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[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, monocrystalline silicon. To aid in interpretation of the claims that
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t he processing stage of the Fig. 1 graph.
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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°
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[00dek] Fi dig- 11 W ga rr@ﬁf%ﬁpf@f%&lﬂ@ {1 Quef 1 process of
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copfafnitesurfagd1 | Fig. 3 is a view of the Fig. 2 wafer
fob3grent  Hi@Wis atvidlv B the IFigdbtwafer 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
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processi ng stage subsequent to Fig. 2. [0019] Fig. 4

is aviewof the Fig. 2 wafer fragment shown at a
WORI@I2z08 processing stage subsequent to Fi g. PBT/US2004/027899
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onputer i llustrating an exenplary application of the
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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
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according to an aspect of the present invention.
DETAI LED DESCRI PTI ON THE PREFERRED EMBODI MENTS [ 0031]
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b
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comprise H. 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 Hp, H-D
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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.
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methodologles (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 will

typically even have features with a width at half height greater than 3000A (not shown
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[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 113 can comprise, for example, silicon dioxide.
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mat erial 126 extends over and around transistor 12.
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silicon-containing surface, rel atl%e to
%qo{gnngp lof therwessnt Bventiag. The memory device can be |ncor|§orated 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 memory 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
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d the read circuitry is illustr

TR, fherTeToeY Slvigs FRB IS Bles il UItEa 0. B gocess
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single in-line ne
avia 4PPRY sk AT wme%ﬁ!aﬂego q%ﬁﬁﬂﬁﬁ%ﬁm waryn kilhjg the art
willlIPloe FeeAHdR b SHrehing b tdohipretfentiing thie ausbloeg@ friat eof the
resent i nventi on. The meno q can
e e BlPBEE CPRPENEMS o6 CHbaylR  DEOGRO BB RAM cels
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(BBSRT nofd e HITRH0 PIASE RS Sha AT YR OISR ZaHRAR Various
eﬁlb@dlﬂ%tm%nké&eﬁlb%ry@kb@@lwl@éys@é}ﬁ @86] Mhe 8yston 800 inciudes a

menory cell arrays and randoni eg 9 dlffereg
EBIRHEEH SO BBLR%A TE O TERBUPoLs S0 GRS SiROCET 806, row
a@&'sg EMciilhy 868 6fuhNadeass aﬁ:uﬂ@ﬂﬂl O@Fﬁédﬂﬂﬁt@ ¢bnivd) Icireultm a12 for

colum is accessed 0054%‘| al ter r¥1 e
CoRTING QBRI A s DU S o ) SR PioF g Tirther
ifdffa8s ?b\@téﬁ(ﬂrct@ﬁry% BEARY Yertbfs2820a80iesscurenb seresodd oabbtermining

as output after
whether a memory cellisin 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 pulses, and
circuitry 888 for providing the bitline with pulses. The system 800 also includes a
processor 822, or memory controller for memory accessing.

[0057] The memory device 802 receives control signals 824 from the processor 822
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addressed colum has been cl osed. This nenory can
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wacoesgg7®sgnal s wi t hout reducing the tinme i n WRCThS2004/027899

menory output data is available on a nenDry bus. O her

alternative types of devices include

ORIrORiNg ONRERNIZHIONTNP S o T NEEIRRY eGP0 5560 HBPOTe iR which is
a&:‘ésw @'S) Ifé}e@s L’t V\gﬁﬁé’ éb@‘écna[moﬁ killdd! ih s drathas additional

sinplifie QcC i agr am of h veI 0 niza
CIF ARSI 28 B@V@'ﬁ%@(@ﬁ‘h? @%&%&WP‘&%@H&S been
sﬁ‘)b‘ﬁﬁ@d‘iomg) fekud &?tlﬂ@lﬁﬁ&ﬂbn | Ay RAEH dHe- of@j@bl%ﬁegéw 8226r memory
corres for exanP a conputer sys em

IpieR BACRTIRRY 2 AN R B e AP eioRERDAS, ULk this csclosure.

[B6B8CY ST f% \i&"ﬂ@@@ﬁ]ﬁﬁlﬁaté@ HyASHO 6f RlsisdIBIIRS Hre iFlef8éd RProvide a
system 7 functional elenents, 1nglud

ggm@'@légp@fst@}dlr@rcpftvgﬁg@q @pgh@@t;qps AP tpe lg\c‘tqj)'y mgtr%ptures of the

pFRBh ifleriBh tanZiQaﬁ‘e ndt iINRIFREY tEI8ar/& 8s d@bfaneQ@danm of all the
i nput/out put (1/0 device 708. General | % ?% ectroni

em RPNt e i GRROage With

EttnOPRIsaht iAEtbR. DReRE bididrpekiPm tHatadt vhN’ uhdi@stand that the
processor 702 and other jnteractlio

S
B ERTP O T R EaATAY IR SOl pACKOGS BIRFPED e o
et&Y bt 8 SinfEBsemiGéhduefd CRib, MMtrder £ fedteatitt serh@aniakdion time
o erations of the processor 702, the menory device 706

epiie proepsney reddenemBY @YkelHluousl y cycling

[g)bsg]u gh ap ﬁcaﬂf)né}ﬁ? hrdnhdp §eltsft%fn ifEEEe|bEXEdI ¢J©jslte3ﬁ§fo? Qse in
e fetched ron1the mermr%lé ¥|ce 706 and execu

RO (OIS ARV AT REWHEBHY ST SATER KRS FAdg s processor

n%&léssaﬁw&pdllbéﬂdn%ﬂ)ebmc nﬁ@iﬂldéénhﬁtﬁﬁ\aﬁ ﬁwcltﬁié'ﬁﬁmmé%ﬂ\/ﬁnultlchlp
devi ces, read-o e

nl
risEhispn Shah ceUPeen BUBR B4 S BERYoG Tie FFVe! degrani
s?@cgﬁﬁcéucﬂla%b GdRENG I ENibvR,; a EXepHRhe 04 (dereaw cdkipluter, an

he art will understand, upon reagln H
aembéﬂ@mnﬁl&trﬂ%icenfé?@w&%@e alrgry ta'g’nf} B t he
illustrated el ectrical conponents are capable of being
fabricated to include DRAM cells in accordance with
various aspects of the present invention. [0056] Fig.
is a sinplified block diagram of a high-Ievel
organi zati on of various enbodi nents of an exenpl ary
el ectroni c system 800. The system 800 i ncl udes a
menory device 802 that has an array of nenory cells
804, address decoder 806, row access circuitry 808,
columm access circuitry 810, read/wite contro
circuitry 812 for controlling operations, and
i nput/output circuitry 814. The nenory device 802
further includes power circuitry 8 , and sensors 820,
such as current sensors for determ ning whether a
menory cell is in a lowthreshold conducting state or
in a high-threshold non conducting state. The
illustrated power circuitry 816 includes power supply
circuitry 880, circuitry 882 for providing a reference
voltage, circuitry 884 for providing the first
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wordline with pulses, circuitry 886 for providing the
second wordline with pul ses, and circuitry 888 for
wonraesiod7zog the bitline with pul ses. The syst enP80@S2103/027899
includes a processor 822, or nenory controller for
menory accessing. [0057] The nenory device 802
CLAMM$ ves control signals 824 fromthe processor
8220 allization lines. The nenory
deV|I§é§M%ﬁ?£gﬂ§e H?% store data which is accessed via
I/Olines. t will be appreciated by those skilled in

the art tAdnethedpt ioﬂﬁﬁ.‘g acugged %'P%P“aﬁ?&tadr&iﬂg syifacs, gamprsing:
can be prgyy pREr sdtaprisidieariBBiRoYs SIRGNGAHRDA rdition

been simlifiel to help focus on the invention. At
chagler, hadavsy being ghadkddeBpergdteior nenory devi ce 802

can incl u%ll@tqug{l\lhhlﬁfthé &?ﬁarﬁbﬁﬁﬁn&@éﬁhg BROtemperature of the
previously 1n this discl osureéls({:j The var.,i ous
laypr {9t $eeoBd t@pmreme 8t leasijadou Pé‘%ﬁéﬂeé thandhe f irTenpretyre
V\}Pm@ﬁb\ﬁkﬁ? at &ﬁ@ledrﬂ;l h;}d%b%?«é&aﬁb b BE chambeys

appl i cations he circuitry and structures, of the

present | ﬁfﬁ%‘ﬁh? &mp%fﬁﬂ"%\ pEthR Jﬁyef rResReRtrergea trepgLatyre,

Qdmé%qaﬁ#%@%u@rysgms @l the el ements and f eat ures
an el ectronjc system usi n%é &% cel |
accor danc&nogaling ;;%m@dd@yelr fo WQQP?@@?RW eotaipjpg surface.

of ordinary skill in the art w II understand that the
vari ous elrpeiidRbE oBGhreWheRh the téradsratad mdrdase from the first

(B B LG0T SRR 24645 BRaBLFCLR B TOWIY Fe at toast
oFeMyHahERisodpetintBhOEhARISd. t he processor and the
menory device(s). [0059] Applications for nmenory cells

can |nclu eIe 0 or, us

nodul®e &Z@l”&% P{;%?'? Wb?\f@rm {%&'BYVeO the %‘ﬂ%{ﬁi ﬁ%ﬁ’?’%rﬁge”
is’&kﬂﬁ‘l’ﬁred@rc@@@ﬁéﬂb_tﬁ@deécmsg and appl i cat i on-specific

nodul es, and may include nultilayer, multichip

nodul es. ch ¢ircujtr. an fur b

of advari e rathést Bhoiitf BRelolf i towdf af §UB5S BRERGHogen
iécﬁépﬂflb%dm;edaooebdzmphonm,thast:pnal computer, an

aut onobil e, an industrial control system an aircraft,

and aqt hers. CLAI ' l.Ai [ S¢

of 't &t m g™ UHER A ST L ERCERN & Bl Eth oSBTy HRGen
isotope is seéduged prioviodhegnaedliager conpri si ng anor phous
silicon within a reaction chanber, the | ayer being at

a firsSt tepper ahug 6 ?I%@ FnbR%h Xl c%f?h%’éfl?éﬁ o'h@%ydrogen

chanbér, increasrng nperature o ayer
i omnid re@cpdrt@f)@c@naﬂﬂor ’@dbe anhrAling40C hi gher than the
first tenperature while flow ng at |east one hydrogen

| sot gpe i kR rh&ﬁo&'aﬁé‘i’aﬁh whEE tHel&ydr (R BIBHEE S?']gf the

| ayer 'reaches the second tenperature, seeding t
rhenoerystdlling silised subsigttal s; and anneal i ng the seeded
| ayer to formthe rugged silicon-containing surface.

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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2. The nmethod of claim1l wherein the tenperature
increase fromthe first tenperature to the second
woenpaasre i s at | east about 60 C whil e fl owpag/usSkm4/027899
at | east one hydrogen isotope into the chanber. 3. The
nmet hod of _claim 1 wherein the flow of the at | east one .
hydr dden 188G Qf Glaipy b whersin the fifsh larrerakieryis gpm goout 480°C
td BSouT BRI offl WHerdinte ydteh@tainddrgiufd ig'tont atbdif 580°C Bafout
one hydrogen isotope is reduced to O seemprior to the
62@ ing. 5. The nethod of claim1l wherein the flow of
the at | east one hydrogen isotope is reduced prior to
]E Ihe aa?eaaﬁhégnetlﬁod dreairret ﬂn&emﬁhéha_@ieﬁbdnsms re&'ermgalnecg

ow of the at | east one rogen i sotope is reduce
A9TRPU SHERR PEroRes ARAPASHRSICPRG. 7. The method of

claim1l wherein the layer is supported by a

nonodyst dhkinethsd bi dlgim Bwhesielmnahe laydr cdingstset &ddrpbbus silicon or

erei.n the first tenperature is from about

| 1 .
d%@%@“?@wé%afi'c%oc 9. The method of claim1 wherein

the second tenperature is fromabout 560 C to about
620C.1410. Theenethbddhofclaifn twwaemirthetae leashoridieydaogepasaotoge is

i ducted at th f bout 560 C
e g Eentenes ae ROROH O\fta i S0REr oi n t he T rst

tenperature is fromabout 480 C to about 520 C, and
wher dibn t Abkeseeatbod ot daipet wherein & afariyrofabe at 1eB8I00NE tydrogen
iﬁaok?é)%tis?lzo C. 12. The method of claim 1l wherein the
ayer consists essentially of anorphous silicon or
doped anor phous silicon. . The nethod of claim1l
wher dibn t Fdelragtbed cbeiginstswsrelaribe pregerdy of the@dteastone hydrogen

: Si The method of claim1

'%2 r&sﬂﬁ@%&éﬂgﬂtﬁﬁ]eedggﬁb%ﬂgs Flfl'dr ogen isotope is flowed

into the chanber as one or nore of H, HDand D . .

The @t hodhefmethed af daimhtweeieinthadipyrrpteofdie atleagone hydrogen
SRR In® i BHARBA B2 OPfrcbSing'ot the 16mpBRIIT BomEbBIHO scom
tp gbewdeslins fl owed into the chanber as H. . The nethod

of claim1l wherein the flowrate of the at | east one

hydr Qgen  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.
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I sotope into the chanber during the increasing of the

tenperature is fromabout seemto about 1 sIm 18. The
worbismd70f cl aim 1 wherein the rugged PCT/US2004/027899

silicon-containing surface has a base and features

ext endi ng wardly fromthe base, and wherein al

the Péat url BE Mesthediel climya oG Riagedng g ewwerf&twayer to
xpfph@aﬁtméggbdﬁgjk 19. The nethod of claim1 wherein

t he rugged silicon-containing surface has a base and

features t endj upwardly fromthe base, and wh

o 8- nd e Sthide I A outs P R s08 s eitSUEOT i Pyer to
Xeebgbiiodhe h@ssalibgpan or equal to about 5 L. 20. A

nmet hod of form ng a rugged silicon-containing surface,

ST e, e e iR Yo PR et BRe Rl toruin

réHctllem tiedmiber aﬂmﬁnpﬁé& £ilo®xpeif tg XiYa'Rio&%né Ehérabes-aY from about
i elncr S|n tete ture o er to At
1185et 1 B0 Ao ol 4 et B &l Bl poll 16 Ppr 3y Bhoyft o

hydr ogen and can be the sane as one anot her or
di f f eaent Thamethod hfe:letlmramamaérameh@faybh@ods&ysaesseeﬂmlyeﬁ
56OC seedin [ V\nth seed crystals; and

FPébﬂ“Pﬁ c?%gpg%ogﬁea&nc?’%%%s s[| 5°Form the r ugged

silicon-containing surface.2 . The nethod of claim 20
conpebsi ng heerathodjoft deeme2tpulsareie thé laybecdrajets oftamofphous smcon

OPHJ)n[gerde{rﬂngngussﬁﬁc@ ng. 22. The nethod of claim 20

ceasing the exposure of the layer to X-Y
prior to the annealing. 23. The nmethod of claim20
wher €6n t Abeengibedivieclaim 20heheceiv the KuY soinprisesrasgatrimmte of Hp, H-
Eﬂ%er and conprises a flowrate of the X-Y into the
@r at from about seemto about 1 slm at a
pressure of from about mlorr to about 1 Torr. 24. The

met h8d- of Theaethothofdrimetivhareintag XrY isdrstemisately He.
essentially of anorphous silicon or doped anorphous

siliegn. Zfe nldifodBidash ZQf witdr8inthe )- Wﬁ;%r@&é]nhgfev By er

consi sts of anorphous silicon or doped anorphous

silicon. 26. The nethod of claim 20 wherein the X-Y

conpPPses THREBPoGefrddaigr2Qyvhergip thg figged sizon-gpptaipingiygace
heé a®adé Bhd featlles @kt@néhh@ WEWer'IySfrcﬁﬁ %‘i@lﬂ&é&abﬁ& Whktein #fof the

The method of claim2 erein
festwras Af Wgtsgr@cquvezydthﬁ% hat height ijlqu ta"r”ﬂﬁ 8PAwher ei n

t he rugged silicon-containing surface
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.

31. A rugged silicon-containing surface comprising a base and features
extending upwardly from the base, all of the features of the surface having widths at half
height of less than 1000A.

32. The surface of claim 31 wherein all of the features have widths at half

height of less than or equal to about 500A.
33. The surface of claim 31 consisting essentially of silicon or doped silicon.

34. The surface of claim 31 consisting of silicon or doped silicon.
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has a base and features extending upwardly fromthe

base, and wherein all of the features of the surface
woavs/arnshs at hal f hei ght of | ess than | COOAPCBM@S20D©27899

nmet hod of claim?20 wherein the rugged

silicon- contalnlng surface has a base and features

ext eRgi ng ALAREFHAYCITRSIBINGe base, and wherein all of

t he feat upgfst@fiediidge aHé fire @Iebﬂcycﬁa aurﬁbrtsﬁugaé rd@@ba siﬂ@d)rGBéntamlng
of less than or q%& t o about

suifagediyingm baged e@ﬁurqsaﬁe%er@m%%% fré’”b“é?§é9 g?rda” of the

fdat@ey beme@aﬁawhé\m%mw@ﬂhaﬁ height baesahan 1800A;0f the
features of the surface havi n&gvvl dths at half hei

of less tRdHelegtipmatesial ovesdheiyoped siligan- %?'E@'WSfurfgce and
wher ei n alglsg@bnd BiRctr& Rl $p286d framanavfiftt BRchddd By At 164 ey
of less than or equal to about 50 A. 33. The surface
digfectiicnateddl. consi st i ng essentially of silicon or doped
silicon. 34. The surface of claim31 consisting of
sili @en Orl'th:aﬁﬁfc@ir bi cﬂ@im SdwhérepediastithPfeatPOReSKiBths at half
b ectrode, fII‘@& el ectrode conprising a
h?'@ b e%? ?'&8ﬁe%‘iﬂllf%? brf ace having a base and
f eat ures extendi ng upvvardly fromthe base, all of the
f eat gres Gﬁ'netohﬁadwl‘ blediaimst/whgrein itle Barfade dumisistdhedsghiially of
fl) 03 paﬂ Q0CA; a dielectric material over the
s ﬁ%fb WEFSER " cont ai ni ng surface; and a second
el ectrode spaced fromthe first el ectrode by at |east
t he @Bel edheicapaditeoi adirim Fbwhdrem tbapadadeosonsistscdfailico3 br doped
S'xﬂlgg ein all of the features have wi dths at half height
‘ess than or equal to about 500A. 37. The capacitor
of claim 35 wherein the surface consists essentially
of sidRi co hercapagilodok¢laimcsmwha@egin the eietegriccinaterialgthysically
] reln the surface consists of silicon or
Cé@%étg]ﬂiéfmt%n 39. The capacitor of claim35 wherein
the dielectric material physically contacts the
surf 40e. Jbe capacitonphaaito?s wherelndhefis elgtsodsd is cohprised by a
[ onprised by a storage node of the
S{:dgépiet ee&ttﬁé){i’éapgc AM cel | conprising the capaci tor of

claim 35 42. An el ectronic system conprising the DRAM
cel | 4df clAelPRAM cell comprising the capacitor of claim 35.

42. An electronic system comprising the DRAM cell of claim 41.
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