR GERBRS, SenaOREaIf SRR O

can cor r esqnsistiot dopedramerphgus silftonf Thheradiegsing sfage ob 5. 6Aancodising to | ayer 54

be at bove,
can be b fmbhePREATHESS, WEgRby T gk b il GaRE 2001
typicall y(Tb)eofpﬁgzvﬂ evrithywas laiiseuss edeshoté @anbhaantbmpeaitumhﬁ fropt ?)msasmﬂpm age of
Fig. 6. 3 ragnent |5 0 ter a,fenperature
of gI ayer @9? %%&e%egrﬁaqj‘g%gg “{"gfytpf?é"%%%&’r?&ﬁ%w%@i":\% fﬁa‘g}'\nq-%arﬁqerﬁt &’.er?.
Accordi ng;bmcessm@ﬂa@g ef Biges. of | ayer 54 has been el ev?t ed by6at. | east 40
| at t t t . in ne
stance MRAAlcer BEFETY © B ARaeRiSTR el e Rromardirs e b 3o
pt‘oceSSI nﬂa§bmﬁaﬁ1;pegltg thebgacomndi ltdrmpbé”r@tutee(ﬂp)edsfﬂmﬁe Klfcol'cﬂrygiy @E@n’@bréﬂ?\@ bout
rocessin stage o | a I C el n rom abou
560 C to O %46?@% %aﬁlﬁi’aé%fr%ﬁ ”@@Jr& &1&1)&68#‘5 ?g‘b' g’abgut 620C.
[]903:1]h A ﬁo&éﬁ@aag@et m@ge ém@mggmmnm&emﬂ@ﬁew%gxm&m oy néagen ?nd th?t
0 e pri scriped, 1 n e secC SCl osure
'S thar |69 EireBive b0 PR pcenag e o1 EH 6)MD o drDGuRLIS of By HAL
t enper at up@cedsingPatBhe o Figs7 (i, rt@ﬁﬁ)@ﬁéturé er)r%J idallyDelrdy fromadeat SE9ICEoW th an

aspect of the Eresent i nvention, rior —art methods did not

expose t habh§28HGuand semelnes Bejag frP'B‘ aéPC’H'Séﬁooééﬂ apt99eCduring the

i ncrease 'Goitﬂmf’era?A%ﬁereﬁ@@bétW@éﬁ@@prbébs%ﬁWﬂ%Ma@eﬁtYrWéhﬂbrh Hn@ﬁﬁ%ﬁ in a
reaction chanber and the at | east one hyd Pen | sotope i s into the

chanber. athetmiier agtdaessrined inthp sBackorumdesect '%8 W?di‘%ﬁ"q)é%fr@b@yé%ﬁﬂ Be
sel ected boyEed ‘ft?aﬂbﬁé%neq%%g%h'lélﬂoﬁad'ihéMﬂ;ﬁé}gﬁ@é of n@yéﬂwswréa*sedand T

(tritium; "and typically w nprise D. hydr ogen i sot ope can
be fl owedffpliﬁlt"b te He iy @qy@(cﬂqﬂqemar%@spggt o(f)me ;Hpsent mventlon whereas the prior

art methods did not expose the amorphous silicon layer to a hydrogen isotope during
the increase in temperature. The increase in temperature typically occurs in a reaction

( chamber, and the at least one hydrogen isotope is flowed into the chamber as the
temperature is increased. The hydrogen isotope can be selected from the group
consisting of H (hydrogen), D (deuterium) and T (tritium); and typically will comprise H

_and/or D. The hydrogen isotope can be flowed into the reaction chamber as one or

more of Hp, H-D and D,. In other words, layer 54 can be exposed to X-Y while the
temperature of the layer is increased, where X and Y are isotopes of hydrogen and can
be the same as one another or different. in particular aspects, X-Y will predominantly
comprise Hy within the reaction chamber, and in other aspects H-Y will predominantly
comprise D, (with the term “predominantly comprising” indicating that more than half of
the X-Y in the chamber is the identified constituent).

[0035] If the hydrogen-containing isotope is provided within the reaction
chamber by flowing one or more of Hp, H-D and D, into the reaction chamber within a
gas; the gas can comprise, consist essentially or, or consist of, one or more of H,, H-D
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nmore of H2, HD and D2. In other words, layer 54 can be exposed to X-Y while
the tenperature of the layer is increased, where X and Y are isotopes of
hydrogen and can be the same as one another or different. In paghCREAT2007
aspects, X-Y will predomnantly conprise H2 within the reaction chanber,
and in other aspects HY will predomnantly conprise D2 (with the term
"predom nantly conprising"” indicating that nore than half of the X-Y in the
chanber "i and Be I thergasfdopdistsorssentaligof,)or cpEdSS pf, lohetdnendry df blgeh-Deamatiyi ni ng
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surface of silicon |ayer 54 ring ra gng,of the tenperature of the
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on Fig. 7 j¢fet e ra |0, ' ' hat
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anor phousisshbiwo ahthesgasme progessinhsiags incoast auistthe arigoart pensietgn 20 intfig sane
processing stage in Fig. 7 as Is the prior art construction 20 in Fig. 3.
[0037] A possible mechani sm by whi ch hydrogen isotopes can alleviate
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si | i con damiicreagebolempessivirisdbwgghrteviation of stiegsseva shrfagreof thg layefand t her eby
rel ease s f | : ' i t he

cur  ace. - REg ey fiFbRbah Ko coEuaH! Xiitol dahiths felisTRRGA) Rin
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wi t hi n t headidatenfsach ag Her e@ssple) @iH,,rBildh &ilil and Shragligalg)whicidmay degas ftan assi st

T R
linmted t whwhyocpastdudng atevatahaiths terpparaiudeditiieties charsbere fthetpossible ext ent
o) e eREg e 37 B e BB b U PR B bl et car
be and are not to limit the invention. Accordingly, the invention is not to be understood as

being limited to any particular mechanism provided hersin, except to the extent that

such mechanism is explicitly recited in the claims which follow.

[0038] Referring to Fig. 8, silicon-containing seeds 56 are formed. Such can be

formed by exposing layer 54 to silane while the layer remains at a temperature of from

about 560° C to about 620° C. The flow of hydrogen isotope within the reaction

chamber can be maintained during the formation of seeds 56. Alternatively the flow of

hydrogen isotope can be reduced, and in particular aspects is ceased (i.e., reduced to 0

scem), prior to the initiation of the seeding.

[0039] In aspects which the hydrogen isotope flow is continued during the

formation of seeds 586, the hydrogen isotope can be utilized to modify the shape and

density of the seeds by adjustment of the amount of hydrogen isotope within the

chamber relative to other materials (such as, for example, silane gas) and also by

adjustment of pressure within the chamber. Accordingly, the hydrogen isotope flow can

provide a parameter which can be utilized for manipulating surface properties of a

rugged silicon-containing surface.



formed by exposing layer 54 to silane while the layer renmains at a
tenperature of from about 560 C to about 620 C. The flow of hydrogen

i sotope within the reaction chanber can be naintai ned during theMARECR 1000
of seeds 56. Alternatively the flow of hydrogen isotope can be reduced, and
In particular aspects is ceased (i.e., reduced to O sccm, prior to the

initiati th i ng. . [,0039] | whi.ch the hydy i sot fl
5 cont i ndBAur ng FEIRET itk o 6andritiBE RS Fusibidthd anbaby F&stiEne can be.
utilized topmemsh dheebbe 56 (RigEs)an dorntle Asggel sQffadd188.STRSl antbalifg isdndBdtbd of t he

anount of hydrogen isqtgpe within th C er relative to. other terials
(such as, a¥ p"@%ﬁ%ﬁfee? , @Fﬁmplﬁa€9m§ﬁ8”'a§f@g%o§? aboy é%qc’ncérﬂr i pthet wardsr e

wi t hi n t hgjCdmabeed while eeticReyatuid s Idyee 69 gemaintdidtPgt 1,/(Ply. ¢an  provide a
parameter which can_pe utili z‘;d for mani pul ating surf ace properties of a
rugged si I[P%H-cont _ahﬁi”ﬂﬁ_oiﬂy ragen 'Set@emﬁéﬂsﬂfg’ﬁd H’@Omﬂ‘eﬂ@ﬂ‘éﬁlmgrﬁ to Fig.
9, constryehitfiRe®luiry thYRhREAIRG, t%é@@f@%b,‘i%@@l%%f ﬁyaf*ogteﬁriéb%dqu of seeds 56

(Fig. 8) to forma rugged surface ) e annealing’is conducted at a
t enper at uptepped priasrto iesaecing of Rign B Beeh flayewilidyriealiyiienainestopred dirring theot her

words, if.LSeeon | ; Y/ I i ned at
T2 (Hg. apieyiiga iy MtidogctichiBEb RaEh s Pralaifu it 18 BB 81U 7 e
anneal i ngFigo8, thediowtcan reedtinue forip maiataimadeduring ghe Sanealingt Alierpativdly, thee f | ow of
hydr ogen [sot [ [ t . ' ' |l ow wi ||
typicall y*@‘gﬁ%ﬁﬁeg%uﬁ%égngﬁﬁ tﬁ% aﬁ h%éﬁghér}gda'ﬁ?%gipﬂ%{Q%Ré;dtgfz%'\?vb%g ’Bﬁee rogen

i sot ope hpdortedin ameatiag ae thad the annealing Bkeslplage ofthe Bibgend, ofttieehydrogencan

conti nue t%o%% mai nt ai ned during the annealing. Alternatively, the flow can
b? reduce&fb I'or to the annealing, and in particular aspects can be stopped
prior to tjeed2jnneal iThg regpedsarfacd &8 dmmetd unifgrm drk teaityrk size than theeugdssience of

e Yo" o8B ORGSRl YA Sy A EIBEA"
in Fig. 558%pesfinkttabkipnd bfong ellesationfat abodtaieiowsdnost rdgibns efithedeatureend al ong
2o SC! Ty RO ph 6 SRS SHIERE S St o Bl Rt s
si zes of . hes bthedestsresaanive dbssdvddinca idtaatoni-halbheightef tied featuedsghtn of t he
Rt s, Rmp B IBEL Lyl E8 o TGP B el B beltar et i 6L
at one- haid ddwsiiraisd hyse4lasd gnadihaf the 6bture dfxiriecitil eguhtds dédignasdbEes.

e o ¥l 855 st R Bl Bl s es o 20
f or m sur f agesuriace Waive Wichhd aialft Hisght éstisuhars 10004, Bad Supdtic@ah@specticdhhs at

hal T hei gt Of 112888 in which all of the features of the surface have widths at half height of less
than or equal to about 500A. Accordingly, the features associated with a surface

formed in accordance with the present invention can be substantially more uniform than
those formed utilizing prior art processes.

[0043] A comparison of a surface formed in accordance with methodology of the

present invention to a surface formed in accordance with prior art methodology is

provided in the graphical illustration 80 of Fig. 10. Specifically, the graph 80 compares

the number of features associated with a surface to the width at half height of such

features for a surface formed in accordance with an aspect of the present invention (the

curve 82 shown with a solid line) and a surface formed in accordance with prior art
methodologies (the curve 84 shown with a dashed line). The surface formed in

accordance with methodology of the present invention has a relatively tight distribution

of feature dimensions and has no features with a width at half height greater than about

500A. In contrast, the surface formed in accordance with prior art methodologies has a
significant number of features with a width at half height greater than 1000A, and wili

typically even have features with a width at half height greater than 3000A (not shown
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than or equal to about 500A. Accordingly, the features associated with a
surface fornmed in accordance with the present invention can be
substantially nore uniformthan those fornmed utilizing prior arspyuREE266S5-
[ 0043] A conparison of a surface fornmed in accordance wi th met hodol ogy of
the present invention to a surface formed in accordance with prior art

nmet hodol ogy is provided in the graphical illustration 80 of Fig. 10.

Speci f i cabhyhe glaph of Bigh1®0 Avconiinghs méthaiohgylas theoprebemtinvetioasasci ated with
a surface _to.th surface forned

in accor d2ieECaY et[yngvaggérée 'f””{?fmﬁrﬁgp?)F@Qsaﬁﬁ?%‘é?ﬂ%?'awg(%%m6%]?‘0’8 82 shown
with a sobmrtﬂadelsri@)nmndllrangprrém&n'fed’(dﬂietdgies accordance with prior art

t hodol th 84 shown wth a dashed Th f f di
accor dancd Ot ot FabFjoBrSe e Suteh agu i prenge Wt  vel y 11 gt

di stri but Modmrogfyezmw;ﬂe@bmmmmcm@b hdzed fh rﬁrﬁﬁéﬂéﬁ@%omtidttrané/\ﬂsdém at hal f
hei ght greater than about, 500A. In contrast, the surface forned

accor danc@SyviPt BXaspRle CaRaitarEoRS EHstieRs: dH0-HHsuptratesym striciure 1 QQR%@“SE‘Q a
features whbdbidr ¥hibttictin ﬁ)@' H‘avt“r%I &héle&l:d%l%t‘l%ﬁ v@rﬂ?d‘rub%@@%ﬂrcgﬁ-@oﬁ‘falnkng typically

even have features with a at half height greater not shown
7 5 MARCHsou@R 16 Sueb sgrrfa%cam befgmedd) acc&&e@cgwr@rpethnd@lﬁgw@ﬁbgy of the
present 1 BYaRL AlofiBh. ThaBeohbaRhbY id SRMAER: LBl A8 dRdbdR! ér%red
silicon-c al ning surface rel aft surfaces torned util |zrn prior art

met hodol ogDamrtr[emoampnmgag@alegmmrnatanaidﬁs andiarageend tapasiior eleatsers HO
accordancg %é&rorﬁ%é@&%?@%éd@fwﬁ%? d%eec%‘?d%ﬁi cRYefg. on can be utilized in

nuner ous cC nst ructi ons exanpl e, cap acitor constructions. Fi g.
11 i |1 ust ri085] a st Sioege eoqm%ca@cmpm@ aonatsisa@crtt@ﬂy ebescongistiobn 102

| 09 21 GRS Yok i Thd ARSI RGO RBEBALA Bl BUidOGE R0 Such
i nvent i on forffatios béwigged eurta®bs 105. sPpmaiiically, elo;sartbca@be mnplentsldeotortbelmggenpacr tor
O e RSB SR ) RS T Rt PSR BB 1o
[ 0045] St eaape pnmddedl\@mnmmtermlrﬁmpser todommtrsn oéﬂnseruggead byrfaxfe, Adso,dlnsi st of
o af'ter " SHERE Po - P agheanBUrT ReBin et Fof Rt AR eAtER e
| mpl ant ed dopé® by bet-diffggiertiof mmdﬁamﬂy@fnhmcmmmpmm&ainr lagerdi2sintol lapat 5dbdve wi t h
e b ane B Py b SR R ARG ia e I3 o R s
can conpr ip@fycmtmllmtsrlicehyammawﬂ icbmpaige uraduped ampl‘fe@rscmlrcobeandjlapmszlby

o P S AT RN R g PR ' Ve S
conducti vejnyiealmgeﬂ Fig. 9.

[0046] The capacitor construction 102 is shown incorporated into a DRAM cell.
Specifically, assembly 100 comprises a transistor 112 which includes a gate 114 and
source/drain regions 116 and 118. Although gate 114 is shown to be entirely formed of
conductive material, it is to be understood that gate 114 can be formed of numerous
layers, and such layers can include an insulative material cap (not shown).

[o047] The source/drain regions are shown as diffusion regions formed within a
semiconductive substrate 120. Substrate 120 can comprise, for example,
monoctrystalline silicon. A conductive pedestal 122 extends from source/drain region
116 to storage node 104 to connect the storage node with the source/drain region.

Conductive pedestal can comprise, for example, metal and/or conductively-dope silicon.
The source/drain region 118 is connected to a bitline 124 through a suitable connection.

[0048] Transistor 112 is shown to comprise a gate oxide 113 separating gate
114 from substrate 120, and to further comprise sidewall spacers 115 along sidewall
edges of the gate. Sidewall spacers 115 can comprise, for example, silicon dioxide
and/or silicon nitride, and gate oxide 118 can comprise, for example, silicon dioxide.
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pol ycrystalline silicon, layer 54 will conprise undoped anorphous silicon,
and layer 54 wll be doped by Inplanting conductivity-enhanci ng dopant into
the layer after the annealing of Fig. 9. (0046] The capacitor conpARdghoen
102 is shown incorporated into a DRAM cell. Specifically, assenbly 100
conprises a transistor 112 which includes a gate 114 and source/drain
regions 116 and 118. Although gate 114 is shown to be entirely formed of
conduct i vd0Rler i al Anjnsujadive mag@lmha@egﬁa@wtanand graundiensisior 188. f or ned of

nuMer ous [nkay esma o) PAecar @mgewekaﬁéua%r%osgﬁéﬁ.@a&é/@aggt erial cap

(not shown %ﬁ’ The sour rain regions are shown as usion regions
formed wi 18030]a seHﬂIcZ@ﬁ@lm@tﬁheéumﬂrcan@udmfoemrtmr@perdlazge with conpri se,

fr om sour BEgdBRAP 6L chece Bt alhin AckOANGH o BN B P EYS e
node }NI t humﬂmemﬁqurt?e/rmmdrsilbegwortanmr(gmdimfmletwpetd@ﬂbaartsmoor;:gmmalnmg, for
T8 Ts cofaceracher b AR frttet Sl A fryiotE B erap PRSI aS PR S0

Tr ansi st othe TiRAM el haich tan iognpve serfamgatectzxaceristits asesenatarnag ojate 114
from subsbégﬁ ]"20 and to further conprise sidewall spacers 115 al ong
si dewal | St the gate. Sidewal | spacers 115 can conprise, for exanpl e,

silicon dijoggtie angd/dituis dévicotomprigingi@iggedsergisbisdueidradratéda femiedaanpri se,

f | | d | at t |
156 et apaogTno 4 MBS 5B rpruavenion LORA e RS ARDE Heorites oy |

conpri se, DRAM @mlalﬁarh Be ubikdedph aaplResis dseanBlied| mslaiding[ 00 2Rdmpls| torAgiteon of the
rugged silicon surface forned in accordance with nethodol ogy of the present
i nvent i onSYHEAT ANGOPRARISEEPTIC 8%FieMBvant ageousl y i nprove uniformity of the

rlgged si l[pgsay- cangaiiingrasey deteeallyehpivhy 6f &@mpld, Bt A6bySivay 6[0MiREGH,ai Ni Ng
surfaces. Such can al] ow better control of capacitive characteristics of the

capaci t or abeMbEREgHRENR ERMPUtehAYIPM 4R aPﬁ%'F'BQéO BRAPRRGHRAH® RIS M ct er i st cs

acr 0ss aningehtfh. Qiom%'\é)%@rﬁ 200 [RRIEE aAnsiitoE it omﬁéﬁ&mnﬁbatﬁdnwmgged
sem conductor material formed in accordance wth nethodol og t he present

i nvent i ond@veRs g keybeard 4984 Othes seryairatioRRpHtdgvice, éﬁ%aﬁ@tﬂ?%ﬁﬁe@ﬁ n

nuner ous %ﬁfdméar&am cBf baﬂ*zagmcffoghc%é@dmbe or 6@\6raaétﬁrproéés§tn@rmam at her
el ectroni c systens. | ustrates generally, by way of exanple,

but not blga AL @%9%493 MPEREARYIONE0B ca CaMBHAD LRHGUSARRERE A -
accor di ngin\,Bniitfh t?e%@ﬁ@éd HoveNRcRUBICr oxdMBNthe @RAI@QHI?%FPHesWﬁBE Wltﬂoo

i ncludes a nonitor 401 or other comunication output device, keyboard 402
or other tsieienee takiohl.i Memonydeviea408ean eompsisn apwray @f nsAmory Ce"S and

such array can be coupled with addressing circuitry for accessing individual memory
cells in the array. Further, the memory cell array can be coupled to a read circuit for
reading data from the memory cells. The addressing and read circuitry can be utilized
for conveying information between memory device 408 and processor 406. Such is
illustrated in the block diagram of the motherboard 404 shown in Fig. 13. In such block
diagram, the addressing circuitry is illustrated as 410 and the read circuitry is illustrated
as 412.

[0053] In particular aspects of the invention, memory device 408 can correspond to
a memory module. For example, single in-line memory modules {(SIMMs) and dual in-
line memory modules (DIMMs) may be used in the implementation which utilizes the
teachings of the present invention. The memory device can be incorporated into any of
a variety of designs which provide different methods of reading from and writing to
memory cells of the device. One such method is the page mode operation. Page mode
operations in a DRAM are defined by the method of accessing a row of a memoty cell
arrays and randomly accessing different columns of the array, Data stored at the row
and column intersection can be read and output while that column is accessed.

[0054] An alternate type of device is the extended data output (EDO) memory which

9



Mot her board 404 can carry a mcroprocessor 406 or other data processing
unit, and at |east one nenory device 408. Menory device 408 can conprise
various aspects of the invention described above, including, forsgXREH 07
the DRAM unit cell described with reference to Fig. 11. Menory devi ce 408
can conprise an array of nenory cells, and such array can be coupled with
addreSS|nq circuitry for accessing |nd|V|duaI menory cells in the array.
Furt her, ﬁé’sri?éiﬁﬁﬁt?r edeatia raemaly aky asidressiip be @vailgble asautput aftatithe f or readi ng

dat a froradda@ss@aréerumr%sl b%enmeadﬁﬁ.eﬁ%nﬁwy aadincRad %bmé%%@u

utilized ftor conveylng i nformati on between nenory eV|ce processor
406. Suclspesds py plRWipgEaetarRCERS HORAIKWINA redvciHD thﬁ tmego hﬂémmaemom4 shown

;2 leg a@tg#ﬁa@é‘ﬁ vRidbfon 4 ln?éJﬁEW\ V@h@{jg cfefﬁgads\)a%‘iéésr ?’8%%’5%5 bSyldel Ust r at ed

e read circurtry is pl I'n particul ar
aspect s dBDRAY, DRREDRAM, SkbiiAN, ‘dBAMcm\d@&ctBBRMA,rass\peihais oihersssuchmsr y

nodul e. F | e, single in-line menory nodul es (SIMW) and dual in- line
menory nﬁ@%ﬁ@éﬂ?ﬁ?ﬁwgéhﬁg ‘be used in the inplenmentation which utilizes the
t eachi ngs [0058]he Riy. dselmstriamarmmmedlﬁmmﬁmmam da\hlgmlmnodgenitaquﬁor at ed
into any of. Lety. of, designs whic rovi hod readi ng
A L S B R U S R
node oper$ystem 709@@& cm)dﬂ)ondp@,rfat emle a @n@RﬁM gystentlef proedsdsoritdop et hod  of
accessing_a, row

a,menory qﬁltl a %s and ra m%ﬁ?% essing different
col ums ofYSt9R °£r31n¥§’ elfﬁ{'ﬂ 0P RIPYS BrorCSWO"ﬁH B UHA Mfe?¥ect i on can be
read and Bl@bﬁmmcmtém mbahsmwmilaemssmmcj 8pretleséor arldrigimeticliogiy pe of

o b ot B L TR o Sl R DA mbmam s il 708 en0an By A Aob . af t er

t he addre@é%m L@éhe‘?é‘lﬁl Bleetorib @?@tém 7D0ivill REVEA Math@nsdt BE INBBEEtohe Mt
communi cation speeds by all ow ngeshorter access signals w thout reducing

the time W?%PEWaH%‘?ﬁ)tﬂbe RSIOHNEd QAR5 Y 1HG RIICRBFY 79+ andRiRer PSRN her

al ter nat i yawb¥R & F%Cék%w ?@? thélektly dsiiAMit 7gRaneiReVio abkb¥MogyRAd and
D rect RDRAM as as others such as SRAM or FElash nmenories. [0055] Fig.

14 i | ust Qe ugit zfpwqrwn@fes Bl GBRraiPRYPLRE BIOcaSIAr JRZ) WpeNemPYAavicati08n of
various egho@isMRNLs s B tgwmhaéuswmﬁg fHFBL@hSaYﬁt%'FbBQ@tIQﬁs {naechlsgsent

i nvention. System 700 can correspond to, for exanple, a conputer system a
process coatugions iy /ke taghegirommipegnamprydayiceriopiead exapitsys I vgickeessor and

assoct at cgmBBiRieks, 1 BB AIGARIIAR, bag LNGHILNS, rddBPRicsss | nc! udi ng

a processor or arithnetic/l'ogic unit % 2, a control unit, 704, a
nenory dewies@rfRAM)7dr/icesdread- qmﬁpm@mwiﬁ@ | doviges, aed peepeyel dagsassugh v,

el ectroni gs 5YishGIUiIdP8rV id £BYRpAtHK O6-FM dRbe.! BREHoHiIRA skl 3 the art
will understand, upon reading and comprehending this disclosure, that any of the
illustrated electrical components are capable of being fabricated to include DRAM cells
in accordance with various aspects of the present invention.

{0056] Fig. 15 is a simplified block diagram of a high-level organization of various
embodiments of an exemplary electronic 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, column access circuitry 810, read/write control circuitry 812 for
controlling 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 the first
wordline with pulses, circuitry 886 for providing the second wordline with puises, and
circuitry 888 for providing the bitline with pulses. The system 800 also includes a
processor 822, or memory controlter for memory accessing.

[0057] The memory device 802 receives control signals 824 from the processor 822
10



specify operations to be performed on data by the processor 702 and ot her
interactions between the processor 702, the nenory device unit 706 and the
|/ O devices 708. The control unit 704 coordinates all operationgpAirthAe007
processor 702, the nenory device 706 and the 1/0O devices 708 by
continuously cycling through a set of operations that cause instructions to

be fetched froqmthe ne evi ce, 706 and ex vari ous. enbodi nents,
t he nenor?v‘%iém"&orﬂ%taro%‘{%r@@s S-UF megn%tdeylp%gé%gs ‘L‘%?d PS8 PRI nenory
(RAM devhergsed BadO0Meg. MBMAD b abB@b‘)atétﬁwmQ% sianst pahk Rhanaladdrishges such
as a flopp di sk drlve and a coppact rive. One of ordinary

skill in EFRtRrand GRntro! SIGRAIS sRMRR PrQY &?ﬁ’ ?%C@éh@e%memﬁﬁvm&%h?@ begn s

di scl osur tofHRYp Rtud BE thd § {,éﬁ;( ataRthaet S biit SRRSO e apabl e
of being fga r'?%iatoed tfg l|Jncl uhcléemDRAForh Itq;a in acﬁgtp&ance wth&vnzérﬁ%rgs

aspect s oﬂe\ﬂmBQﬁr eandnelufgadAidreell @b@@é!PW@fcrlh@ﬂ Previpuslyrip this Hisdlosiirec k

di |

el oot 1 oni d0B58), STHeGHRoypIISPaea kl RmSlor ¥ 4 8dSeLrS B R0 Bloils 1 DT P
an array génmmndyarat@tdm Mrloadap@@stl@nsdoﬁtée caodiry mod stractueassof dier cui try

808, col !JE}‘és%ﬁﬁﬁ?{rtuBh Yy ér%%o?ﬂw?e deBAGEYRL LE a%mﬁnag fgst%tqw affte for

control ling operations, I'n ut output circuitr nenory device
802 furt hetementmdnﬂiestumw@rarbﬂ?le@tmmq WSEH@US@Q]CDGSIM celis Bapcowianee with cur r ent

Conauct i ngortch & Bl AR, ChellERftery kil o o il @ieloBirRiRl e

i 'l ustr at edriqusvedgctronicaysterms c&lﬂae fabticaded inpaingie-pachngieyprocessingtunits, @80,

circuitry 882 for [V ef.er I b for provi di ng
The 115 eiopPbieREa AR Bt B PG RerS 4R s oBFHhiRsER fne°c e bond

wor dl i ne m%epmh@ﬁmpeﬁwandnme:memoyy 6éiﬁt:ef(s)r pr OVI d| ng the bitline with

pul ses tem 800.al.so ncI udes a [0c8 cont roll er
for mem)ryl%ggét{ ssin pp %‘gtﬁ Gfﬁ‘éerﬂ%%ﬂ/s ‘gg\/' °ﬁ8%‘8|3\¥%‘§m§3%'y‘} Nsi gnal s
824 from wigndry aveitiel d8ac drh[é@ pVREH0A0I8E, comnmnmttdnmodemsmjr@delsearat i on

l i nes. The (gew ce. 802 usecguéto sﬁ%ore .dat d’:l \ his essed via I/0O
lines. It ™8 Urgbé" ‘8%‘?95}%‘%? [P Paddes 8p maganw ‘tﬁ‘é"gﬁy "trﬂ“jfc di ti onal
circuit Wn%udllééofgubﬁbtr&ltwahrsftﬁmér be arsmbwmt&dxenaofcb Viwbsty oheleotesrid y devi ce

802 has been oCcus t nve At | east one of the
processor 38“2‘9"”5'( %ﬁﬁ@goﬂ%ﬁq %B'g@f %8?\'%?%%88%%@!%'8@“?“8? the type
descri bed gpfdpNdbRgSAnVintidstiidliconttolssiis s rad.airctPPa8d offfees.vari ous il lustrated
systens of this disclosure are intended to provide a general understandi ng
of various applications for the circuitry and structures of the present
invention, and are not intended to serve as a conplete description of al

the elenents and features of an el ectronic systemusing nenory cells in
accordance with aspects of the present invention. One of ordinary skill in
the art will understand that the
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various el ectronic systens can be fabricated in single-package processing
units, or even on a single sem conductor chip, in order to reduce the
comuni cation tinme between the processor and the nenory devi ce( 3 MmaARCYPRI07
Applications for nenory cells can include electronic systens for use in
menory nodul es, device drivers, power nodul es, comruni cation nodens,
processor nodul es, and application-specific modules, and may include
mul tilayer, rmultichip nodules. Such circuitry can further be a subconponent
of a variety of electronic systenms, such as a clock, a television, a cell
phone, a personal conputer, an autonobile, an i ndustrial control system an
aircraft, and others. 11 5 MARCH 2007 ddains 1. A nethod of formng a
rugged silicon-containing surface, conprising: providing a |ayer conprising
anor phous sidlafiR® Wi thin a reaction chanber, the |layer being at a first
tenperature; While the layer is within the chanber, increasing the
tenperature of the |ayer to a second tenperature at | east about 40C hi gher
than the first t.enpek ametisodvhof eforining ny alggedasdiliconednyaiting esuifscy, ope i nto
t he chanber coraptistng:t he tenperature of the |ayer reaches the second
temperature, seedi ngrovidingay eayen dommieg smpashaus silod wiliead iregctibhe seeded
| ayer to fogarhber, tedegst Ibind soanficotdngderatoge; surface. 2. The nmethod of claim
1 wherein the termeravmreethen@yeeaasﬁutrﬁuhqmtmnbén irgtedstiPhieaktiperdtaretdie second
t enper at ur etHes|agkr t@as seabrit terhférantte | & BhevapUt 40v€ AighkPakan e fipgedr ogen
I sot ope i nt gidfaR@WARE flowing Bl fedSEbAOAydtbgén Rbibpé IHYBQﬁ@'cHar‘nBSr flow of the
at |east one ‘hydrogefer g fb?ﬁpérétui‘@gf%%qaﬁr r?écﬁe@ th88es l erdurelhe
met hod of c% h‘éhﬁ\}é?‘vﬂtﬁ dfér east one rogen | sot ope is
scc

reduced to priQy |5t '{g}ﬁ af siff rein the
flow of thegk aﬁqeast one rogen |so gpeols rgﬁj@%epr?loéﬂggnﬁﬁm&
anneal i ng. % e nethod of claiml wherein the flow of the at |east one

hydr ogen i sot ope, i s raduged $0,00SEEM e tdSeraNPEHhisBtke fomTis Mt od
of claim 1l mﬂe%&ers@ﬁ@w sééo:%”{%%v?{ ﬁ’*ﬁg o tereratis dia gi&e??wmbcon

substrate. the at least one hydrogen isotope into the chamber.

3. The method of claim 1 wherein the flow of the at least one
hydrogen isotape is reduced prior to the seeding.

4. The method of claim 1 wherein the flow of the at least one
hydrogen isotope is reduced to 0 sccm prior to the seeding.

5. The method of claim 1 wherein the flow of the at least one
hydrogen isotope is reduced prior to the annealing.

6. The method of claim 1 wherein the flow of the at least one
hydrogen isotope is reduced to 0 sccm prior to the annealing.

7. The method of claim 1 wherein the layer is supported by a
monocrystalline silicon substrate.

8. The method of claim 1 wherein the first temperature is from about
480°C to about 520°C.

9. The method of claim 1 wherein the second temperature is from
about 560°C to about 620°C.

10.  The method of claim 9 wherein the annealing is conducted at the
temperature of from about 560°C to about 620°C.
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8. The method of claim1l wherein the first tenperature is fromabout 480C
to about 520C. 9. The nethod of claim1l wherein the second tenperature is
from about 560C to about 620C. 10. The nethod of claim9 wherei Bl\%ﬁﬁ(:ﬂzo 7
annealing is conducted at the tenperature of from about 560C to about 620C.
12 5 MARCH 2007 11. The nethod of claim1l wherein the first tenperature is
from about 480C to about 520C, and wherein the second tenperature is from
about 560C to about 620C. 12. The method of claim 1l wherein the |ayer
consi sts essentially of anorphous silicon or doped anorphous silicon. 13.
The met hod of claim 1l wherein the |ayer consists of anorphous silicon or
doped anor phous #ii.l i ddwe. méthodTdfeclaimet hadiecdin cheafirst iemperatira is fremaabdutast one
hydr ogen i sé865Qetoi about 620K andtwheréia thd aedmevd tamperatureris fronealbdutiB80°C+ D and
D2. 15. Thetoaidue820fC.claim 1 wherein a majority of the at | east one
hydrogen isotope is H 16. The nethod of claim 15 wherein the majority of
the at |east onef2 hydhegaiethciobdpRimS! Whered thatigydrheorehisressentlyidf 17. The
net hod of ch@bfphbuskgicen or tosed Avrphatiesttor.he at | east one hydrogen
I sotope into the chanber during the increasing of the tenperature is from
about 10 sccm t ojbouthel miBd dBclaibie WRERMY R |8eRicBhdistehsr 8mBriHdes I ugged
sili CO”'Conéigéwné}gdop‘éﬁrérﬁ&%hbﬁsgsiﬁcobﬁse and features extendi ng upwardly from
t he base, an erein all of the features of the surface have w dths at
nalf height of IfAs tﬁ%%é@l%@%fc 1T\M?er€ﬁtt¥18%tfgas%§§( Rydr pﬁgfﬁ%igfyrggg;d
t he base, afr@b E‘rg%}ﬁr?%a I 6;5%?’%‘% Z’gfﬁggsz'ol? tﬁi&?ﬁ'rface have w dt hs at
hal f hei ght of 1ges tan unsfupladih 130RMEIPAhaicfly o E!AORAQ cher M g a
rugged sili ﬁ}(,)c’}-gﬁgms%wg)lelqgﬁur ace, conprising: pro Ing a |l ayer conpri sing
, U

anor phous s ayer being at a tenperature of |ess than or equal

to about 520G, exposing Lhgd@YPhiah & WndfBl e REISHRS bPthd BE WRTRREA! Ure of

the hydrogen isotope is flowed into the chamber as Ha.

17. The method of claim 1 wherein the flow rate of the at least one
hydrogen isotope into the chamber during the increasing of the temperature is
from about 10 sccm to about 1 sim.

18. The method of claim 1 wherein the rugged silicon-containing
surface has a base and features extending upwardly from the base, and wherein
all of the features of the surface have widths at half height of less than 1000A.

19. The method of claim 1 wherein the rugged silicon-containing
surface has a base and features extending upwardly from the base, and wherein
all of the features of the surface have widths at half height of less than or equal to
about 500A.

20. A method of forming a rugged silicon-containing surface,

comprising:

providing a layer comprising amorphous silicon, the layer being at a
temperature of less than or equal to about 520°C;

exposing the layer to X-Y while increasing the temperature of the
layer to at least about 560°C, where X and Y are isotopes of hydrogen and can
be the same as one another or different;

after the temperature of the layer reaches 560°C, seeding the layer
with seed crystals; and

annealing the seeded layer to form the rugged silicon-containing
surface.

21. The method of claim 20 comprising ceasing the exposure of the
layer to X-Y prior to the seeding.
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| ayer to at | east about 560C, where X and Y are isotopes of hydrogen and can
be the sanme as one another or different; after the tenperature of the | ayer
reaches 560C, seeding the layer wth seed crystals; and anneal i R8;AR€H 2007
seeded layer to formthe rugged silicon-containing surface. 21. The nethod
of claim 20 conprising ceasing the exposure of the layer to X-Y prior to
the seeding. 13 5 MARCH 2007 22. The nmethod of claim 20 conprising ceasing
t he exposure of the layer to X-Y prior to the anneal'ing. 23. The nethod of
claim 20 wherein the exposure to the X-Y occurs in a reaction chanber and
conprises a flowrate of the X-Y into the chanber at from about 10 sccmto
about 1 slm at &2preH¥umetigd of slaimnlicomorising ceasipg theruposureoet the24. The
met hod of claerfRX-Yapeardp the aRngadipar consi sts essentially of anorphous
silicon or doped anorphous silicon. 25. The method of claim20 wherein the
| ayer consists o23.anothshogthodsef ¢laioh2@ whetgie theaginoshicsuto thiel X-Yoeccugsin  The
met hod of clealieactan ehembemnandheomprises aptavs cate @idherX-iointo dfe chigmbed-@ and D2
27. The net froth eboutl H) sca0 tatahasit 1 sihve aX-avpiessyneeefoitomaatdut 12mT28. toThe
net hod of chbhouh RTomherein the X-Y is predom nately D2. 29. The nethod of
claim 20 wherein the rugged silicon-containing surface has a base and
f eat ures extendi 24 upltes diethdd ofncidira 2tawbereim theMageeiconsials! essentisly dfeat ur es
of the surfagrpieous sicdhles depethahforpresuglilicof. | ess t han 1000A. 30. The net hod
of claim 20 wherein the rugged silicon-containing surface has a base and
feat ures extendi pg. upmes eHethdd efclalie JDawBeremNtheWapsetdhsidts lof @mdrpodseat ur es
of the surf agigomaropddiamsrphbusellitomei ght of I ess than or equal to about
500A. 14
26. The method of claim 20 wherein the X-Y comprises one or more of
H;, H-D and Ds.

27. The method of claim 20 wherein the X-Y is predominately Ha.

28. The method of claim 20 wherein the X-Y is predominately Dx.

29. The method of claim 20 wherein the rugged silicon-containing
surface has a base and features extending upwardly from the base, and wherein
all of the features of the surface have widths at half height of less than 1000A.

30. The method of claim 20 wherein the rugged silicon-containing
surface has a base and features extending upwardly from the base, and wherein

all of the features of the surface have widths at half height of less than or equal to
about 500A.
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